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SELECTED PROPERTIES OF HYDROGEN
(Engineering Design Data)

R. D. McCarty, J. Hord, and H. M. Roder

ABSTRACT

The National Bureau of Standards has been engaged In the compilation, review,
analytical and experimental derivation, and publication of hydrogen properties
for over 20 years. The properties data presented herein are compiled largely
from those accumulated data; of course, pertinent data and work of other
researchers in the field are also Included.

The general interests of scientists and engineers engaged in energy systems
studies were given top priority in choosing the properties material presented in

this book. Hydrogen systems cut across many energy related fields, e.g., nuc-
lear fusion, magnetohydrodynaralcs , electrolysis and thermochemical decomposition
of water, coal and shale derivative fuels, solar and wind power, ocean energy,
geothermal processes, etc. It is generally conceded that hydrogen could be used
to satisfy virtually all fuel requirements that are currently being met with
natural gas and oil. To satisfy the demand for properties data over this broad

spectrum of interests, we have attempted to provide comprehensive coverage of

physical properties over a wide range of pressures and temperatures.

Thermophysical properties of liquid, liquid-vapor, vaporous, and gaseous hydrogen
are presented in Chapter 1 and the solid-liquid, solid-vapor, and solid phase
properties are compiled in Chapter 2. Ortho-para modifications of the hydro-
gen molecule and attendant property variations are considered in both chapters.
Combustion and safety data, pertinent to hazard analysis of hydrogen systems, is

collected in Chapter 3. Important miscellaneous properties are compiled in

Chapter 4, data figures are compiled in Chapter 5, data tables are collected in

Chapter 6, and Chapter 7 summarizes symbols, units, and conversion factors used
throughout the book.

Key words: Hydrogen; hydrogen computer codes; hydrogen design data; hydrogen-gas;

hydrogen graphs; hydrogen handbook; hydrogen-liquid; hydrogen properties; hydrogen

safety; hydrogen-solid; hydrogen tables; hydrogen thermophysical properties.
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PREFACE

The National Bureau of Standards (NBS) has been engaged In the compila-

tion, review, analytical and experimental derivation, and publication of

hydrogen properties for over 20 years. The properties data presented herein

are compiled largely from those accumulated data; of course, pertinent data

and work of other researchers in the field are also Included. This compila-

tion was completed in March 1978 and data preparation, editorial review, and

final manuscript revisions were completed in October 1980.

The general interests of scientists and engineers engaged in energy

systems studies were given top priority in choosing the properties material

presented in this volume. Hydrogen-energy systems cut across many energy

related fields, e.g., nuclear fusion, magnetohydrodynaralcs, electrolysis of

water, thermocheraical decomposition of water, coal gasification, solar power,

wind power, ocean energy, geothermal processes, etc. It is generally conceded

that hydrogen could be used to satisfy virtually all fuel requirements that

are currently being met with natural gas and oil. To satisfy the demand for

properties data over this broad spectrum of interests, we have attempted to

provide comprehensive coverage of physical properties over a wide range of

pressures and temperatures. This new compilation provides 519 references,

62 data figures, and 30 data tables.
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Chapter 1 is a heavily revised and updated version of NASA special

publication SP-3089. Tabulated data in this chapter have been revised to

emphasize the higher temperature data for normal hydrogen and the lower

temperature data for parahydrogen . This emphasis is necessary to provide

coverage for a general audience that is interested in higher temperature

processes (thermochemical decomposition, electrolysis, coal gasification, and

other synthetic fuel production processes, etc.) as well as low temperature

processes (cryogenic purification, subliming refrigerators, liquid transport

and storage, etc.)* NASA SP-3089 contained inconsistent and erroneous

tabulated data for vapor pressures of normal hydrogen and for thermal

conductivities, viscosities, thermal diffusivities , and Prandtl Numbers of

fluid hydrogen in certain thermodynamic regions. These erroneous data have

been eliminated in the new compilation, and appropriate uncertainty statements

for each property have been included in the text. The source document for

this chapter (NASA SP-3089) also contained numerous errors in text, formulae,

tabular data, and figures. All errors have been eliminated in those portions

of the original work that are included in this new compilation. In addition,

new descriptive equations and computer codes were developed to generate the

new data (tables and figures) for Chapter 1. This chapter deals with the

thermally variant properties of liquid, liquid-vapor, vaporous, and gaseous

hydrogen. These fluid state regions are illustrated by the speckled area on

the density-temperature phase diagram that follows. Both normal (75% ortho

and 25% para content) and parahydrogen (0.21% ortho and 99.79% para content)

properties are presented.

See Reference 6.

VI



Chapter 2 is a compilation of the thermophsical properties of

solid-liquid, solid-vapor, and solid hydrogen. These thermodynamic states ar

Illustrated by the non-speckled area on the accompanying density-temperature

phase diagram. Again ortho-para modifications of the hydrogen molecule are

taken into consideration in presenting the properties. As might be expected,

there is some overlap of properties data (at the phase boundaries) between

Chapters 1 and 2, but the redundancy is minimal and essential for

continuity of the properties across phase boundaries.

Chapter 3 is a collection of chemical and physical data pertinent to

the combustion characteristics of hydrogen. These data are frequently used t

perform safety assessments of fuels in various applications; therefore,

methane and gasoline properties are included for comparative purposes.

VII



Chapter 4 is a compilation of various properties of hydrogen that

could not logically be Included in the first three chapters of this volume.

Some of these properties address topics of major engineering significance,

e.g., pressurlzatlon and heat transfer parameters, mixture properties, slush

hydrogen technology, ortho-para modification. Isotopes, etc.

Chapter 5 is a collection of the various figures and charts pertaining

to the properties described In the first four chapters.

Chapter 6 collects the tables of properties as described in the first

four chapters.

Chapter 7 provides the nomenclature for this volume and lists the

conversion factors needed to use the miscellaneous units of data collected and

presented herein. In a compilation of this type, it Is not practical to

convert the voluminous data to SI units. Also, opportunities for introducing

new errors abound when constructing new SI figures from non-SI figures;

therefore, most of the original figures and charts are used and are presented

herein exactly as they appeared In their original publication. Consequently,

a full mix of engineering and scientific units are retained. We have adhered

to the SI system of units in those cases where new figures and tables have

been generated for this volume. To accelerate the use of SI units, we have

also provided dual units or SI unit conversion factors throughout the text

where original non-SI data are reported or discussed.

The authors gratefully acknowledge the expert assistance of Mary J.

Pritchard and Grace R. Darr in the preparation of the text and the artistic

efforts of Lewis J. Erlcks in composing many of the thermodynamic diagrams.

J. Hord
Boulder, CO
October 1980
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CHAPTER ONE

THERMOPHYSICAL PROPERTIES OF HYDROGEN FROM THE

FREEZING LIQUID LINE TO 3000 K AND 100 MPa

Robert D. McCarty

1-1
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1.1. INTRODUCTION

This chapter contains the available thermophysical properties of hydrogen

in the liquid, liquid-vapor, and gaseous states. The work was performed at the

Cryogenic Data Center of the National Bureau of Standards in Boulder, CO.

The Cryogenic Data Center has been collecting data and documents

pertinent to the field for 20 years and presently has about 120,000 coded

entries which may be computer searched to give bibliographies on the physical

properties of materials at low temperatures. A computer search of the data

center holdings produced a bibliography for hydrogen of about 2,500

references. All of these references were considered; only selected references

appear here as a result of the review and editing process.

The scope of this chapter is defined as all physical properties of fluid

hydrogen (chemical properties were excluded).

Papers on engineering processes utilizing hydrogen were specifically

excluded in the bibliographic search and subsequent review. The subject of

hydrogen embrittlement of materials is not treated here (see Reference 1).

The level of review of the properties of hydrogen varies from the

extensive tabulations of "critically evaluated" thermodynamic and transport

properties to the selection of a few representative values from the literature

by persons knowledgeable in the field. In the latter case the data selected

were judged to be the most useful to the largest number of potential users of

these data. For those who need to pursue the subject in greater detail, a

list of references is provided.
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1.1.1. DESCRIPTIVE SHEETS

These sheets serve as the starting point for the use of this chapter.

For a given property each sheet usually contains the following:

A. A brief description or definition of the property to distinguish

between similar sounding terms.

B. A locator of tabular values of the property. The range and units of

the tables are given for convenience.

C. A locator of graphs and charts of the property.

D. Mathematical equations which represent the property provided that the

functional form is simple.

E. One or more values of the property, usually at fixed points to

illustrate the range of the property.

F. An estimate of uncertainty is usually given. It is made on a 2 o

level of probability. This means that there is a 95% chance that new

experimental measurements (of equal or greater accuracy) of the property will

fall within a 2 a band of the quoted numbers. The estimate of the uncertainty

of a property is seldom straightforward and is often made on the basis of the

accuracy of the instrumentation used rather than the random scatter of a given

set of data. In the case of a property that is tabulated over a wide range of

pressures and temperatures, the stated uncertainty is for the most uncertain

value, and the uncertainty of most of the tabular entries is much less.

Exceptions to the above convention are noted individually on the descriptive

sheets. The most common exception is the critical region where the

uncertainty of most properties is greater than the stated value. In no case

should the quoted uncertainty be associated with values from other than

recommended sources or values extrapolated from the tables.

G. A list of references is given with each descriptive sheet.

1-3
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1.1.2. FIGURES

Chapter 5 of thxs volume is a collection of hydrogen property

charts and diagrams. These figures were taken from the literature in the

original form of presentation; consequently, the units are a complete mix of

SI, metric, and English. In most cases the prime purpose of the figures is to

illustrate the behavior of a property over a wide range of pressures and

temperatures. Although the figures will provide adequate values for rough

calculatir ns , the tabular values are recommended for precise calculations.

Tables of properties are collected in Chapter 6 of this volume. The

extensive tabulations of thermodynamic and transport properties cover the

range from the triple point to 3000 K, with pressures to 100 MPa. They are

presented in SI units for both para and normal hydrogen.

In many Instances a computer program is a convenient source of property

data. In other instances, particularly where a large number of values is

needed in a short time, a computer program to furnish these values is a

necessity. For these and other reasons, the use of computer programs to

furnish fluid property data has steadily increased in recent years. This

increased usage has resulted in a variety of computer programs. At the

present time there does not seem to be a single program that will satisfy

every need, and a choice must often be made on the basis of the particular

1.1.3. TABLES

1.1.4. COMPUTER PROGRAMS AND EXTRAPOLATION
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job requirements. Table 1 lists the more important fluid property programs

for hydrogen and some of the pertinent information needed to select the proper

program for a particular job, A column-by-coluran description of Table 1 is

given below.

A. Column 1 lists four general methods used to computerize the

thermodynamic properties of fluids. The linear interpolation method is, as

the name implies, tabular interpolation of property values stored in the

computer. This method is fast but not very accurate and requires more

computer core storage than the other methods. The most accurate method, if

programmed properly, is polynomial interpolation. The disadvantages of the

polynomial method are a lack of versatility and slow computations relative to

the other methods. A good compromise and a widely used method is the

equation-of-state approach using a modified Benedict Webb Rubin (MBWR)

-.quation. This method offers accuracies only slightly worse than the

polynomial interpolation method and has the advantages of being faster and

more versatile and giving a continuous, thermodynamically consistent surface.

The main disadvantage of the MBWR is that it is functionally incorrect in the

critical region, i.e.,

p =pc llOZ and T = Tc -5%

The nonanalytic equation-of-state approach (no programs using this method

are listed in Table 1) gives theoretically correct results in the critical

region, but these equations are usually difficult to use.

B. Column 2 gives the range of validity of a program in terms of

pressure and temperature limits. Extrapolation of these programs beyond the

stated limits is not recommended. If properties are needed beyond the stated
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range of validity, the list of references given for that property in Section

1.2 should first be scanned, as references to properties at extreme

temperatures and pressures have been noted there. If extrapolation of one of

the programs is necessary, the modified BWR equation of state is the most

convenient to use and least likely to yield large errors.

C. The symbols used in column 3 are defined as follows;

P = pressure

T = temperature

0 = density

H = enthalpy

S = entropy

A = thermal conductivity

ri = viscosity

= specific heat capacity at constant pressure

= specific heat capacity at constant volume

£ = dielectric constant

Y = surface tension

E = internal energy

RI = refractive index

w = speed of sound

The units of the properties vary from program to program.

D. The accuracy of the properties calculated from these programs varies

from property to property within a given program. The accuracies quoted in

column 4 are for densities calculated from a P-T input. Since they are an

estimate of the average accuracies, they are most useful as a basis of

comparison with the other programs.

E. Column 5 is self-explanatory. Copies or use of the program may be

obtained by contacting the agency listed.
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F. For certain applications the mathematical continuity of the

properties Is Important. In other words, the numbers coming from the program

must not contain abrupt changes In the property or derivatives. Such

requirements often occur in iterative calculations. If column 6 has a "no" in

It, discontinuities may be expected.

G. The modification in column 7 refers to the relative orientation of

the nuclear spin of the two hydrogen atoms in the molecule (see the

explanation in Chapter 4 under ortho-para modifications).

H. The input to the various programs is given in column 8. The units of

both Input and output of the programs are not mentioned because in some cases

a choice of units is available and in most cases the user converts the units

to suit his/her particular need. An explanation of the input and output Is

furnished when the program is requested.

1.1.5. EVALUATION OF THE LITERATURE

The preparation of this review involved the evaluation of each reference

to hydrogen data found in the literature. The Cryogenic Data Center's storage

and retrieval system was queried for references pertaining to the physical

properties of hydrogen (chemical properties excluded); this search yielded

2,543 references. The resulting bibliography from the Cryogenic Data Center

was further cross referenced by property, which greatly aided the evaluation

process.

In many cases preliminary examination of the bibliography for a given

property was sufficient to determine whether or not an article should be

Included. In the final evaluation process a copy of each remaining article

was then obtained, and evaluation was made on the basis of content of the

article.
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1.1.6. CRITICAL SELECTION OF "BEST VALUES"

When selecting so-called "best values" many factors must be considered.

The first tendency is to equate "best" with most accurate; indeed, in some

cases this is true, but in other cases it is not. For example, in many

engineering problems a continuous and thermodynamically consistent set of

properties is of utmost importance. This is not to say that accuracy is not

important. In the selection process both factors were considered. Selections

were made to provide the most accurate and consistent set of properties over

the widest possible range of pressures and temperatures.

In that regard. Tables 2, 3, 8 and 9 are thermodynamically consistent and

mathematically continuous. The properties given in these tables were

calculated by means of a computer program (see Table 1) which is available

from the Cryogenic Data Center.
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1.2. DISCUSSION OF THE PROPERTIES

Hydrogen is the first element in the periodic table with the atomic

number 1; therefore, it is the lightest of all gases. On the earth hydrogen

occurs chiefly in combination with oxygen as water. It is the most abundant

element in the universe. It is a colorless, tasteless, and odorless gas and

liquefies at atmospheric pressure at 20.27 K. In recent years hydrogen has

been used extensively as a chemical feedstock and as a rocket fuel in the

space effort. It is now being seriously considered as a recyclable fuel

substitute for petroleum and natural gas.

1.2.1. COMPRESSIBILITY COEFFICIENT'*'^'^

Definition - The compressibility coefficient is defined as

p/9v\
" vl9pix

Tables of Values - This quantity is not tabulated here, but it may be

easily obtained by forming the product of P times the isothermal

compressibility (see Subsection 1.2.4). The reciprocal of the isothermal

compressibility, VCBP/BV);^, is tabulated in Tables 2, 3, 8, and 9.

Units Range of table Table location

Dimensionless 13.8 - 3000 K 0.01-100 MPa 2, 8

Dimensionless Saturation boundary 3, 9

Note: The tables reflect no differences for this property due to ortho-para

modifications.

1-9



Figure - None

Equation - See Subsection 1.2.12

Range of Values - Para and normal

Triple point Boiling point Critical
pointUnits Liquid Vapor Liquid Vapor RTF

Dimensionless 7.79 x 10
-5

1.02 2.02 X 10
-3

1.12 00 1.0

Uncertainty - For values derived from tables listed above, the uncertainty

varies from 0% in the low density limit to about 3 to 4% at 35 MFa and 10% at

100 MFa. In the critical region (T^, + 5% and p^, + 20%) the uncertainties

are greater and very difficult to estimate as the property diverges at the

critical point.

Definition - The accommodation coefficient, a, is defined as the ratio a =

(Ej^ - Ej.)/(E-j^ - Ejf), where (Ej^ - Ej.) is the mean energy change of

molecules colliding with a wall and (E-j^ - Ej.) is the mean energy change if

the molecules come into thermal equilibrium with the wall.

Discussion - The accommodation coefficients of gases on solids are used to

estimate heat conduction by gases at low pressures (F^13.0 Fa). The

accommodation coefficient is a function of the gas, temperature, and

characteristics of the solid surface, especially the smoothness and

cleanliness. In general, the lighter the gas, the higher the temperature and

the smoother and cleaner the surface, the smaller is the value of the

accommodation coefficient. The coefficient is independent of the pressure if

the pressure is sufficiently high (f;^13.0 Fa) to insure a monomolecular gas

film on the solid surface.

it

RTF = room (reference) temperature and pressure— 300 K and 0.101325 MFa (1 atm)

.

1.2.2. ACCOMMODATION COEFFICIENT^
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Tables of Values - None

Figure - None

Equation - None

Range of Values -

At room temperature
Units P =13.0 Pa

9
Dimensionless a = 0.311 on platinum

Uncertainty - The uncertainty is estimated to be +1%

1.2.3. COMPRESSIBILITY factor'*' ^'

Definition - The compressibility factor is defined as Z = PV/RT.

Tables of Values - This quantity is not tabulated but may be simply

obtained by forming PV/RT from Tables 2, 3, 8, and 9.

Figure - 1

Equation - See Subsection 1.2.12

Range of Values -

Triple point
Units Liquid Vapor

Dimensionless 0.00161 0.9852

Boiling point
Liquid Vapor

0.01712 0.9060

Critical
point

0.3024

RTF

1.0006

Uncertainty - The uncertainty of Z derived from the tables in Chapter 6

will correspond to the uncertainty of the PVT in the above tables. McCarty

and Weber estimated these uncertainties to be

Temperature range Pressure range

1 - 100 MPa

1-35 MPa

35 - 100 MPa

1 - 100 MPa

Tc + 5%,Pc + 20%

700 - 3000 K

300 - 700 K

300 - 700 K

13 - 300 K

Critical region

Uncertainty in density

1% (extrapolation)

0.5%

0.1% (except critical regi

6%
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The uncertainties quoted here are for parahydrogen. The tables in Chapter 6

reflect no difference in Z between the normal and para modifications. To

estimate the uncertainties for the normal hydrogen tables, add 0.1% for

temperatures above 100 K, 0.2% for temperatures between critical and 100 K,

and 0.4% for the compressed liquid region.

Ortho-para Dif ferences ^
' There is probably a very small difference in

densities (less than 0.1%) between the ortho and para modifications. An

exception is the saturated vapor and liquid densities where the difference is

larger due to a difference in the vapor pressure curve (see Chapter 4).

1.2.4. ISOTHERMAL COMPRESSIBILITY'*'^'

Definition - The isothermal compressibility is defined as

Tables of Values - The reciprocal of the isothermal compressibility is

given in Tables 2, 3, 8, and 9.

Units Range of table Table location^

MPa~^ 13.8 - 3000 K 0.01 - 100 MPa 2, 8

MPa~^ Saturation boundary 3, 9

^To make the table entries positive, -1/6^ is tabulated. The

isothermal compressibility is a negative quantity.

Figure - None

Equation - See Subsection 1.2.12

Range of Values -

Triple point Boiling point
Units Liquid Vapor Liquid Vapor

MPa-^ -1.10 X 10"^ -145 -1.99 x 10"^ -11.1

Note: The tables in Chapter 6 reflect no differences

for the normal and para modifications.

Critical
point RTP

-10

in this property
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Uncertainty - The uncertainty for values obtained from the tables in

Chapter 6 varies from 0% in the low density limit to about 3 to 4% at 35 MPa

and 10% at 100 MPa. In the critical region (T^. + 5% and + 20%) the

uncertainties are much greater and very difficult to estimate as the property

diverges at the critical point.

1.2.5. ADIABATIC COMPRESSIBILITY'*

^

Definition - Adiabatic compressibility is defined as

A useful relation is

0s = ^Bt

where 3^ is the isothermal compressibility.

Tables of Values - This quantity is not tabulated, but it may be obtained

by means of the relationship 3s ~ 1/pW^, where p is density and W is sound

velocity, from the tables listed below.

Units Range of table Table location

MPa~^ 13.8 - 3000 K 0.01 - 100 MPa 2, 8

MPa ^ Saturation boundary 3, 9
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Figure - None

Equation - None

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTF

Para
MPa~^ 0.00807 8.56 0.0119 5.93 «> 7.29

Uncertainty - The uncertainty in the compressed liquid varies between 2%

at low pressures to 4% at high pressures; in the gas, well above the critical

temperature, it is 1%. In the critical region (Tf, + 5% and p + 20%) the
^ — c —

uncertainties are undoubtedly larger; however, they are not experimentally

deiined as the property diverges at the critical point.

1.2.6. DIELECTRIC CONSTANT ^ °~ ^

^

Definition - The dielectric constant of a material may be defined as £ =

C(P,T)/C(0 ,T) , where C(P,T) is the capacitance of a capacitor whose plates are

separated by the material at pressure P and temperature T, and C(0,T) refers

to the capacitance of the same capacitor in a vacuum. In practical situations

corrections are often applied for pressure distortion of the capacitor. The

equation assumes no stray capacitances, i.e., the electric field is affected

only by the dielectric material. Note: The dielectric constant is also known

as specific inductive capacity.

Tables of Values - This quantity is tabulated in the tables in Chapter 6.

Units Range of table Table location

Dimensionless 0.01 - 100 MPa 13.8 - 3000 K 2, 8

Dimensionless Saturation boundary 3, 9
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Figure - 2 and 3

Equation - The dielectric constant for the fluid parahydrogen may be

calculated from

= Ap + Bp2 + Cp3

where A = 0.99575, B = -0.09069, C = 1.1227, and e is the dielectric constant.

The density , p , must be in the units of grams per cubic centimeter. The

equation is valid over the range of the tables and may be extrapolated in the

fluid phase with reasonable results.

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Solid Liquid Vapor point RTF

Dimensionless 1.252 1.0004 1.285 1.229 1.004 1.0980 1.00025

Uncertainty - The uncertainty of £ - 1 is estimated to be no greater than

0.1% for the fluid phase and 0.2% for the solid phase.

1.2.7. DIELECTRIC BREAKDOWN

Liquid ~ - Below some critical electric field gradient, called the

"breakdown voltage," hydrogen is an insulator. In recent years there have

been a few experiments to determine this breakdown voltage for liquid

hydrogen. Two things seem evident from these experiments. First, there is a

fairly large dispersion in the measurements (reproducibility in a single

experiment commonly has a 25% scatter); second, the breakdown voltage is quite

sensitive to pressure changes, i.e., an increase from 300 to 690 kV/cm was

observed when the pressure was increased from 0.101325 to 0.506625 MPa

(1 to 5 atm) at 20 K.^^
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Gas ^ °'
^

^
'
^ ^'

^
^

'
^ Hydrogen in the gaseous phase is, like the liquid,

an insulator below some critical field gradient. When the critical voltage is

reached, the gas ionizes, a corona results, and the conduction takes place.

This breakdown voltage follows Paschen's law, which states the breakdown

voltage, V, does not change as long as pd is a constant and it is proportional

to pd, i.e. , V °= pd, where p is the density and d is the electrode spacing.

This relation is surprisingly independent of temperature, although some

investigators claim to have observed temperature dependence at low

temperatures. Also, a minimum breakdown voltage for hydrogen has been

7 2
observed at about 250 to 300 V at a pd of 10~ g/cm .

Electrical Conductivity^ ^ '"^ ^"^ °

Hydrogen is essentially an insulator with a negligible electrical

conductance except when voltages in excess of the breakdown voltages are

applied. At elevated temperatures where ionization occurs, the gas becomes an

electrical conductor, and conductivities for hydrogen to 30,000 and 40,000 K

3 6 3 7
have been calculated. ' A significant experimental paper on electrical

conductivity of the liquid is that of Willis.

1.2.8. DIFFUSION COEFFICIENT

Definition - The diffusion coefficient is defined as the coefficient

relating the flux of a given species in a mixture to the concentration

gradient of the species under isothermal conditions. For a binary mixture of

species i and j: -'^ij grad C-^, where J-j^ is the mass flux of i, Cj^

is the gradient of concentration, and Dj^j is the diffusion coefficient.

Diffusion is usually thought of as a property of mixtures; however, the term

self-diffusion, as the name implies, refers to a diffusion of a single
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species. There is, of course, no true means of measuring such a quantity, so

the process is simulated using different isotopes of the same species. A

third type of diffusion appears in the literature for hydrogen where the

binary mixture is that of molecules with different nuclear spin orientation,

i.e., ortho-para mixtures.

Thermal Diffusion

Definition - In a binary system where a temperature gradient exists, the

above equation should be extended to J. = -D. .V_ - oT.VlnT, where DJ . is
1 ij Ci ij ' ij

the thermal diffusion coefficient. The same extension is made to isotopic and

ortho-para mixtures.

The information on the diffusion of hydrogen has been categorized

according to the above definitions; references are listed below.

Equations - From kinetic theory, for a dilute gas Dj^j^^T^/^, and at room

temperature D^j for hydrogen systems is about 1 cm^/s; T is temperature.

For liquid or gas dissolved in a liquid

Dj^jri = constant

T~

where ri is the viscosity of the mixture and T is temperature. Dj^^j for H2 in

a liquid is about 10~'*cm^/s .
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References -

A. Diffusion

1. Isothermal^ ^-^^

2. Thermal

a. Argon^^-^^

b. Krypton5S56,58,59

c. Xenon^s, 60-64

e. 802^3

f. 0^3. 68

g. N,065

h. 02^°'^^

i. CO^^

^ 57,58,64,66,67,70-7 3

k. Ne^'*'^^

1. (He") '
^^"^'^

m. (He')'^

B. Self-diffusion

1. Isothermal^='^^'^°'«^-«^

,T.,^ ^ 3790
a. High temperatures '

b. Solids^^

2. Thermal^^'^^-^8'S°'52-ioi

3. Ortho-para8'*'^5'i°°'^°2

1.2.9. THERMAL DIFFUSIVITY'*' ^'

Definition - The thermal diffusivity, a , is defined as

pCp
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where X is the thermal conductivity, p is the density, and Cp is the

specific heat capacity at constant pressure.

Tables of Values - This quantity is tabulated in the tables in Chapter 6.

Units Range of table Table location

mVh 13.8 - 3000 K 0.01 - 100 MPa 2, 8

m /h Saturation boundary 3, 9

Figure - None

Equation - None, except above and the equation of state (see Subsection

1.2.12).

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTF

mVh 0.00053 0.034 0.00052 0.0038 0 0.57

Note: Values for normal and para are the same at these state points but

differ at other state points.

Uncertainty - The uncertainty of the values tabulated in Chapter 6 is

estimated to be +14%, except in the critical region (T^, +5% and P^. +20%)

and for T^lOO K and P>35 MPa where the uncertainty is unknown.

1.2.10. enthalpy'*'^'

Definition - Enthalpy is defined by the equation H = U + PV, where U is

the internal energy, H is the enthalpy, and PV is the product of pressure and

volume. The change in enthalpy is a measure of the heat absorbed by a system

in a constant pressure process. The enthalpy of a substance is a derived

theirmodynamic property and may be calculated by means of a thermodynamic

relationship which requires the PVT surface (see Subsection 1.2.12) and the

specific heat capacity (see Subsections 1.2.16 through 1.2.19).
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Tables of Values - Tabulated in Tables 2, 3, 8, and 9.

Units Range of table Table location

J/g 13.8 - 3000 K 0.01 - 100 MPa 2, 8

J/g Saturation boundary 3, 9

Figure - 4, T-S chart (para); 5, T-S chart (para); 6, T-S chart (normal);

7, T-S chart (normal); 8, T-S chart (normal).

Equation - None (see above)

Range of Values - The reference state for enthalpy is zero for the ideal

gas at zero absolute temperature (see Subsection 1.2.20).

Triple point Boiling point
Units Liquid Vapor Liquid Vapor RTF

Para

J/g -308.8 140.3 -256.3 189.3 4199.4

Normal

J/g 218.3 667.4 270.9 716.5 4226.9

Uncertainty - The uncertainties of the enthalpy values tabulated here vary

somewhat with pressure and temperature. In the region of T<300 K, uncertainty

is estimated to range from 1.2 J/g at low densities to about 5.0 J/g in the

liquid. For all densities at 300<T<500 K the uncertainty is estimated to vary

from 1 J/g at low pressures to about 15 J/g at the highest pressures. For

temperatures above 500 K the uncertainty of the enthalpy at the lower

densities could be much greater, especially for temperatures above about

1800 K where dissociation is a large factor.
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1.2.11. entropy'*'

Definition - Entropy is defined by the equation dS = dQ/T, or in any

reversible process the change in entropy of a system is equal to the heat

which it absorbs, divided by the absolute temperature. The entropy of a

substance is a derived thermodynamic quantity, and many thermodynamic

equations exist which relate the PVT surface of a substance to the changes in

entropy. In addition to the PVT surface, or an equation of state, the

specific heat capacity of a substance is needed to complete the calculation.

Tables of Values - This quantity is tabulated in Tables 2, 3, 8, and 9.

Units Range of table Table location

J/g-K 13.8 - 3000 K 0 - 100 MPa 2, 8

J/g-K Saturation boundary 3, 9

Figure - 4, T-S chart (para); 5, T-S chart (para); 6, T-S chart (normal);

7, T-S chart (normal); 8, T-S chart (normal).

Equation - None (see definition)

Range of Values - The reference state for entropy is the ideal gas at 0.101325 KPa

(1 atm) pressure and zero absolute temperature (see Subsection 1.2.20).

Triple point Boiling point
Units Liquid Vapor Liquid Vapor RTF

Para

J/g-K 4.964 37.52 7.977 29.97 64.77

Normal

J/g-K 14.08 46.64 17.09 39.08 70.58

Uncertainty - The uncertainty of the entropy values tabulated here varies

somewhat with pressure and temperature. In the region T<300 K, the

uncertainty is estimated to range from 0.04 J/g-K at low pressures to 0.17

J/g-K at the higher pressures. For all P at 300<T<500 K the uncertainty
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is estimated to vary from 0.05 J/g-K at low pressures to about 1.0 J/g-K at

the highest pressures. For temperatures above 500 K the region is again one

of extrapolation and the uncertainties are greater, especially for the low

pressures at temperatures above 1800 K where dissociation becomes significant.

Figures 6, 7, and 8 are the best available T-S diagrams for normal

hydrogen. These data will differ from those presented in Tables 8 and 9

because the tables and the figures are derived from different references;

however, both the tables and the figures are internally consistent so that

either the figures or the tables may be used for engineering calculations, but

data should not be transposed or transferred from one to the other.

1.2.12. EQUATION OF STATE^ ' ' ^ ' ^ ^ ° ^"^ ° ^

Definition - The relationship between the pressure, temperature, and

density of a substance is called the equation of state. This section will be

concerned with the mathematical model of the equation of state. Because of

the speed and availability of today's digital computers, the mathematical

equation of state is an extremely useful tool. There are literally hundreds

of tlaese to be found in the literature. To recommend an equation of state,

the detailed requirements must be known, or, to put it another way, there is

no single mathematical model of the equation of state that will be the best

choice for every purpose.

Equations - For the equations used to generate Tables 2, 3, 8, and 9, see

References 4, 7, 8, and 104, 105. For a more versatile but not quite as

accurate equation of state, see Reference 2. For an equation of state

designed for extremely high-speed computation but less accuracy, see Reference

103. See also the main text on computer programs and Subsection 1.2.13.
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1.2.13. VIRIAL coefficients'*'^'

Definition - The virial coefficients are commonly defined in two ways, as

follows: P = RTp[l + B(T)p + C(T)p2 + ] and PV = RT + B'(T)P + C'(T)p2.

The first two terms of these series may be inverted by the following:

B(T) = B'(T) and C'(T) = C(T) - B(T )^

RT

where P is pressure; T is temperature; p is density; V is 1/P; R is the gas

constant; and B(T), B'(T) and C(T), C'(T) are virial coefficients of a power

series expansion in density and pressure, respectively. Both series are

theoretically infinite in length; however, the coefficients beyond the first

two [B(T) and C(T)] are of less interest because of their complexity. The

temperature at which B(T) = 0 is called the Boyle temperature. Either of the

above two equations is adequate to describe the PVT surface for densities up

to about one half the critical density. The coefficients B(T) and C(T) for

the density expansion are given in Table 4. Most equations of state may be

algebraically arranged so that they are in a virial expansion form; therefore,

these equations of state may be used to calculate the virial coefficients (see

Subsection 1.2.12 for equations of state).

Tables of Values -

Units Range of table Table Location

B(cmVmol), C(cmVmol)^ 14 - 500 K 4

Figure - None

Equation - The values in Table 4 have been calculated from the following

expressions. For temperatures below 100 K,

B(T) = (b J + b^ + b /T + h^/T^)/RT
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where = 1.9397741 x 10 ^ = -1.9279522 x 10^ b^ = -2.2890051 x 10^

= 1.1094088 x 10^, R = 82.0597 cm^-atm/mol - K and T = Kelvin temperature

For T<55 K,

C(T) = (CjT^ + + C3 + C^/T + C^/T^ + Cg/T^)/RT

There are two sets of Cj^ coefficients: one for temperatures below T^, =

32.957,

C = 1.0541776 X 10^
1

C = -1.6597141 X 10^
2

,

C = 1.0431411 X 10^
3

C = -3.2538718 x 10^°,4
= 5.1405848 x 10^^

C = -3.3123453 x 10^^

and a second set for temperatures between T^, and 55 K,

= 1.6971294 X 10^

C = -5.0854223 x 10^
• 2

C = 6.7284118 x 10^
3

C = -3.8045171 X 10^

C = 1.0789413 X 10^^
5

C = -1.1515642 X 10^^
6

For 55<T<100,

C(T) = a^e^.^T [1 - {l-(T/a^)S}j

where a^ = 388.682, a^ = 45.5, a^ = 0.6, a^ = 20.0, and a^ = 4.0.

For temperatures above 100 K, '

B(T) = E biXi^^
i=l
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and

C(T) = [1 + Cx^] [1 - expd -x;')]

where = 42.464, = -37.1172, bj = -2.2982, b^ = 3.0484, x^ = 109.781/T,

Co = 1310.5, C = 2.1486, and = 20.615/T.

Range of Values -

Units 20K 100 K 200 K 300 K

B(T)cmVmol 146.7 -2.51 10.73 14.38

C(T)(cm3/mol)2 -1503 608.6 421.7 343.8

Boyle Point (B = 0) - 112.4 K

Uncertainty - The uncertainty of B is probably a maximum of 5% at the

highest and lowest temperatures. The uncertainty of C is a minimum of 5%

between 55 and 100 K and as much as 20% for temperatures below critical

temperature.

1.2.14. INTERMOLECULAR POTENTIAL FUNCTION ^ °

^

Definition - The intermolecular potential function is the potential energy

of interaction that exists between pairs of molecules. Mathematical models of

this function are used to calculate macroscopic properties with kinetic theory

and statistical mechanics.

General Comments - The potential energy of interaction between unlike

molecules, i.e. hydrogen and some other fluid, has not been considered here.

Only those papers with some relevance to H2 - H2 interactions have been used.

The Lennard-Jones Potential - The most common potential in the literature

is the Lennard-Jones or 12-6 potential
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where (})(r) is the potential energy of interaction, r is the intermolecular

separation, e is the maximum energy of attraction, and a is the

intermolecular separation for which (i)(r) =0. G is sometimes referred to as

the molecular diameter. Typical values for hydrogen^°^ are Na = 15,6 cm^/mol

and e/K = 36.7 where N is Avogadro's number and K = Boltzmann's constant. The

above parameters for the Lennard-Jones potential have been shown^"^ to be

temperature and property dependent. A new potential model has been

developed^
° ^ ' ^ °

^ which has shown significant improvement over the

Lennard-Jones; unfortunately, parameters for hydrogen are not yet available.

1.2.15, FIXED POINTS'* '1 12

Discussion - Below is a summary of the P-p-T data at selected fixed

points. To be consistent with the property tables in Chapter 6, the

temperatures in the para-equilibrium column are on the NBS-55 scale. The

temperatures in the column labeled "normal" are also on the NBS scale. For

relationships between the IPTS-68 scale and the NBS-55 scale, see Reference

112.

Para or equilibrium

Critical point

T = 32.976 + 0.05 K

P = 1.2928 MPa (12.759 atm)

p = 31.43 kg/m^ (15.59 mol/L)

Normal boiling point

T = 20.268 K

P = 0.101325 MPa (1 atm)

P(liquid) = 70.78 kg/mS (35.11 mol/L)

p(vapor) = 1.338 kg/m^ (0. 6636 mol/L)

Triple point

T = 13.803 K

P = 0.00704 MPa (0.0695 atm)

p(solid) = 86.50 kg/m^ (42.91 mol/L)

p (liquid) = 77.03 kg/m^ (38.21 mol/L)

p (Vapor) = 0.126 kg/m^ (0.0623 mol/L)

Normal

33.19 K

1.315 MPa (12.98 atm)

30.12 kg/m^ (14.94 mol/L)

20.39 K

0.101325 MPa (1 atm)

71.0 kg/m^ (35.2 mol/L)

1.331 kg/m^ (0.6604 mol/L)

13.957 K

0.00720 MPa (0.0711 atm)

86.71 kg/m^ (43.01 mol/L)

77.2 kg/m^ (38.3 mol/L)

0.130 kg/m^ (0.0644 mol/L)
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Solid-solid Transition - Solid hydrogen does undergo such transitions

(see, for example, Reference 19).

Molecular Weight - 2.01594 on the C^^ scale.^^^

Other Properties at the Fixed Points - See Tables 2, 3, 5, 8, 9, and 10.

1.2.16. SPECIFIC HEAT (HEAT CAPACITY) AT CONSTANT PRESSURE ^ »
^

Definition - The heat capacity at constant pressure is defined as Cp =

(9H/8T)pj where H is enthalpy.

Tables of Values -

Units Range of values Table location

J/g-K 13.8 - 3000 K 0.1 - 100 MPa 2, 3, 8, 9

Figure - 9, 10

Equation - None

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTP

Para

J/g-K 6.36 10.52 9.66 12.15 °° 14.85

Normal

J/g-K 6.36 10.52 9.66 12.15 ~ 14.31

Uncertainty - The uncertainty is estimated to vary from 0.02% in the low

density limit to 3% at 35 MPa and 8% at 100 MPa. In the critical region (T,,

+ 5/^
, + 20%) the uncertainties are greater but difficult to estimate.
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1.2.17. SPECIFIC HEAT (HEAT CAPACITY) AT CONSTANT VOLUMe'*'^'

Definition - The heat capacity at constant volume is C^ = (9U/8T)y,

where U is internal energy, T is temperature, and v is specific volume.

Tables of Values -

Units Range of tables Table location

J/g-K 13.8 - 3000 K 0.01 - 100 MPa 2, 3, 8, 9

Figure - 11, 12

Equation - None

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTP

Para

J/g-K 4.67 6.21 5.78 6.50 «> io.72

Normal

J/g-K 4.67 6.21 5.78 6.50 oo 10.18

Uncertainty - The uncertainty is estimated to vary from 0.02% in the low

density limit to 3% at 35 MPa and 8% at 100 MPa. In the near critical region

(T^, + 5%, + 20%) the uncertainties are greater but difficult to

estimate.

1.2.18. SPECIFIC HEAT RATIO'*'

Definition - Y = Cp/C^

Tables of Values - The specific heat ratio is not tabulated in the tables;

however, Cp and C^ are tabulated and should be used to form the ratio as

defined above.

Figure - None

1-28



Equation - None

Range of Values -

Triple point Boiling point Critical

Units Liquid Vapor Liquid Vapor point RTF

Para

Dlmenslonless 1.38 1.69 1.69 1.88 °° 1.38

Normal

Dlmenslonless 1.38 1.69 1.69 1.88 0° 1.41

Uncertainty - The uncertainty is estimated to vary from 0.02% in the low

density limit to 3% at 35 MPa and 8% at 100 MPa. In the near critical region

('^c +5%, Pc + 20%) the uncertainties are greater but difficult to

estimate.

1.2.19. SPECIFIC HEAT (HEAT CAPACITY) OF THE

SATURATED LIQUID AT CONSTANT SATURATION^
^

^

Definition - C^ = T(9S/8T)^ = (dH/dT)^ - V(dP/dT)^ where the subscript a

denotes constant saturation.

Tabulated Values - None

Figure - None

Equation -

C = — + B + CT + DT^ + ET^ + FT** + GT^
O _ x)n
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where T is temperature in kelvin, n = 0.10, A = 1.6815742, B = -32.80279, C =

6.8169871, D = -0.73194341, E = 0.033574357, F = -0.0007682974, G =

0.0000069029224, and T^, = 32.984. is cal/mol-K.

Units Triple point Boiling point Critical point

Para only

J/g-K 6.33 9.59 oo

Uncertainty - The uncertainty is estimated by Younglove and Diller ^ ^
^ to

be 0.3% except near the critical point.

1.2.20. IDEAL GAS PROPERTIES, THERMODYNAMIC^^"

Discussion - All properties tabulated here are based on thermodynamic

properties of the ideal gas. These ideal gas properties are derived from

spectroscopic measurements and statistical mechanics; they are taken from

Reference 110. The reference state for these properties is the ideal gas at

0 K where the molar internal energy, E ° , is at its lowest quantized value. By

convention the values of S°, C° , -(F° - E°)/T and H° - E° are tabulated^^^ for
p o o

0.101325 MPa (1 atm) pressure; S" Is molar entropy, c; Is »olar heat capacity

at constant pressure, F° is molar free energy, H° is molar enthalpy and T is

kelvin temperature. All s3nnbols refer to the ideal gaseous state.

Tables of Values - For normal, equilibrium and parahydrogen, see Reference

110.

Properties Units Range of table Table location

Cp, S°,-(F°-E°)/T Cal/mol-K'' 10-5000 K Reference 110

H°-E° Cal/mol

Figure - None

(Cal/mol-K) x 2.0755 = J/g-K

(Cal/mol) X 2.0755 = J/g
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Equation - None

Uncertainty - The uncertainty for C° is estimated to be 0.2% to 700 K

increasing to 0.4% at 5000 K. The uncertainty for S° and E° is estimated to

be an order of magnitude less.

1.2.21. INDEX OF REFRACTION^'

^

Definition - The index of refraction n^ of a medium is the ratio of the

speed of light in a vacuum to the speed of light in the medium, n-^ = C/Cjjj.

Discussion - The refractive index of a nonpolar fluid depends on the

wavelength of the incident light, the density of the fluid and, to a lesser

extent, the temperature. The dependence on temperature is usually small

enough to be neglected, as it has been in the equation given below. Figure 13

gives an indication of the temperature dependence for parahydrogen. Reference

7 gives a comparison between the index of refraction for normal and

parahydrogen.

Table of Values -

Units Range of values Table location

Dimensionless Saturated liquid (Para) 6

Figure - 13.

Equation -

/2prA(p) + l\

^ \1 - prx(p) /

where r;^(p) = 0.99575 - 0.09069p + 1.227p2 + 0.7799569 x lO^A^ + 0.495126 x

lO^^/X'*, the specific refraction r^(p) is in cubic centimeters per gram,

densities are in grams per cubic centimeter, and the wavelengths. A, are in

angstroms •

Angstrom x 10 ^ ° = meter
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Range of Values -

Units Boiling point liquid RTF X

Dimensionless 1.1137 1.0001 435.8 nm
(4358 angstroms)

Uncertainty - The uncertainty of the tabulated values is estimated to be

less than 0.1%.

1.2.22. INTERNAL ENERGy'''^'^

Definition - Internal energy is defined by the equation AU = Q - PAV,

where Q is the heat absorbed in a system, AU is the change in internal energy,

P is the pressure, and AV is the change in volume. The internal energy of a

system is a derived thermodynamic property and may be calculated by means of

thermodynamic relationships which require the PVT surface (see Subsection

1.2.12) and the specific heat capacity (see Subsections 1.2.16 through

1.2.19). The most common method of calculating the internal energy is by

using H = U + PV where H is the enthalpy (see Subsection 1.2.10) and PV is the

pressure volume product.

Tables of Values -

Units Range of values Table location

J/g 13.8 - 3000 K 0.1 - 100 MPa 2,8

J/g Saturation boundary 3, 9

Figure - None

Equation - None, see definition '

Range of Values - The reference state for internal energy is zero for the

ideal gas at zero absolute temperature (see Subsection 1.2.20).
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Triple point Boiling point

Units Liquid Vapor Liquid Vapor RTP

Para

J/g -309.0 84.2 -257.7 113.6 2961.38

Normal

J/g 218.2 611.4 269.5 640.7 2989.0

Uncertainty - The uncertainty of the internal energy values tabulated here

is estimated to be the same as the enthalpy (see Subsection 1.2.10).

1.2.23. JOULE-THOMSON COEFFICIENT ^ ' ^ ' ^ ^
^

Definition - The Joule-Thomson coefficient, y, is defined as y =

- Cp~^( 9H/9P)i' = (9T/9P)h. The sign of y indicates whether a gas

expansion will cause an increase or decrease in the temperature. If y is

positive, the expanding gas will be cooled. The locus of points where y = 0

is called the Joule-Thomson inversion curve. These data are given in Table 7

Values of the Joule-Thomson coefficient are tabulated by Michels et al.^^^ fo

pressures up to 253.31 MPa (2500 atm)

.

Tables of Values - This quantity is not tabulated here but it may be

calculated from the property tables in Chapter 6.

Figure - 14, the Inversion curve, T vs. P for parahydrogen.

Equation - None (may be calculated using an equation of state)

Range of Values -

Units Pressure 40 K 110 K 180 K

K/MPa 10.1325 MPa -0.424 0.247 -0.075

(K/atm) (100 atm) (-4.3 x lO"^) (2.5 x 10~^) (-7.6 x 10~^)

Uncertainty - The uncertainty is estimated to be 5%.
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1.2.24. HEATS OF TRANSITION^
'
^ ' ® ' ^ ^ ' ^ ^

^ ' ^ ^

^ '
^ ^ ^ ' ^ ^

°

Definition - A heat of transition is equated to the energy associated with

a phase change. In addition to the solid-liquid (fusion), solid-vapor

(sublimation) and liquid-vapor (vaporization) transitions, hydrogen has two

1 9
known solid-solid transitions. The energy changes due to these solid

transitions are not known but are thought to be small. For values of the

1^ ^ c c • 19116117 J ^. 19,129,130 ^ „ ^,latent heats of fusion ' ' and sublimation ' ' see Chapter 2. The

latent heat of vaporization is presented in Subsection 1.2.25.

1.2.25. LATENT HEAT OF VAPORIZATION'' '
^

'
^ ' ^

^

Definition - The latent heat of vaporization is the amount of heat

required to convert a unit mass of a substance from the liquid to the vapor

state at constant pressure.

Tables of Values - This quantity is not tabulated but values are easily

obtained from Tables 3 and 9 by subtracting the liquid enthalpy from that of

the vapor at the same temperature and pressure.

Figure - 15, 16, heat of vaporization vs. T.

Equation - None

Range of Values -

Units Triple point Boiling point Critical point

Para
r

J/g 448.2 445.5 0

Normal

J/g 449.1 445.6 0

Uncertainty - The uncertainty is estimated to be 1.24 J/g for para and

2.5 J/g for normal.
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1.2.26. MELTING CURVE s» lis

Definition - The melting curve is the boundary between the solid and

liquid regions in a phase diagram.

Tables of Values - The density of the saturated liquid in coexistence with

the solid phase is found on the first line of each page of isobar data in

Tables 2 and 8. The liquid and solid densities of three state points are

given here. For more extensive tabulations, the reader is referred to

Reference 19.

Figure - 17 and 18

Equation - See subsection 1.2.27 for melting pressures

Range of Values -
10.1325 MPa 30.3975 MPa

Triple point (ICQ atm) (300 atm)

Units Liquid Solid Fluid Solid Fluid Solid

kg/m^ 77.0 86.9 81.8 89.9 88.7 96.0

Note: These values are for parahydrogen. For an estimate of normal-

para density differences, see Chapter 4.

Uncertainty - The uncertainty is estimated to be 0.1% for the liquid phase

and 0.5% for the solid phase.

1.2.27. MELTING PRESSURE^ ' ^ ^ ^ ' ^ ^ ^ ' ^ ^ °

Definition - The relationship between pressure and temperature along the

solid-liquid boundary.

Tables of Values - The melting temperature for a given pressure is found

on the first line of each page of isobar data in Tables 2 and 8.
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Units Range of table Table location

MPa 13.8 - 34.2 K 2, 8

Figure - 17 and 18, melting curve (T vs. P) for parahydrogen.

Equation - See Reference 7

Range of Values -

Units Triple point 20 K 50 K

MPa 0.00704 22.71 221.1

Uncertainty - The uncertainty of the pressures is about 0.1%.

1.2.28. PHASE diagram''' ^'

^

Definition - Phase diagrams indicate the boundaries between the solid,

liquid, and gas phases. The diagrams that were referenced here are only those

which yield the PVT of the phases. For a diagram of the phases in other

coordinates, consult the subsection on the particular property desired.

Figure - 19 and 20

Uncertainty - The uncertainty of values taken from the above (or any

other) diagrams is determined by the resolution of the individual chart.

1.2.29. VOLUME expansivity'*

Definition - the volume expansivity is defined as

V y9T/p
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Volume expansivity is often simply called expansivity or coefficient of volume

expansion. The property is one of the compressibilities of a gas, where here

the path (condition) of the compression is at constant pressure.

Tables of Values - This quantity is tabulated in Tables 2, 3, 8, and 9.

Units Range of table Table location

K"^ 13.8 - 3000 K 0.01-100 MPa 2, 8

Saturation boundary 3, 9

Figure - None

Equation - None

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTP

Para and

Normal

K"^ 0.0102 0.0752 0.0164 0.0642 0.00333

Ui certainty - The uncertainty in the compressed liquid is 2 to 3%; in the

gas and supercritical fluid, 1 to 2%. In the critical region (T^ + 5%,

Pj, + 20%) the uncertainties are larger; however, they are not experimentally

defined since the property diverges at the critical point.

1.2.30. PRANDTL NUMBER^

Definition - The Prandtl number, Pr, is defined by the relation Pr = Cpfi/A,

where Cp is the specific heat at constant pressure, x] is the viscosity, and X

the thermal conductivity.

Tables of Values -

Units Range of table Table location

Dimensionless 13.8 - 3000 K 0.01-100 MPa 2, 8

Dimensionless Saturation boundary 3, 9
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Figure - 21 and 22

Equation - None, other than above defining relationship

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTP

Dimensionless 2.24 0.623 1.29 0.809 oo 0.685

Uncertainty - The uncertainty is estimated to be 17% except in the

critical region, where it is greater. All data at pressures greater than 35 MPa

and at temperatures below 200 K are extrapolated (uncertainty unknown)

.

1.2.31. PVT'*'^'S'ii°

Definition - PVT stands for pressure, volume, and temperature, the

fundamental variables of the state of a pure fluid at equilibrium. Any two of

three variables may be specified; the third is then a unique value for a given

fluid, except where two or more phases coexist, in which case the pressure is

a unique function of the temperature, but the volumes of the phases differ.

Tables of Values - The properties are tabulated in Tables 2, 3, 8, and 9.

Figure 1, 19, and 20.

Equation - See Subsections 1.2.12., 1.2.13., 1.2.27., and 1.2.38.

Range of Values -

Property Units Range of tables Table location

Pressure MPa 0.01 - 100 2, 8

Volume mVkg 0.0097 - 1538 2, 8

Temperature K 13.8 - 3000 2, 8

Note: The tables for normal and parahydrogen do not reflect any

difference for PVT (see Chapter 4 for a more detailed discussion

of ortho-para differences).
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Uncertainty - The uncertainty is estimated to be

Temperature range Pressure range Uncertainty in density, %

700 - 3000 K 0.1 - 100 MPa 1

300 - 700 K 0.1 - 100 MPa 0.5

13 - 300 K 50 - 100 MPa 0.2

13 - 300 K 0.1 - 50 MPa 0.1

Critical region T^ + 1%, Pc + 20% 6

Solid 34.45 - 70.93 MPa 1

1.2.32. SATURATION PROPERTIES

Definition - The term saturation refers to a state condition where two or

more phases coexist in equilibrium.

Tables of Values - Saturation properties of the coexisting liquid and

vapor phases are tabulated from the triple point to the critical point in

Tables 3 and 9. The individual properties which are tabulated in these tables

are listed below along with the subsection in which they are discussed in more

detail.

Property Subsection Property Subsection

Temperature 1.2.31 Constant pressure heat 1.2 .16

Pressure 1.2.31 capacity

Volvmie (or density) 1.2.31 Velocity of sound 1.2 .33

Internal energy 1.2.22 Surface tension 1.2 .35

Enthalpy 1.2.10 Thermal conductivity 1.2 .36

Entropy 1.2.11 Viscosity 1.2 .39

Constant volume heat 1.2.17 Thermal diffusivity 1.2 .9

capacity Dielectric constant 1.2 .6

Prandtl number 1.2 .30
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For tables of PVT below the triple point, see Reference 19.

Figure - See pages listed above.

1.2.33. SOUND velocity'" ^' ^' ^ ^

Definition - The thermodynamic (isentropic) sound velocity, W, is defined

where P is pressure, V is specific volume, and S is entropy; since entropy is

not usually a variable in the mathematical models for the equation of state,

calculations are more easily made using

which is thermodynamically equivalent to the above equation. Cp and are

the specific heat capacity at constant pressure and constant volume,

respectively; P is again pressure, T is temperature, and p is the density.

Sound velocity can be experimentally measured quite accurately.

Tables of Values -

Units Range of table Table location

by

1/2

m/s 13.8 - 3000 K 0.01 - 100 MPA 2, 3, 8, 9

m/s 0 - 12 K (para) Saturated solid Reference 19

m/

s

4.2 - 13.96 K (normal) Saturated solid Reference 19

Figure - 23 and 24

Equation - None
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Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTF

Para

m/s 1264 305.7 1089 355 0^ 1309

^Theoretically the velocity of sound should go to 0 at the critical

point. Experimentally only very low velocities have been measured in

the critical region.

Uncertainty - The uncertainty of the tabulated values has been estimated

by comparing tabulated and experimental sound velocities. The uncertainty

varies with pressure from 1 to 2% in the liquid and is about 0.5% in the vapor

or in the gas above the critical temperature. In the critical region (T^, + 5%,

Pj. + 20%) the uncertainties are larger but not estimable.

1.2.34. SOUND ABSORPTION

Definition - The experimental attenuation <\xp defined by the relation

P = Poe'^^^'exp

where x is the distance between the point where the peak pressure due to the

sound wave is Pq and the point where it is P. The so-called "classical"

sound absorption Gi^g^^. is often calculated from:

2Tr^ 4^ ^ Y - 1 . L2/„
cal Y W I 3

P J
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where y is the specific heat ratio, -JL, W is velocity of sound, f is frequency,
Cv

P is pressure, H is the shear viscosity, and \ is the thermal conductivity.

Papers found in the literature report sound absorption in many different

ways; some of these are as follows:

excess exp '-'^cal

nepers = In (P/Pq)

°^xp/f

ag^pX(where A is wavelength)

Liquid - a^xp the saturated liquid^^^ at 17 + 1 K is reported to

be 0.11 cm~-^ + 10% for the frequency of 44.4 MHz.

Gas - Values of Cig^^p/f for both normal and parahydrogen at temperatures

of 293, 90, and 77 K are given as a function of f/P in Reference 122.

Range of Values -

Temperature f/F a^xp/f (normal) a^xp/fCpara)

K Hz/Pa MHz/atm (cm'MHz)"^ (cm-MHz)~^

293 14.61 1.48 0.491

293 15.10 1.53 0.483

77 15.79 1.60 0.677

77 20.73 2.10 0.314

Uncertainty - The uncertainty of a is 10% for the liquid value and 5% for
'

r

the gaseous data. .

I
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1.2.35. SURFACE TENSION^ ^^"^

Definition - Surface tension is defined as the amount of work required to

Increase the surface area of a liquid by one unit of area. Note that this

property is defined only for liquid in coexistence with the vapor phase.

Tables of Values -

Units Range of table

13.8 - 32.976 K

Table location

3, 9dyne/cm

Figure - 25 and 26

Equation - Y = Yq (1 ~ T/T^,)^'"^^ (see discussion below), where Y is

surface tension in dyne/cm, Yq is 5.328 for parahydrogen and 5.369 for normal

hydrogen, and T^, is 32.976 K for parahydrogen and 33.18 K for normal

hydrogen.

Range of Values -

Units Triple point

Para

N/m

(dyne/ cm)

Normal

N/m

(dyne/ cm)

0.00299

(2.99)

0.003

(3.00)

NBP

0.00193

(1.93)

0.00195

(1.95)

Critical point

0

(0)

0

(0)

300 K

Not defined

Not defined

Not defined

Not defined

1 2 3
Discussion - Since Corruccini correlated the older experimental data, a

\ 2 k
new set of experimental data for normal hydrogen has appeared in the

literature. These new data are consistently about 70 x 10 ^ N/m (0.07 dyne/cm) lower

at all temperatures below 31 . 5 K than those calculated from the above equation.

These differences cannot be explained on the basis of differences in temperatures or

densities used in the calculations, but the experimental apparatus used by

12 4
Blagoi and Pashkov does not inspire confidence in their data. The capillary

(dyne/cm) x 0.001 = N/m.
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rise technique was used, which is the most common technique but is beset with

difficulties because of the corrections that must be applied. In the older

hydrogen surface tension experiments, these corrections amounted to about 10%

of the measured capillary rise. Because of the size of the capillaries used by

1 2 h
Blagoi and Pashkov the measured capillary rise must be corrected by about 40

to 50%.

Uncertainty - The uncertainty of the tabulated values is estimated to be 1%

for temperatures below the normal boiling point and increasing to about 5% for

temperatures above 0.8 T^,.

1.2.36. THERMAL CONDUCTIVITY^'

Definition - The thermal conductivity coefficient relates the transfer of

heat through a material via molecular interaction due to a temperature gradient

across the material, q = - A grad T, where q is the heat flux (heat per unit

area per unit time), grad T is the temperature gradient, and X is the thermal

conductivity coefficient.

Discussion - The literature search revealed no experimental data outside

the P-T range of these tabulations. The tabulations include extrapolations to

12 5
higher densities and temperatures of experimental data by Roder and Diller.

An alternative method of calculating thermal conductivity is provided by the

modified Enskog theory. The most popular method of correlating thermal

conductivity data is to separate the property into a number of additive parts

that are temperature and density dependent: A = Aq(T) + Ag(p,T) + A(,(p,T)

where '*^o(^) dilute gas contribution (a function of T only), Ae(p,T)

is the so-called excess function, and A^(p,T) gives the enhancement due to

the critical point behavior. Ae(p,T) and Aj,(p,T) are taken to be the same
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for the para and normal modifications but ^q(T) shows marked differences for

the para and normal modifications. A survey of the thermal conductivity of the

solid is given in Reference 19.

Tables of Values - 2, 3, 8, and 9.

Units Range of table Table location

Para and normal

mW/cm-K 13.8 - 3000 K 0.01 - 100 MPa 2, 3, 8, 9

Figure - 27 and 28

Equation - None

Range of Values -

Triple point Boiling point Critical
Units Liquid Vapor Liquid Vapor point RTF

Para

mW/cm-K 0.7259 0.1243 0.9892 0.1694 «> 1.94

Normal

mW/cm-K 0.7259 0.1243 0.9892 0.1694 «> 1.87

Uncertainty - The uncertainty of the tabulated data is estimated to be 7% except

in the dilute gas—all temperatures and pressures less than 0.101325 MPa (1 atm)

—where the uncertainty is estimated at 4% and in the critical region (T^ + -5%

and D + 20%) where it is 20%. All data at pressures greater than 35 MPa and at
c —

temperatures below 100 K are extrapolated (uncertainty unknown)

.

1.2.37. THERMODYNAMIC DIAGRAMS'*'^

Discussion - The thermodynamic diagrams listed below are based on the PVT

work of Roder et al."* and McCarty and Weber. ^ These diagrams have been

prepared very carefully and are accurate to the precision to which they may be

read. For other figures the primary consideration in many cases was

availability and in others the range of P and T covered by the chart.
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Figure - 1, compressibility factor chart for normal hydrogen; 4,

temperature-entropy chart (para); 5, temperature-entropy chart (para).

1.2.38. VAPOR PRESSURE^^'^°'*'^^^

Definition - The vapor pressure is the pressure, as a function of

temperature, of a liquid in equilibrium with its own vapor.

Tables of Values -

Units Range of table Table location

Para

MPa 13.8 - 32.976 K 3

Normal

MPa 13.95 - 33.180 K 9, 11

Figure - 29 - 32

Equation - Parahydrogen: ^ ° ln(P/P{.) = n^x + n^x^ + n^x^ (1 ~ x)'^5»

where n^ = 3.05300134164, n^ = 2.80810925813, n^ = -0.655461216567, n^ =

1.59514439374, n^ = 1.5814454428, x = (1 - Tt/T)/(1 - T^/T^),T^ = 13.8 K,

Tc = 32.938 K, and P^ = 0.007042 MPa.

Normal hydrogen: Log P(kg/cm^) = A + B/T + C Log T, where A = -1.55447,

B = -31.875, C = 2.39188 and T is in kelvin.

This equation was used to calculate the vapor pressure data given in Table

11 and is restricted to the temperature range of 20.555 to 32.276 K. These

data differ slightly from those tabulated in Tables 8 and 9 because the normal

hydrogen thermodynamic properties tables were generated using the parahydrogen

PVT surface and the ideal gas thermodynamic properties of normal hydrogen.

Table 11 data are preferred where accurate normal hydrogen vapor pressures are

desired; however. Tables 8 and 9 are internally consistent and sufficiently

accurate for all engineering calculations.
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1.2.39. VISCOSITY

r> • 7,128
Dynamic '

Definition - The viscosity coefficient of a fluid relates the flux of

momentum in a fluid to the traceless syimnetric part of the velocity gradient:

J = -2riD, where J is the flux of momentum, D is the traceless symmetric part of

the velocity gradient, and x] is the viscosity coefficient. Note: The

coefficient ri as defined is sometimes called the shear or dynamic viscosity.

Discussion - The viscosity of a fluid may be separated into two additive

parts: n = t1o(T) + tieCPjT), where rio(T) is the dilute gas contribution

and is a function of temperature only and rigCPjT) is called the "excess"

viscosity and is a strong function of density. When compared on a density

basis, there does not seem to be a significant dependence on ortho-para composition.

Tables of Values -

Units Range of table Table location

kg/m-s 13.8 - 3000 K 0.01 - 100 MPa 2,8

kg/m-s Saturation 3, 9

Figure - 33

Equation - Equations are presented in Reference 519.

Range of Values -

Triple point Boiling point Critical

Units Liquid Va^or Liquid Vapor point RTF

Para and
Normal

kg/m-s 255.1 x 10~' 7.36 x 10"'' 132.0 x 10"^ 11.28 x 10"^ 35.43 x 10"^ 89.48 x 10"^

Uncertainty - The uncertainty of the tabulations is estimated to be 5% except

in the dilute gas—all temperatures and pressures less than 0.101325 MPa (1 atm)

—where the uncertainty is estimated at 3% and in the critical region (T^ + 5%

and p_ + 20%) where it is 10%. All data at pressures greater than 35 MPa and at
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temperatures below 200 K are extrapolated (uncertainty unknown). The dotted lines

on Figure 33 represent a graphical smoothing of two algebraic functions that

represent high and low temperature experimental data and are extrapolated to join

in this temperature region.

Bulk

The shear viscosity should not be confused with the bulk viscosity. The

bulk viscosity relates the flow of momentum in a fluid to the divergence of the

velocity: J = 2nD - Hyldlv u, where I is the unit tensor, div u is the

divergence of the velocity of the fluid, and the coefficient of bulk

viscosity.

Kinematic

Definition - The kinematic viscosity, Y, is defined as Y = H/P, where il is

the shear viscosity and P is the density.

1.2.40. FREE ENERGY^'

^

Definition - The Gibbs free energy, G, is defined as G = H - TS, where H is

enthalpy, T is absolute temperature, and S Is entropy. Similarly, the

Helmholtz free energy, F, Is F = U - TS, where U is internal energy.

Tables of Values - These quantities are not tabulated but may be simply

obtained, using the formula above, from the following tables.

Units Range of table Table location

J/g 13.8 - 3000 K 0.01 - 100 MPa 2,8

J/g Saturation boundary 3, 9
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Figure - None

Equation - None

Range of Values - (Gibbs free energy)

Triple point
Units Liquid Vapor

Para

J/g -377 -377

Normal

J/g -21.9 17.0

Uncertainty - The uncertainty varies

limit to about 15 J/g in the liquid.

Boiling point Critical
Liquid Vapor point RTF

-420 -420 -542 -15,233

-66.5 -80.3 -138 -16,945

from about 0.5 J/g in the low density
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CHAPTER TWO

THERMOPHYSICAL PROPERTIES OF HYDROGEN IN THE

SOLID, SOLID-GAS, AND SOLID-LIQUID STATES

Hans M. Roder
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2.1. INTRODUCTION

This chapter is quite similar to Chapter 1 except that the properties

covered pertain to the solid phase. Definitions for nearly all properties are

found in Chapter 1. We include the single phase compressed solid state as

well as the solid-vapor and solid-liquid two phase regions, i.e., phases IV,

V, and VI shown in the schematic density-temperature phase diagram below.

TEMPERATURE

Ordinarily data are not measured in the coexisting regions solid-liquid,

or solid-gas, rather they are established from the phase boundaries in terms

of a variable called quality. The phase boundaries are included in the

description of the adjacent single phase region.

This chapter is based on an earlier survey done by the National Bureau

of Standards for the Lawrence Livermore Laboratory, which covered a wide range

of properties including PVT, thermodynamic, thermal, transport, electrical,

radiative, and mechanical. Only the ortho-para modifications of hydrogen have

been included here. For properties of the other isotopes of hydrogen the

reader should consult Reference 19 or the successor surveys prepared by the

Lawrence Livermore Laboratory, Reference 139. A second more recent review has
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been given by Silvera^'*°, while the Russian work has been summarized in a

volume edited by Rabinovich. ^ ^
^ Temperatures are limited to those below the

critical point, i.e., below 33 K. The pressure range is not restricted,

however, very little data exist at pressures other than saturation.

The literature surveyed includes all references available to the

Cryogenic Data Center through March of 1973, some 1500 items. A literature

search covering 1973 to March 1978 disclosed an additional 310 references.

Some of these references have been included in this chapter
,
particularly if

they contained firm data. The evaluation of these references was, however,

only cursory, i.e., coverage to March of 1978 is not claimed.

In selecting sources of data, a critical evaluation was not made,

however, the following guide was used:

a) If several sets of data exist, which, in our judgment, are the "best

data?"

b) Are these values consistent with other properties presented?

c) Are tables or graphs available? Are they in a convenient form?

d) Can we find any values at all - even if estimated?

Many inconsistencies or discontinuities exist in the data presented

because the values originate from many diverse sources. Considerable effort

would be required to reconcile the discrepancies between different sources.

It is best that the user be forewarned; therefore, we list a few of the

discrepancies which are most vexing.

First, of course, is the matter of temperature scales. The NBS-39 scale,

the NBS-55 scale, and more recently the IPTS-68 scale have been in common use,

and their interrelation is fairly well understood. For example, the triple

point temperatures are 13.803 K, on the NBS-55 scale, 13.813 K on the NBS-39

scale, and 13.810 K on the IPTS-68 scale. The values differ by 0.01 K. Next
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Is the matter of pressure at the triple point. Vapor pressure equations for

solid and liquid as well as the melting curve should Intersect mathematically

at the triple point, yet they rarely do. Finally, different authors choose

different reference states for entropy and enthalpy. For example, the refer-

ence enthalpy, Hq-E®, Is zero for the Ideal gas at 0.101325 MPa (1 atm) and

0 K for the upper part of Table 12, while the reference enthalpy Is zero for the

Ideal crystal at 0 K for the lower part. The enthalpies of the solid at 10 K

compare as follows: -753.7 J/mol and 6.2 J/mol (1.479 cal/mol in Table 12).

Computer Programs

A significant portion of the tables and figures presented in this chapter

were prepared with the aid of computer programs. Both the slush hydrogen

program^ and the equation of state^°^ for liquid and vapor were developed by

NBS for Johnson Space Center of the NASA. The programs are integrated in a

way which avoids all of the inconsistencies mentioned above. They are

available from the NBS Thermophysical Properties Division, Boulder, CO

80303.

2.2. DISCUSSION OF THE PROPERTIES

2.2.1. CRYSTAL STRUCTURE^
" ^"^ ^

^

Discussion - Hydrogen is an extremely interesting solid because for

certain isotopic compositions it may undergo a transition at low temperatures.

This transition has been studied by X-ray diffraction, electron diffraction,

neutron diffraction, NMR^**^, and infrared absorption.^'*'* In general all

hydrogen isotopes solidify in the hexagonal close packed (hep) structure,

particularly if cooled from the liquid state. Parahydrogen appears to be

stable in hep down to the lowest temperatures investigated. In constrast.
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hydrogen rich in the ortho component (> 60%) undergoes a transition to the

face centered cubic (fee) structure in the temperature range 1.2 to 4.2 K. In

addition, there is considerable evidence that unconverted hydrogen if

condensed from the vapor in thin films is in fee form. Other experiments

show that the substrate can affect the lattice spacing, introducing the fee

14 6
structure, and that plastic deformation initiates the fee structure.

14 8
The transition temperature is a function of ortho-para concentration

14 9
as well as density or pressure. The volume change of the transition is

14 7
small, 1.3%, but has been measured. The transition corresponds to the X

anomaly in the specific heat but exhibits considerable hysteresis. It is

obvious that the difference in energy of the two close packed structures of

hydrogen is exceptionally small. It is also well known that solid phases

frequently undercool and remain in a metastable form; thus hysteresis is often

encountered in such a martensitic transformation. ^ ^ A different explanation

is that the changes in thermodynamic properties are due mainly to the order-

disorder transition of the rotational motions, and not to the crystalline

phase change.

Parahydrogen exhibits a second phase transition in the compressed solid

close to the melting line. This transition was predicted its volume

change has been measured ^ ^ ^
'

^ ^ to be 0.15%, the singularity in the melting

line has been measured, and the structure of the new solid has been

determined to be fcc.^^^'^^^

Studies of the Raman spectra initially were interpreted to show a fee

structure at pressures of around 100 MPa (1 kbar) at temperatures near 4 K. In

subsequent studies the authors were unable to confirm their earlier report.

A short paper by Mills attempts to connect these transitions. The

controversy is far from being settled because in a most recent paper
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Sllvera, et al.^^° attribute this phase to an instrumentation effect rather

than a true transition. The discrepancies in the various diagrams are shown

clearly in Figures 34a, b, and c where 34a is based on the measurements of

Dwyer et al.^^^ as interpreted in References 19, 142, and 151, while 34b is

taken from Reference 159, and 34c from Reference 160.

Figure - 34a, b, c

Range of Values - see lattice parameters, Subsection 2.2.15

2.2.2. DIELECTRIC CONSTANT^^ '^^ '^^ '^^

Discussion - It is important for the user to realize that correlation or

analysis of the dielectric constant is almost always handled through the

Clausius-Mossotti relation M(e-l) /(£+2)p = P, or solved for

£ = (1 + 2Pp)/(l - Pp), where e is the dielectric constant, M the molecular

weight, p the density, and P the molar polarizability . Polarizability is most

often expressed in cm^/g; a nominal value for parahydrogen is 1.004 cm^/g.

However, to compare polarizabilities of hydrogen isotopes it is best if P is

expressed in molar units, thus the nominal value for parahydrogen becomes

2.02 cm^/mol.

Parahydrogen

The most extensive measurements have been made on parahydrogen. A

composite plot of the results. Figure 35 shows that the polarizability is a

very slowly varying function of density. Stewart^ ^ is able to correlate his

entire set of measurements with a single equation (see Subsection 1.2.6).

Younglove ' s ^ measurements extend to higher liquid densities and include

values for the solid. He represents his solid measurements by the equation

P = 1.011 - 0.049091p where P is in cm^/g and p in g/cm^. As shown in Figure

35, Younglove reports a difference of about 0.5% in P between liquid and



solid. This value has recently been called to question by Udovidchenko and

16 162163
Manzhelii and by Wallace and Meyer ' who report a change of no more

than 0.2%. The difference may be explained by the fee solid phase near the

melting line (see Subsection 2.2.1).

Since the dielectric constant is proportional to density, a plot of e vs

.

T is very similar to a density-temperature phase diagram. For parahydrogen,

liquid and solid boundaries are shown in Figure 36.

Normal Hydrogen

To estimate values of the dielectric constant for normal hydrogen, we use

the results of Kogan and Milenko^^ who measured the difference in dielectric

constant for various concentrations of ortho-parahydrogen in the liquid state.

As recalculated^^ the difference is:

molar polarizabilities , cm^/mol difference conditions

n-H2 2.0372 p-H^ 2.0279 0.0093 saturated liquid

More recent measurements of the normal-para difference in the solid state have

been reported by Haase and Meyer. The dielectric constant for normal

hydrogen is then estimated using the following steps:

a. find density or state at point desired (mol/cm^)

b. calculate polarizability of p-H^ at an equivalent density (mol/cm^)

c. adjust polarizability by the difference (0.0093)

d. calculate desired dielectric constant

The measurements reported in Reference 165 are probably not valid because the

measured dielectric constant should increase as the temperature is lowered.

The measurements on solid hydrogen in Reference 166 are probably not valid

because the experimenters did not succeed in filling the cell completely.

Figures - 35, 36
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Equation - see discussion for equation of solid

Uncertainty - the uncertainty in the molar polarizability of the solid can

be as large as 0.3%.

2.2.3. ENTHALPY^'^'^'*^'^"'^^^-^^^

Discussion - The coverage for parahydrogen is nearly complete. It is the

only isomer for which values in the compressed solid can be obtained
,
primarily

because the specific heats were measured by Ahlers.^^^ Enthalpy estimates for

the compressed solid are presented in Table 14. This table was assembled from

^ £T^ j„i 161,167,168
the reports of Dwyer and Cook.

Tables of Values - parahydrogen, solid-vapor two phase region, Table 12;

parahydrogen, solid-liquid two phase region, Table 13; single phase compressed

solid. Table 14

Figure - 43, T-S chart

Uncertainty - as estimated in Reference 142

enthalpy: 1.2 J/mol for solid-liquid;

1.5 J/mol for solid-vapor

2.2.4. ENTROPY^^^'^'*^

Tables of Values - parahydrogen, solid-vapor two phase region, Table 12;

parahydrogen, solid-liquid two phase region, Table 13

Figure - 43, T-S chart

Uncertainty - as estimated in Reference 142

entropy: 0.08 J/mol-K for solid-liquid;

0.146 J/mol-K for solid vapor
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2.2.5. EQUATION OF STATE ^
°
S i " ^ ,

^ 2 9 ,
i 4 2 , i 6 9-1 7

3

12 9
Equations - In the correlation by Mullins, et al. a virial

representation of the gaseous PVT surface is extrapolated to temperatures

below the triple point. The correlation of the solid-vapor and solid-liquid

1 It 2
two phase regions is achieved by having a specific 33 term MBWR equation of

state^
°

'
^ ° ^ supply all properties for the saturated vapor below the triple

point as well as all properties on the liquid side of the melting curve.

While the two correlations are reasonably consistent, discontinuities between

them exist as shown in Table 12. Whatever equation of state is used for the

liquid PVT surface, care must be exercised for densities near the melting

line, or the equations will fail to correctly predict the specific heats. ^'^^

The equation of state for the solid has been described on theoretical grounds

17 2
by Anderson, et al.

For the compressed solid a review which includes the so-called "metallic

hydrogen" is given by Douglas and Beckett.^ ^° Numerous equations of state are

presented, most of which are based on some kind of intermolecular potential.

16 9
Ahlers calculates some of the derived properties such as compressibility

from the Griineisen equation. The equation proposed by Burshtein and

Rabinovich ^
^ while "anchored" with experimental densities along the solid

melting line is not satisfactory because it does not yield the proper

densities of the solid under its own vapor pressure. None of these equations

of state account for the phase change near the melting line of the solid.

Therefore, a unique equation of state from which one could calculate the PVT

properties at an arbitrary point in the solid does not exist; however a paper

that gives an equation of state for the compressed solid without the phase

change and is based on a large number of PVT measurements is in preparation.^^
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2.2.6. FIXED POINTS ^ 2

Discussion - See also Subsection 1.2.15. We note here values for the triple

point used in the most recent correlation for parahydrogen ^ which differ very

slightly from those selected in Subsection 1.2.15 because the underlying

equation of state is slightly different. In addition, so called values of

Vq, i.e., the molar volume of saturated solid hydrogen at the helium boiling

point (4.2 K) is of interest for work in X-ray or neutron diffraction. The

most consistent and recent correlation of these values is given by Silvera et al

Triple Point

T = 13.800 K

P = 0.0070420875 MPa (0.0695 atm)

p(solid) = 86.51 kg/m^ (42.91 mol/L)

p(liquid) = 77.04 kg/m^ (38.21 mol/L)

p(vapor) = 0.1258 kg/m^ (0.06238 mol/L)

Vo(solid) = 23.14 + 0.08 cmVmol at 4.2 K

2.2.7. SPECIFIC HEAT (HEAT CAPACITY) AT CONSTANT PRESSURE ^ ^
^

' ^ ^

^

Discussion - See also Subsection 2.2.9. Experimental values for this

property have not been measured. Values for Cp in the compressed solid

states were estimated by Dwyer and Cook^^^ from the C^ measurements of

Ahlers.^^^ Ahlers estimated values of Cp at the saturated solid boundary

from his single phase C^ measurements.

Tables of Values - Cp on the saturated solid boundary. Table 12; Cp in

compressed solid states, Table 14

Figure - 37

Uncertainty - About 2% at 4 K rising to around 5% at the triple point.



2.2.8. SPECIFIC HEAT (HEAT CAPACITY) AT CONSTANT VOLUME ^ ^ ^ ^
^

Discussion - See also Subsection 2.2.9. Experimental values for this

property have been measured in the single phase compressed solid by Ahlers^^^

and by Roberts and Daunt.

Tables of Values - Table 14

Uncertainty - About 2% at 4 K rising to around 5% at the triple point.

2.2.9. SPECIFIC HEAT (HEAT CAPACITY) OF THE SATURATED SOLID 142,161,169,174-171

Discussion - We distinguish between heat capacity at saturation (C^),

heat capacity at constant pressure (Cp), and heat capacity at constant

volume (Cy). The property most commonly measured is C^, where for the

isotopes having ortho-para isomers a large dependence of specific heat on

composition is found in the solid.

A composite picture for the heat capacity of the solid (C^) is shown in

Figure 38. Values for parahydrogen are given in Table 12; they are based on

values taken from Ahlers.^^^ Values for other ortho-para compositions are

17 5primarily from the paper by Hill and Ricketson. Shown, but not in any

detail is the A-transition near 2 K, the best description of which is given by

177178 169
Ahlers and Orttung. ' Ahlers also measured the specific heat C^ for

three molar volumes of parahydrogen in compressed solid states. The values

are given in Table 14; they were converted to estimated values of Cp by

Dwyer and Cook.^^^ The estimated values of Cp are presented in Figure 37.

More recent measurements by Roberts and Daunt ^^"^ are in very good agreement

16 9with those of Ahlers. Heat capacities at low ortho concentrations and very

17 6low temperatures were examined by Popov, et al.

The general features of the property for hydrogen are as follows: Below

about 14 K the heat capacity (C^) of the solid shows a broad anomaly for
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compositions between para and normal; with increasing ortho concentration in

this temperature range the heat capacity increases; for ortho concentrations

larger than 60%, a A transition exists at low temperatures ("^ 1.3 to 4.2 K)

.

The values of are commonly taken to be the same as Cp; the values of Cy

are lower than C^^ at all temperatures but the difference is negligible below 5

K; a significant difference exists between of the solid and the liquid.

Tables of Values - Table 12

Figure - 38

Equation - The representation of Ahlers' values^ as given in Reference

142 is ; = -101. + 87.75 T - 26.95833333 T^ + 4.25 T^ - 0.041666667 t"* with

in mJ/mol and T in K for T ranging from 3 K to the triple point.

Uncertainty - About 2% at 4 K rising to around 5% at the triple point.

2.2.10. HEATS OF TRANSITION

Definition - A heat of transition is the energy associated with a phase

change. Besides the solid-liquid and liquid-gas transition, hydrogen has two

known solid-solid transitions, (see Subsections 2.2.1 and 2.2.15). The energy

changes due to these solid transitions are not known but are thought to be

small. For values of the latent heats of fusion, sublimation and

vaporization, see Subsections 2.2.13, 2.2.14 and 1.2.25.

2.2.11. INTERNAL ENERGY^

Tables of Values - parahydrogen, solid-vapor two phase region, Table 12;

parahydrogen, solid-liquid two phase region, Table 13

Uncertainty - as estimated in Reference 142.

Internal energy: 1.2 J/mol for solid-liquid;

1.5 J/mol for solid-vapor



2.2.12. ISOTHERMAL COMPRESSIBILITY ^
^

' ^ ^ ^~

^

Tables of Values - Table 15 and Table 22

2.2.13. LATENT HEAT OF FUSION ^ ^ ' ^ ^ ° ' ^ ^ ^ ' ^ ^ ^
'

^
^ ' ^ ^ ^ ' ^ ^ ^ » ^ ^ ^

Definition - The latent heat of fusion is the amount of heat required to

melt a unit mass of a substance at constant temperature and pressure at

temperatures at the triple point and above.

Discussion - The latent heats of fusion are summarized in Table 16. Most

of the experimental work was conducted at essentially triple point

temperatures; however, some measurements have been made at elevated pressures,

and others as a function of ortho-para composition. If the authors indicated

the triple point temperature in the paper, then the value of that temperature

is given in brackets in the temperature column. For the measurements at

elevated pressures, both the temperature and the pressure at which the

measurements were made are shown. In the heat of fusion column the values

which are underlined are the ones which are given in Subsection 1.2.15 in the

fixed point tables. The value selected in the correlation^
^
^ is 117.277

J/mol for the heat of fusion at the triple point, partially to remain

consistent with the earlier thermodynamic calculations, and partially

because this value is quite close to the average of all experimental

determinations (see Table 16)

.

Tables of Values - Table 16

Figure - None

Equation - The heats of fusion at elevated pressure^ were determined

117
experimentally by Dwyer, et al. The authors represent the experimental

2-13



results by a straight line in pressure. Using the value selected above

(117.277 J/mol) the equation used in Reference 142 for the heats of fusion

becomes:

Ah^ . = (28.02693164 + 0.044149P) • 4.184
fusion

where AH^ . is in J/mol and P is in atm.
fusion

Range of Values -

Units Triple point 15.54 K 21.19 K

J/g 58.17 63.92 83.60

(cal/mol) (28.03) (30.80) (40.28)

Note: Values are for parahydrogen.

Uncertainty - The estimate of uncertainty based on the existing data is

about 0.52 J/g, or around 1%.

2.2.14. LATENT HEAT OF SUBLIMATION 19 129 130 I k2. 184 185

Definition - The latent heat of sublimation is the amount of heat per unit

mass required to vaporize the solid phase.

Discussion - The latent heat of sublimation like the heat of vaporization

is temperature dependent. Experimental measurements of the latent heat of

sublimation are rare. The property is usually calculated from the Clausius-

Clapeyron equation requiring values of the solid volumes, the vapor volumes,

and the temperature derivative of the vapor pressure curve. The difficulty is

to select a proper equation of state for the vapor, because the vapor volumes

predominate in the calculation. For temperatures involved, the extrapolation

of the virial coefficient B(T) is quite extended, therefore the ideal gas

equation is often used for the vapor volumes. At the triple point the latent

heat of sublimation should equal the sum of the latent heat of vaporization
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and the latent heat of fusion. The equality offers a severe test of

thermodynamic consistency, In particular, of the various vapor pressure

derivatives used In the calculations.

The heat of sublimation at 0 K Is of particular Interest theoretically,

13 0
and a number of papers are concerned with this extrapolation. Cluslus

calculated a value of 380.6 J/g (183.4 cal/mol) for hydrogen, while Eyring, et al.^®'*

have calculated values of 376.8 J/g (181.56 cal/mol) for parahydrogen and 379.6 J/g

(182.92 cal/mol) for normal hydrogen.

Thermodynamlcally consistent calculations on parahydrogen are given by

12 9 1 U 2
Mulllns. et al. and by Roder.

Tables of Values - This quantity Is tabulated in Table 12

Figure - None

Equation - None

Range of Values

Units 0 K Triple point

Para
J/g 376.7 507.4

(cal/mol) (181.5) (244.5)

Normal
J/g 379.6

(cal/mol) (182.9)

Uncertainty - The uncertainty is estimated to range from 6.9 J/g at 3 K

to about 4 J/g at the triple point.

146155.186-190
2.2.15. LATTICE PARAMETERS

Discussion - The ranges of the lattice parameters have been assembled from

various sources into Table 17. It should be emphasized, though, that the

references given in the table are not exhaustive, only representative.
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Lattice parameters combined with crystal structure are very often the

only way in which molar volumes for the solid can be obtained.

Tables of Values - Table 17

Uncertainty - The accuracy in the determination of lattice parameters from

X-ray diffraction is seldom better than about 1%.

2.2.16. MECHANICAL properties'^'
''''''' ^-^^"^

Discussion - In other sections values for several mechanical properties

such as the velocity of sound of the solid (Subsection 2.2.25) and thermal

expansion of the solid (Subsection 2.2.28) are presented. In this Subsection

the remainder of the mechanical properties of the solid phase are discussed.

Experimental measurements of uniaxial loading have been conducted by

Bolshutkin, Stetsenko and their co-workers on polycrystalline parahydrogen^ ^

^

and on polycrystalline normal hydrogen. In these papers the authors

present values of Young's modulus, shear modulus, tensile strength, nominal

yield stress, and relative elongation. Values for normal and parahydrogen are

summarized in Figure 39 which is taken from Reference 192.

19 6 1
Experimental measurements of the velocity of sound in solid hydrogen '

yield calculated values of Poisson's ratio as well as values of adiabatic and

isothermal compressibilities. These values are found in Table 24. In

addition, the papers report values of the Debye 6, elastic constants, and the

adiabatic bulk modulus, all of which together with a few calorimetric Debye

6's are given in Table 18. Note that the calorimetric Debye e's are

consistent, and the mechanical Debye G's are consistent, but that the results

of the two methods differ considerably as pointed out in Reference 196. The

explanation that "This decrepancy is due to Incorrect elimination of the

anomalies in the temperature dependence of Cy ..." needs further study,
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particularly as the recent results on of Roberts and Daunt^^** are in

excellent agreement with those of Ahlers.^^^ Ahlers' measurements are at

constant volume; technically the correct way to determine a Debye 9 is from

Cy data. In addition, Ahlers' 0's vary from 128 to 106 for his lowest

isochore, that is for temperatures from 0 to 15 K, and they vary considerably

more for changes in density.

Finally there are measurements of shear strength as a function of applied

1 9 't

pressure. Initial values of extrusion pressures were reported by Stewart.

19 1 19 3
These measurements have since been refined by Towle and Bignell.

Towle's values are given in Table 19. Plastic deformation is discussed by

19 8 19 9
Bol'shutkin and Coworkers. ' Deformation curves for hydrogen are given

in Reference 199, and a graph of creep is given in Reference 201. Calculation

of elastic constants using several different experiments were made by Goldman.^

Tables of Values - Debye G, adiabatic bulk modulus, elastic constants -

Table 18; shear strength - Table 19; Poisson's Ratio, adiabatic and isothermal

compressibilities - Table 24

Figure - Young's modulus, shear modulus, tensile strength, nominal yield

stress, relative elongation - Figure 39

2.2.17. MELTING CURVE ^°^» ^''2

Discussion - See also Subsections 2.2.5 Equation of State and 2.2.21 PVT.

In the most recent correlation^**^ the properties on the liquid side of the

melting curve are supplied by a specific equation of state^"^ and its

intersection with the melting pressure equation^ as given in Subsection

2.2.18.

Tables of Values - Table 13

Figures - 17, 18
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2.2.18. MELTING PRESSURE ^ ' ^ ^ ° ' ^ ^ ^ ' ^ ^ o , 1 1 2 , 2 o 2

Discussion - Parahydrogen: The equation used is the one developed by

Goodwin, except that the temperature scale has to be shifted by 0.003 K to

match the triple point temperature and pressure of the liquid vapor pressure

curve used with the 33-term MBWR equation. The shift insures that the melting

pressure equation and the liquid vapor pressure equation intersect at the

triple point, 13.800 K and 0.00704 MPa (0.0695 atm) , which are the values

chosen for the basic 33-term equation of state. Additional experimental

values for the melting pressures of parahydrogen have been published by

Younglove^** and by Kechin et al.^°^; these values have not yet been

incorporated into a melting pressure analysis.

Normal hydrogen: The equation used is the one developed by Goodwin which

is based upon the experimental results quoted by Woolley, et al.^^° and Mills

and Grilly.115

Tables of Values - Parahydrogen, Table 13; normal hydrogen, Table 20

Figures - 17, 18

Equation -

(P - Pt)/(T - Tt) = [A exp (-a/T)] + BT

where A = 30.3312 atm/K, a = 5.693 K, B = 2/3 atm/K^, and values of the triple

point parameters are as follows:

p-H 2 n-H 2

T , K 13.803 13.947
t'

P , MPa 0.00704 0.00719
t'

(atm) (0.0695) (0.071)

For parahydrogen in Reference 142 the Kelvin temperature shift is

T(shifted) = T + 0.003.

Uncertainty - The uncertainty of the melting pressures is about 0.1%.
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2.2.19. ORTHO-PARA MODIFICATIONS^ ° °

^

Discussion - See also Subsection 4.2.6.

The user should be aware that temperature dependent ortho-para changes

continue to influence properties in the solid state. Several properties such

as specific heat (Subsection 2.2.9), thermal conductivity (Subsection 2.2.26),

and thermal diffusivity (Subsection 2.2.27) are highly sensitive to actual

ortho-para composition.

2 0 3
For solid hydrogen Ahlers made measurements of the ortho-para

conversion as a function of the molar volume of the solid. These measurements

are in excellent agreement with the experimental values obtained at very low

pressure by Cremer.^"** More recent measurements have been reported by Schmidt^

and calculations have been performed by Milenko and Slbileva.^°^

Definition - Phase diagrams indicate the boundaries between the solid,

liquid, and gas phases. A schematic phase diagram was used in the

introduction. Section 2.1. The different phases are quite often shown in the

diagrams of other properties, even though it may not be possible to obtain the

PVT of the point in question. As a guide to the user all such diagrams are

indicated below. A phase diagram which Includes metallic hydrogen is given in

Reference 207.

2.2.20. PHASE DIAGRAM^
"

^

Figure coordinates

Pressure-temperature

Figure number

34a, b,c

Dielectric constant- 36

temperature

Molar volume-temperature 40a, b

Temperature-entropy 43

Vapor pressure-temperature 44



Uncertainty - The uncertainty of values taken from the above (or any

other) diagrams is determined by the resolution of the individual chart.

2.2.21. pVT** ' ^ ' ^ ^ ' ^ ^ ' ^ ^ " ' ^ ^ ^"^ 2 0 , 1 2 9 , 1 1+ 2 , 1 5 1 , 1 5 3 ,

1 5 1+ , 1 5 8 - 1 6 1 , 1 6 9 , 1 7 9 - 1 8 1 , 2 0 8 - 2 1 1

Discussion - As indicated in the introduction, we distinguish three

separate regions, the solid-vapor and solid-liquid two phase regimes and the

single phase compressed solid states. Experimental data for the two phase

regions include vapor pressures, ^ ^ °
'
^ ° ^ ' ^ ° ^ melting pressures ,

^ ^ ^ ^ ' ^ ^ °

saturated solid densities ,
^ ^

' ^ ^ ^ ' ^ liquid densities along the melting

line,"*'^^^ and volume changes on fusion.^ Saturated solid densities are

also obtained from the crystal structure. Subsection 2.2.1, and the lattice

parameters, Subsection 2.2.15. The data for the solid-vapor region have been

correlated by Mullins, et al.,^^^ while the data for parahydrogen in both two

phase regimes have been correlated more recently .
^ ^ Data for the single

phase compressed solid' ^
^ ^ ^ ' ^ ^ ^ ' ^ ^ o

,
i a i

, 2 1 1 largely remain

16 0

uncorrelated . An exception is the PVT measurements by Silvera et al. These

authors ascribe the phase transition near the melting line to an

instrumentation effect rather than a true transition. The diagrams illustrate

that the controversy is far from settled. Figure 40a is based on the

measurements of Dwyer et al.'^' as adjusted in References 19, 142, 151 and

shows two phase change points on the melting line. Figure 40b is taken from

15 9Mills and features only one phase change point along the melting line. In

comparison, figure 34c taken from Reference 160 shows no phase change along

the melting line.

Separate tables for normal hydrogen illustrate differences in PVT. The

differences, however, are very slight and can be neglected for most practical

applications.
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Tables of Values - parahydrogen, solid-vapor two phase region, Table 12;

parahydrogen, solid-liquid two phase region, Table 13; normal hydrogen. Tables

20, 22, 23, 27; single phase compressed solid, Tables 14, 21, 22

Figures - 34c, 40a, b, 41, 43

Uncertainties - as estimated in Reference 142

temperature 0.01 K

pressure 1% at the triple point increasing to 200% at very low tempera-

tures. Negligible for pressures above 0.101325 MPa (1 atm)

.

density 0.2% at temperatures above triple point. 0.4% at the

triple point increasing to 1.5% at 4 K.

2.2.22. SATURATION PROPERTIES

Discussion - the reader is referred to the various subsections on the

specific property desired.

Tables of Values - solid-vapor two phase region. Tables 12, 25 (solid only);

solid-liquid two phase region, Table 13

Properties covered in Tables 12 and 13

pressure, temperature, volume, density, enthalpy, entropy, internal

energy, heat capacity at saturation, heat capacity at constant

pressure, heat of sublimation, heat of fusion

Properties covered in Table 25

temperature, density, heat capacity at saturation, thermal

conductivity, thermal diffusivity

Figures - 36, dielectric constant

38, heat capacity at saturation

40a, b, PVT

43, thermodynamic functions

44, vapor pressure
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2.2.23. SLUSH HYDROGEN PROPERTIES ^ ° ^ '
^

^

Discussion - See also Subsection 4.2.9.

Slush Is the term used to designate a mixture of solid and liquid phases

of the gas under consideration. There are two major reasons for the current

interest in slush. First, since solid is more dense than liquid, slush offers

a way to carry a larger quantity of the cryogen in a container of fixed

volume, as compared to the liquid alone. Second, as the solid melts,

absorbing heat, slush offers a way to lengthen the time that the cryogen can

be stored in a fixed volume container before venting has to occur.

In Reference 142, the solid-liquid and the solid-vapor two phase regions

are treated. The solid-vapor region is included because slush is currently

produced by a freeze-thaw process. This means the properties of the vapor at

temperatures just below the triple point are also of concern. Further, the

properties of this two phase region are of interest in other applications,

such as subliming refrigerators, which are used to cool infrared detectors,

and in making solid hydrogen targets for fusion experiments.

Computer Program Description - The thermodynamic properties of hydrogen can be

obtained from the computer program described in Reference 142 for temperatures

both below and above the triple point. Values of the various physical

properties required for the computations are either taken from the literature,

or are extrapolated. If extrapolated, the extrapolations are based on the

known behavior of other simple fluids. Inputs to the program are temperature

and quality. The properties returned include pressure, density, enthalpy,

entropy and internal energy. The present programs for slush hydrogen are an

extension of and dependent upon the equations of state developed previously

for these gases.
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Program List of

Name P-T Range Properties Accuracy Availability Continuous Modifications Input

SLH2* 0-35 MPa T,Q,TP,P, 0.1-1% NBS Yes Para T.Q.TP
D,H,S,U Cryogenic

Data Center

*Basic Equation of State H2PR0PS is also required.

Comments - The program (by shifting, adjusting, or constraining) avoids the

vexing problem of inconsistencies in data which originate from many diverse

sources. The quality, Q, used for both solid-vapor and solid-liquid regimes

is defined in analogy to the more familiar quality used in liquid-vapor

problems. The triple point key, TP, is used to specify either solid-vapor or

solid-liquid regimes for the case in which the temperature, T, is exactly

equal to the triple point. The program has been used to calculate the major

tables of this chapter, i.e.. Tables 12 and 13 as well as the values used to

plot Figure 43.

2.2.24. SOLID TRANSITIONS

Discussion - See also Subsections 2.2.1 and 2.2.15.

Solid transitions are known to occur for hydrogen. One transition is

dependent on ortho-para compositions and involves a change in structure from

hep to fee. Typical transition temperatures range from 1.2 to 4 K. A second

transition also involves a change in structure from hep to fee. It occurs for

a limited range of elevated pressures along the melting line.
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2.2.25. SOUND VELOCITY ^ ^ ^ ' ^ ^ ^ ' ^ ^ ^

^

Discussion - The velocity of sound has been measured by a number of

authors. Bezuglyi and Minyafaev measured the longitudinal and transverse

2 12 1 9 Gvelocity of sound in polycrystalline normal hydrogen. Bezuglyi, et al.

made similar measurements on parahydrogen. Their results are reproduced in

Table 24. The transverse velocities agree very well with later measurements

197 213—215
on single crystal hydrogen and deuterium made by Wanner and Meyer. »

The longitudinal velocities, however, differ by about 10%. These measurements

were made in the compressed solid states but have not been correlated with the

available PVT data to any extent.

Tables of Values - Table 24

Uncertainty - For polycrystalline samples about 5%; for the longitudinal

velocity in single crystals up to 10%.

2.2.26. THERMAL CONDUCTIVITY^ ^

^

Discussion - The thermal conductivity of solid hydrogen, similar to the

heat capacity, is highly dependent on ortho-para composition. It also depends

on crystal quality, and should depend on density for the compressed solid

states. However, most of the experimental measurements have been made at or

near saturation pressure. Experimental measurements on hydrogen have been

216217 218
conducted by Hill and Schneidmesser ' , Dwyer, et al., and Bohn and

2 1 9
Mate.

Thermal conductivity of solids is usually analyzed in terms of the

thermal resistance W = 1/k. The intrinsic resistance, Wj^, that is phonon-

phonon scattering, follows a T^ dependence for nonmetals where n ranges from

1 to 3. For parahydrogen, the value of n is between 3 and 4 if estimated
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from the results of Hill and Schneldmesser for temperatures between 4 and 11 K.

The results of Dwyer, et al.^^^ are in apparent disagreement with this temper-

ature dependence; they are too low in W (too high in k). The disagreement

probably occurs because the measurements were taken along the melting curve at

elevated pressures, i.e., the densities are higher than those prevailing at

the triple point. Solid heat transfer studies were made by Contreras and Lee.^^

Experimental results on deuterium are contrasted to hydrogen in Reference 221.

Figure - 42

Uncertainty - We note that the hydrogen results of Hill and Schneldmesser

(1% ortho) and those of Bohn and Mate (1.1% ortho) differ by almost an order

of magnitude. This uncertainty should decrease to about 3% as the temperature

approaches the triple point.

2.2.27. THERMAL DIFFUSIVITY

Discussion - Values of thermal diffusivity have been calculated from

values given in other subsections, thermal conductivity (Subsection 2.2.26),

density (Subsection 2.2.21), and (Subsection 2.2.7). Applicable property

values and calculated thermal dif fusivities are shown for solid para and

normal hydrogen in Table 25.

Tables of Values - Table 25

Uncertainty - The uncertainty in thermal diffusivity near the triple point

is about 3% as obtained from the errors in the other variables. Since the

solid thermal conductivity is very sensitive to ortho-para content, the value

of thermal diffusivity of parahydrogen near 4 K has to be considered uncertain

by one order of magnitude. Note that values of thermal diffusivity for para

and normal hydrogen differ by several orders of magnitude for the lower

temperatures of the solid.
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2.2.28. THERMAL EXPANSION^ '^^^

Discussion - Explicit values for any of the hydrogens were not found in

the literature. We can, however, estimate the thermal expansion from the

volume change. In the absence of preferred orientation the linear expansion

is to a very good approximation one-third of the volume expansion. Solid

parahydrogen contracts by about 1% in contrast to a typical metal which

contracts very little if at all in the same temperature range. Calculated

values of the thermal expansion coefficient for solid parahydrogen were taken

from Ahlers.^^^ A more recent paper by Udovidchenko, et al.^^^ covers thermal

expansion at a pressure of 0.4053 MPa (4 atm) in the solid, i.e., at pressures

below the fee form.

Table of Values - Table 26

Uncertainty - Since the molar volume of the solid is uncertain by about

1.5%, the uncertainty in thermal expansion is at least that large.

2.2.29. THERMODYNAMIC DIAGRAMS ^ ^ ^ ' ^ ^ ' ^ ^ ^

Discussion - Thermodynamic diagrams or Mollier charts are used by the

engineer in many applications because these charts summarize in one place the

phase diagram, the PVT surface, and some of the derived thermodynamic

properties. A temperature-entropy chart, for example, contains the phase

boundaries, lines of constant pressure, volume, enthalpy, and quality. The

12 9
earliest of these charts was prepared by Mullins, et al. ; however, it lacks

infoirmation on the solid-liquid two phase region. The more recent version by

2 2 3
Sindt and Mann includes both solid-liquid and solid-vapor two phase

14 2
regions. It has since been updated by Roder.

Figure - 43
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2.2.30. VAPOR PRESSURE 11 0,1 2 9, 11 2 , 2 0 8 , 2 0 9 ,
2 2 4

Discussion - We are interested here only in vapor pressures at

temperatures below the triple point 13.8 K). These vapor pressures are

often called sublimation pressures. Measurements or correlations prior to

1948, i.e., the paper of Woolley, et al.ii" are not reviewed. We note that

differences in vapor pressure measurements by different observers are nearly

always attributable to differences in the temperature scales used.

Direct experimental vapor pressure measurements on solid n-H^ between 3.4

and 4.5 K were made by Borovik, Grishin, and Grishina.^o^ Hydrogen gas was

condensed on a cooled surface in a high vacuum. After establishment of

equilibrium, the pressure was measured at which the rate of condensation and

the rate of evaporation were equal. Errors in the measurement of temperature

did not exceed + 0.02 K, and pressure measurement error did not exceed 10% as

reported by the authors.

Harrison, Fite, and Guthrie^o^ experimentally determined the vapor

pressure of solid n-H2 from 4.7 to 11.1 K. For the two experimental

temperature ranges, 4.7 - 5.2 K and 6.5 - 11.1 K, the pressure readings were

taken at room temperature using a gauge connected by a tube to the low

temperature region containing the solid hydrogen, and corrections were made in

the calculations when necessary.

A much more recent survey of the vapor pressure of the hydrogen isotopes

has been prepared by Souers, et al.^^'*

Tables of Values - parahydrogen. Table 12; normal hydrogen. Table 27

Figure - 44

Equations - One of the drawbacks of the earlier calculation by Mullins,

et al.^^^ is that the authors presented no explicit equation for the vapor

pressure of the solid. Indeed they could not because one can either force
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exact thermodynamic consistency or use an explicit vapor pressure equation,

but not both. The form of the vapor pressure equation Is dictated by

thermodynamics. Integration of the Clauslus-Clapeyron equation assuming the

vapor phase to be an Ideal gas leads to the Klrchoff-Ranklne equation:

log P = A/T + B log T + C .

Parahydrogen

For parahydrogen the equation Is constrained to the triple point

Pt = 0.00704 MPa (0.0695 atm) , T^. = 13.800 K, and In other ways to force

thermodynamic consistency.^**^ The coefficients are:

A = -90.77568949 B = 2.489830940 and C = 4.009857354

*
where P Is In mmHg and T Is In K.

Normal Hydrogen

2 0 9
Harrison, Flte and Guthrie represent their data by the equation

43 39
log^Q P = - + 2.5 log^Q T + 2.047

which Is used In Figure 44 for temperatures up to 10 K, where P Is In mm Hg

and T Is In K. Above 10 K the results of Wooley et al.^^° are shown In Figure

44.

11+2
Uncertainty - For parahydrogen Intercomparlson to the available

experimental vapor pressures shows the maximum deviation In pressure down to

10 K Is less than 1%. The simple equation cannot, however, represent the data

down to low temperatures, say 3 or 4 K. In this temperature range the

departure between predicted and experimental vapor pressures (for normal

hydrogen) Increases to nearly 200%. Additional terms in the vapor pressure

equation improve the representation of the vapor pressures but not the heats

of sublimation calculated from the vapor pressure derivative. For normal

"a

(mmHg) X (1.3332 x lO""*) = MPa '
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hydrogen the departures between experimental and calculated vapor pressures

are on the order of 5%, however the cross-correlation with the heats of

sublimation has not been done, and larger deviations are to be expected if

thermodynamic consistency is forced.

2.2.31. VIRIAL COEFFICIENTS

Discussion - No virial coefficients have been measured experimentally for

temperatures at or below the triple point. Extrapolation from temperatures

where these coefficients have been measured is often done. As with any

extrapolation, care must be taken so that the results remain physically

realistic. A check on the contribution that each extrapolated term makes to

any given virial expansion is highly recommended.
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CHAPTER THREE

SELECTED THERMOPHYSICAL, CHEMICAL, AND

COMBUSTION PROPERTIES OF HYDROGEN

Jesse Hord
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3.1. INTRODUCTION

Only those properties deemed appropriate for safety analyses are treated

in this chapter. Certain physical, chemical, and combustion properties of

hydrogen are essential ingredients for intelligent safety studies in any

potential fuel application. Evaluation of the safety hazards of a particular

fuel is a highly complex task requiring interpretation of these specific

technical data and intercomparisons with other fuels. To permit insight and

provide perspective for the relative safety of hydrogen, comparative data are

given in Table 28 for hydrogen, methane, and gasoline. Methane is the major

constituent of most compressed natural gases and of liquefied natural gas.

The technical data, listed in Table 28, were obtained from numerous sources

and are believed to be the best available. Some of the data given in Table 28

were obtained by giving weighted consideration to several sources of data and

by performing appropriate computations.

Most of the properties listed in Table 28 will be familiar to the average

reader and have been discussed in Chapters One and Two; however, each of the

combustion properties will be briefly described in this chapter because of

their importance to safety analyses and because some of them are not commonly

used properties. The thermophysical properties conform with the

conventionally accepted definitions; however, explanatory notes are provided

at the bottom of Table 28 to explain the bases for some of the "gasoline"

properties. The heats of fusion and sublimation are taken at the triple point

(at the freezing point for gasoline) and the heats of vaporization are taken

at the normal boiling point. The combustion properties are defined in the

following subsections. For extended discussions of these properties and

2 2 5
hydrogen fire and explosion hazards, see Hord. References 225-343 pertain

to hydrogen safety.
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3.2. DISCUSSION OF THE PROPERTIES

3.2.1. LIMITS OF FLAMMABILITY IN AIR^ 3 2 , 2 3 7 , 2 3 8 , 2 4 2 2 64

These limits are defined as the range of concentrations of gaseous fuel

in air at which the mixture will burn, i.e., a homogeneous fuel-air mixture

will propagate a flame within a limited range of compositions. These limits

are determined experimentally^^"* by visually observing upward propagation of

flames through flammable mixtures in vertical tubes. The wide flammability

limits of hydrogen are of practical significance only when fuel leakage into

enclosed spaces is a major concern. In this case the flammable limits of

hydrogen are sufficiently wide to enhance the probability of combustion from a

random ignition source. This flammability characteristic should not preclude

the use of hydrogen because the lower flammable limit (LFL) is the vital one

in most applications. The LFL is important because ignition sources are

nearly always present when a leaking fuel first reaches combustible

proportions in air.

3.2.2. LIMITS OF DETONABILITY IN ^IR^ ^ ^ ' ^ "* ^ ' ^ "*
"*

'
^ ^ ^ ' ^ ^ ^

These limits are defined as the range of concentrations of gaseous fuel

in air at which the mixture will detonate, i.e., the flame front will

propagate at supersonic speed. These limits are usually determined by

243 259 265
measuring the rate of propagation ' ' of combustion-supported pressure

waves in long horizontal tubes filled with combustible mixtures of fuel in

air.

3.2.3. STOICHIOMETRIC COMPOSITION IN AIR

This composition defines the concentration of fuel in air at which all of

the fuel and oxygen in the mixture are consumed by the reaction and maximum

combustion energy is realized.
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. 3.2.4. MINIMUM ENERGY FOR IGNITION IN aIR^ '* ° ' ^ ^
'
^ ^ ^

'
^ ^ ^

'
^ ^ ^

This energy Is defined as the minimum spark energy required to ignite the

most easily ignitable concentration of fuel in air. The most easily ignited

mixture of fuel in air is usually not the stoichiometric composition. To

determine the minimum ignition energy, a calibrated capacitor is charged to a

specified voltage and discharged through an arc between parallel plate

electrodes that are immersed in the combustible mixtures of gases. Ignition

2
energy is calculated from (1/2)CV (see References 266,267).

The minimum spark energy required for ignition of hydrogen in air is

about an order of magnitude less than that for methane or gasoline; however,

the ignition energy for all three fuels is sufficiently low that ignition is

relatively assured in the presence of thermal (weak) Ignition sources, e.g.,

sparks, matches, hot surfaces, or open flames. Even a weak spark due to the

discharge of static electricity from a human body may be sufficient to ignite

any of these fuels in air — 10 mJ sparks may be produced in such

2 8 6
electrostatic discharges.

3.2.5. AUTOIGNITION TEMPERATURE ^ ^ ^ ' ^ ^
'
^

^ ^ ^ ^

The minimum temperature at which a combustible mixture of fuel and air

can be ignited by a hot surface is the autoignition temperature.

Although hydrogen has a higher autoignition temperature than methane or

gasoline, its low ignition energy characteristic makes it more readily

ignitable than either of the hydrocarbon fuels. The hot air- jet ignition

temperature (Subsection 3.2.6.) is highest for methane and lowest for

hydrogen; therefore, hydrogen is easiest to ignite by jets of hot combustion

products emitted from an adjacent enclosure. The flash point (see Subsection

3.2.20) is meaningless for the cryogenic fuels, hydrogen and methane, within
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the temperature range of interest because these fuels will flash at all

temperatures above their normal boiling points. The boiling points of the

cryogenic liquid fuels are so low that these fuels are considered to behave

like gases. The flash point of gasoline is also well below room temperature;

therefore, all three fuels must be considered volatile and will generate

sufficient vapor to create a fire hazard at earth surface temperatures. Then,

all three fuels are relatively easy to ignite. Hydrogen is most susceptible

while methane and gasoline appear to be equally susceptible to ignition.

3.2.6. HOT AIR-JET IGNITION TEMPERATURE 246,269,270

This ignition temperature is defined as the temperature of a jet of hot

air as it enters pure fuel vapors or a combustible fuel-air mixture at NTP (1

atm and 20°C) and causes ignition to occur. The data given in Table 28

represent the jet temperature of hot air as it enters pure fuel vapors at NTP.

The jet diameter for these data is 0.4 cm. This ignition temperature

decreases with increasing jet diameter and for a given jet diameter the hot

gas jet ignition temperature increases if hot jets of nitrogen gas (rather

2 6 9
than air) are squirted into combustible fuel-air mixtures. The hot gas jet

ignition temperature is dependent upon the composition of the combustible

mixture and the velocity of the jet of hot gas.

„ 247,21+8,271
3.2.7. FLAME TEMPERATURE IN AIR

The flame temperature in air is defined as the temperature within the

flame when premixed stoichiometric fuel-air mixtures are burned in the open
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air. Fires at the scenes of fuel spills or leaks more closely simulate

stationary gaseous diffusion flames which burn at lower temperatures.

Detailed discussions on this topic and experimental techniques are reviewed by

Lewis and von Elbe.^''^

3.2.8. PERCENTAGE OF THERMAL ENERGY

RADIATED FROM FLAME TO SURROUNDINGS
^

^ ' ^ ^ °

The percentage of thermal energy radiated from a flame to its

surroundings is defined as the percentage of the heat of combustion (high)

that is radiated from the combustion zone to its surroundings. The higher

heating value of every flame is eventually dissipated by radiative processes.

The data given in Table 28 are for flames fueled by vaporization of pools of

liquid fuels in an air environment. These data are similar to those obtained

2 4 9 2 5 0
in laboratory experiments with stationary gaseous diffusion flames. '

Atmospheric moisture absorbs thermal energy radiated from a fire and can

reduce the values recorded in Table 28. Hydrogen fires benefit most from this

2 4 9
absorption effect, e.g., it is estimated that 45 percent of radiant

hydrogen flame energy is absorbed within a distance of 8 m in 25°C air

containing water vapor at 0.002 MPa (15 mmHg) partial pressure.

3.2.9. BURNING VELOCITY IN NTP^ ^jj^2 4 2 , 2 4 3 , 2 4 8 , 2 5 l , 2 52 , 2 5 5 , 2 8 7 2 8 9 , 3 1 1

The burning velocity in NTP air is defined as the subsonic velocity at

which a flame propagates through a flammable fuel-air mixture. This velocity

is usually determined in the laboratory by measuring the velocity of gas flow

to a bunsen burner.

NTP = Normal temperature and pressure (1 atm and 20 C).
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The burning velocity is a fundamental property of a combustible gas

2 8 7
mixture and should not be confused with the flame speed. The burning

velocity influences the severity of the explosion and along with quenching gap

is important in the design of flame arresters. ^ ^
^ Higher burning velocities

indicate a greater tendency for the combustible gas mixture to support the

transition from deflagration to detonation in long tunnels or pipes. The

instantaneous pressure rise due to the ignition of a fuel-air mixture

contained in a spherical vessel is proportional to the cube of the burning

2 8 8 2 8 9
velocity. Available data indicate that the pressure rise ratios for

adiabatic combustion of stoichiometric mixtures of hydrogen-air and

2 5 5

methane-air in closed vessels are nearly identical. Similar data produced

pressure rise ratios for hydrogen-air that were 20 to 40 percent higher than

those for gasoline-air. In long tubes or tunnels, hydrogen-air mixtures will

transit to detonation more rapidly than methane-air or gasoline-air mixtures;

therefore, overpressure hazards in confined spaces are enhanced in hydrogen

systems. Thus, the high burning velocity of hydrogen is an indication of its

high explosive potential and of the difficulty of confining or arresting

hydrogen flames and explosions. Industrial equipment is currently available

to safely confine hydrogen explosions but pipeline flame arresters, though

successful in certain hydrogen-air combustion applications, are not yet

3 11
considered reliable.

3.2.10. DETONATION VELOCITY IN NTP aiR^ ^ ' ^ ^ ^ ' ^ ^ ' ^ ^ ^

The detonation velocity is the supersonic velocity at which a flame (and

accompanying pressure wave) propagates through a detonable fuel-air mixture.
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3.2.11. DIFFUSION COEFFICIENT IN NTP AIR^^^

The diffuslvity or coefficient of diffusion is a parameter used in Fick's

equation to describe the rate at which a gaseous fuel diffuses through air.

For a given fuel concentration gradient the mass diffusion flow rate is

proportional to the diffusion coefficient. This coefficient can be computed

2 7 2from an empirical expression that is based on the kinetic theory of gases.

3.2.12. DIFFUSION VELOCITY IN NTP AIR^^^

The diffusion velocity is simply the velocity at which a gaseous fuel

diffuses through air. For a specified fuel concentration gradient the

diffusion velocity is proportional to the diffusion coefficient and can be

2 7 3
estimated from Stefan's equation. Diffusion velocity varies with

temperature according to T-^/^ and consequently low temperature gases

produced by cryogenic liquid fuel spills will diffuse more slowly than NTP

fuel gases. The values recorded in Table 28 are based on NTP fuel gas and NTP

air densities and fuel concentrations that vary from 99.99 percent to 0.0

percent over path lengths of 3 cm to 30 m.

3.2.13. BUOYANT VELOCITY IN NTP air^ ^ ' ^ ^ ° ^ ^
'
^ ^ ^ ' ^ ^ ^ '

^
^

°

The buoyant velocity is the velocity at which gaseous fuels rise in air

under the influence of buoyant forces. This velocity cannot be determined in

a direct manner as it is dependent upon drag and friction forces that oppose

buoyant forces acting on the rising volume of gaseous fuel. Atmospheric

turbulence as well as shape and size of the rising volume of gas can affect

the terminal velocity of the buoyant gas. Buoyant forces are related to the
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difference in air and fuel densities; therefore, cold, dense fuel gases

produced by cryogenic fuel spills will rise more slowly than NTP fuel gases.

The buoyant velocities recorded in Table 28 were estimated from fundamental

principles of dynamics and with the aid of empirical data^ ^'*» ^ ^ ^ ; it was

assumed that the radii of the buoyant masses of NTP fuel gas varied from 3 cm

to 1.5 m.

The rate at which fuel vapors mix with air is indicated by their

diffusion velocities and their buoyant velocities. The buoyant effect is

dominant for hydrogen and methane and from the data listed in Table 28 it is

apparent that hydrogen can be expected to mix with air more rapidly than

methane or gasoline — the latter is obviously the slowest mixing fuel of the

three fuels considered. In the event of a fuel spill, one could expect

hydrogen to form combustible mixtures more rapidly than methane because

hydrogen has a higher buoyant velocity and a slightly lower flammable limit.

Again, gasoline would be orders of magnitude slower than hydrogen or methane

in forming combustible mixtures in air. In some fuel applications these

relative mixing times may be important while in others they are meaningless,

e.g., an instantaneous fire hazard exists for the impact rupture of an auto

fuel tank irrespective of the type of fuel carried.

Because of their higher buoyant velocities, hydrogen and methane can also

be expected to disperse more rapidly than gasoline and thus shorten the

duration of the flammable hazard. Even though the upper flammable limit (UFL)

of hydrogen is much higher than that of methane, the higher buoyant velocity

of hydrogen permits it to disperse to concentrations below the lower flammable

2 8 2
limit (LFL) more rapidly than methane. Thus, one could expect a fire

hazard to exist more readily with hydrogen, methane, and gasoline respectively,

and to persist in the inverse order.
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Some caution must be exercised in analyzing fuel mixing and dispersion

rates by comparing relative buoyant and diffusion velocities of the NTP fuel

gases. In large cryogenic liquid fuel spills, the vaporization of liquid and

warming of the vapor can cool large masses of air. In addition, NBP hydrogen

vapor density approaches that of NTP air while NBP methane vapor density is

greater than the density of NTP air. Consequently, for some finite period of

time these cold vapor-air mixtures are nonbuoyant and may extend to

appreciable distances from the spill. Therefore, both the range and duration

of the fire hazard may be extended somewhat when cryogenic liquid fuels are

spilled. More definitive experimental data are needed in this area to

supplement existing knowledge. ^ ^
'
^ ^ °

'

°

3.2.14. MAXIMUM EXPERIMENTAL SAFE GAP

(MESG) IN NTP AIR^-^^'2^^'2^^

The MESG is defined as the maximum permissible clearance, between flat

parallel steel surfaces, that prevents the propagation of dangerous flames or

sparks through the gap. The MESG is measured by igniting a combustible

fuel-air mixture inside of a test enclosure and observing a similar combustible

mixture surrounding the enclosure to detect its ignition. The MESG is the

largest gap size that does not permit ignition outside of the test enclosure.

The MESG is dependent upon the test gap flange width, composition of

combustible mixtures inside of and surrounding the test enclosure, the initial

pressure and temperature of the mixture, location of the ignition source and

2 5 5 2 7 6enclosure geometry. ' The hydrogen and gasoline MESG data recorded in

Table 28 were obtained using parallel steel flanges that were 1.905 cm wide
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and 10.16 cm long. The methane MESG data were obtained using an 8 liter

chamber with equatorial flanges that were 2.54 cm wide. MESG data are of

vital importance to the design and manufacture of explosion-proof equipment.

3.2.15. QUENCHING GAP IN NTP AIR^ ° » ^ ^ ^ ' ^ ^ ^ '
^

The quenching gap is defined as the spark gap between two flat parallel

plate electrodes at which ignition of combustible fuel-air mixtures is

suppressed, i.e., smaller gaps have the effect of totally supressing spark

ignition. ^ °
'
^ ^ Other types of electrode geometries are also used in

laboratory measurements^'* °
'
^ ^ ^ of quenching distance. The experimental

data^ "* °
'
^ ^ ^

»
^ ^ are dependent upon the temperature, pressure, and composition

of the combustible gas mixture and electrode configuration. Experiments have

shown that the quenching distance is relatively independent of the mode of

ignition. The quenching distance is sometimes determined by measuring the

smallest diameter tube through which flame will propagate in a flammable NTP

mixture of fuel-air that fills the tube. Similarly, quenching distances can

be obtained by measuring the gap required to quench propagation of flame

between flanges or plates that form a narrow channel and are filled with a

flammable fuel-air mixture at NTP. In the latter two experiments the

explosive gas mixture is ignited at one end of a long tube or channel by a

pilot flame.

In general, faster-burning gases have smaller quenching gaps and flame

arresters for faster-burning gases must have smaller apertures . ^ ^
^ The

quenching gap is the passage gap dimension required to prevent propagation of

an open flame through a flammable fuel-air mixture that fills the passage and

it is clearly distinguishable from the MESG. The latter is the maximum
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permissible clearance between flanges to assure that an explosion does not

propagate from within an enclosure to a flammable mixture surrounding the

enclosure. Because of the high explosion pressures the MESG is always smaller

than the quenching distance.

3.2.16. DETONATION INDUCTION DISTANCE IN NTP AIR ^ > 2 5 9 , 2 6 o
, 2 7 8

The detonation induction distance is the distance required for a

deflagration to transit to a detonation in a detonable fuel-air mixture. This

distance is usually experimentally determined in a long cylindrical tube with

a spark or hot wire ignitor on one end of the tube. The tube is instrumented

along its length to sense the velocity of the flame front as it propagates

through the detonable mixture of gases. The distance from the ignitor to the

axial position in the tube where the flame front first attains the detonation

velocity is reported as the induction distance. This distance is dependent

upon the combustible mixture constituents, the pressure, temperature, and

2 7 8
concentration of the gaseous mixture, the enclosure geometry and strength

of the ignition source. A deflagration is a low order explosion resulting

from subsonic flame speed, relative to the unburned gas. It is conventionally

defined as a propagating reaction in which the energy transfer from the

reaction zone to the unreacted zone is achieved through ordinary rate-limiting

transport processes such as heat and mass transfer. A detonation is a high

order explosion resulting from supersonic flame speed, relative to the

unburned gas. It may be defined as a propagating reaction in which energy is

transferred from the reaction zone to the unreacted zone on a reactive shock

wave.
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3.2.17. LIMITING OXYGEN INDEX^
^
^

' ^

^

The limiting oxygen index is the minimum concentration of oxygen that

will support flame propagation in an unknown mixture of fuel, air, and

nitrogen, e.g., no mixture of hydrogen, air, and nitrogen at NTP conditions

will propagate flame if the mixture contains less than 5.0 volume percent

2 3 8
oxygen. Use of diluents other than nitrogen results in different values

2 3 8 2 5 8
for the limiting oxygen index of each fuel. ' The low values of limiting

oxygen index reflects the high value of the upper flammable limit (UFL) for

hydrogen-air mixtures.

3.2.18. VAPORIZATION RATES OF LIQUID POOLS WITHOUT BURNING^ ^°

The vaporization rate of a liquid pool (in the absence of burning) is

determined by the rate at which the liquid level decreases after a pool of

liquid fuel has been formed by spilling fuel onto a warm surface such as sand

or soil. These evaporation rates are measured after subsidence of the violent

boiling that accompanies the initial liquid spill. Vaporization rates of the

cryogenic fuels can be expected to vary widely with the conductivity and heat

capacity of the soil or other material confining the spilled liquid fuel. In

the case of gasoline, vaporization rates will vary with the volatility of

constituents (blend), age, fuel temperature, ground surface texture, and

temperature, etc. Wind velocity influences the vaporization rate of all fuels

considered herein.
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3.2.19. BURNING RATES OF SPILLED LIQUID POOLS ^
^ ' ^ ^ ° ' ^ ^

The burning rate is the rate at which the liquid level decreases after a

pool of liquid fuel has been formed by spilling fuel onto a warm surface and

the resultant vapor-air mixture has been ignited. Again, these burning rates

are measured after the initial-spill violent boiling has subsided and the

vapor is mixing and burning in air above the pool of spilled fuel. These

burning rates may also be obtained by adding the vaporization rate (without

burning) and the liquid level regression rate attributable to the burning of

vapors in the open air over liquid fuels that are contained in open-mouthed

insulated vessels. Steady state burning rates increase with liquid pool

diameter while vaporization rates continuously decrease with time,

irrespective of pool size. Burning rates can be expected to vary with pool

diameter and wind velocity.

As indicated in Table 28, the volumetric vaporization rates and burning

rates are highest for hydrogen, methane, and gasoline, respectively.

Consequently, for a given liquid spillage volume, gasoline fires will last the

longest and hydrogen fires the shortest while all of the fuels burn at about

the same flame temperature. The thermal energy radiated from these pool-fed

fires may be computed by multiplying the appropriate (burning rate) X (NBP

liquid density) X (high heat of combustion) X (percentage of thermal energy

radiated from the flame to its surroundings). The radiated thermal energy

should not exceed 276 W/cm of pool liquid-vapor surface area for hydrogen,

2 2155 W/cm for methane, or 212 W/cm for gasoline. Then, the scene of a

hydrogen fire may be hotter than that of a hydrocarbon fire, but the

hydrocarbon fires will last five to ten times longer that hydrogen fires (for

equivalent fuel spillage volumes).
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3,2.20. FLASH POINT^^^'^^^

The flash point is the minimum liquid fuel temperature required to

provide a fuel vapor-air mixture above the surface of the liquid that will

propagate a flame. The liquid fuel is heated in an open or closed cup^^^

until the vaporization rate is sufficient to form a mixture of fuel vapor and

air that is within the flammable limits near the liquid surface. Ignition is

accomplished with an open flame near the surface of the liquid.

3.2.21. ENERGY OF EXPLOSION^ ^
°

' ^ ^
^

' ^ ° ^
^ ^

°

The energy of explosion is the theoretical maximum energy available from

a chemical explosion. This maximum energy release is determined by computing

the isothermal decrease in the Helmholtz free-energy function. Explosive

energies listed in Table 28 are expressed in terms of equivalent quantities of

TNT (symmetrical trinitrotoluene) and may be converted directly to energy

units by multiplying by 4602 J/ (g TNT). Note that hydrogen is the most potent

on a mass basis and the least potent on a volumetric basis. The explosive

potential per kJ of stored heating value (based on the high heat of

combustion) is 0.17 (g TNT)/kJ for hydrogen, 0.19 (g TNT)/kJ for methane, and

0.21 (g TNT)/kJ for gasoline. Thus, for equivalent energy storage, hydrogen

has the least theoretical explosive potential of the three fuels.

It must be emphasized that only a fraction of this theoretical explosive

yield can be realized in an actual open-air mishap because it is virtually

impossible to spill or release a large quantity of fuel and have all of it

mixed in proper proportions with air prior to ignition. Experimental data and

290309320
computations indicate that the fraction ' ' of fuel within the

combustible range at any time following a massive or continuous fuel spillage
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will be less than 10 percent of the quantity spilled. Such explosive yield

data are meager for all three fuels; however, the vapor or gas phase mixing

limitations are equally applicable to all fuels. Hydrogen disperses much more

rapidly than methane or gasoline, but it also has much wider flammable and

detonable limits, etc. Thus, in the absence of more definitive experimental

data it is impossible to accurately assess the probable explosive yield

attributable to accidental release and ignition of hydrogen, methane, or

gasoline in air. The 'energy of explosion' values listed in Table 28 should

be considered theoretical maximums and yield factors of 10 percent are

considered reasonable for fuel-air explosions. Higher yield factors are

possible in liquid bipropellant explosions
. ^ ^

^

3.2.22. TOXICITY^^^~^^^'^^°'^^^

Although not a combustion property, the toxicity of a fuel is an important

factor in safety studies. Toxicity is the quality or condition of being

harmful, destructive, deadly, or poisonous to living organisms. The toxicity

of a fuel can only be described in terms of its effects on living organisms

2 8 0 2 8 0
and specifically in terms of its effects on humans. Toxicity ratings

are (of necessity) relative values and threshold limit values for exposure to

toxic substances are published annually (see Reference 281)

.

3.3 DATA GRAPHS

3.3.1. DISCUSSION OF THE FIGURES

Personnel safety criteria and hydrogen storage standards have been

developed by combining the properties data in Tabl^ 28 with certain technical

formulae and experimental results. These safety and storage criteria are
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summarized on Figures 45-47. The derivation and use of data shown on these

2 2 5 2 9 0

figures are fully discussed in summary documents ' treating the explosive

hazards of hydrogen and only a brief summary of these figures is given here.

Figures 45 and 46 summarize much of the fire and explosive hazard data

for experimental areas and illustrate the variation in conservatism of various

authorities that generate safety criteria. Obviously, when in doubt, the more

conservative criteria should be used. The overpressure band on Figure 45

corresponds to breakage of ordinary window glass (3.5 to 7 kPa) and the

overpressure band on Figure 46 relates to the estimated external pressure

capability of liquid hydrogen storage dewars. Note that the data on both of

these figures specify safe unbarricaded distances. Safe barricaded distances

for TNT and fuel-air explosions may also be estimated from data made available

in References 290, 298, and 308.

Unbarricaded distances required for the protection of personnel in

inhabited buildings that are exposed to shrapnel from TNT explosions are

indicated by curve 6 on Figure 45. These data also predict the maximum

observed fragment distances for space vehicle explosions ^ ^
^ and are more

restrictive than the unbarricaded distances required for shrapnel protection

of personnel on roadways (see curve 2 on Figure 45).

A single series of documents^ offers comprehensive treatment of

overpressure, impulse, fireballs, shrapnel, barricades, structural response,

and physiological effects, as they relate to propellant explosions. These

documents are believed to be applicable to fuel-air explosions where the TNT

equivalent is properly estimated.

Figure 47 provides a ready comparison of industrially accepted fuel

storage standards for hydrogen, liquefied natural gas (LNG) , and gasoline. By
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comparing curves 1 and 4 on Figure 47 with the data given on Figures 45 and

46, we find that the industrial quantity-distance standards (Figure 47) for

hydrogen are less demanding than those suggested for experimental areas

(Figures 45 and 46). Also, by comparing curves 1, 2, 3 and curves 4, 5, 6 on

Figure 47, we observe that industrial storage standards are more restrictive

for hydrogen, methane, and gasoline, respectively.

Curve 3 on Figure 47 represents the minimal distance for separation of

two adjacent above-ground gasoline storage tanks. The distance^ between

such tanks shall not be less than 0.9 m (three feet) and not less than

one-sixth the sum of the diameters of two adjacent tanks. When the diameter

of one tank is less than one-half the diameter of the adjacent tank, the

distance 3 *! between the two tanks shall not be less than one-half the diameter

of the smaller tank.

Curves 6A and 6B on Figure 47 represent the variation in quantity-

distance standards for the protection of personnel in buildings adjacent to

gasoline storage tanks. These curves bound standards ^ ^ that vary with type

of tank construction, fire control measures and protection for exposures, tank

operating pressure, and emergency venting equipment.

The distance ^'^^ from any part of an underground tank (storing gasoline)

to the nearest wall of any basement or pit shall be not less than 0.3 m

(one foot), and not less than 0.9 m (three feet) from inhabited buildings.

It is apparent that industrial storage standards are least restrictive

for gasoline; however, the industrial storage standards for LNG and hydrogen

fuels are not prohibitive and should not limit their use.
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CHAPTER FOUR

MISCELLANEOUS PROPERTIES OF HYDROGEN

Jesse Hord, Robert D. McCarty, and Hans M. Roder
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4.1. INTRODUCTION

This chapter collects many of the properties, of interest to scientists

and engineers, that are not readily categorized and treated in one of the

previous chapters.

4.2. DISCUSSION OF THE PROPERTIES

4.2.1. RADIATIVE PROPERTIES

No references to the emissivity of hydrogen were found in the literature;

see Subsection 4.2.2. for spectral absorption.

4.2.2. INFRARED ABSORPTION
^ "^"^ ^ °

Definition - The absorption coefficient, k, of a material is a measure of

the loss in intensity, I, of radiation which is passed through a unit length

of a homogeneous region of the material, i.e., if Z is the axis of

propagation, then dl/I = -kdZ or in integral form I = lQe~^^.

Absorption Bands - k is for most gases a strong function of frequency,

being zero over large ranges of frequency and sharply peaked in certain other

regions. It is difficult to summarize this subject because so many

transitions are possible for hydrogen, i.e., rotational, vibrational, Raman,

ultraviolet, infrared, and far infrared spectra have all been investigated.

An extensive survey of induced transitions in liquid and solid hydrogen up to

3 8
about 1965 is given by Colpa. More recent data for solid hydrogen includes

Raman spectra at the lambda transition
^ ^

° and both infrared and Raman spectra

at pressures up to 1500 MPa (15 kbar).^^^ As with other gases, the absorption
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coefficient k is density dependent, varying roughly as the density squared

(see Figure 48); in the particular case of hydrogen, k is significantly

dependent upon the ortho-para composition (see Figures 49 and 50). For an

estimate of importance to heat transfer problems, see Reference 349.

Figure - 48, Raman; 49, far infrared (rotational) ;

^
"* 50, far infrared

(translational); 51, far infrared (rotational); 52, ultraviolet.^'*^

Uncertainty - The uncertainty varies with frequency but a typical

conservative estimate is 5%. Note: Differences of 30 to 40% for the peak

absorption between Jones ^
'

^ ^ ° and others have not been explained.

4.2.3. ISOTOPES

Definition - An isotope is an atom of an element paving a different

nuclear mass and atomic weight from other atoms of the same element.

Discussion - Hydrogen has two such isotopes, deuterium with an atomic

weight of 2 and tritium with an atomic weight of 3. The three different kinds

of hydrogen atoms may combine in six different ways to form a molecule, i.e.,

H ,D ,T ,HD,HT, and DT. There are some data in the literature for D but very
2 2 2 2

little for any of the tritium-containing molecules. The isotopes are beyond

the scope of this work, and the reader is referred to Reference 19 for data on

the hydrogen isotopes. Also, isotope data pertinent to magnetic fusion

13 9
applications are being compiled at the Lawrence Livermore Laboratory.

4.2.4. MIXTURE PROPERTIES 3 5 1-3 59

Thermodynamic Properties - A review by Hiza et al.^^^ lists experimental

data for fluid mixtures properties of cryogenic interest; included are data
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for hydrogen systems. In addition to the above review, two reviews^ ^'^
'

^ ^

^

give experimental data and some theoretical discussion of solid-vapor

equilibria. For liquid-vapor equilibria, a bibliography by Oellrich et al.^^^

gives references for both experimental and theoretical studies; this review

includes all components with normal boiling points below 350 K. Also, the

3 5 7liquid-vapor section of the review by Hiza et al. has been published.

Figure 53 can be used to obtain a rough estimate of the solubility of hydrogen

in various solvents as a function of temperature and pressure. To estimate

hydrogen solubility use

XCP T) = X(100,T)
.

where X(P,T) is the mole percent H2 in the solvent at the desired pressure P,

in atmospheres, and temperature T, in Kelvin; X(100,T) is the mole percent in

the solvent at 100 atm and T which is obtained from Figure 53; Po(T) is the

solvent's vapor pressure at T. It is recommended that the above equation be

used only for pressures of 10.1325 MPa (100 atm) or less and that the curves

not be extrapolated to higher temperature; one should refer to the original data

(see References 351, 352, 360-368) for higher temperatures or pressures. To

estimate the vapor phase composition one can use y = 100 X Pq(T)/P, where y is

the mole percent of the solvent in the vapor phase; however, this estimate will

always be too low, especially if the pressure is more than 1.01325 MPa (10 atm)

above the vapor pressure. For additional information on thermodynamic

properties of mixtures, see References 351 to 359. Solubility references differ

from liquid-vapor equilibria references in that they consider only liquid phase

compositions, whereas the liquid-vapor references consider both phases. Mixture

data on isotopes pertinent to magnetic fusion applications are being compiled
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at the Lawrence Livermore Laboratory .
^ ^ The influence of helium and neon

impurities on freezing of hydrogen isotopes is treated in Reference 369.

Transport Properties of Mixtures - This subsection considers only viscosity

and thermal conductivity. For dilute gas mixtures, Wilke's correlation can be

used to estimate the viscosity^^^ and thermal conductivity . ^ ^
^ To our

knowledge, no reliable technique exists for estimating the effect of hydrogen

concentration on the viscosity or thermal conductivity in the liquid phase.

4.2.5. METALLIC HYDROGEN
^ ^

° '
^ °

^ '
^ ^ ^" ^ ^

°

Definition - Solid hydrogen under extreme pressure (about 2 to 3 x 10^ MPa) is

thought to undergo a phase transition to the metallic state and may be

superconducting. The subject of metallic hydrogen is beyond the scope of this

work, but References 372 to 380 will serve as a starting point for those who

wish to pursue the subject further. These citations include surveys and

3*78
summaries, Russian static press efforts, Japanese static press

o '7 Q 207 380
efforts, a metallic hydrogen phase diagram, and observations of a new

solid phase transition at pressures below those where the metallic phase

transition occurs.

4.2.6. ORTHO-PARA MODIFICATIONS i ^ ,
i 9 , 1

1
o

, 3 8 i
, 3 8 2

Definition - The hydrogen atom is composed of a nucleus of one proton and

an electron orbiting around the nucleus. The hydrogen molecule is composed of

two hydrogen atoms; however, there are two modifications of hydrogen molecules

called orthohydrogen and parahydrogen. The differentiating feature of these

molecules is the relative orientation of the nuclear spin of the individual

atoms. The nuclear spin is a rotational motion of the nucleus about an axis

perpendicular to the molecular axis. It is therefore possible to have two
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relative orientations of these nuclear spins, i.e., the spins may be in the

same direction or they may be in opposite directions. These orientations are

commonly called parallel and antiparallel
, respectively. The nuclear spin is a

quantized motion; therefore, only certain motions are allowed. Associated with

this quantization are quantum numbers for the spin and the corresponding energy

levels. The molecules with antiparallel nuclear spins, called parahydrogen,

have even quantum numbers and are in the lowest energy state. Conversely, the

molecules with parallel nuclear spins, called orthohydrogen, have odd quantum

numbers and are in a higher energy level.

Discussion - Fluid hydrogen may be thought of as a binary mixture of two

different species of molecules differing from each other in physical

properties. These differences are easily detectable on a macroscopic scale and

in some cases are of great importance in design problems. The percentage of

the ortho-para concentrations in the mixture is temperature dependent. The

term equilibrium hydrogen is, as the name implies, the equilibrium

concentration at a given temperature. For example, at a temperature of about

80 K, the equilibrium concentration of ortho and para is 50% for each. Near

ambient temperature the composition is 75% ortho and 25% para. This 25-75

composition is called normal hydrogen. See also Subsection 2.2.19.

Tables of Values - These tables are from Reference 110.

Units Range of table Table location

% Para 0 - 500 K 29

Figure - 54

Equation - None

Range of Values -

Units 20 K 300 K

% Para 99.821 25.072
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Uncertainty - These values are estimated to be uncertain by less than 1%.

Heat of Conversion^ ^

"

Definition - The conversion of orthohydrogen to parahydrogen is an

exothermic process. The amount of heat given off in the conversion is

temperature dependent.

Table - Values taken from Reference 110.

Units Range of tables Table location

cal/mol'^ 10 - 300 K 30

Figure - 55

Equation - None

Range of Values -

Units 10 K 300 K

J/g 527.14 27.56

(cal/mol) (253.99) (13.28)

Uncertainty - The uncertainty of the heats of conversion is estimated to be

less than 0.1%.

Conversion Rates

Since the percentage of the ortho-para composition is temperature dependent, the

rate of conversion is of interest in a variety of problems. The conversion of

a nonequilibrium ortho-para composition to an equilibrium composition is a very

slow process in the absence of a catalyst. This mode of conversion (no

catalyst present) is called self-conversion. In general, the self-conversion

rate is also a function of temperature. For example, at liquid air tempera-

tures the half-life of, the conversion is greater than 1 year, while at 923 K

and 0.0067 MPa (50 mmHg) pressure the half-life is on the order of 10 min. The

"half-life period" is defined as the amount of time required to convert 1/2 of the

excess ortho or para composition present at the starting time.

(cal/mol) X 2.0755 = J/g,
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Catalysis increases liquefaction energy requirements by approximately 15

percent. If normal hydrogen is liquefied and not converted by catalyst to the

equilibrium concentration at 20 K, a portion of the liquid will boil away due

to ortho-para conversion. Figure 56 shows the fraction of liquid hydrogen

boiled off as a function of storage time and initial ortho content. This

boil-off is due to the ortho-para heat of conversion only.

Tables of Values - None

Figure - 56

Catalytic Conversion Rates

The ortho-para conversion process is greatly enhanced by catalysis; since

many substances as well as magnetic and radiation fields will speed up the

conversion, only a typical example of conversion will be given here. Weitzel

et al.,^^ using 1.5 liters of unsupported hydrous ferric oxide granules,

converted liquid normal hydrogen to 90 to 95% equilibrium at an average rate

of 235 L/h.

Tables of Values - None

Figure - None

Equation - None

Property Differences - In general, the larger differences in the properties

of ortho and parahydrogen will occur in the derived properties where heat is

important. Properties like enthalpy, specific heat capacity, and thermal

conductivity show large differences. On the other hand, the density of

ortho-para mixtures will vary very little. The difference in density between

normal and parahydrogen is probably less than about 0.3%, with

normal hydrogen having the larger density. For differences in a particular

property, the reader should consult Chapter One for a description of the property

and see the figures listed below.
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Figure - 57, density differences between normal and parahydrogen; 58,

specific heat (heat capacity) differences between normal and parahydrogen;

thermal conductivity differences between normal and parahydrogen.

59,

4.2.7. THERMAL TRANSPIRATION^

Definition - Thermal transpiration Is the phenomenon of the flow of a gas

at very low pressures through a capillary due to a temperature gradient. In a

closed system, with a constant temperature gradient, a steady state pressure

difference will occur between the ends of the capillary, provided the mean free

path of the gas Is about equal to, or larger than, the diameter of the tube.

Thermomolecular Pressure Difference

If, at the steady state, the pressure at the ends of the tube are P^ and

Pq, corresponding to temperatures of Tjj and Tq, then

where the subscripts H and C refer to hot and cold, respectively. The equation

is only valid In the limit of P—>0. At higher pressures, correction terms must

be added. However, It must be remembered that thermal transpiration Is an

apparatus effect; therefore, correction terms to the equation should not be

added for a particular gas but rather for a particular apparatus.

4.2.8. HEAT TRANSFER AND PRESSURIZATION PARAMETERS'*'^'®'^

A number of thermodynamic expressions have become convenient for the

engineer to use In dealing with the storage and transfer of liquefied gases.

Tabulations for four such parameters for hydrogen have been Included in this

subsection.
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Specific heat input

(commonly sjmibollzed by 9 )

Energy derivative

(commonly symbolized by )

Isothermal bulk modulus

(commonly symbolized by a

)

Volume expansivity

(commonly symbolized by 3

)

Specific Heat Input, 6 - This parameter is sometimes referred to as dQ/dM,

heat input per increment of mass. It is frequently expressed in terms of

density instead of specific volume, i.e., p(9H/8p)p. It is the amount of

heat required to expel a unit mass of fluid from a storage vessel. The units

are the same as those for enthalpy: J/g.

Energy Derivative, $ - This quantity is also frequently expressed in

density by substituting 1/p for V. Typical units are MPa-cm^/J. This

parameter is often used in conjunction with the specific heat input, 6, to

determine expulsion rates from rigid containers.

Isothermal Bulk Modulus, a - Likewise, this parameter is frequently

expressed in density; -p(9P/8p)'j' with the usual units of MPa. It is

the reciprocal of isothermal compressibility -(9V/9P)'j'/V and is a convenient

factor to use in certain engineering calculations.

Volume Expansivity, 3 ~ Often called simply expansivity or constant

pressure expansion, it is separately described in Subsection 1.2.29. Units are

K ^
. A related expression is the constant pressure expansion coefficient,

vj

V
/9P\ ^ _V /9P\

V
^

^v V^V V

1 /9V
V V9T i {

3p\ , /3P'
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T(9V/9T)p/V, but values for this latter expression have not been tabulated

and are not as widely used.

Tables of Values - These parameters are tabulated in Tables 2, 3, 8, and 9

as follows:

Parameter

e = V(9H/9V)j

$ = V(9P/9UX

a = -V(9P/9V),

3 = (9V/9T)p/V

Units

MPa-m VkJ

MPa

Range of tables

> 13.8 - 3000 K

^ Saturation boundary

0.01 - 100 MPa

0.01 - 1.3 MPa

K-1

Table
location

2,8

3,9

Figure - 60, 61

Equations - None except as shown above

Range of Values -

Triple point Boiling point Critical

Parameter Units Liquid Vapor Liquid Vapor point STP

Para

e J/g a a a a a 4455

MPa-m VkJ a a a a Ob ,0.0385

G( MPa a a a a 0 a

B
K-i a a a a 00 a

Normal

e J/g 622.6 139.8 587.9 189.1 199.0 4295

$ (MPa-mVkJ)xl02 0.2565 0.0668 0.2018 0.0667 Ob 0.0405

a MPa 90.34 0.0069 50.21 0.0903 0 0.101

3 0.0102 0.0752 0.0164 0.0642 oo 0.0033

^Values the same as normal table.

bNot conclusive; may be finite but small value instead of 0.
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Uncertainty - The uncertainties for each parameter are estimated as

follows:

Parameter Compressed liquid, % Gas and supercritical,

%

e 3-5 3

$ 3 2

a 3-5 2

3 3-5 2

4.2.9. SLUSH HYDROGEN TECHNOLOGY 3 8 5 -3 9 3

Definition - Slush hydrogen is a homogeneous mixture of coexisting liquid

and solid hydrogen. Slush hydrogen is more dense and has a greater heat

capacity than liquid hydrogen; therefore, it offers certain advantages in

volume-restricted aerospace missions, e.g. deep space probes. The high density

of slush allows more fuel to be carried within a prescribed tankage volume and

the increased heat capacity increases non-venting storage times, thereby

decreasing overboard vent losses and/or increasing mission duration. The

density of slush that is 0.5 solid (by mass) hydrogen is 15.5% greater than

that of normal boiling liquid hydrogen. Similarly 0.5 solid fraction slush

hydrogen has 18.3% more heat capacity than normal boiling liquid. Slush heat

capacity and density relationships are plotted on Figure 62.

Production - There are two recognized methods of producing slush hydrogen.

One is the auger method and the other is the freeze-thaw method.^
r

The auger method simply uses an auger rotating inside of an externally-

insulated refrigerated cylinder that is submerged in liquid hydrogen. Hydrogen

freezes on the internal walls of the cylinder and is continuously shaved or

3 8 6scraped off by the auger. Commercial ice-makers operate on a similar

I
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principle. Solid fraction is adjusted by the rate of outflow of slush and

equivalent inflow of liquid. The auger method can be used in a continuous

production mode and produces slush hydrogen at super-atmospheric pressures so

that the slush can be pressure-transferred to storage containers. The auger

3 8 6method has been successfully used to produce small quantities of slush

hydrogen and should be practical for large scale production.

3 8 5
The freeze-thaw method has been used to generate small and relatively

large quantities of slush hydrogen. This production technique requires that

the ullage over a fixed volume of liquid be vacuum pumped until a solid layer

forms at the liquid-vapor interface. The vacuum pumping is then stopped and

the solid layer melts (thaws) and settles into the liquid. This cycle is

repeated until the desired solid content has been formed. The solid is then

mixed with the liquid by stirring to form a homogeneous mixture of solid and

liquid. The porosity of the solid formed in this manner is a function of the

pumping rate. Low pumping rates produce dense solid which when broken forms

large particles of solid and will not form a homogeneous mixture with the

liquid. Higher pumping rates produce a porous solid which is easily broken

into much smaller particles and is easily mixed with the liquid to form a

homogeneous mixture which may be defined as slush. This batch method is

capable of producing slush in large quantities. Disadvantages of the method

are: 1) A safety hazard exists because the required low ullage pressures

0. 0^061 MPa) Invite air leakage into the slush container, and 2) transfer of

slush into a storage container requires ullage pressurization or pump-transfer.

Maximum solid fractions achieved to date are 0.6 with 0.4 to 0.5 solid

content being practical and easily accomplished.

Storage - The latent heat of fusion of the solid makes slush hydrogen more

storable than subcooled liquid, i.e., the slush can absorb more energy (heat
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leak) and reduce boil-off losses; however, the solid particles settle and tend

to agglomerate in the absence of agitation. In low gravity environments this

settling is of little concern and in one-g and high-g fields it can be overcome

3 9 3

by using mixers.

3 8 5
Some very interesting aging effects have been observed in slush

hydrogen. Although the change in the particle size was insignificant, the

structure changed dramatically during aging. The solid particles were observed

to change from particles with irregular rough edges to particles with smooth

edges. The smaller particles would tend to combine with the larger particles

to form a particle of higher density.

The rate of pressure-rise in slush filled vessels can be predicted if the

3 8 8

storage vessel heat load distribution and heat transfer rates are known.

3 9 1

Idealized calculations , for uniformly distributed heat load, have been

performed. These thermodynamic calculations assume that an insulated storage

tank is filled at some specified fluid state (known solid fraction when fill is

complete) and then sealed off. Its contents are allowed to warm up until the

fluid pressure rises to the predetermined tank vent pressure. Both liquid and

solid-liquid mixtures expand when warmed; therefore, the designer must specify

an appropriate ullage (an unfilled portion of the vessel) to accommodate the

fluid when it expands. Thus, calculational input parameters are tank volume,

tank ullage, vent pressure, heat load (and distribution), heat transfer rates,

and fresh-fill fluid state condition.

3 8 5
Handling - Slush hydrogen can be pressure transferred through pipelines,

orifices, flow devices, etc., using helium or hydrogen as a pressurant. In

general, slush behaves as a conventional Newtonian fluid and pipeline pressure

3 8 5

losses can be predicted using the Fanning equation. Slush with 0.3 or less

solid was found to have transfer losses of 10% less than those of the triple
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point liquid when the Reynolds number was ~ 7 x 10^. Slush can also be

pumped using conventional liquid hydrogen pumps. Slush with solid content

of up to 0.6 may be pumped with losses similar to that of liquid hydrogen at

its triple point.

Instrumentation - Commercial sensors are availabe to measure temperature,

pressure, quantity, and flow of slush hydrogen in practical applications . 3 ^

7

Germanium, platinum, and carbon thermometers are useful in measuring

temperature.

Pressure can be measured using a cold flush-mounted pressure transducer or

a remote transducer coupled via transmitting tubes. Care must be taken to

avoid thermal-acoustic oscillations in these transmitting tubes and preventive

measures include: Establishing a low-flow bleed rate through the tube;

roughing the tube interior wall at its entrance (sensing or tap end);

restricting flow in the tube by using small bore tubing or packing the bore

with a wire or string; damping the oscillations by using a stepped diameter

transmitting tube or by attaching a resonant cavity to the transmitting tube.

Volumetric flow can be measured with standard head-meter (orifice, nozzle,

venturi) devices and microwave Doppler meters, and thermal boundary layer

meters have been used^^^ to determine mass flow. Fluid level gauging can be

3 8 7
accomplished with rod-to-blade capacitance gauges, carbon resistance

point-sensor rakes, time-domain reflectometry (RF pulsed cable), and head-

difference pressure gauges. Mass gauging has been accomplished using RF cavity

3 8 9mode analysis. This technique uses a small antennae inside the metal tank

to generate electromagnetic standing waves. These standing waves occur at

resonant frequencies and resonance decreases with increasing quantities of

dielectric fluid within the cavity (tank); i.e., the fluid slows propagation of

the electromagnetic wave and mass content of the tank can be determined by

measuring resonant frequencies.
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Density or solid fraction can be determined by using Beta-ray or Gamma-ray

attenuation, ^ ^
^ capacitance methods, and the RF gauging technique. The

capacitance techniques are currently considered the most dependable—the bulls-

eye ring capacitor for point density measurements and the rod-to-blade

capacitance for average zone density determinations.

Problems - Most of the difficulties expected with slush hydrogen

applications have been exposed herein. Production should not be a safety

problem if the auger method is adapted. Thermal acoustic oscillations in

pressure-sensing lines and other plumbing (fill lines, relief tees, vent lines,

etc.) will always be a problem but it can be solved by appropriate design and

handling procedures. Likewise, the settling-aging-agglomeration and need-for-

mixing problem will stay with us and can be overcome with existing technology.

Mass flow and mass gauging measurements need to be improved. The thermal

performance of aerospace propellant systems (insulated tanks, transfer lines,

vents, etc.) must be improved to take full advantage of the high density and

heat capacity of 0.5 solid fraction slush hydrogen. There are no known

insurmountable problems that exclude the use of slush hydrogen; on the

contrary, the use of slush hydrogen in properly engineered systems appears

practical and in some cases very desirable.

Thermophysical Properties - See Subsection 2.2.23 and Figure 62.

4.2.10. OTHER MISCELLANEOUS PROPERTIES

r

Included in this subsection are properties that have not been discussed in

the preceding pages and their corresponding references.
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Property Reference

Birefringence 394

Creep 395

Cryopumping 185, 396-404

Dispersion 405-411

Electrical properties (miscellaneous) 47, 50

Electron diffraction 145, 187

Electron drift 412-415

Emissivity-reflectance 416-418

Fusion power (microsphere targets, etc.) 419-423

Hydrogen gel 424

Ionization potential 425-429

Irradiation 430-436

Isotopic phase separation 437, 438

Magnetic susceptibility 439-442

Magneto optics 443

Magneto resistance 444

Nuclear magnetic resonance (NMR) 445-466

Nuclear spin relaxation 452, 457, 462

46^-477

Neutron diffraction 188, 432, 478

Neutron scattering 479-487, 514

Neutron spectra 480, 487-489

Opacity 490

Optical susceptibilities 491

Ortho-para absorption 492

Plastic deformation (solid) 493-494

Relaxation time (electron spin) 495
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Property Reference

Scattering
. 443, 480, 488, 489

496-500

Specific impulse 501

Surface energy 502-507

Thermomagnetism (Senftleben effect) 508, 509

X-ray diffraction 186, 510-513

Cryogenic hydrogen instrumentation 319

Cryogenic hydrogen materials 319

Economics of hydrogen systems 312, 319

Hydrogen fuel literature 319
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FIGURE 4. Parahydrogen temperature-entropy chart (20 to 100 K)

.
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FIGURE 5. Parahydrogen temperature-entropy chart (80 to 300 K)

.
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FIGURE 6. Normal hydrogen temperature-entropy chart (15 to 150 K)
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FIGURE 7. Normal hydrogen temperature-entropy chart (130 to 300 K)

.
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FIGURE 8. Normal hydrogen temperature-entropy chart (280 to 600 K)

.
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Figure 14. Joule-Thomson inversion curve for parahydrogen.
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FIGURE 15. Latent heat of vaporization of parahydrogen
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FIGURE 16. Latent heat of vaporization of normal hydrogen.
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FIGURE 18. Melting line from triple point to critical point
pressure for parahydrogen.
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FIGURE 29. Vapor pressure of parahydrogen

below 0.101325 MPa (1 atm)
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FIGURE 31. Vapor pressure of parahydrogen
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FIGURE 32. Vapor pressure of normal hydrogen
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FIGURE 34a. Location of the different crystal structures
in the solid hydrogen P-T plane.
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FIGURE 34c. Isochores of solid parahydrogen in the P-T plane.

With permission from Silvera, I. F., Phys. Lett., A68(2), 207, 1978 [Ref. 160]
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FIGURE 38. Specific heat (heat capacity) of saturated solid hydrogen.
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1 - is Young's modulus (E) , 2 - the shear modulus (G) , 3 - tensile strength (o^)

,

4 - nominal yield stress (c^) , e - relative elongation.
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FIGURE 41. PVT d iagram for coinpressed solid hydrogen at high pressures and 4K.

With permission from Stewart, J. W.
,
Phys. Chem. Solids, 1, 146, 1956 [Ref. 180].
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FIGURE 42. Thermal conductivity of solid hydrogen.
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FIGURE 48. Raman displacement. Note: d = density in Amagats and
A.

Amagats x 0.089881 = kg/m^. See Chapter 7 for density

conversions.
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TABLE 2

Thermodynamic Properties of Parahydrogen
(Isobars, SI Units)

0.01 to 100 MPa Isobars
13.8 to 3000 K
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.01 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL
DERIVATIVE DERIVATIVE ENERGY

K CU M/KG CU M-MPA/KG MPA/K KJ/KS-K

13. SO't .01298 1.1628 .9233 -3 06.9
11*. . 01301 1.1302 .9233 -3 07.6
Ik. 1*70 .01307 1.1173 .9196 -3 04.8

5.83366 .0571 . 0 007 87.7
15. b. 07554 .0596 . 0 007 91. 3

6.497 96 0 b'tO • 0 0 0 6

17. 6.91887 .0683 . 0 006 103.9
18. 7.33861 .0 725 . 0006 110.2
19. 7.757<»3 .0768 . 0 005 116.4
20. 8.17550 .0 810 . 0 005 122. 7

21. 8.59295 .0852 . 0 005 128.9
22. 9.00988 .0 895 .0005 135. 2

23. 9.42636 .0937 . 0 004 141.4

2<». 9.84245 .0979 . 0 0 04 147. 7

25. 10.25822 .1021 .0 004 153.9
Zb. 10.67369 .10 62 . 0 004 160.1
27. 11.08391 .1104 . 00 04 166. 3

28. 11.50391 .1146 . 0 0 0 4 172.6
29. 11. 91870 .1188 . 0 00 3 178.8
30. 12.33332 .1229 . 0 003 185. 0

31. 12.74778 .1271 . 0 00 3 191.2
32. 13.16210 .1313 . 0 00 3 197.4
33. 13.57629 .1 354 . 0 00 3 203.6

3<». 13.99036 .1396 . 0 00 3 209. 8

36. 14.81819 .1479 . 0 00 3 222.2
« 1. 70 c n n n ?

• U U U o

<>0. 16.47288 .1 645 . 0 00 3 247.

1

'f2. 17.29983 .1726 .0002 259.5
18.12657 .1611 . 0 002 271.9

46. 18.95313 .1693 . 0 002 264. 4
48. 19.77953 .1976 . 0 00 2 296.9
50. 20.60580 .2059 . 0 002 309.4
52. 21.43196 .2142 . 0 002 322. 0

56. 23.08396 .2307 . 0 002 347.4
60. 24.73564 .2472 . 0 002 373.1
09 .

9 7 QQ A 7
• C O r 7 fl n n 9• U U U c /m n c;. nH u o • u

70. 28.86380 .2366 . 0 001 440 . 1

75. 30.92747 . 3092 . 0 001 475.5
80. 32.99095 .3299 .0001 512.6
90. 37.11746 . 3711 . 0 001 592.5

100. 41.24353 .4124 . 0 001 630.9
110. 45.36928 .4537 . 0 001 777.8
120. 49.49480 .4950 . 0 001 882.6

130. 53.62013 .5362 . 0 001 993.6
140. 57.74534 .5775 . 0 001 1110.1
160 • bt) . 9 9bHH .6600 . 0 001 1351 .

2

180. 74.24525 .7425 . 0 001 1595.7
200. 82.49487 .8250 . 0 001 1837.2
220. 90.74435 . 90 75 .0000 2073.0
240. 98.993 73 .9900 . 0 000 2302.

5

260. 107.24303 1.0725 . 0 000 2526.5
280. 115.49227 1.1550 . 0 00 3 2745.

8

300. 123.73215 1. 2371* . 0 000 2961.

7

350. 144.35340 1.4436 . 0 000 3491.6
400. 164.9 7452 1.6498 . 0 000 4014.6
450. 185.59556 1.8560 . 0 000 4534.8
500. 206.21654 2.0 622 . 0 000 5055.

1

550. 226.837(«9 2.2685 . 0 000 5575.1
600. 247.45841 2.4747 .oooc 60 96.1
700. 268.70020 2.8871 . 0 000 7141.0
800. 329.94195 3.2995 .OOCJ 8193.4
900. 371.18367 3.7119 . 0 000 9256.8

1 000. 412. 42536 4.1243 . 0 000 10334.

0

1200. 494.90891 4.9492 . 0 000 12544.2
1400. 577. 39658 5.7 74 0 .ocoo 148 38.

3

1600. 659.93251 6.5983 .0000 17233.3
1800. 7i»2. 78144 7.1*237 . 0 000 19799.6
2000. 826.97i«86 6.2485 .ocoo 22778.4
2200 . 915.44934 9.0 733 . 0 000 26764.6
2400. 1014,83413 9. 3982 . 0 000 32969.2
2600. 1137.61448 10.7230 . 0 000 43400.4
2600. 1303.75995 11.5473 . 0 000 608 77.2
3000. 1538.60332 12.3727 . 0 000 88375.6

• THO-PHASE BOUNDARY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

-308.8 4.966 4.67 6.38 1260.
-307.5 5.059 4.72 6.50 1248.
-304.

7

5.259 4.30 6.57 1245.
146.0 36.498 6.22 10.59 312.
152.1 36.907 6.22 10.56 316.
162.6 37.587 6.21 10.52 329.
173.

1

38.224 6.20 10. 1*9 340 .

18 3.6 38.322 6.20 10.46 3 5 0 .

194.0 39.388 6.20 10 . 41* 360.
204. 5 39.923 6. 20 10. 43 369.
214.9 40.431 6.20 10 . 1.2 379.
225.3 40.916 6.20 10.1*1 388 .

235.7 41.376 6.20 10.1*0 396.

246.

1

41.820 6.19 10.39 4C5.
256.5 42.244 6. 19 10.38 414.
266.6 42.651 6.19 10.38 422.
277.2 43.043 6.19 10.37 430.
2 8 7.6 43.420 6.19 10.37 433 .

296.0 43.784 6.19 10.36 446.
308.3 44.135 6.19 10.36 453.
313.7 44.475 6.19 10.36 461 .

329.0 44.803 6.19 10 . 35 468.
339.4 45.122 6.19 10. 35 476.

349.7 45.431 6.19 1C.35 463.
370.4 46.022 6.19 10.34 497.
391.1 46.581 6.20 10.34 511.
411.6 47.112 6. 20 10. 35 524.
432. 5 4 7.617 6.21 10.35 53 7.
453.2 48.099 6.21 10.36 549.
473.9 48 .559 6.23 10.37 561.
494. 7 49.0 01 6.25 10. 38 573.
515.5 49.425 6.27 10.1*1 585.
536. 3 49.834 6. 30 10.43 596.

576.2 50.610 6.38 10. 51 617.
620. 5 51.339 6.49 10. 62 636.
671*.

0

52.196 6.63 10.82 658.
728.7 53. 007 6.93 11.07 679.
784.6 53.760 7.24 11.37 697.
842.5 54.525 7.59 11.72 714.
963. 7 55. 952 6. 41 12.53 744.

1093.4 57.317 9.27 13. 1*0 772.
1231.5 56.630 10.10 14. 23 799.
1377.5 59.901 10.33 14.95 827.

1530.

0

61. 121 11.40 15.53 855 .

1687.5 62.288 11. 32 15. 94 883.
2011.

2

64.449 12.21 16.34 940.
2338.2 66.375 12.19 16.31 997.
2662.2 68.081 11. 94 16. C 7 1053.
2930.5 69.596 11.63 15.76 1109.
3292.5 70.955 11.33 15 . 1*5 1162.
3598.9 72.132 11.07 15.20 1213.
3900.7 73.331 10.87 15.00 1262.
4199.

0

74. 330 10.72 14.64 1309.

4935.

1

76.598 10.51 14.53 1418.
5664.3 78.547 10.42 14.55 1517.
6 390 . 6 80 .260 10 .43 14.53 1610.
7117.

3

31.739 10. 4C 14.52 1697.
7843.5 83.174 10.41 14.53 1760 .

6570 .6 84.437 10 .42 14.55 1856 .

10023.

0

86.665 10.46 14.51 2006.
11492.9 88. 640 10.57 14. 70 2142.
12963.6 90.376 10.70 14.82 2263.
141*58.2 91 .949 10.86 14.98 2386.

17493.3 94.702 11.24 15.37 2601.
20612.

3

97.110 11.70 15. 83 2795 .

23832.7 99.237 12.26 16. 42 2970.
27227.4 101.197 13.45 17.66 3121.
31048.1 103.273 16.49 20.51 3235 .

35919.1 106.261 23.62 28.72 3322.
43117.5 110.429 38.05 44. 91 3417.
54776.

5

116.363 63.16 74. 13 3545 .

73914.8 124.850 100.49 120 .06 3710.
103761.9 136.424 145. 32 179. 51 3904.



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.01 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M KJ/KG

V(DP/DU)„ -V(DP/DVL ( DV/OT>.

MPA-CU M/KJ
X 102

MPA 1/K

THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
^ CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

W/K-M
X 103

KG/M-S
X 107

SO M/HR

* 13.S0(» 77.0167 &J.3 .3 .25650 89.5531 .01031 72.63 251*. 83 .00053 1.25158 2.2385
75.8<»35 611.8 .251*78 86.8501 . 01063 71*. 61 21*7. 76 . 0 3 0 51* 1.25097 2.1593

• lififSO 76. 4900 62J.0 . 25021 85.1*586 . 01076 78.59 231*. 09 .00055 1.21*972 1.9673
.1711* li»5.5 .06681* .0098 . 07279 12. 77 7. 71* .02532 1. 00052 .61*20

15. .161*6 151.5 .1)6681* . 0098 .06968 13. 01 3 .07 . C 2696 l.OG 050 .651*6

16. .1539 162.1 .06681* . 0098 . 061*88 13. 1*5 8.61* .02992 1.0J0'*6 .6756
17. 172.6 .06683 . 0099 . 06071* 13. 89 9. 21 .03300 1. OQ 0 1*1* .691*9
18. .1363 183.1 . 06681 .0099 . 05713 11*. 1*0 9.77 .33635 1 . 00 01*1 . 7 399
19. .1289 193.6 . 06680 . 0099 . 05391* 11*. 90 la . 32 .03985 1 . 00 0 39 . 7235
20. .1223 20't.l .06679 .0099 .05109 15.53 10.87 .01*332 1.00037 .7303
21. .116i» 21U.6 .06678 . 0099 . 01*855 16. 32 11.1*1 .01*81*6 1.0iB35 . 7286
22. .1110 225.0 .06677 . 0099 . 01*625 17.11 11.95 . 0 5331* 1. 00033 . 7267
23. .1061 235. If .06676 .0099 . 01*1*16 17. 91 12. 1*3 . 3581*1* 1.000 32 . 721.7

2<». .1016 21*5.9 .06675 . 0099 .01*226 18.70 13.01 .06378 1. 00031 . 7225
25. .0975 256.3 .06675 . 0099 . 01*051 19.1*9 13.52 . 06931* 1. 000 29 .7202
26. .0937 266.7 . 0 66 71* . 0100 .03891 20. 28 11*. 01* .07510 1.00026 .7181
27. .0902 277.1 .06671* .0100 . 0371*3 21. 07 11*. 51* .06109 1.03027 .7159
28. .0 869 287.1* .066 73 .0100 .03606 21.35 15 . 01* .38730 1. 00026 .7136
29. .0839 297.3 .06673 .0100 .031*79 22.61* 15. 51. . 3 9371* 1.00 0 25 .7112
30. .0811 30 8.2 .06672 . 0100 . 03361 23. 1*2 16.03 .1001*0 1. 00 0 21. .70 88

31. .0761* 318.6 .06672 .0100 . 03251 21*. 12 16.51 .1C69C 1. 00 0 21* . 70 89
32. .0760 328.9 . 06671 .0100 . 0311*7 21*. 82 16.99 .11359 1.00023 . 738 8

33. .0737 339.3 .06671 .0100 .03050 25.51 17.1*7 .1201.9 1.00022 . 70 85

• U f 1 ^ 3 1* 9 . 7 . 0 6670 .0100 . 0 2 959 26. 22 17.93 • 12 761 1.03022 . 70 78
Jo • « U D r 7 37 0 .1* . 0 6666 .010 0 . 02 793 2 7.63 18.36 • 1 '* 2 4 7 ^ n .1 n 0 ft1 . U u U c U . ' U D 1

38* • 0 63 9 391.2 . 06665 • 010 0 . 0 261*1* 29.01* 19. 76 • 15 812 1 . u u u 1 r • 7 0 1.

1

i»0 • • 0 60 7 1*1 2.

1

.0 666 0 .0100 .02510 30 . 1*5 2 0.65 • 1 7 ^+5 if 1 • 0 J 0 1

3

.7317
nc 7 a

• U7 f o 1*3 3 .

1

. 0 6653 .0100 . 02 3 90 31.85 21.53 • 19166 1 . 00 0 17 .6991*

• 0 552 1*51*. 2 . 0 661.

3

.010 0 .02280 33. 25 22.38 •20950 1 . 00 0 1 7 • 69 7

1

• 0 52 3 1* 7 5 . 5 . 0 6628 .0100 . 02130 3 1* . 65 2 3.22 ,23602 1.00016 . 69 1* 9

'f d • • 0 50 6 1*9 7 .

1

.06609 .0100 . 020 39 36 .05 21* .05 • 2 U 7 2 C 1 . 0 J 0 1

5

.6927
• 0 tfS 5 519.1 . 0 65 85 .0100 . 02005 3 7 » 1*5 21*. 86 • 26 696 1.00315 C Q ~ A

. 0 7 u 0

52. .01*67 51*1 .1* . 06551* . 0100 . 01927 38. 85 25. 66 .28725 1 . 00 0 11. .6893

56. .01*33 537.7 . 061*71 . 0100 . 01789 1*1. 65 27. 22 .32922 1.0C013 .6872
60. .O^Oi* 636.5 .06357 .0100 .01669 1*1*. 51 23.71* .37306 1.00012 .6861
65. .0373 702.2 .06171* .0100 . 0151*0 1*8. 38 30.58 .1*3162 1 . 03 0 1 1 .6836
70. .031*6 773.8 .05950 . 0100 . 011*30 52. 26 32. 36 .1*9076 1.00010 .6852
75. .0323 852.1 .05699 .0100 .01331* 56.13 31*. 09 . 5!»9b3 1.00 010 .6905
60. . 0303 937.2 . 051*33 .0100 . 01251 60.01* 35. 77 .60829 1. 00009 .6985
90. .0 269 1127.1* .01*909 .0100 .01112 69.96 39.01 . 71*586 1.00038 .6988

100. .021*2 1339.5 .01*1*53 .0100 . 01000 79. 87 1*2. 10 .88510 1. 00307 . 7062
110. .0220 1561*. 7 .01*081* .0100 . 03909 92. 12 1*1*. 71* 1.05750 1.00007 .6910
120. .0202 1793 .9 .03811 . 0100 .00833 102. 77 1*7. 58 1.221*67 1.00006 .6922

130. .0166 2018.2 .03618 .0100 . 0076 9 112. 32 50 .33 1 . 1*0 262 1.00006 . 6926
i<»a. .0173 2231.9 .031*91 .0100 . 00711* 121. 77 53. DO 1.56779 1.00005 .6939
160. .0152 2 613.6 .03378 .0100 .00625 136. 35 53.11* 1. 96308 1.00005 .6965
ISO. .0135 2935.8 .03385 .0100 . 30556 11*7. 52 63 . 05 2.1*175 0 1 . 00 0 01. .6972
200. .0121 3213.9 .031*53 .0100 .00500 156.62 67.60 2.891*1.9 1 . 00 0 01. .6956
220. .0110 31*66.1* . 0351*6 . 0100 . 001*55 161*. 59 72.38 3.1.L271. 1.00003 .6923
21*0. .0101 3703.8 . 0361*1 . 0100 . 001*17 172. 05 76.82 3.96798 1.00003 .693 0

260 . .0093 3951.5 .03725 . 0100 . 00385 179. 32 81. 15 1.. 55552 1 . 00 0 33 .6877
280. . 0087 1*199.1 .03791* .0100 .00357 186.57 35 . 36 5.1723 7 1.00003 .6661
300 . .006 1 1*1*53.3 .0381*8 .0100 .00333 193. 83 89.1*8 5.8180 0 1.00G02 .6851

350. .0069 5121.1* .03925 .0100 . 00286 212.50 99.1*0 7.51.703 1.00002 .661*1*

1*00. .0061 5819.8 .03956 .0100 . 00250 231. 39 103. 86 9.1.1.559 1. COO 32 .681*5
(*50. .0051* 6538.1* .03961* .0100 . 00222 250. 21* 117.95 11 .5071.0 1.00302 .681*8
500. .001*8 7262.3 .03966 .0100 .00200 268.83 126. 70 13. 71.060 1.00001 . 68'*5
550. .001*1* 7993.3 .03962 .0100 . 00182 287. 08 135. 18 16. 13138 1. OuOOl .681*3
600. .001*0 8729.7 .03956 .0100 .00167 305.01 11*3. 1*0 18. 67621. 1.00001 .681.0
700. . 0035 10223.3 .03935 .0100 .0011*3 31*0. 16 159.23 21.. 2C609 1.00001 .6837
800. .0030 11757.5 .039C1 .0100 .00125 371*. 85 171*. 35 30. 29551. 1.00001 .6836
900. .0027 1331*1.1* .03855 .0100 . 00111 1*39. 59 1 88. 89 36.92235 1.000 01 . 6336

1000. .0021* 11*933.1 .03798 .0100 .00100 1*1.1*. 63 202.95 1.1.. 0661.6 1.00001 .6836

1200. .0020 181*1*2.2 .03666 .0100 . 00083 511. 19 229.87 59.2631.0 1.00001 .6911
11*00. .0017 22156.1* .03525 .0100 .00071 581*. 62 255.1*9 76. 7965 8 1.00 0 31 .6916
1600 . .0015 26269.7 .33358 .0100 . 00 063 668. 03 280.05 96. 65688 1.00 0 00 . 6333
1800. .0013 31767.5 .03065 .0100 .00056 800.59 303. 70 121.23303 1.00000 .6699
2000. .0012 1*1713.6 . 02503 . 0100 .00050 1099. 16 326. 65 156. 1.7369 1.00000 .6215
2200 . .0011 62633.

3

.01762 . 0099 . 0 001*6 1809.21 31.5 .83 207.57597 1.00000 .51.91
21*00. .0010 105137.6 .01111 . 0 098 . 00 0 1*3 3327. 26 369. 21. 270. 61.373 1.00000 .1.981*

2600 . . 0009 181673.2 .00693 . 0091* . 00 01*1 6112. 35 3 91.. 59 337.68331 1.000 00 .1.786
2800. .0008 297765.7 .001*63 . 0089 . 0001*0 10361.10 1*21. 87 1*05. 3 31*96 1. 00000 .1.389
3000. . 000 E 1*3301*8.8 . 00353 .0 080 . 00 01.1 15311.58 1*1*7. 27 1.72.1.661 3 1.00000 .521*1*

,1

I
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TttBLE 2

THERMODVNAHIC PROPERTIES OF PARftHYDROGEN (IS03ARS, SI UNITS)

.02 MPA ISOBAR

TEMPERATURE

K

VOLUME

CU M/KG

ISOTHERM
DERIVATH/E
CU M-MPA/KG

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CO VELOCITY
OF SOUND

1 3 • 8 0 7 .01296 1.1631*
1 1*. .01301 1.1318
15. .01315 1 • 0 325
15. 832 . 01329 1.0 151*

15.832 3.15931 .0610
16. 3.19578 .0618
17. 3.1*1127 .0663
18 . 3. 62529 . 0 708
19. 3 . 8 38 2 2 . 0 752
20 . It . 0 50 30 .0795
21

.

i«. 261 68 . 0 8 39
22 . k. 1*7250 .0 882
23. '.682 85 .0925

2^^

.

. J 967
25. 5. 10238 .1010
26. 5.31167 .1052
27. 5 .52070 .1095
2 8. 5 . 72950 .113 7

29. 5 . 9 380 9 .1179
3Q . 6.1 1+651 .1221
31. 6 . 3 5*» 76 .12 63

32

.

6 • 56286 • 1 3 05
33 . 6 . 7 70 S** • 1 31*7

SI*. 6. 9 7869 .13 89
3 6. 7. 39'»10 . 1 1*73

33. 7.80915 .1556
<«0 . 8.22390 .161*1)

^42. 8. 63841 .1723
. 9 . C5 27

1

• 18 0 6

'6. 9 . '•66 83 . 1689
i»8 • 9.88078 .1973
50 . 10 . 291*6

1

. 20 56
52 . 10.70831 .2139

56 « 11 . 5351*2 .2 301*

60. 12.36221 .21*70
65. 13. 39533 .2677
70. 11*. 1*2813 .2 881*

75. 15.1*60 69 . 3091
8 0. 16.1*9305 .3293
90

.

18.55732 • 3711
10 0. 20 .62115 . 1*121*

lie. 2 2 . 6 81*66 . 1*537

120. 21*. 71*793 . 1* 95 0

133. 2 6. 811 13 3 . 5363
1 'O . 28.871*00 .5 775
160. 32.99962 . 6601
180. 37. 121*96 . 71*26

200. 1*1 . 25010 .8 251
2 20. 1*5. 37510 . 90 76
2i»0 . 1*9.500 00 .9901
260 . 53 . 621* 82 1.3 726
280. 57.71*958 1. 1551
300. 61. 86966 1.2375

350 . 72.180 50 1. 1*1*38

<>00. 82.1*9121 1,6500
(fSO

.

92.80183 1.8562
500 . 103.1121*0 2. 0621*
550. 113.1*2293 2.2686
60 0. 123. 7331*3 2.1*71*8

700. 11*1*. 351*1*0 2.3873
8 00 . 161*. 97531 3.2997
900. 185. 59621 3. 7121

1000 . 206.21708 1*. 121*5

1200 . 21*7.1*5886 1*. 91*91*

1<<00. 288.702C8 5. 771*2

1 600. 329.96236 6.5990
1 800 . 371.33330 7.1*239

2000. 1*13.17959 8.21*87
2200. 1*56.53955 9.0735
2<«00. 50 3.75825 9.8981*
2600. 559.26731* 10.7232
2800. 630. 28760 11.51*80
3000. 726.79296 12.3729

MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

.9231* - 3 08 . 9 -30 8.7 i*.966 l».&7 6.38 1263 .

.9231* -3C7.6 -3C7.1* 5.056 1*.72 6.50 121*9.

. 90 76 -300 . 9 -300.7 5.520 1*. 92 6.99 1211.

.8919 -291*.

9

-291*.

7

5.911 5.39 7.28 1205 .

.0013 95.0 158.2 3 U . 5 1

3

6.27 10.81 325.
.0013 96.

1

160 . 0 31*. 6 32 6. 26 10.80 326.
.0012 102.5 170.8 35.281* 6.21* 10.71 337.
.0 011 13 8.9 181.1* 35 .891* 6 .23 10.61* 31*8 .

.0011 115.3 192.1 36.1*63 6.22 10.59 358.

.0010 121.6 232.6 37. 310 6.21 10 .36 368

.

. 0 OIC 128.0 213.2 37.525 6.21 10.53 377.

. 0 009 131*. 3 223. 7 38. Oil* 6.21 10.51 386.

. 0 009 11*0.5 2 31* . 2 38 . 1*81 6. 21 10 .1*9 395 .

. 0 0 0 3 11*6. 8 21*1*. 7 36.927 6. 20 10. 1*7 1*01*.

. 0 008 153.1 255.1 39.351* 6.20 10 . 1*6 1*13.

.3 003 159. 1* 265. 6 39. 761* 6.20 10. 1*1* 1*21 .

. 0 008 165 . 6 276 . 0 1*0 . 157 6.20 10.1*3 1*29

.

. 0 007 171.9 286. 5 1*0.537 6.20 10 . 1*2 1*37.

. 0 007 178.1 296.9 1*0.902 6.20 10. 1*1 1*1*5.

. 0 0 0 7 181*. 1* 3 3 7.3 1*1.255 6.20 13.1*1 1*53

.

.0037 190 .6 3 17 . 7 1*1 . 596 6 . 20 1 0 . '* 0 1*60 .

. 0 0 06 196.8 328.1 1*1.926 6.20 10.39 1*66.

. 3 006 20 3.1 3 38.5 1*2. 21*6 6.20 10. 39 1*75

.

.0 006 209.3 31*8.9 1*2. 556 6.20 10.38 1*82.

. 0006 221.7 369.6 1*3. 150 6.20 10 . 38 1*97.

. 0 005 231*.

2

39] .1* 1*3.710 6.20 10.37 510 .

. 0 0 3 5 21*6.6 1*11. 1 1*1*. 21*2 6.20 10.37 521*.

. 0 005 259. 1 1*31.9 1*1*. 71*8 6.21 10.37 537.

. 0005 271.6 1*52. 6 1*5.231 6.22 10.38 51*9.

. 0 001* 281*.

0

1*73.1* 1*5.692 6.23 10.39 561.
. 3 0 3 1* 296. 5 i>9i». 2 1*6. 1 35 6.25 10 . 1*0 573.
. 0 001* 309.1 515.0 1*6. 560 6.27 10.1*2 581*.

. 0 00 1* 321. 7 535 . 8 1*6.969 6.30 10. 1*5 596.

. 0 0 Ji* 31*7.1 5 77.3 1*7.71*6 6.38 10. »2 617 .

. 0 3 0 3 372.8 623.1 1*8.1*75 6. 1*9 10.63 636.

. 0 00 3 1*05. 8 673.7 1*9. 331* 6.68 10.82 658 .

. 3 0 0 3 1*39.9 728 . 1* 50. 11*5 6. 91* 11.07 679.

. 0 003 1*75 . 3 781* .5 50.919 7 . 21* 11.38 697.

. 0 003 512.1* 31*2.3 51.661* 7.59 11.73 711*.

. 00 0 2 592.1* 963. 5 53. 091 3. 1*1 12. 51* 71* i*.

. 0 002 680 .8 10 93.2 51*. 1*57 9.27 13. 1*0 772.

.0002 777.7 1 231 .1* 55.771 10.10 11*. 23 799.

. 0 002 882.1* 1377.1* 57. 0 1*1 10.83 11* . 95 827.

. 0 0 0 2 993.7 1529. 9 58. 262 11.1*0 15, 53 655 .

. 0 001 1110.0 1687.1* 59.1*28 11.32 15.91* 883 .

. 0 001 1351.2 2011.1 61.539 12.21 16. 31* 91*0.

. 3 001 1595.

7

2338.2 63.516 12 .19 16.31 997.
. 0 03 1 1837.2 2662.

2

65.222 11.91* 16. G7 1051*.

. 0 031 2073.0 2930.5 66.739 11.63 15.76 1109.

. 0001 2302.5 3292.

5

68.096 11.33 15. 1*5 1162 .

. 0 031 2526.1* 3598.9 69. 323 11. 37 15. 20 1213.

. 3 001 271*5.8 3933.

8

73.1*1*2 10.37 15.3 0 1262.
. 0 031 2961.7 1*199.0 71.1*71 10. 72 11*. 81* 1309.

. 0 001 31*91. 6 1*935.2 73.71*0 10.51 11*. 63 11*18.

. 0001 1*011*.

6

5661*. 1* 75.689 10.1*2 11*. 55 1517.
. 0 003 1*5 31*. 8 6 390.8 77.1*01 13.1*0 11*. 53 1610.
.0003 5055.1 7117.1* 78.930 10. 1*0 11*. 52 1697.
. 3 000 5575.1 781*3.5 80.315 10. 1*1 11*. 53 1780.
. 3 000 6096.0 8570.

7

81.579 10.1*2 11*. 55 1858.
. 0 00 3 711*1.0 10 028.0 83.826 10.1*8 11*. ol 2336.
. 0 0 0 0 8193. 1* 111*92.9 85.781 10.57 11*. 70 211*2.

.0000 9256.8 12968.7 87.518 10.70 11*. 82 2268.
. 0 000 10333.9 11*1*53. 3 89. 090 10. 36 11*. 98 2386.

. 0 030 1251*1*.

2

171*93.1* 91.81*3 11 . 21* 15.37 26C1.
. 3 0 0 3 11*837.9 20611.9 91*. 251 11. 69 15. 82 2795.
. 0 003 17227.6 23827.1 96.371* 12.23 15.36 2971.
. 3 03 0 19763.5 27190.1 98.316 13.17 17.31* 3127.
. 3 003 22611*.

2

30877.7 100.323 15.1*1 19.75 3251.
. 0 000 26196.

3

35327.1 103.112 20.56 25.37 331*6 .

. 00 30 31366.1* 1*11*1*1. 5 106.311 30.91 36.92 31*37.

. 0 00 3 3951*9.8 50735.

2

111.323 1*9. 06 57. 76 3551.
. 0 000 52797.1 651*02.8 118.639 76.80 91.12 3698.
.0000 73552.5 83083.1* 127.71*7 113.31* 137.57 3875.

» THO-OHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.02 HPA ISOBAR

MPERATURE DENSITY V<DH/DV)p \/(DP/DU)y - V( DP/DV
)^

K KG/CD M KJ/KG MPA-CU M/KJ HPA
X 102

13.807 77.022't 619.1 .2561*9 89.6087
11*. 76.8522 612.1* .251*79 86. 9799
15. 76.0247 60 1*. 6 . 21*263 78.1.935

15.832 75.2560 623.1* .23300 76.1*11*7

15.832 . 3165 157.7 . C6680 .0193
16. .3129 159.1* .06682 . 0193
17. .2931 170.1 .06687 .0191*
18. .2758 130.8 .06689 .0195
19. .2 60 5 191.1* . 066 89 .0196
20. .2'»69 202.0 . 06689 .0196
21. .23>>6 212.6 .06688 . 0197
22. .2236 223. 2 .06686 . 0197
23. .2135 233.7 .06685 .0197

Zk. .20<»'« 21*1*.

2

. 0668<* .0198
25. .1960 251*.

7

.06683 . 0198
26. .1883 265.2 .06682 . 0198
27. .1811 275.7 .06681 .0198
28. .1 7i»5 286.2 .06630 . C198
29. . 168'* 296.6 .06679 .0199
30. .1627 307.0 .06679 .0199
31. .1571* 317.5 .06678 .0199
32, .1521* 327.9 .06677 .0199
33. .11*77 333.3 .06676 .0199

31*. .l'*33 31*8.7 .06675 .0199
36. .1352 369.6 . 06673 . 0199
38. .1281 390.1* .06670 .0199
1*0. . 1216 1*11.1* .06665 . 0199
<*2. .1158 1*32.'* .06657 .0199

. .1105 1*53. 6 • 0661*7 . 020 0

If6. .1056 1*71*.

9

.06632 . 0200
1*6, .1012 1*96.6 . 06613 . 020 0

50. .0971 518.6 .06583 . 020 0

52. .093<* 51*0.9 .06557 . 020 0

56. .0867 587.2 .061*71* . 0200
60. . 3809 636.1 .06360 . 0200
65. .0 71*7 701.8 . 061 76 . 0200
70. .0693 773.5 .05953 . 0 20 0

75. .061*7 851.8 . 05701 . 0200
80. . G 606 93 7. 0 . 0 51*35 . 020 0

90. .0539 1127.2 .01*910 . 0200
100. .01*85 1339.3 .01*1*51 . 0200
110. .0 1*1*1 1561*.

5

.01*085 . 0200
120. .01*01* 179 3.3 .03812 .0200

130. .0373 2018.1 .03619 . 0200
1<«0. .031*6 2231.6 .031*91 . 020 0

160. .0 30 3 2613.6 .03379 . 0200
180. .0 269 2935.9 .03386 . 0200
200. .0 21*2 3211*.

0

.031*51* . 0200
2 20 . . 0 220 31*66 . 5 . 0351*7 . 020 0

2i>a. .0202 3709.0 .0361*2 . 0200
260. .0186 3951.7 .03726 . 0200
280. .0173 1*199.3 . 03791* . 0200
300. .0162 1*1*53.6 .0381*8 . 0200

350. .0139 5121.7 .03925 .0200
ifOO. .0121 5820 .1 .03957 . 0200
<»50. .0108 6538.6 . 03961* . 0200
500. .0097 7262.6 .03966 .0200
550. .0088 7993.6 .03963 . 020 0

600. . 0081 8730.0 .03956 . 0200
700. .0 369 10221*.! .03935 .0200
800. .0061 11757.8 .03901 .0200
900. . 0 051* 1331*1.7 .03855 . 0200

1000 . .001*8 11*983.'* .03798 . 3 20 0

1200. .001*0 181* 1*2.1 . 03668 . 020 0

1<»00. .3035 221'*7.0 .03527 . 0200
1600. .0030 26174.7 . 033 73 . 020 0

1800. .0027 3120 7.2 .03133 . 0203
2000. .0021* 39'*23.3 .02681 . 0200
2200. . 0022 551*59.1 . 02019 .0199
2<«00. . 0020 8701*2.3 .01358 . 0196
2600. .0018 11*3972.7 .00877 . 0192
2800. .0016 233719,2 .00586 . 0183
3000. .0011* 351285.0 .001*29 .0170

tOW/DTL/V THERMAL VISCOSITY THERMAL OIELEITRIC PRANCTL
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

1/K W/K-M KG/M-S SQ M/HR
X lO'* X 13^

.01031 72.67 251*. 89 .00053 1

.

25160 2.2378
. 01062 71*. 62 21*7.9!. .33054 1. 25luC 2.1632
. 01156 33. 06 218.31 .00 056 1. 24339 1.6373
.01167 88. 03 197.78 . OC 053 1. 24539 1. 6349
. 06360 13.56 i. 58 .01426 1. 03 395 .6341
.06771 13.63 3.67 .31452 03 3 94 . 6873
. 06293 11*. 01* 9.21* ,01611 1

,

03 3 38 . 73 43
.05887 11*. 52 9.60 .01781 1. 3j 3 33 .7178
. 05535 15. 02 13.35 .01958 1. 03079 .7334
.05227 15.63 10.90 .02158 1. 33 0 74 . 7363
.01*953 16. 1*1 II.'.'. .02391 1. 33 3 71 . 7339
. 01*708 17. 2 0 11 .98 .02636 1. 03067 .7315
. 0'*'*37 17. 99 12.50 .02892 1. 00 3 64 . 7293

.01*287 13. 78 13.03 .03159 1. 03 362 . 7264

. 0'*105 19.57 13.55 .03438 1. 00 0 59 . 7238

. 03938 20. 35 11.. 06 .03726 1. 03 3 57 .7214

. 03731* 21. 13 IV. 56 . 0!«026 1

.

33 3 55 . 7189
. 0361*2 21.91 15.06 .04337 1. 03 0 53 .7164
.03511 22.70 15.56 .0^659 1. 00 3 51 . 7133
. 03389 23. 1*8 16.05 .34992 1. 33 3 49 .7112
. 03276 21*. 18 16.53 .35313 1. 03 0 47 .7111
.03170 21*. 87 17. 01 .35654 1. 03 3 46 .7108
.03071 25.57 17.48 .05999 1. 33045 .7104

. 02978 26.27 17. 95 .36356 1. 00 3 43 . 7396

. 02808 27.63 13.33 .37101 1. 33 3 41 .7076

. 02656 29. 09 19. 78 .37884 1. 03 3 39 . 70 53

. 02521 30.53 23.67 .08706 1. 0 0 0 37 .7328

.02398 31. 89 21.51. .39563 1. 0 3 0 35 . 73 3 4

.02288 33. 29 22. ".O .10456 1. 33 0 33 .6930

.02187 31*. 69 23.2'* . 11384 1. 03 3 32 .6956

. 02091* 36.09 2'*. 06 .12343 1. 00 u 30 .6934

.02010 37.1*9 21*. 87 .13332 1. 03 0 29 .6915

. 01931 38.88 25.67 .14347 1. 03 0 28 .6698

.01792 1*1.63 27.24 .16443 1. 00 3 26 . 6877

. 01672 1.1*. 51* 23. 75 . 1B641 1. 03 3 24 .6865

.0151*2 1*8.1*2 33.59 .21571 1. 33 3 22 .6839

. 011*31 52.29 32.37 .24530 1. 33 3 21 . 6855

.31336 56. 16 34.10 .27477 1. 03 3 19 .693 8

. 01252 60. 07 35. 76 .30439 1 . 33 3 18 .6966

.01112 69. 98 39.02 .37291 1. 03 3 1 6 .6990

. 01001 79. 90 42.10 .44256 1. 33315 . 7063

. 00910 92. 13 44. 74 .52871 1. 00 0 13 .6911

.00831* 102. 78 47.53 .61231 1 . 03 3 12 .6923

.00769 112.83 53.33 .70130 1. 00 3 1 1 .6926

. 00 711* 121. 78 53.00 . 79390 1. 03 3 1 0 .6939

. 00625 136. 35 58.14 .99157 1. 03 3 09 .6966

.0 0 556 11*7.53 63. C6 1. 2 C 88 0 1.03338 .697 2

.00500 156. 62 67.80 1.44732 1. 33 3 37 .6956

.001*55 161*. 60 72.38 1.7C646 1

.

3 u 3 3 7 .6928
.001*17 172. 06 76.82 1. 98410 1. 03 0 36 .6930
.00385 179. 32 81.15 2.27789 1. 03 3 06 .6677
. 0C357 186. 57 85.35 2.58653 1. 0 0 0 35 .6861
.00333 193.89 39.43 2.90916 1. 05 3 35 .6851

. 0C286 212. 50 99. 40 3. 77372 1. 03 0 3 4 . 68'.4

. 00250 231.39 10 8.86 4.72333 1. 0 3 3 34 . 6345

.00222 250. 21* 117.95 5.75396 1. 03 3 3 3 .6648

. 30200 268.33 125.70 6.87059 1. 03 3 0 3 .6845

. 00182 287. 38 135.18 6.3660

1

003 0 3 .681.3

. 00167 3C5. 01 143.40 9.33846 1. 00 3 32 .6640

. 0011*3 31*0 .16 159. 23 12. 1C343 1. 3 3 3 3 2 .6837

.00125 371.. 85 174.35 15. 14323 1

.

33 3 02 .6336
.00111 1*09. 59 188.89 18. 45165 1

.

.6836
.00130 1*1*1*. 69 20 2. 95 22. 33375 1. OCOOl . 6636

. 00083 511.17 229. 87 29.63186 1. 03 3 01 .6911

. 00071 531*. 23 255.49 38.3e501 1. 3 3 3 0 1 .6918

.00063 66'*. 26 28C.05 48.23109 1. 33 3 31 .6897

. 00056 778. 71 303. 69 60. 31969 1. 00 0 3 1 .6764

. 0G050 1010. 58 326.53 76.12031 1. 03 3 3 1 .6382

. 0001*6 1531*. 76 345.56 99.4350 7 1. 03GC1 .5712

. 0001*2 2639.97 368.40 129. 69252 1 • 00 3 3 1 .5151
, 0001*0 '688. 87 392. 72 163. 43974 1. 0 3 0 0 1 . 4838
.00039 795'*. 32 419.23 198.06286 1. 00 0 00 .4802
. 00039 122'.5.90 446. 53 232.91357 1. 03 0 30 .5016
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (IS09ARS, SI UNITS)

.O** MPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL
DERIVATIy/E OERI\/ATH/E ENER5Y

K CU M/KG CU M-MPft/KG MPA/K KJ/KG-K

13.811. .01298 1.161.7 .9237 -308.9
1<». .01301 1.131.9 .9236 -307.7
15. .01315 1.031.6 .9083 -301.0
16. .01331 .9689 .8905 -293.8
17. .OlSitS .9053 .8751. -236.1
17.1»97 .01357 . 8806 . 8632 -282.1
17. i»97 1. 71035 .0 61.6 . 0 025 102.9
18. 1.766'»8 . 0670 . 0021. 106.3
19. 1.87705 .0718 . 0022 112.9
20 . 1 .9865 2 • 0 761. .0 021 119.1.

21. 2. 09511. .0810 . 0020 125.9
22. 2.20310 .0855 .0019 132.3
23. 2.31052 .0900 .0018 138.7

2«t. 2. '.171.9 .09'.'. .0017 11.5.1

25. 2.52<.09 .0988 .0017 151.5
26. 2.63035 .1032 .0016 157.8
27. 2.7363'. .1076 .0015 161..

2

28. 2.81.208 .1119 .0015 170.5
29. 2.9'.761 .1162 .0 011. 176.8
30. 3.05295 .1205 .0011* 183.1
31. 3. 15812 .121.8 .0013 189.1.

32. 3.26311. .1291 .0013 195.7
33. 3.36802 .1333 .0 012 201.9

31*. 3.1.72 78 .1376 .0012 208.2
36. 3.68199 .11.61 .0 011 220.7
38. 3. 89081. .151.5 .0011 233,3
l»0. It. 09939 .1630 .0010 21.5.8
<»2. I.. 30768 .1711. .0010 258. 3

if<f. '..51576 .1798 . 0 009 2 70.8
<»6. 1*. 72366 .1882 . 0 009 283. 3

<»8. I.. 9311.0 .1965 . 0 00 3 295.8
SO. 5.13901 .201.9 . 0 003 308.1.

52. 5. 3'«6i.9 .2132 . 0 0 03 321.0

56. 5.76116 .2299 . 0 0 0 7 31.6.5

60. 6.17550 .21.66 . 0 007 372.3
65. 6.69306 .2671. . 0 006 1.05. 3

70. 7.21030 .2881 . 0 006 1.39.1*

75. 7.72730 .3083 . 0 005 1*71*.

9

80. 8.21.410 . 3296 . 0005 512.0
93. 9.27725 .3710 . 0 00 1. 592 .0

100 . 10.30996 . 1.123 . OuCi. 630.5
110. 11. 31.235 .1.537 . 0 001. 777.1*
120. 12. 371.51 .1.950 . 0 00 3 832.2

130. 13. 1.061.9 .5363 . 0 003 993.5
li«0. 11.. 1.3833 .5776 .0003 1109.8
160. 16.50171 .6602 . 0 003 1351.0
180. 18.5 61.81 .71.28 . 0 002 1 5 95 .

5

200. 20.62771 .3253 . 000 2 1837.1
220. 22.6901.8 .9079 . 0 002 2 0 72.9
zka. 21.. 75311. .9901. . 0 002 2302.1.
260. 26.81572 1. 0 729 . 0002 2526.

3

280 . 28. 87821. 1.1551. . 0 001 27'*5. 7

300. 30.9381.2 1.2378 . 0001 2 9 61.6

350. 36.091.05 1. 1.1.1.1 . 0001 31*91 .5
<<00. 1.1 .21*955 1.6503 . 0 0 01 1*011*. 5

i*sa. 1.6.1.01.96 1. 3565 .0 001 1.531*. 3

500. 51.5 60 32 2.0627 . 0 001 5055.1
550. 56. 71565 2.2690 . 0 001 5575.

1

600 . 61.87095 2.1.752 . 0 0 0 1 6 0 96. 0

700 . 72.1811.9 2. 3876 . 0 0 01 7li*0 .9
600. 82.1.9200 3. 3000 . 0 001 8193.1.
900. 92.3021.8 3.7121. . 0 00 0 9256.7

10 00 . 103. 11291. i». 121*9 . 0 000 10333.9

1200. 123. 73385 1.. 91.97 . 0 00 0 1251*1*. 2

ii«oa. 11.1.. 35526 5.771*5 . 0 00 0 11*837.5
1600. 161.. 982 69 6.5991. . 0 00 0 17223.

9

1600. 185.61.921. 7.1.21.2 . 0 00 0 19737.9
2000. 206.1.8386 8.21.90 . 0 000 221*98. 0

2200. 227.85367 9.0739 . 0 003 25791*.

5

2'»00. 250.58802 9.8987 . 0 0 00 30232.6
2 600. 276.25686 10.7235 . 0 000 36821.5
2800. 307. 1. 1.190 11.51.8'. . 0 000 1*7030.5
3000. 31.7.85821 12.3732 . 0 00 0 62713.5

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUMO

KJ/KG KJ/KG-K KJ / KG-K M/S

- 30 8. 1. 1*. 967 1*, 63 6.38 1261 .

-307,2 5.0 55 1* . 72 6,50 1250

.

-3 00.5 5.517 1., 92 6.99 1212 .

-293.2 5.931. 5.12 7.I.I. 1187 .

-285 .

5

6 . 1.50 5.30 7,92 1163

.

-281.5 6.633 5. 39 8.15 1151.,
171.3 32.566 6.31* 11. 20 338,
176,9 32.882 6.32 11.10 31.3,

188.0 33. 1.73 6.28 10.96 351*.
193.9 31*. 3 38 6.25 10.86 364,
209. 7 31*. 566 6.25 10.79 3 71*.

220. 1* 3 5. 3 66 6. 21. 10.73 384.
231.2 35.51.2 6 .23 10.63 393 .

21*1 . 3 35. 996 6. 22 10,61. 1.02.

252.1* 36.1.30 6.22 10 , b 1 411 .

263.0 3 6 . 8 1.5 6.22 10,53 419.
273.6 37.21*1* 6.21 10.56 427.
281*.

2

37.623 6. 21 10.51. 436.
291*. 7 37. 993 6.21 10,52 444 .

305.2 38.3 51* 6 . 21 10,51 452,
315.7 38.698 6.21 10 . 1.9 459 .

326.2 3 9.031 6.21 10 . 1.8 467 .

336. 7 39. 353 6.21 10 . 1*7 474.

31.7 .

1

39.666 6.20 10, 1.6 482 ,

368. 0 1.0. 263 6.20 10 .1.1. 496 .

338,9 1*0, 827 6. 20 10, 1.3 510.
1.09.7 1.1. 362 6.21 10.1.2 523.
1.30. 6 1.1.370 6.21 10.1.2 536.
1.51 . 1. 1.2 . 355 6.22 1 0 . i» 2 549 .

(,72, 2 1.2 . 31 8 6.23 10 . 1.2 561 .

1.93.

1

1*3.262 6.25 10 . 1(3 5 73.
51'.. 0 1*3 . 688 6.27 10 . 1.5 584.
5 3'. . 9 1*1. . 0 93 6.30 1 0 . 1.

7

595 •

5 76.9 1*1.. 8 77 6.38 10.55 616 .

619.3 1.5 , 6 08 6 . 1*9 10.65 636 .

673. 0 1.6, 1.68 6 . 69 10.31* 653 .

727 . 3 1.7. 230 6. 91* 11.09 679 .

731., 0 1.8,351. 7. 21* 11. 39 697.
S'.l, 8 1.8, 300 7.60 11.71* 714.
963.1 50.229 8.1*1 12. 51* 744.

1092.9 51.5 95 9.27 13.1*1 772.
1231.1 52.909 10.10 11*. 21* 300 .

1 377,2 51.. 180 10.83 11.. 96 827.

1529.3 55.1.01 ll.itO 15,53 855.
1687.

3

56.568 11.32 15,95 363.
2011.1 58.730 12.21 16 ,31. 940.
2333.1 60.656 12. 19 16,31 997.
2662.2 62.362 11. 91. 16.07 1054.
2930.

5

63.883 11.63 15.76 1109.
3292.5 65.237 11.33 15.1.5 1162.
3599.0 66.1.61* 11.07 15.20 1213.
3900.

3

67,583 10.37 15.00 1262.
1*199.

1

66,612 10. 72 11.. 31. 1309.

4935.3 70.881 10.51 14. 63 1418.
5664.5 72.830 10.42 14.55 1518.
6391.

0

74.542 10.40 14.53 1611.
7117.5 76. 072 10. 40 14.52 16'i. .

7843.7 77.456 10.41 14.53 1780.
8570.9 78.720 10.42 14.55 1859.
10028.

2

80.968 10.43 14. 61 2006.
11493.1 82.922 10.57 14.70 2142.
12968. 3 84.659 10.70 14.82 2263.
14458.5 86.231 10.36 14.98 2386.

17493.5 88.985 11. 24 15. 37 2601.
20611.7 91.392 11.69 15 . 61 2795.
23823 .3 93.513 12.19 16.32 2972.
27163.9 95.442 12.96 17.12 3132.
30 757.4 97.400 14.65 18.92 3264.
34908.6 100.047 18.39 22.99 3368.
40256.2 103.415 25.83 31.25 3460 .

47871.8 107,759 38.39 46.11 3564.
59328.2 113,389 59.13 70.0 7 3694.
76627.

9

120,644 86.94 104. 52 3853.

• THO-PHASE BOUNDARY
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TftBLE 2

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNIT3)

.Ok MPA ISOBAR

iPERATURE DENS ITY V(OH/Oy/>„
r

\/(DP/OUI„ -
V

V«OP/0\/»T.
1

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 10^

13. 81<» 77. 03'«fl 619.8 .2561.6 89. 7200
l"*. 76.8696 613.6 .25'.83 87.2391
15. 7 6.0 '3 3 605.3 .2'.280 78.6773
16. 75. 138'4 608.

0

. 23158 72. 800 3

17. 7'^.18'^9 60 7. < • 2225'. 67.1585
17. 1*97 73.6915 608.9 .21861 f>i*. 8893
17. '97 .56tt7 170 .9 .06672 . 0378
18. .5661 176.3 .06682 .0379
13* . 5328 187.1 .0669'^ . 0332
23 . . 50 3 * 197.9 . 06700 . 0385
21. .'773 208.7 .06702 . 0367
22. .1.539 219.5 . 067u2 . 0 388
23. .'328 230.3 . 06701 . 0389

21*. .'137 2i^l.u .06700 .0391
25. .3962 251.7 .06698 . 0392
26. . 3802 262. < .06697 . 0392
27. .3655 273.0 .06695 .0393
2S. .3519 233.6 . 06691. . 0391.

29. .3393 29'^.2 .06692 .0391.
1 9 7 t 30 'i* 7 . 066 91 • 0 3 9 5

31. .3166 315.3 . 06690 . 0395
32. .3065 325.8 .06688 . 0396
33. .2969 336.3 .06687 .0396

3(f. .2880 3'^6.8 .06686 . 0396
36. .2716 367.8 .06683 . 0397
38. .2570 338.9 .06679 . 0397
1*0. .2'.39 i^09.9 .06671. . 0398
<»2. .2321 i^31.1 .06666 . 0398
1*1*. .221<^ •52.3 .06655 . 0398
'*6. . 211

7

1.7 3.8 . U D D H U . 0398
1*6. .2026 1.9 5.5 .06620 . 0399
50. .19'46 517.5 .06595 . 0399
52. .1870 51.0.0 .06561. . 0399

56. .1736 586.1. . 061.80 . 0399
60. .1619 635.1. . 06366 . 0399
65. .l't9'» 701.2 . 06182 . 0399
70. .1387 772.9 .05957 .O'.O 0

75. .129'. 851.2 .05705 .O'.OO
60. .1213 936.5 .051.39 .01.00

90

.

.1078 1126.8 . 0 1.9 1

3

. 01.0 0

100. .0970 1338.9 . 0'.'.53 . 01.00

110. . 0882 156'^.2 . O'.O 87 . 01.00

12D. .0808 1793.6 .03813 .coo

130. .0 71.6 2018.0 .03621 .01.00

11*0. .0693 2231.8 . 03'^93 .01.00
160. .0606 2 613.6 .03380 .01.00
180. .0539 2 93 6.1 .03387 . 01.00

200 . .01.85 321'^.

3

. fl3'^55 .01.00
220. .Oi^'.l 3'^66 .8 . 035'^8 .O'.OO

. 0 '.0 ' 3 709.3 • 0 36

2

• 0^00
260. .0373 3952.

1

.03726 .01.30
280. . 031^6 '199.7 . 03795 . 01^00

300. .0323 ! '51^.0 .038'.9 .01.00

350. . 0277 5122.2 .03926 . 01.00

.021.2 5823.6 .03957 .01.00

<»50. .0215 6539.2 . 0396'. . 01.00

503. .0191^ 7263.1 .03966 .01.00
550. .0176 7991^.2 .03963 .coo
600. .0162 8730.

5

.03957 . 01.00

700. .0139 1022^.7 .03935 .01.00
600. .0121 1175 3.i^ .03901 .01.00

900 . .0108 133i^2.3 .03855 .01.00
1 0 0 0 . .0097 11.981..

a

.03798 .01.U0

1200. .0081 181. 1.2. ! .03668 . 01.00
litOO. .0069 2211.0.9 .03528 . 01.00

1600. .0061 26108.0 . 0338'. . O'.OO

1800 . .0051^ 30811.3 .03183 . coo
2000. .001^8 37799.5 .02819 . COO
2200. .OQi^i^ 50363.1. . 02253 . 0398
2'»00. .001^0 71.073.9 .01617 . 0395
2600 . .00 36 116351.6 .01093 . 0368
2800. . 0033 181.231.3 . 0071^2 .0376
3000. .0029 279107.0 .00533 . 0356

(0«/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K W/K-M KG/M-S SQ M/HR
X 10^ X lu7

. 01029 72. 76 255.02 . 0005 3 1.25161. 2. 2361.

.01059 71.. 63 21.8 .30 . 0005^ 1.25106 2.1611

. 01151. 83.08 219. 62 .00 056 1.21*816 1.838 7

.01223 88.91 191.. 63 .00057 1. 21*1*98 1. 6280

. 01301. 92. 73 175.22 .00057 1. 21*161. 1.1*961

.01333 91.. 22 166. 69 .00056 1. 23991 1.1*1*31

.06552 11.. 61 9.58 .00803 1.00176 . 7338

. 06297 1'.. 83 9. 86 . 0 C 8'.9 1. 0 J 1 71 .7391

. 05858 15. 27 10.1.1 . 00 91.1 1. 00161 .71*70

. 051.8 7 15.86 12 .95 . OlQiti. 1.00152 . 75 0 3

. 05167 16.62 11.1.9 .01162 1.0011*1* . 71.60

. 01.887 17. 39 12.03 .01285 1.03 137 . 71.20

. 01.639 18.16 12.55 .011.1'. 1.00130 . 7383

. 01.1.16 18.9't 13.07 .0151*9 1.03125 .731*3

. 01.216 19.72 13.59 .01689 1.00119 .7313

.01.031. 20. '.9 11.. 10 .01831. 1. 03115 . 7282

.03369 21.27 11.. 61 .01981. 1. UJ 110 .7252

. 03717 22. 0'* 15.10 . 02 m

c

1.03106 . 7222
.03577 22.82 15.60 .02301 1.00102 .7192
. 0 31*1.7 23.59 16.09 .021.68 1. 03099 . 7163
. 03328 2'^.29 16.57 .02632 1.03095 .7157
.03216 2i^. 98 17.15 .02801 1. 00 092 .7150
. 03112 25.68 17.52 . 02971* 1.00039 .711.2

. 03015 26. 38 17.99 .03151. 1. 030 87 . 7131

. 02838 27. 78 13.91 .03527 1.03082 .7106

.02682 29. 19 19. 81 .03920 1. OJ077 . 7079

. 0251.2 30.59 20. 70 . 01*332 1. 00 0 71* . 7051
• 0 2^16 T 1 Q ft t 1 • -> J

1 air 7n • 7^24
.0 23 03 33. 38 22. 1.2 .05209 1. 0J067 .6998
.02200 3i^. 77 23.26 . 05671. 1. OOO&i* .6972
.02106 36.17 21.. 09 .06155 1. 00061 .691*8

.02019 37.56 21.. 90 .06650 1.00059 .6927

. 0191.0 38.96 25.70 .37159 1. 03056 .6909

.01799 'I. 75 27.26 .06211 1.03052 . 6886

. 01677 1.I..61 28.78 .05309 1 . 00 0 1*9 .6672

.0151.6 1.8.1.8 30.61 .1C776 1. 0 3 0 1*5 .631.5

. 011.31. 52. 35 32.39 .12257 1. 00 01*2 . 6360

.01338 56.21 31.. 12 • 1 3 73 2 1.00039 .6912

. 01253 60. 12 35. 80 .15200 1. 03337 .6990

.01113 70.03 39. 03 .1861.3 1. 03 0 32 .6992

.01001 79.91. 1.2.12 .22128 1.03029 . 70 61.

.00910 92. 15 1.1.. 71. .261*31 1. 00027 .6912

. 00831. 102. 79 1.7.58 .3 C613 1. 00 0 21* .6921.

.00770 112.81. 50.33 . 35061. 1.00022 .6927

. 00 715 121.79 53.00 .39695 1.330 21 . 691.0

. 00625 136. 36 53. 11. • 1.9582 1. 03018 .6966

.00556 11.7.53 63. 06 .601.1.5 1.03016 .6973

.00500 156.63 67,60 .72373 1.03 0 15 .695 7

.001.55 161.. 61 72.38 .85332 1. CJ013 .6929

. 001.17 172. 06 76. 82 .99216 1. 00012 .6900

.00385 179. 33 81. 15 1.13907 l.ObJll .6877

. 00357 186. 58 85. 35 1.2931.3 1.00310 .6861

.00333 193.39 39.1.8 l.i.5<.7i» 1.03010 .6851

.00286 212. 51 99. 1.0 1.36705 1.03006 . 681* I*

.00250 231.1.0 109.86 2. 3B171. 1.03007 .681*5

. 00222 250. 21. 117.95 2.37721* 1.00006 .681*8

.00200 268 .83 126.70 3.1*3558 1.03006 .681*5

. 00182 287. 09 135. 18 1*. 33331 1 . 0 3 0 05 . 681*3

. 00167 305. 02 11.3.1.0 1*. 66957 1.00035 .661.0

. 0011.3 31.0. 16 159.23 6. 05210 1. 000 31* .6837

.00125 371.. 85 171.. 35 7.571*53 l.GuOOi* .6836

.00111 1.09.59 188.89 9.23129 1.03003 . 6836

. OClOO 1.1.1.. 69 202. 95 11.01733 1.30033 .6836

. 00083 511. 16 229. 87 11.. 81632 1. 303 32 .6911

.00071 583. 96 255.1.9 19.19995 1.00002 .6919

.00062 661. 59 280.05 21*. 08132 1.00002 . 690 7

.00056 763. 23 303. 68 29. 79266 1.00002 .6612

. 00050 91.7. 66 326. 53 37.23361 1.003 01 .6519

.0 001.6 1339.80 31.5. 36 1.7.791.99 1. 00001 .5927

. 0001.2 211.7. 32 367. 77 61. 98178 1. 000 31 .5353

. 0001.0 361.5. 65 3 91. 22 78.621.33 1. 03 0 ul .1.91.9

. 00038 6093.91 1.16. 61 96.26162 1.00001 .1.790

. 00037 951.1. 08 1.1.3. 87 111..2C189 1.03001 .1.667

• THO-PHASE BOUNDARY
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TSBLE 2

THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.06 HPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL
DERIVATIVE DERIVATIVE ENERGY

MP A/K KJ/ KG"K

13.821 .01298 1.1660 .9239 -3 08.9
11*. .01301 1.1380 .9239 -307.7
15. .01315 1.0367 .9090 -301.0
16. .01331 .9709 .8912 -293.8
17. .013<>8 .9073 .8761 -286.1
18. .01366 .81.60 .8616 -278.0
18.621 .01378 .811.7 .8521. -272.6
18.621 1.192 70 .0663 . 0036 107.6
19. 1.2217«» .0682 .0035 110.2
20 « 1 • 2 97'»3 .0732 • 0 0 3 3 117.0
21. 1.37208 .0780 . 0031 123. 7

22. l.it'f595 .0828 .0029 130.3
23. 1.51921 .0875 .0028 136.9

2i>. 1.59196 .0921 .0026 11.3. 1.

25. 1.66'»30 .8966 . 0 025 11.9. 8

26. 1.73629 .1011 .0021. 156. 3

27. 1.80798 .1056 . 0023 162.7
28. 1.8791.1 .1101 .0022 169.1
29. 1.950 62 .111.5 .0021 175.1.
ou • C •U C± OC 1 1 AQ• i. 1. O 7 • U U C 1.

i A 1 A1 0 X • O

31. 2.fl92'»5 .1232 . 0 020 188.2
32. 2.16313 .1276 .0019 191..

5

33. 2.23367 .1319 .0019 200. 8

3<». 2.30(t08 .1363 .0018 207.1
36. 2.'»'»'»57 .11.1.9 .0017 219.7
38. 2.58«f70 .1531. .0016 232.3
<>0. 2.721*52 .1620 .0015 21.1..

9

1*2. 2.86(*09 .1705 .0011. 257.1.
hh. 3.ao3l•^ .1789 .0011) 270. 0

<»6. 3. l'»260 • 1871. .0013 28 2.6
l»8. 3.28161 .1958 .0013 295.1
50. 3.i»20<»7 .201.2 .0012 307, 8

52. 3.55922 .2126 .0012 320.1.

56. 3.S36<»1 .2291. .0011 31.5.9

60. <». 11327 .21.61 .0010 371.8
65. '.'»5897 .2670 . 0009 1.01..

8

70. i».80«»37 .2878 . 0 009 1.39.0

75. 5.1<»951 .3086 .0008 1.71..5

80. 5.<t9<»(»6 .3291. . 0 008 511.7
c 1 AT on n n n 7

• u u U r !> 7 1 • 1

100. 6.87291 .1.123 .0006 680.2
110. 7.56159 .1.537 . 0005 777.2
120. 8.25003 .1.951 .0005 382.0

130. 8.93831 .536". .0005 993.3
litO. 9.626<»i« .5777 .0001. 1109.6
160. ii.ao2<«i .6601* .0001. 1350.8
180. 12.37810 .71.30 . 0003 1595.1.
200. 13.75359 .8255 . 0003 1837.0
220. 15.12893 .9081 .0003 2 0 72.8
2'tO. 16*5 1

6

. 9906 . 0 003 2302* 3

260. 17.87935 1.0732 . 0 002 2526.3
280. 19.25<»l»6 1.1557 . 0 002 271.5.6
300. 20.62801 1.2381 .0002 2961.5

350. Z".. 06523 1.1.1. 1.1. .0002 31.91.5
i«00. 27.50233 1.6506 . 0 002 1.011..

5

if50. 30.9393i» 1. 8568 . 0001 1.531..

7

500. 3i«. 37630 2.0631 .0001 5055.1
550. 37.81322 2.2693 . 0001 5575.

0

600. '.1.25012 2.1.755 .0001 60 96.0
700. 1.8.12386 2.8879 . 0 001 711.0.9
800. 51.. 99756 3. 3001. . 0 001 8193.1.
900. 61.87123 3.7128 . 0001 9256.7

1000. 68.71.1.89 1..1252 .0001 10333.9

1200. 82.1.9218 1..9501 .0001 1251.1..

2

li»00. 96.23973 5.771.9 .3000 11.837.3
1600. 109.99056 6.5997 . 0 000 17222.2
1800. 123.76268 7.1.21.6 .0000 19726.6
2000 . 137.62628 8.21.91. . 0000 221.1.6.6
2200. 151.78122 9.071.2 . 0000 25616.5
2<>00. 166.67898 9.8991 . 0000 29730.3
2600. 183.171.73 10.7239 .0000 35611.7
2800. 202.67903 11.51.87 .0000 1.1. 1.65.1.

3000. 227.21.916 12.3736 . 0 000 57839.5

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

-308.1 1..967 1..68 6,38 1261.
-306.9 5.052 1..71 6.1.9 1252.
-300 .2 5.511. I..92 6,99 1213.
-293.0 5.980 5.12 7.1.3 1188.
-285.3 6.1.1.7 5.30 7,91 1161..
-277.2 6.911. 5.1.7 8. 1.2 111.1.
-271.8 7.205 5.56 8.72 1130,
179. 2 31. 1.30 6 .1.1 11 .53 31.5 .

183.6 31.662 6.38 11.1.3 350.
191..

9

32.21.3 6,33 11.23 360 .

206. 0 32.787 6.29 11.09 371.
217.1 33.300 6,27 10.98 381.
228.0 33.787 6.26 10.90 390.

238.9 31.. 21.9 6.25 10.83 1.00.

21.9.7 31.. 690 6.2<* 10.78 1.09.

260. 1. 35.112 6.23 10.73 1.17.

271.2 35.516 6.23 10.70 1.26.

281.8 35.9 05 6,23 10.66 1.31.

.

292.5 36.278 6.22 10, 63 1.1.2 .

303.1 36.639 6.22 10,61 1.50.

313.7 36.986 6.22 10.59 1.58.

321..

3

37.322 6.22 10,57 1.66.

331..

8

37,61.7 6.21 10.55 1.73.

31.5.1. 37.961 6.21 10,53 1.81.

366.1. 38.563 6.21 10.51 1.95.

387.1. 39.130 6.21 10.1.9 509.
1.08.1. 39,668 6. 21 10,1.7 522.
1.29.3 1.0.173 6.22 10 . 1.6 536 .

1.50. 2 1.0.665 6,23 10. 1.6 51.8.

1.71.1 1.1.129 6. 21. 10.1.6 561.
1.92.0 1.1.5 75 6.25 10,1.7 572.
513.0 1.2.002 6.26 lO.t.8 581..

531.. 0 1.2.1.11. 6,30 10.50 595.

576.1 1.3.191. 6.38 10.57 616.
618.6 1.3,927 6,50 10. 67 636.
672.1. 1.1..788 6.69 10.36 658,
727.3 1.5.601 6, 91. 11,10 679.
783.5 1.6.377 7.21. 11. 1.0 697.
81.1. 3 1.7,121. 7.60 11.75 711..

962. 8 1.8.553 8.1.1 12 .55 71.1..

1092.6 1.9.920 9.27 13. 1.1 772.
1230.9 51.235 10,10 li». 21. 800.
1377.0 52.506 10.33 11.. 96 827.

1529.6 53. 728 11.1.0 15.51. 855.
1687.2 51.. 895 11.82 15.95 883.
2011.0 57.056 12.21 16.3'. 91.0.

2338.1 58.983 12,19 16.31 997.
2662.2 60.690 11.91. 16.07 1051..

2980.5 62.207 11, 63 15.76 1109.
3292.6 63.565 11. 33 15,1.5 1163.
3599.0 61.. 791 11.07 15.20 1211..

3900.9 65.910 10.87 15,00 1263.
1.199.2 66.91.0 10.72 11.. 65 1309.

1.935.1. 69.2 08 10.51 11.. 63 11.18.

5661..

6

71.157 10.1.2 11., 55 1518,
6391.

1

72.870 10,1.0 11.. 53 1613,
7117.7 71.. 399 10.1.0 11., 52 1697,
781.3. 8 75.761. 10 .1.1 li»,53 1780.
8571.0 77.01.8 10.1.2 11.. 55 1859.

10028,1. 79.295 10.1.6 li»,61 2006.
111.93.3 81.250 10.57 11.. 70 211.2.

12969.0 82.987 10. 70 11.. 82 2268.
11.1.58.6 81.. 559 10.36 11.. 98 2386.

171.93. 7 87,312 11. 21. 15,37 2601.
20611.7 89.720 11,69 15, 31 2795.
238 21.7 91.81.0 12.17 16,30 2973.
27152.3 93.763 12.87 17.02 3131..

30701..

2

95.699 11., 31 18, 56 3271.
31.723.3 98.281. 17.1.3 21.91. 3380.
39731,

0

101.505 23,57 26.71. 31.73.

1.6602.2 105.552 31., 31. 1.0,91. 3571..

56626.1 110.651. 51,16 60 , 63 3696.
711.71..

U

117.065 71., 57 89.35 381.5.

• THO-PHASE BOUNDARY
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T&BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN JISOSARS, SI UNITS)

.06 HPA ISOBAR

HPERATURE DENSITY
P

V<'OP/DU),,
V

-VtOP/DV)^

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 102

13.821 77.01*55 620.1* .2561*1* 89.8311*
1<«. 76. 8869 611*.

7

. 251*86 87.1*981
15. 76.0618 606.0 .21*296 78. 8559
16. 75.1582 608.7 . 231 73 72.9692
17. 71*. 2067 608.1 .22269 67.321*3
18. 73.2096 605.0 .21517 61. 9320
18. 621 72.561*5 601*.

7

. 21108 59.1157
18.621 .8381* 17 8.9 . 06666 . 0556
19. .8185 19 3.1 .06678 .0558
20. .770 8 191*.

0

.06699 .0561*

21. . 7288 235.0 .06709 . 0569
22. .6916 215.9 .06711* . 0573
23. . 6582 226.9 .06715 .0576

Zi*. .6282 237.8 .06711* .0578
25. .6009 21*8.6 .06713 . 0581
26. .5759 259.5 .06711 .0582
27. .5531 270.3 .06709 .0581*

28. .5321 281.0 .06707 . 0586
29. .5127 291. 7 .06705 .0587
30. . 1*9'* 7 302.1* . 06703 . 0588
31. .1*779 313.1 .06701 . 0589
32. .1*623 323.7 .0670Q .0590
33. .1*1*77 33"*.

3

.06696 .0591

.1*31*0 31*1*.

9

.06697 .0591
36. .1*091 366.1 . 06693 . 0593
38. .3869 387.3 .06689 . 0591*

1*0. .3670 1*38.5 .06683 . 0591*
1*2. .31*92 1*2 9.7 .06671* . 0595
kit. .3330 1*51.1 . 06663 . 0596
<*6. . 3182 1*72 .6 . 0661*8 . 0596
1*8. .301*7 1*91*. 1* .06628 . 0597
50. .292<» 516.5 . 06602 .0597
52. .2810 539.0 . 06571 . 0597

56. .2607 585.6 .061*86 . 0598
60. .21*31 631*.

6

.06372 . 0598
65. .221*3 700.5 .06187 . 0599
70. .2081 772.3 . 05962 . 0599
75. .19<»2 850.7 .05709 . 0599
80. .1820 936.0 .051*1*3 . 0599
90. .161 7 1126.

3

.01)916 . 0600
100. .11*55 1338.5 .01*1*56 .0600
110. .1322 1563.9 . 01*089 .0600
120. .1212 1793.3 .03815 . 0600

130. .1119 2017.8 .03622 . 0600
.1039 2231. 7 .031*91* . 0600

160. .0909 2613.7 .03381 . 0600
180. .0808 2936.2 .03388 . 0600
200. .0 727 321 1*.5 . 0 31*56 . 0600
220. .0661 31*67.1 .0351*8 .0600
2<»a. .0606 3 70 9.7 . 0361*3 . 0600
260. • 0559 3952.5 . 0 3727 .0600
280. .0519 1*2 0 0 .1 .03796 . 0600
300. .01*85 1* 1*51*.

5

.0381*9 . C600

350. .01*16 5122.7 . 03926 • 0600
<*00. .0361* 5821.2 . 03957 . 0600
<»50. .0323 6539.7 .0 3965 . 060 0

500. .0 291 7263.

7

.03967 . 0600
550. .0261* 7991*.

7

.03963 . 0600
600 . .021*2 8731.1 .03957 . 0600
700. .0208 10225.3 .03936 . 060 0

800. .0182 11 759.

C

.03902 . 0600
900. .0162 1331*3.0 .03855 . 0600

1000. .011*5 11*981*.

6

.03799 .0600

1200. .0121 181*1*2.9 .03669 .0600
1<*00. .0101* 22138.5 .03529 . 060Q
1600. .0091 26078.9 .03389 . 0600
1800. .0081 30636.3 .03206 . 0600
2000. .0073 37079.7 .02885 . 0599
2200 . .0066 1*8100.2 .02375 .0598
21*00. .0060 68233.5 .01768 .0591*
2600. .0055 103863.6 .01231 . 0585
2800. .001*9 161208.9 . 0081*9 .0570
3000. . 001*1* 2i*32'*5.'* .00610 . 051*1*

THO-PHASE BOUNDARY

(DV/DD/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
" CONOUCTItflTY DIFFUSIVITY CONSTANT NUMBER

1 /K W/ K~ M KG / M~ S cn M /H P

X 10^ X 10^

. 010 28 72 . 81* 255. 11* .00053 1 a 25168 2.2350

. 01056 71*. 65 21*8. 65 .00051* 1.25112 2.1620

.01153 83.11 219.92 .00 056 1 . 21*8 22 1 • 31* u 1

. 01221 8 8.95 191* . 90 .00 05 7 1 . 21* 5 0 5 1.6289

.01301 92.77 175. 1*7 .00 05 7 1 , 21*1 72 1 . 1*96 3

. 01391 95. 1*6 159 . 1*7 .00056 1. 23323 1 . 1*0 6 2

. Oil* 1*2 96.52 150.87 .00055 1.23598 1.3&2S

. 0&i*'*& 15. 1*3 10.26 . 00571* 1. 00253 . 7667

. 0621*6 15. 58 1 0 . 1*7 • 0 0 5 9 9 1 • 0 0 2 1*7 . 7681

. 05790 16.11 11.01 .00670 1 . 0 u 2 3 2 . 7673

. 051*10 16. 81* 11.55 .00750 1.00220 .760 0

. 050 86 17. 59 12.06 . 0 0 8 3 1* 1 . 0 3 2 0 9 • 753 9

. 0 1*8 0 1* 18.35 12.60 .00921 1.00198 . 7 1* 8 6

. 01*556 19.11 13.12 . 01011 1.00189 . 71*3 6

. 01*335 19.88 13 • 61* .01105 1 . 0 0131 • 73 91.

. 01*1 3 7 20 . 65 11*. 15 .01202 1. 00171* . 7355

.03958 21.1*1 1U.65 .01303 1.00167 .7318

.03791* 22.18 15.15 .011*07 1.0016C .7283

. 0361*5 22. 91* 15 . 61* .01515 1.00155 • 721.9

. 03508 23. 71 16. 13 • 0 162 7 1 . u 0 1 1*9 .7215

. 03381 2 1* . 1* 0 16 » 61 .01737 1 . 0 0 1 1*1* .72 01*

.0 3261* 25.10 17.08 .01650 1.00139 .7193
• 03155 25. 79 17.56 .01966 1.03135 .7181

• 03053 26. 1*9 18.02 .02066 1. 00131 .7167
. 02870 27. 89 18 . 91* . 02336 1,00123 .7137
.02707 29.28 19. 85 .02599 1.00117 .7106
. 02563 30. 68 20.73 . 02871* 1.03111 .7071*
.021*31* 32. 07 21.60 .03161 1. 00135 .731.1.

. 023 18 33. 1*7 22 • 1*5 • 0 31*6 0 1 . ii n 1 n f1X . U U X u u .7015

. 02213 31*. 86 23.29 .03771 1,00096 .6936

. 02117 36. 25 21*. 12 . 3 <*09

2

!• 00092 . 696 2

.02029 3 7.61* 2 1* . 93 • 0 1* 1*2 3 1 . n n n ftX • u u u 0 . 691.

0

. 0191*8 39.03 25. 72 . 0 1* 76 2 1,00085 .6921

. 018 05 1* 1 . 8 2 2 7.28 . 051*65 i t 0 0 0 79 . 6895

.01682 1*1*. 68 28.60 .0 5196 la 00073 . 6380

. 01550 1*8 . 51* 3 0.63 • 07177 1 • 00 0 68 .6651

. 011*37 52. 1*1 32.1*1 .08166 1.00063 .6365

.0131*0 56.26 31*. 11* .09150 1.00059 .6916

. 012 55 60.17 35 . 82 • 1 C 1 3 C 1 • 0 0 0 5 5 .6991.

. 01111* 70.07 39.05 . 1 2 1* 2 8 1 • 0 u 0 if 9 . 6995

. 01002 79. 96 1*2. 13 • 11*753 1 • 00 0 'U . 7366

. 0 0911 9 2.16 1* 1* • 75 . 17 617 1 - n n n u TiJ. . u u u ^ u .6911.

.00 831* 102. 81 1* 7 . 5 8 . 2 Dl* 0 7 1 - n ii n 7X • u u u 0 1 . 692 5

. 00 770 112. 85 5 3.33 .23375 1 . r, n n 7 uX . U U U 0 H .692 8

. 00 715 121. 6 0 53.00 . 2 61*61* 1 n i'l n 7

1

X • u u u 0 X . 69 1.

1

. 00625 136. 38 58.1!* . 33056 1 * n n ii ? 7J. . U U U c. r .6967

.00556 11*7.51* 63.06 .1*0300 1. Oj 0 21* . 6973

. 00500 156. 61* 67. 80 .1+8253 1. 00 0 22 .6957

.00 1*5 5 161*. 61 72 .38 .5639** 1 n iT n 7 n .6929

. 001*17 172 .07 76 . 82 .66151 1 - nn fi 1 ftX . u u u i, 0 .6930
* U U J 0 7 179. 31* 81 .15 . 7 5 91* 6 1 . 0 D 0 1

7

.6877
. 0 J 35 7 18 6. 59 85.35 .35238 1 - n D n 1 6 .6861
. 00 333 19 3. 90 89 . 1*8 . 96 99 3 1 . 00 015 .6851

. n (1? ft 6 212. 51 99 . 1* 0 1 . 25816 1 - nn n 1 T . 6 8 1.

5

. 0 0 250 2 3 1 . 1* 0 1 0 8 . 6 6 1 . 5 7 1*6 1* X . U u U X X . 6 3 1.

5

. 0 0 2 22 250 . 21* 1 A » . 7y 1.91833 X . u U U X u . 6 8 1* 8

. 00200 268.83 126. 70 2.2905 7 1.00 0 09 .681.5

. 00132 287.09 135. 19 2.6890 8 1.00008 .631*3

. 0ul6 7 305. Q2 11*3.1*0 3.11327 1. 00 0 07 .681*0

. 0011*3 31*0.16 159. 23 1*. 0 31.98 1.00036 .6337

. 00125 371*. 85 171*. 35 5.01.996 1.00005 .6836

. 00111 1*09. 59 188.89 6. 151*50 1.03005 .6836

.30100 1*1*1.. 69 202.95 7.31*525 1. 000 01* .68 38

. 00033 511.15 229. 87 9.87786 1. OOOQi* .6911

. 00071 583. 83 255.1*9 12.79276 1.00003 .6919

.00062 660. 1*1 260. 05 16. 01*1*31 1. 00 0 03 .6911

.00056 756. 37 303.68 19. 79668 1.30002 .6835

.00050 920. 05 326.51 21*. 56292 1.00032 .6586

. 0001*6 1253. 19 31*5. 27 31.20707 1. 00 0 02 .601*5

. 0001*2 1927. 32 367.1*9 1*0.231*11 1.00002 .51*61

. 00039 3173. 88 390.51 51. 12170 1.00002 .5037

.00038 5228.09 1*15.22 62.92138 1.03001 .1*815

.00037 8196.95 1*1*1.99 75. J5i*28 1. CjOOI .1*818

6-U



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

.aa HPA ISOBAR

MPERATUKE VOLUnE IS OTHERM ISOCHORE INTERNAL
DERIVATIVE OERIVAT IVE ENERGY

K CU M/KG CU M-MPA/KG MPA/K K J/KG-K

13 • 82 3 • 0 1296 1.1672 .92'^1 - 3 C8 . 9

Ik • .013 00 1. 1'^ll . 92'.1 - 3 07 . 8

1S» . 0 13 lit 1.3366 .9 097 -3 01.1
16« .013 30 .9729 . 6919 -293.9
17. . 0 13'«7 . 90 92 .8768 -266.2
16 • . 01366 . d'^60 . 8 623 - 278 .

0

19 • .013 65 . 7 633 . 6'^ 70 -269. !
19. '»96 . 0 1 396 • 76'.3 . 8 38'^ -26'^. 9
1 9 • ^96 .92223 .0671 . 0 0'^7 110.9
20. .95189 .0696 .00'^5 lltj.S

21. 1.00981 .0750 ,Q0i*2 121. !
22 . 1.0 66 62 . 0800 . 0 0 ' 3 126.2
23. 1 . 12311 . 0 6*^9 . 0036 1 3'^ . 9

Zk * 1 . 178 85 • 0 8 97 . 0036
25 . 1.2 3413 . 0 9'^'^ . 0 0 3 < li^6 .

1

26. 1. 28903 . 0 990 .0033 1 5'.. 7

27. 1.3^3 61 . 10 36 .0031 1 61 . 2

2 3. 1 » 3 9792 . 1082 . 0 030 1 67, 6

29. l.'t5199 .1127 . 0 029 1 7'.. 1

30. 1.50585 .1172 . 0028 180.5
31. 1.55953 .1217 . 0 027 186.9
32. 1 .61305 . 1 261 .0 026 193.3
33 . 1 . 666 '»2 .13 05 . 0 025 199. 7

3'*. 1 .71967 • 1 3'.9 . 0 0 2 < 206.0
36. 4 O ^ C O O

. 1 * 37 . 0 023 218.7
38. 1 • 9 31 60 . 1 523 . 0022 2 31.1.

1*9 . 0 370 7 . 1610 . 0 020 2<^'^. 0

k2 . .1695 .0019 256.6
tfff • 2.2 '726 .17 61 .0 018 269.2
<t6. 2. 35206 .1 866 .0018 281.8
<>S. 2.1.5670 .1951 .0017 29'^.

5

50 . 2.56120 • 20 36 .0 016 3 0 7.1
52. 2.66558 . 2120 .0 016 319.8

56

.

2. 8 7'»0

3

.2289 . 0 0 1 ' 3'^5. *

60

.

3.08215 ,21*37 .0013 371.3
65 . 3 . 3'»1 9'» • 2 666 .0 012 'O'^.'^

70 . 3. 6 OliiO .2875 • 0 Oil '38 . 6
75 . 3.86062 . 30 ei^ .0011 '?'. 1

80

.

U. 1196'» . 3292 .0 010 511. 3

90. It. 63723 .3708 . 0 009 591. '

100. 5.15<*38 .'123 . 0 008 679.9
110. 5.67121 . '537 . 0007 776 .

9

1 20 . 6.1 8780 .'951 . 0 007 361. 6

130. 6 . 70 '22 .5365 . 0 006 993.

1

7 .22050 .5779 • 0 006 1109. <
160. 8 .252 76 .6605 . 0 035 1350.7
180. S • Z&k7k . 7 '32 . 000'. 15 95 .

3

20 0. 10.31652 .3257 . 0 00 ' 1 836. 8

220. 1 1 . 3'^817 . 90 83 . 0 00<. 20 72.

7

2(»0. 12.37971 .9909 .0003 2302.2
260. 13. '1117 1.0 73'^ . 0 00 3 2526.2
280. ii*. ''2 57 1. 1560 .0 003 27'.5.6
3 0 0. 1 5 . ! 72 80 1.238'^ . 0003 2961.5

350 . 18. 050 63 1 . '''7 . 0 00 2 31*91. 1*

tOO . 20 . 62 8 72 1.65 09 . 0 002 0 1'^. 5
l»50 • 23.20653 1.8572 . 0 002 '53'^. 7

500. 25. 78l^29 2. 0 63<^ .0 002 5055 .

1

550 . 28.362 01 2 . 2 696 . 0 001 5575.

0

600. 30 . 93970 2. '759 . 0 001 60 96. 0

700. 36. 0950l^ 2.8883 .0001 71i^0.9
600. '1.2503'^ 3.3007 . 0031 8193.'.
900. '6. '0561 3.7131 . 0001 9256.

7

1000. 51.5 60 86 '.1256 . 0 001 10333.9

1200. 61.87135 '.950'. .0001 125'^'^.

2

lif 00. 72.18199 5.7753 . 0 001 li^837. 2

1600. 82.'^9'^76 6.6001 .0001 17221.2
1800 . 92.82135 7.'^2'^9 . 0 000 19719.

8

2000. 103.20737 8.2'^98 . 0 000 221^15.9
2200. 113.782 62 9.07'^6 . 0 000 25510.3
2'«00. 12I^.6'^038 9.399'^ . 0000 29'.30.8
2600. 136.93628 10.72'^3 . 0000 3'^6'30.3

2800 . 150.98825 11.5'^9l . 0 000 '2933.9
3000. 166. 3'^'01 12.3739 . 0 003 5'^917.2

• TWO-PHASE BOUNDARY

6-]2

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

-307.9 '.968 '. 68 6.36 1262 .

- 306.7 5.050 1^.71 6.1.9 1253.
-300.0 5.511 '.92 6.98 121'..
-292.8 5.977 5.12 7.1.3 1189.
-285.

1

6.i^'^l^ 5.30 7.91 1165.
-276.9 6.911 5.1*7 8. 'I 11'.2.
-268.

3

7. 3 79 5.62 8.36 1117.
-263.

6

7.61'^ 5.69 9. 18 1111 .

18!^.7 30.623 6. '6 11. 8'^ 351.
190.7 30.923 6.'.1 11.38 356.
202.2 31. '87 6.35 ll.'^'^ 367.
213.6 32.015 6. 32 11. 27 378.
221*.

6

32.513 6.29 11 . 1'^ 388.

235.9 32.985 6.27 11. 0'^ 397.
2'*b.'3 33. '3'. 6.26 10 . 96 '06.
257.8 33.863 6. 25 10.89 l*iS.

268.7 31*. 273 6.25 10.8'. 1*21*.

279.5 3'^. 666 6.2t^ 10.79 '33.
290.2 35.0'.i^ 6.2^ 10.75 ''1.
301.0 35. 'OS 6.23 10.72 ki*<i.

311. 7 35. 759 6.23 10.56 '57.
322.3 36.098 6.23 10.66 1^65.

333.0 36. '25 6.22 10.63 1*72.

3if3, 6 36. 7'^2 6.22 10.51 '80.
36'^. 8 37. 3'^8 6.22 10.57 '9'^.

365.9 37.919 6.22 10.5'. 508.
'07.0 38. '59 6.22 10.52 522.
'28.0 38.972 6.22 10.51 535 .

''9.0 39. '60 6.23 10.50 5'^8.

(70. 0 39.927 6.2i^ 10. 1.9 560.
(91. 0 '0.37'^ 6.26 10.50 572.
512.0 '0.603 6.28 10. 51 58'^.

533.0 '1.215 6.31 10.53 595.

575. 3 '1.998 6. 39 10. 59 616.
617.8 '2.732 6.50 10.69 636.
671.7 '3.59'^ 6.69 10. S7 658.
726.7 '^.'OS 6.9'^ 11.11 679.
783.0 '5.1 85 7.2'. 11. 'I 697.
8'^0.9 '5.932 7.60 11.76 71t*.

962. < '7.363 6.'^1 12.56 71*1*.

1092.3 '8.730 9.27 13. ^2 772.
1230.6 50.0'^6 10.10 1'.. 25 800 .

1376. 6 51. 318 10.83 1'.. 97 627.

1529. ! 52.539 11. ".O 15.51. 855.
1687.0 53.707 11.32 15. 95 883.
2010.9 55. 869 12.21 16. 31. 9'.0.

2336.0 57.796 12.19 16.32 997.
2662.2 59.502 11.95 16. 07 1051..

2960.5 61.020 11.63 15.76 1109.
3292.6 62.378 11.33 15.1^6 1163.
3599.1 63.605 11.07 15. 20 1211..

3901.0 6'^.72'^ 10.37 15.00 1263.
'199.3 65. 753 10.72 1'..95 1310.

1^935.5 68.022 10.51 !'. 63 11^18.
5661^. 8 69.971 10.1.2 11*. 55 1518.
6391.2 71.663 10. '.1 11*. 53 1610.
7117.8 73.213 10. '.0 Ik. 52 1698.
78'^'^. 0 71^.597 10. (.l 11.. 53 1780.
8571.2 75.861 10. <.2 1'..55 1859.

10023.5 78.109 10.1*6 1'».61 2006.
ll'^93.'^ 80. 0 6'. 10.57 1'..70 21i^2.

12969.2 81.800 10.70 14. 62 2268.
l'.'^58. 8 83.372 10.86 11.. 98 2386.

17'^93.9 66. 126 11.2'. 15.37 2601.
20611.8 88.533 11.69 15.81 2795.
23820.8 90.652 12.16 16 = 29 2973.
271'^5.5 92.572 12.81 16. 96 3135.
30672.5 91.. 1.95 11.. 11 18.3'. 3275.
3'^613. 0 97.01.3 16.85 21.32 3368.
39'^ld.O 100.176 22.22 27.25 3i^83.

'58'^5.2 10'..0'.7 31.61 37.85 3582.
55012.

9

106.632 1.6. 32 5'^.97 3699.
6838i^.7 11'.. 736 66. 97 80. 03 38'.1.



T»BLE 2

THERMODYNAMIC PROPERTIES OF PARflHYOROGEN ilSOBARS, SI UNITS)

.OS HPA ISOBAR

FEMPERATURE DENSITY V(DH/OV»„ V(DP/OU),, - V(DP/DV)t (DV/DTl/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P V T y CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU H KJ/KG MPA-CU H/KJ MP A 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

13.828 77.0570 621.0 .25641 89.9428 . 01027 72. 92 255.26 .00053 1. 25172 2.2336
1<>. 76.90'»3 615.9 .25489 87. 7567 .01053 74.67 249. 01 .00054 1.25118 2.1630
15. 76.0803 6Q6.6 .24313 79.0342 .01151 83.13 219.23 .00056 1. 24829 1.8415
16. 75.1781 609. i» .23189 73.1378 .01219 88.98 195.17 .00057 1. 24512 1.6299
17. 7'».2283 608.8 .22283 67.4898 .01299 92.81 175.71 .00057 1.24179 1.4974
18. 73.2332 60 5.8 .21531 62.10 31 .01388 95.51 159.70 .00056 1. 23831 1. 4065
19. 72.1879 598.0 .20884 56.5441 .01498 97. 04 146.25 .00054 1.23466 1.3500

• 19.(»96 71.6<»02 599.5 .20583 54.7547 . 01531 97.43 140.27 . 0005 3 1.23276 1. 3216
• 19.<>96 1.08i»3 184.& .06665 .0727 .06416 16.11 10.80 .00452 1.03327 . 7938

20 . 1.0505 190.1 .06684 . 0733 . 06144 16. 41 11.07 . 0 D 481 1.00 317 . 7879
21. .9903 201.2 .06708 .0742 . 05686 17.10 11.60 .00543 1.00299 .7764
22. .937<» 212. <» .06720 .0750 .05307 17.81 12.13 .00607 1. 00263 . 7675
23. .e90<« 223.5 .06726 .0756 .04986 18.55 12.65 .00673 1.0D269 .7601

2<i. .8(>83 23(».6 .06727 .0761 . 04707 19. 30 13.17 .00742 1.00256 .7538
25. .8103 245.6 .06726 .0765 . 04463 20.05 13.69 .00813 1. 00244 .7461
26. .775 8 256.6 . 06725 . 0768 .04246 20.80 14.19 .00886 1. 00234 .7433
27. .7i»(«3 267.5 .06722 .0771 . 04051 21.56 14.69 .00962 1.00224 .7368
28. .7153 278.4 . 06720 .0774 .03876 22. 31 15.19 .01041 1. 00 216 . 7347
29. .6887 289.3 .06718 .0776 .03716 23.07 15.63 .01122 1.00208 . 7307
30 . 300 .1 . 06715 . 0778 . 03570 2 3.83 16. 17 . 012 0 6 4 n o n nla UQ 2 0 0 . 7270
31. .6(>12 310.9 .06713 .0780 . 03436 24.52 16.65 .01269 1.00193 .7253
32. .6199 321.7 .06711 .0782 .03313 25.21 17.12 .01374 1.00187 . 7237
33. .6001 332.4 .06709 . 0783 .03199 25. 90 17.59 .01462 1.00161 .7222

3i». .5815 343.1 . 06707 .0785 . 03093 26.60 16. 06 .01552 1.00175 .7204
36. .5<»77 364.4 .06703 .0787 .02901 27.99 13.98 .01740 1.00165 .7169
38. .5177 385.7 .06698 .0789 .02734 29. 38 19.88 .01938 1.00156 .7133
<>a. .It909 40 7.0 .06692 . 0790 . 02585 30.78 20. 76 .02145 1.00146 .7098
1*2. .l»668 42 8.4 .06683 .0791 . 02453 32. 17 21.63 .02361 1. 00141 . 7J65
i*k. .<><»50 449.8 . 06671 .0792 .02334 33.55 22.48 .02586 1. 00134 .7033

• .4252 '7 1 a? • 06656 . 0793 .0 222 6 2 3*32 . 0 2 819 1 • 0 C 1 26 • f U u 4

i»8. .1*1)70 49 3.3 .06635 .0794 . 02128 36. 33 24. 14 .03060 1. 00123 .6977
50. .390<« 515.5 . 06610 .0795 . 02039 37.72 24.95 .03309 1. 00116 .6952
52. .3752 538.1 .06578 .0795 . 01957 39.11 25.75 .03564 1. 00113 .6932

56. .3«»79 584.7 .06493 .0796 .01812 i<1.89 27.31 .04092 1. 00105 .6904
60. .32<»<» 633.9 .06378 .0797 .01687 44. 74 28.82 .04643 1. 00098 .6667
65. .2992 699.8 .06192 .0798 .01554 48.60 30.65 .05376 1. 00090 .6857
70. .2777 771.7 .05967 . 0798 . 01440 52.47 32.43 . 06121 1.00084 .6669
75. .2590 850.1 .05714 .0799 .01342 56.32 34.16 .06859 1.00078 .6921
80. .2it27 935.4 .05446 .0799 .01257 60.22 35.83 .07595 1 . 00 0 73 .6997
90 • • 2156 1125.9 .04920 • 0800 . 01116 70. 12 39. 06 .09320 1 . 00 0 65 .6997

100. .19<»0 1338.1 .04459 . 0800 . 01003 80. 03 42.15 .11065 1. 000 58 . 7066
110. .1763 1563.6 .04091 .0800 .00911 92.18 44.75 .13211 1.00053 .6916
120. .1616 1793.1 .03817 . 0800 .00835 102.82 47.58 .15304 1. 00049 .6926

130. .11*92 2017.6 .03624 . 0800 . 00770 112.87 50.33 .17531 1. 00 045 .6929
1<>0. .1385 2231.6 .03495 .0800 . 00715 121. 82 53. 00 .19848 1.00 042 .6941
160. .1212 2613.7 .03382 .0800 .00625 136. 39 53.11* .24793 1.00037 .6967
180. .1077 2936.4 .03389 . 0800 .00556 147.55 63.06 .30227 1. 000 32 .6974
200. .0 969 3214. 7 .03456 . 0800 . 00500 156. 64 67.80 . 3&193 1.00029 .6957
220. .0881 3467.4 .03549 .0800 .00455 164.62 72.38 .42675 1. 00027 .6929
2lf0. .0808 3 710 .

0

. 03644 . 080 0 . 00417 172.07 76.83 . 4961

8

4 n n n 7 (•1 . U U U CH .6900
260. .0 7<>6 3952.9 .03728 .0800 .00385 179.34 81.15 .55965 1.00022 .6676
280. .0692 4200.6 .03796 .0800 . 00357 186.59 85. 36 . 64685 1.00021 .6662
300. .06'»6 4454.9 .03850 .0800 . 00333 193.90 89.48 .72752 1.00019 .6851

350. .0 55<« 5123.2 .03927 .0800 .00286 212.51 99.40 .94372 1.00017 .6645
kOO. .0i»85 5821.7 .03958 . 0800 .00250 231.40 108.67 1.18109 1.03015 .6845
<»50. .0 431 6540.3 .03965 . 0800 . 00222 250. 25 117.95 1.43867 1. 00013 .6848
500. .0388 726 4.3 .03967 .0800 . 00200 268.84 126.70 1.71807 1. 00012 .6646
550. .0353 7995.3 . 03964 .0800 .00182 287.09 135.18 2. 01696 1.00011 .6843
600. .0323 8731.7 .03957 .0800 .00167 305. 02 143.41 2.33511 1.00010 .6640
700. .0277 10225.9 .03936 . 0800 . 00143 340.16 159.23 3.02642 1.00008 .6837
800. .0242 11759.6 .03902 .0800 .00125 374.85 174.35 3.73756 1.00007 .6335
900. .0215 13343.6 .03855 . 0800 . 00111 409.60 188.89 4.61610 1.00006 .6836

1000. .0194 14985.3 .03799 . 0800 .00100 444.69 202.95 5.50918 1.00006 .6838

1200. .0162 18443.5 .0 3669 . 0800 .00083 511.15 229.87 7.40863 1. 00035 .6911
1<»00. .0139 22137.4 .03530 .0800 .00071 583. 76 255.49 9.59445 1.00004 .6920
1600. .0121 26061.8 . 03392 .0800 . 00062 659. 70 283. 05 12.02692 1.00004 .6914
1800. .0108 30532.2 .03219 . 0800 .00056 752.28 303.68 14.81627 1.00003 .6848
2000. .0097 36650.6 .02926 .0799 . 00050 903. 47 326. 5Q 18.30263 1.000 0 3 .6628
2200. .0088 46749.6 .02455 . 0798 .00046 1201. 49 345. 22 23.08892 1.00003 .6124
2<t00. .0080 64 818.9 .01873 .0793 .00042 1795.66 367.32 29.61808 1.00002 .5574
2600. .0073 96346.6 .01333 .0783 .00039 2889.87 390.07 37.63526 1.00002 .5109
2800. .0066 147167.2 .00931 .0765 .00037 4699.92 414.33 46.47267 1.00032 .4846
3000. .0059 220733.0 .00670 . 0735 .00036 7352.97 440.64 55.64640 1.00002 .4799

• THO-PHASE BOUNDARY
6-13



TftBLE 2

THERMODYNftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.10 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.83i» .01298 1.1685 .9244 -3 08.9 -307.6 4.968 4. 68 6.38 1262.
.01300 1 . 1 442 . 9243 -3 07.

8

-306.5 5. 0 47 4.71 6. 48 1254.
15. .OlSl** 1.0409 .9104 -3 01.

1

-2 99.8 5.509 4 .92 6.98 1216.
16. . 0 1330 .9748 . 8925 -293.9 -292.6 5 .9 74 5.12 7.43 1190 .

17. ,013i«7 .9112 .8774 -286.3 -264.9 6 .440 5.30 7.91 1166.
18. .01365 .8 501 . 863C -278.1 -276.

7

6. 9 Q 7 5.47 3.41 1143.
19. . 0 1385 . 7 853 .8476 -269.5 -268.1 7. 3 75 5.62 8. 95 1119.
20 . . 01<>&6 .7221 . 3304 -260 . 3 -2 58.9 7.848 5 . 75 9.5 3 1094.

• 20.22'» .0X1*12 .7122 .8261 -258.1 -256.7 7.956 5.77 9.54 1090.
» 20. 22'* .75l»5l» .0675 . 0057 113.4 188.9 29.994 6.50 12.14 355.

21

.

. 791 78 .0 717 . 0054 119. 0 198. 2 30 . 445 6 . 43 11.86 364.
22. .83883 .0770 . 0 051 126.0 239.9 33.991 6.3 7 11.60 375

.

23. . 88507 . 0 822 . 0 048 132.9 221.4 31.502 6.33 11. 41 385 .

2'». .93068 . G 872 . 0 046 139.7 232. 8 31 . 985 6. 30 11.27 395

.

25. .97579 . 0921 . 0043 146. 4 244. 0 32.442 6 .29 11. 16 404.
26. 1 . 0 20 . 0 969 .0 041 153 . 0 255. 1 32. 878 6.27 11.0 7 413

.

27» 1. 0 6<«8'» .1016 . 0 040 159.6 266. 1 33.294 6 . 26 10.99 422.
2d. 1 .10890 .1063 . 0 038 166.2 277. 1 33.693 6.26 10.93 431.
29. 1.15271 .1110 . 0036 172.7 233. 0 34.075 6.25 10. 87 439.
30. 1. 19630 .1156 .0035 179.2 298. 8 34.443 6.25 10.83 448.
31

.

1.239 70 . 1201 . 0 03 4 185. 7 309. 6 34.798 6.24 10.79 456.
32. 1. 2829't .1246 .0033 192. 1 320 . 4 35.140 6.24 10.75 463 .

33 . 1. 326 03 . 1291 . 0 0 32 198.5 331 .

1

35.470 6.23 10.72 471

.

3i,, 1 .36898 .1336 .0 031 204.9 341 . 8 35. 789 6.23 10.69 479 .

36. 1 •'*S'*S'* . 1 425 . 0 029 217.7 363 . 2 36.399 6.23 10.54 493 .

38. 1.53972 .1512 .0 027 230 . 4 384.4 36.973 6.22 10.50 508.
kO • 1. 62'»58 . 1600 . 0 0 26 243. 1 40 5.6 37.516 6. 22 10.57 521

.

1*2, 1.70918 . 1 686 .0 024 255 . 8 426. 7 33.0 32 6.23 10.55 535

.

<«<». 1.79355 .1772 .0023 268.4 447.8 38.522 6.23 10.54 547.
i«6. 1.87774 .1858 . 0 022 281.1 468.9 33.991 6.25 10 .53 560.
<»8 . 1 . 961 76 .1 944 . 0 0 21 293. 8 4 89 . 9 39 . 4 39 6.26 10.53 572.
50

.

2. 0't56i» . 20 29 .0020 306.4 511.0 39.869 6.28 10.54 563 .

52. 2.129<»0 .2114 . 0 020 319.2 532.

1

40.2 33 6.31 10.56 595 .

56. 2.29661 .2284 .0 018 344. 8 574.4 41.067 6 . 39 10.52 616.
6Q . 2 . <« 63 <» 9 .2452 .0 017 370 . 7 617.1 41. 803 6.50 10. 71 636.
65. 2. 67172 . 2 663 .0 016 403.9 671.1 42.667 6.69 10.89 653

.

70 . 2 .87963 . 28 72 .0 014 438. 1 726.

1

43.482 6 .94 11.13 679 .

75. 3.0 8729 .30 81 .0013 473.7 782.4 44.259 7.25 11 , 1,2 697 .

80. 3.29«»75 .3290 .0013 510.9 340.4 45.007 7.60 11.77 714.
90. 3.70923 .3706 .0011 591.

1

962. 0 46.439 8.41 12.57 744.
10 0. <» . 1 2327 .4122 . 0 0 1 c 679.6 10 92.0 47.3 07 9.27 13.43 773

.

110. 1*, 53698 .453 7 . 0 009 776. 7 1230.4 49.123 10.10 14 . 25 8 0 0.
120 . <t.950'>6 .4952 . 0 008 881.5 13 76 .

6

5 0 . 3 96 10.83 14.97 827.

138 • 5, 3 63 77 .5366 . 0 008 992. 9 1529.3 51.618 11.40 15.54 855 .

n,o

,

5. 7769't .5780 . 0 007 1109.

2

1636.

9

52 . 785 11. 82 15. 96 883 .

160 . 6 .60298 .6607 . 0 0 06 1 3 50 . 5 2010.8 54.9 47 12.21 16 . 35 940 .

180 . 7,1,2873 . 7433 . 0 006 1595.

1

2 3 3 8.0 56. 8 75 12.19 16. 32 998

.

200 . 8. 25429 . 8260 . 0 005 1 836.

7

2662.

1

58.582 11 . 95 16. 08 1054.
220. 9.07970 .9086 . 0 005 2072.6 2980.5 60.099 11.63 15.76 1110.
2'«0. 9.90502 .9911 . 0 004 2302.

1

3292.6 61.457 11.33 15.46 1163.
260. 10 . 7 30 26 1. 0 7 37 . 0004 2526.

1

35 99.1 62.6 84 11.07 15.20 1214

.

28 0. 11.5 5544 1.1 562 . 0 004 2 745.

5

3901 .0 6"^ - ft n ^ 10.87 15.00 1263.
300 . 12.3 7968 1.2387 . 0 00 3 2961.

4

4199.

4

64.832 10.72 14.95 1310 .

3 5 0. i if, t»^H 1

8

1.4450 . 0 003 3491 .4 49 35.6 67.101 10.51 14.6 3 1419 .

*f 0 0 . 1.6512 . 0 003 40 14.4 5 664.9 69.050 10.43 14.55 1518.
'»5 0 . 1 6 • 566 d'f 1 . 8575 . 0 00 2 4534.

7

6391 .4 70 . 763 10 . 41 14. 53 1611

.

5 0 0. 70 * 0 A 2.0637 . 0002 5055 .

0

7117.9 72.2 92 10 .40 14. 52 1698 .

550 • b ^ • O 7^ l_ O 2.2700 . 0 002 5575.

0

7844.

1

73.677 10.41 14.53 178 0 .

600. 24.7 5345 2.4762 . 0 002 60 96.0 8571.3 74.941 10.42 14.55 1859 .

700. 28.87775 2.888b . 0 001 7140.9 10028.

7

77.139 10.48 14.61 2006.
800 . 33.00201 3.3011 . 0 001 6193.4 11493.6 79. 143 10.57 14.70 2142.
900. 37.12624 3.7135 . 0001 9256.

7

12969.3 80.380 10.70 14.82 2268.
10 00 . 41.25045 4.1259 .0001 10333.9 14459.0 82.452 10.86 14.98 2386.

1200. 49.49885 4.9508 . 0 001 12544.

2

17494.0 85.206 11.24 15. 37 2601.
li»00. 57. 74736 5. 7756 . 0 001 14837.2 20511.9 87.613 11.68 15.81 2 7 95.
1600. 65.99738 6.6004 . 0001 17220.5 23820.2 89.732 12. 15 16. ?8 2974.
1800. 74.25729 7.4253 . 0001 19715.2 27140.9 91.649 12.78 16.92 3136.
2000. 82.55973 8.2501 . 0 001 22395.

0

30651.0 93. 563 13.97 18.19 3277.
2200. 90.99757 9. 0750 . 0000 25437.9 34537.7 96.086 16. 46 20.89 3393.
2<fOO. 99.78068 9.8998 . 0 000 29226.4 39204.5 99.159 21. 30 26.23 3491.
2600. 109.30674 10. 7246 . 0 000 34397.9 45328.6 102.909 29.75 35.75 3588.
2800. 120.23330 11.5495 . 0000 41887.9 53911.2 107.479 42.99 51.10 3702.
3000. 133.52968 12.3743 . 0 000 52916.7 66269.7 113. 0 34 61.59 73.70 3839.

• THO-PHASE BOUNDARY
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T»BLE 2

THERMOOYMAMIC PROPERTIES OF PARftHYOROGEN (ISOBARS, SI UNITS)

.10 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V<OH/OV>„

KJ/KG

VIDP/OUly -V(DP/0«)j

MPA-CU M/KJ
X 1q2

MPA

(OV/OTI/V THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY DIFFUSIVITY CONSTANT

1/K H/K-M
X 10^

KG/M-S
X 10^

SQ M/HR

PRANDTL
NUMBER

13. 83<» 77.0685 621.7 .25639 90. 051*3 .01026 73.01 255.39 . 00053 1. 25176 2.2323
tk. 76.9216 617.1 .251*92 88.0151 . 01050 71*. 68 21*9.37 .00054 1.25124 2.1639
15. 76.0988 607.3 .21*330 79.2121* .0111*9 83. 15 219.51* .00056 1.24835 1.8428
16. 75.1978 610.0 .23201* 73.3062 . 01218 89.01 195. 1.1* .00057 1. 24519 1.6308
17. 74.2500 609.5 .22298 67.6550 . 01297 92. 85 175. 96 .00057 1.24187 1.4981
18. 73.2568 606.6 .2151*5 62.2739 .01386 95.55 159.92 .00056 1.23840 1.4069
19. 72.2131 598.8 .20897 56.7088 .011*95 97. 09 11*6. 1*6 .00054 1.23475 1.3501
20. 71.1039 538.9 .20322 51.31*22 .01617 9 8. 1*1* 131*. 88 .00052 1.230 39 1.3051
20.22<» 70.8360 588.1* .20198 50. 1*1*63 . 01638 98. 81* 132.1*3 .00052 1. 22996 1.2911
20.22'» 1.3253 188.9 .06666 .0891* . 061*27 16. 89 11.25 .00378 1. 00400 . 8085
21. 1.2630 197.5 .06698 . 0906 . 06001* 17.38 11.66 .00418 1. 00 381 . 7956
22. 1.1921 208.8 .06722 .0918 .05556 18.06 12.19 .00470 1.03360 .7829
23. 1.1299 220.1 .06733 .0929 . 05186 18. 76 12.71 .00524 1. OJ 341 . 7729

2<f. 1.0 7«f5 231.3 .06738 . 0937 . 01*872 19.1*9 13.22 .00579 1. 00 324 . 7646
25. 1.02i»a 21*2.5 .06739 .091*1* . 01*600 20.23 13.73 .00637 1.00309 .7576
26. .9799 253.7 .06738 . 095 0 .01*362 20.97 14.21* .00696 1.00296 .7516
27. .9391 264.8 .06736 .0955 . 01*151 21. 71 14. 74 .00757 1. 00283 .7463
28. .9018 275.9 .06733 . 0959 . 03961 22.1*6 15.23 .00820 1. 00272 . 7414
29. .8675 286.9 .06730 .0963 . 03791 23.20 15. 72 .00685 1. 00262 .7369
30. .8359 297.8 .06727 .0966 .03636 23.95 16.21 . 00953 1.00252 . 7326
31. .8066 308.7 . 06725 .0969 .031*91* 21*. 61* 16. 69 .01020 1. 00243 . 73G4
32. .7795 319.6 .06722 . 0971 . 03361* 25. 33 17. 16 .01066 1.00235 .7283
33. .751*1 330.1* .06720 .0971* .0321*1* 26. 02 17.63 .01159 1. 00 227 . 7264

34. .7305 341.2 .06718 .0976 .03133 26.71 18.10 .01231 1.00220 .7242
36. .6875 362.7 .06713 .0979 . 02934 28.10 19.01 .01383 1. 00 207 . 7201
38. .6495 384.1 .06708 . 0982 . 02760 29.49 19. 91 .01541 1.00196 .7160
40. .6155 405.5 .06701 .0985 .02607 30. 88 20.79 .01708 1. 00186 .7121
42. .5851 427.0 . 06692 .0987 .02471 32. 26 21.66 .01881 1.00176 . 7086
44. .5576 448.6 .06679 .0988 .02349 33.64 22.51 .02061 1. 00168 . 7052
46. .5326 470.3 .06663 .0990 . 02239 35.03 23. 35 .02248 1. 00161 . 7020
48. .5097 492.3 . 06643 .0991 .02140 36.41 24.17 .02442 1. 00 154 .6991
50. .4888 514.5 . 06617 . 0992 . 02049 37. 80 24. 98 .02641 1.00147 .6965
52. .4696 537.2 .06585 .0993 . 01965 39.19 25. 77 .02845 1. 00142 .6944

56. .4354 583.9 .06499 .0994 .01818 41.96 27. 33 .03268 1. 03131 .6914
60. .4059 633.1 .06384 . 0995 .01692 44.81 28.84 .03710 1. 00122 .6895
65. .3743 699.2 .06198 . 0997 . 01557 48.67 30. 67 .04299 1.00113 .6863
70. .3473 771.1 .05972 .0997 .01443 52.52 32.45 .04894 1. 00105 .6874
75. .3239 849.6 .05718 . 0998 . 01345 56. 37 34.17 .05485 1. 00098 .6925
80. .3035 934.9 . 05450 . 0999 . 01259 60. 27 35.85 .06074 1.00091 .7001
90. .2696 1125.4 .04923 .0999 .01117 70. 17 39. 08 .07455 1. 00 J81 .6999

100. .2425 1337.7 .04461 .1000 .01004 30.07 42. 16 .03852 1.00073 .7069
110. .2204 1563.4 . 04093 .1000 .00912 92.20 44.75 .10567 1.00Q66 .6917
120. .2020 1792.9 .03819 .1000 . 00835 102. 83 47.59 . 12242 1. 00061 .6928

130. .1864 2017.5 .03625 .1000 . 00770 112. 88 50. 33 . 14024 1. 00056 .6930
140. .1731 2231.5 .03497 .1000 .00715 121. 83 53.00 .15878 1. 00052 .6942
160. .1514 2613.7 .03383 .1001 .00625 136. 40 58.15 .19836 1. 00046 .6968
180. .1346 2936.5 .03390 .1001 . 00556 147.56 63. 07 . 24184 1.00041 .6974
200. .1211 3215.0 .03457 .1001 .00500 156.65 67.80 .28957 1. 00037 .6958
220. .1101 3467.7 . 03550 .1001 .00454 164.63 72.38 . 34143 1.00033 .6930
240. .1010 3710.4 .03645 .1001 . 00417 172.08 76.83 .39699 1.00030 .6901
260. .0932 3953.2 .03728 .1001 . 00385 179. 35 81.15 .45577 1. 00028 . 6878
280. .0 865 4201.0 .03797 . 1001 .00357 186.60 85.37 .51753 1.00026 .6862
300. .0308 4455.4 . 03850 .1001 . 00333 193. 91 89.48 .58208 1. 00024 .6851

350. .0692 5123.7 .03927 .1001 .00286 212.52 99.40 .75505 1.000 21 .6845
400. .0606 5822.2 .03958 . 1000 . 00250 231. 41 108. 87 . 94496 1. 0Q016 .6845
450. .0539 6540.8 .03966 . 1000 . 00222 250.25 117.95 1. 15120 1. 00016 .6848
500. .0485 7264.8 .03967 .1000 .00200 268. 84 126.70 1.37457 1. 00 015 .6846
550. .0441 7995.9 .03964 .1000 .00182 287.09 135.18 1.61369 1.O0013 .6843
600. .0404 8732.3 .03958 .1000 . 00167 305.02 143.41 1.86622 1. 00012 .6640
700. .0 346 10226.5 .03936 .1000 .00143 340.17 159.23 2.42129 1. 00010 .6637
800. .0303 1 1 76 0 .

2

.03902 .1000 . 00125 374. 85 174. 35 3. 03031 1.00009 .6835
900. .0 269 13344.2 .03856 . 1000 .00111 409.60 188.89 3.69306 1.00006 .6836

1000. .0242 14985.9 .03799 .1000 .00100 444. 69 202.95 4. 40 754 1.00007 .6838

1200. .0202 18444.1 .03669 .1000 .00083 511.15 229.87 5.92711 1. 00 0 06 .6911
1400. .0173 22136.8 . 0353C .1000 . 00071 583. 71 255.49 7.67556 1.00005 .6920
1600. .0152 26050.3 .03395 .1000 .00062 659.22 280.05 9.62086 1.00005 .6916
1800. .0136 30461.4 .03229 .1000 . 00056 749. 49 303. 68 11. 83865 1.00004 .6857
2000. .0121 36358.3 .02954 . 0999 . 00050 892. 15 326.49 14.57561 1.00004 .6658
2200. .0110 45827.4 .02513 .0997 .00046 1166. 18 345. 18 18.28978 1. 00003 .6183
2400. .0100 62449.1 .01952 . 0992 .00042 1705.60 367.20 23. 35092 1.00003 .5646
2600. .0091 91186.0 .01413 . 0981 .00039 2694.86 389.76 29.66647 1.00003 .5170
2800. .0083 137449.7 .00999 .0961 . 00037 4334. 33 413.69 36. 71136 1. 00003 .4878
3000. .0075 204885.4 .00721 . 0927 . 00036 6758. 73 439.62 44.08577 1.00002 .4794
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TUBLE 2

THERMODYNAMIC PROPERTIES OF PARAHrOROGEN (ISOBARS, SI UNITS)

.101325 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

1^ M P A / K K J/KG"K K J/KG K J / KG ""K K J / M/S

• 13.835 .01298 1.1686 .9244 -308.9 -307.6 4.968 4.68 6.38 1263.
1<». .01300 1.11* 1*1* .9243 -307.8 -306.5 5.047 4.71 6.48 1254.
15. .ai31(» 1.01*11 .9105 -3 01.1 -299.8 5.508 4.92 6.98 1216.
16. .01330 .9750 .6926 -293.9 -292.6 5.974 5.12 7.43 1190.
17. .013<»7 .9113 .8775 -286.3 -284.9 6.440 5.30 7.90 1166.
18. .01365 .8502 .8630 -278.1 -276.7 6.906 5.47 8.41 1143.
19. .01385 .7851* .8477 -269.5 -268.1 7.3 75 5.62 8. 95 1119.
20. .ai<i06 .7222 .8305 -260.3 -258.8 7. 848 5.75 9.52 1094.

• 20.268 .01(«13 .7093 .8253 -257.7 -256.2 7.977 5.78 9.66 1089.
« 20 . 268 .74739 . 0 6 75 .0 058 113.6 189. 3 29.967 6.50 12. 15 355 .

21. .78035 .0715 . 0055 118.8 197.9 30.383 6.44 11.89 363.
22. .82689 .0768 .0052 125.9 209.7 30.929 6.37 11.52 374.
23. . 8 72 60 .0820 .0049 132.8 221.2 31.442 6.33 11.43 385.

2<». .91769 .087C .0046 139.6 232.5 31.925 6.31 11.29 395.
25. .96226 .0919 .0044 146.3 243.8 32.383 6.29 11.17 404.
26. 1.0061*3 .096S .0042 152.9 254.9 32.819 6.27 11. 08 413.
27. 1.05025 .1015 .0040 159.5 265.9 33.236 6.26 11.00 422.
28. 1.09378 .1062 . 0039 166.1 276. 9 33.635 6.26 10.94 431.
29. 1.13705 .1109 .0 037 172.6 297.8 34.018 6.25 10.88 439.

4 1 A n i 11 • lOU IX • U U 0 o 1 7Q 1X f 7 • X 9 Q A 7 7 f> 7 Af^ 0 » c 9 in A 7X U a D >3 ^ 8 •

31. 1.22297 .1200 .0034 185.6 309.5 34. 741 6.24 10.79 456.
32. 1.26567 .121*5 .0033 192.0 320.3 35.083 6.24 10.76 463.
33. 1.30822 .1290 .0032 198.4 331.0 35.413 6.23 10.72 471.

3(». 1.35063 .13 35 . 0 031 204.9 341. 7 35.733 6.23 10.69 479.
36. 1.'.3512 .11*21* .0029 217,6 363.0 36.343 6.23 10.65 493.
38. 1.51922 .1512 .0027 230.4 384.3 36.917 6.22 10.61 508.
<»0. 1.60300 .1599 .0026 243.1 405.5 37.461 6.22 10 .59 521.
<t2. 1.68652 .1686 .0025 255.7 426.6 37.976 6.23 10.56 535.
1*1*. 1.76982 .1772 .0024 268.4 447.7 38.467 6.23 10.54 547.
•o. « X 070 . 0 022 9 a 4 nc 0 X • U ^(66 • 8 7 A Q 7 C 0 • & 9 in c 7xu • 7 0 C .19 0 U •

1*6, 1.93587 .191*3 . 0021 293.7 489.9 39.384 6.26 10.53 572.
50. 2.01867 .2029 .0021 306.4 510.9 39.814 6.28 10.54 583.
52. 2.10135 .2111* .0020 319.1 532.0 40.228 6.31 10.56 595.

56. 2.26«ifl .2283 .0018 344.7 574.4 41.012 6.39 10.62 616.
60. 2. '•3113 .21*52 .0017 370.7 617.0 41.748 6.50 10.71 636.
65. 2.63666 .2662 .0016 403.9 671.0 42.612 6.69 10.89 658.
70. 2.81*187 .2872 .0015 438.1 726.0 43.427 6.94 11. 13 679.
75. 3.0'>68>» .3081 .0014 473.7 782.4 44.205 7.25 11.42 697.
80. 3.25161 .3290 .0013 510.9 840.4 44.953 7.60 11.77 714.
on ^ • OOU D

7

• <3 f U O • U u XX KOI 177X • X Q A. 9 n7 D c • U /> 7 A£i 0 • 4 X 19 t; 7

100. i>. 06933 .1*122 .0010 679.6 1091.9 47. 753 9.27 13.43 773.
110. l«.i«7765 .1*537 . 0009 776.6 1230.3 49.069 10. 10 14.25 800.
120. <t. 88571* .1*952 .0008 881.5 1376.6 50.341 10.83 14.97 827.

130. 5.29365 .5366 . 0008 992.9 1529.3 51.563 11.40 15.54 855.
I<t0. 5.7011*3 .5780 . 0007 1109.2 1686.9 52.731 11.82 15.96 883.
160. 6.51668 .6607 . 0006 1350.5 2010.

8

54.893 12.21 16.35 940.
180. 7.33165 .71*34 . 0006 15 95.1 2338.0 56.820 12. 19 16.32 998.
200. 8.1lt6<»2 .8260 .0005 1836.7 2662.1 58.527 11.95 16.08 1054.
220. 8.96105 .9086 . 0 005 2072.5 2980.5 60.045 11.63 15.76 1110.

^ • * f 35 o • ^ 7XX n n ft 9'7n 9 i c 4 /. n 7D X • H U 0 11 7 7 15 • 'b 1163.
260. 10.59003 1.0737 .0004 2526.1 3599.1 62.630 11.07 15.20 1214.
280. 11.1*01*1*2 1.1563 . 0004 2745.5 3901.0 63. 749 10 .87 15.00 1263.
300. 12.21788 1.2387 .0003 2961.4 4199.4 64.778 10.72 14.85 1310.

350. 1<>. 2531*2 1.1*1*50 . 0 00 3 3491.4 4935.6 67. 047 10.51 14. 63 1419.
tOO. 16.28883 1.6513 .0003 4014.4 5664.9 68.996 10.43 14.55 1518.
<i50. 18.321*16 1.8575 . 0002 4534.

7

6391.4 70.708 10.41 14.53 1611.
500. 20.3591*3 2.0638 .0002 5055.0 7117.9 72.238 10.40 14.52 1698.
550. 22.391*66 2.2700 . 0 002 5575.0 7844.1 73.623 10.41 14.53 1780.
600. 21*. 1*2987 2.1*762 . 0002 6096.0 8571.3 74.887 10.42 14.55 1859.
700. 28.50021* 2.8887 .0001 7140.9 10028.

7

77.134 10.48 14. 61 2006.
800. 32.57056 3.3011 .0001 8193.4 11493.6 79.089 10.57 14.70 2142.
900. 36.61*066 3.7135 .0001 9256.7 12969.3 80.826 10. 70 14.82 2268.

lOOQ. 1*0.71111* 4.1259 .0001 10333.9 14459.0 82.398 10. 36 14. 98 2386.

1200. 1*8.85168 4.950B . 0001 12544.2 17494.1 85.151 11.24 15.37 2601.
1<»00. 56.99233 5.7756 .0001 14837.2 20611.9 87.558 11.68 15.91 2795.
1600. 65.131*1*5 6.6005 .0001 17220.5 23820.2 89.677 12.15 16.28 2974.
1800. 73.28628 7.4253 . 0001 19714.9 27140.

7

91.594 12.77 16.92 3136.
2000. 81.1*7980 8.2501 .0001 22 393.8 30649.8 93.508 13.97 18. 18 3277.
2200. 89. 80607 9.0750 . 0000 25433.9 34533.5 96.029 16.44 20. 86 3393.
2<>00. 98.1*7087 9.8998 .0000 29215.1 39192.6 99.100 21.25 26.17 3491.
2600. 107.861*10 10.7247 . 0 000 34370.5 45299.9 102.842 29.64 35.53 3588.
2800. 118.6301*8 11.5495 . 0000 41829.7 53849.9 107.400 42.80 50.89 3702.
3000. 131.72066 12.3743 . 0000 52805.4 66152.

0

112.936 61.40 73.34 3839.

• THO-PHASE BOUNDARY
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TUBLE 2

THERMODYNAMIC PROPERTIES OF PARflHYDROGEN (ISOBARS, SI UNITS)

.101325 MPA ISOBAR

MPERATURE OENSITY V|OH/DV)„
r

tf<DP/DU»,, -
V

V<OP/OV»_
1

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 10

13.835 77.0693 621.7 .25638 90.0617
11*. 76.9227 617.2 .25493 88.0322
15. 76.1000 607.3 .24331 79.2241
16. 75.1991 610.1 .23205 73.3174
17. 7i».251<» 609.6 .22299 67.6660
18. 73.2583 606.

7

.21546 62. 2852
19. 72.21<t8 593.9 .20893 56.7197
20. 71.1057 589.0 .20322 51.3532
20.268 70.7859 587.9 .20175 50.2056
20 . 268 1.3360 18 9.1 . 06667 . 090 3

21. 1.2815 197.3 .06697 . 0916
22. 1.209i> 208.6 .06721 .0929
23. 1.1<>60 219.8 .06734 .0940

2<». 1.0897 231.1 .06739 .0948
25. 1.0392 242.3 .06740 .0955
26. .9936 253.5 .06739 .0961
27. .9522 264.6 .06736 .0967
28. .91<>3 275.7 .06734 .0971
29. .8 795 286.7 .06731 .0975
ou • • 0*t f H C 7 r • /

n c 7 7 a n O 7 A

31. .8177 308.6 . 06725 . 0981
32. .7901 319.4 .06723 .0934
33. .76<*lf 330.3 .06720 . 0986

3<>. .7<»0'» 341.0 .06718 .0988
36. .6968 362.5 .06714 . 0992
38. .6 582 334.0 .06708 . 0995
l»0. .6238 4Q5.4 .06701 .0997
<»2. .5929 426.3 .06692 .0999
l»<f. .5650 446.

5

. 06680 . 1001
HO • • V f H f U • £ m 0 D D 0»+ 1 n n 7

k6. .5166 492.2 . 06643 .1004
50. .<»95<« 514.5 . 06617 . 1005
62. .1*759 537.1 . 06585 .1006

56. .i*i*lZ 583.8 .06499 .1007
60. .4113 633.1 .06384 .1009
65. .3793 699.1 .06198 . 1010
70. .3519 771.0 . 05972 .1011
75. .3282 849.5 .05718 .1011
80. .3075 93 4.9 .05451 .1012
90 . . 2732 1125.

4

• 0 4923 • 10 1

2

100. .2457 1337.7 .04461 .1013
110. .2233 1563.3 .04093 .1013
120. .2047 1792.9 .03819 .1013

130. .1889 2017.5 .03625 .1014
li»0. .1754 2231.5 .03497 .1014
160. .1535 2613.8 .03384 .1014
180. .1364 2936.5 .03390 .1014
200. .1228 3215.0 .03457 . 1014
220. .1116 3467.8 .03550 .1014
9 tiftC HU • .1023 3710 • * • 0 3 b'f 5 • 10 1'*

260. .0944 3953.3 .03728 .1014
280. .0 877 4201.0 .03797 .1014
300. .0818 4455.4 .03850 .1014

350. .0702 5123.7 .03927 .1014
i>00. .0614 5822.2 .03958 .1014
<»5a. .0546 6540.9 .03966 . 1014
500. .0 491 7264.9 .03967 .1014
550. .0447 7995.9 .03964 .1014
600. .0409 8732.3 .03958 .1014
700. .0351 10226.5 .03936 .1014
800. .0307 11760.3 .03902 .1014
900. .0273 13344.2 . 03856 .1013

1000. .0246 14985.9 .03799 .1013

1200. .0205 18444.1 .03669 .1013
1(»00. .0175 22136.8 .03530 .1013
1600. .0154 26049.7 .03395 . 1013
1800. .0136 30457.5 .03229 .1013
2000. .0123 36342.1 .02956 . 1013
2200. .0111 45776.1 .02516 . 1011
2<»00. .0102 62317.2 .01957 .1005
2600. .0093 90898.4 .01418 .0994
2800. .0084 13690 6.5 .01003 .0974
3000. .0076 203993.2 .00725 . 0939

THO-PHASE BOUNDARY

(OV/DTJ/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S SQ M/HR
X 103 X 10^

.01026 73. 01 255. 40 .00053 1.25176 2.2322

. 01050 74.68 249. 39 .00054 1.25125 2.1640

.01149 83. 16 219.56 .00056 li 24835 1. 8429

.01217 39.01 195.46 .00057 1.24519 1.6309

. 01297 92. 85 175.98 .00057 1. 24187 1.4981

.01386 95.56 159.94 .00056 1. 23340 1.4069

. 01494 97.10 146.47 .00054 1.23476 1.3501

. 01617 98. 44 134. 89 .00052 1. 23089 1.3051

.01644 98.92 131.98 .00052 1.2^978 1.2893

. 06424 16.94 11.28 .00375 1. Ou4a4 .8091

. 06027 17. 40 11.67 .00411 1.00337 .7970

.05573 18.03 12. 19 . 0C463 1.0Q365 . 7840

. 05200 18. 78 12.71 .00516 1.00346 .7738

. 04883 19.50 13.23 .00571 1. 00329 . 7654

. 04610 20.24 13.74 .00628 1. 00313 .7582

. 04370 20.98 14. 24 . 0C686 1. 00300 .7522

.04157 21.72 14.74 .00746 1. 00287 .7468

. 03967 22 . 47 15. 24 .00809 1 . 0& 276 .7418

. 03796 23. 21 15. 73 .00873 1. 00265 .7373

. 03640 23. 96 16.21 . 00940 1. 00256 .7330

. 03498 24.65 16.69 .01006 1.00247 .7308

.03367 25.34 17.16 .01073 1. 00 238 .7286

. 03247 26.02 17.63 .01143 1. 00230 . 7266

.03136 26. 72 13.10 .01215 1. 00223 .7245

.02936 28.10 19.02 .01364 1.0021G .7203

. 02762 29.49 19.91 .01521 1.00198 .7162

. 02609 30.83 20. 80 .01685 1. 00188 . 7123

. 02472 32.27 21.66 .01856 1.00179 .7037

. 02350 33. 65 22. 51 .02034 1.00170 .7053

. 02240 35.03 23.35 .02218 1.00163 .7021

. 02140 36.42 24.17 .02409 1.00156 .6992

. 02049 37. 81 24. 98 .02606 1.00149 .6966

. 01966 39.19 25. 78 .02808 1.00 143 .6944

.01819 41.97 27.33 .03225 1. 00133 .6914

.01692 44. 81 28. 84 .03661 1. 00124 .6896

.01558 46.67 30.63 .Ol»242 1.O0114 .6864

. 01443 52.53 32.45 . 04829 1.00 106 .6875

. 0 1345 56.37 34. 17 . 0541

3

1.00 099 .6925
. 01259 60.27 35. 85 .05994 1. oao93 .7001
. 01117 70. 17 39.06 .07357 1. 00 0 82 . 7000
. 010 04 80.07 42. 16 .08736 1. 000 74 . 7070
.00912 92.20 44.75 .10428 1.00067 .6917
.00835 10 2. 84 47.59 .12082 1. 00062 .6928

.00770 112.88 50.33 .15841 1. 00057 .6930

. 00715 121. 33 53. 00 .15671 1. 00 353 .6942

.00625 136.40 58.15 .19576 1.00046 .6968

.00556 147. 56 63.07 .23868 1. OD 041 .6974

. 00500 156. 65 67. 80 .2 6579 1.00037 .6958

.00454 164.63 72.38 .33697 1. 00034 .6930

.00417 172.08 76.83 .39180 1. 00 0 31 .6901

.00385 179. 35 81.15 . 44981 1.00028 . 6878

. 00357 186. 60 85.37 .51077 1. 00026 .6862

. 00333 193. 91 89. 48 .57447 1. 00 0 25 .6851

. 00286 212.52 99.40 .74518 1. 00 J21 .6845

. 00250 231.41 108.87 .93261 1.00018 .6845

. 00222 250. 25 117, 95 1.13615 1.00016 .6848

.00200 263. 84 126.70 1.35660 1. 00015 .6846

.00182 287.09 135.18 1.59260 1. 00 0 13 .6843

.00167 305.02 143.41 1.84380 1.00012 .6840

. 00143 340. 17 159. 23 2. 38964 1.00011 .6837

.00125 374.85 174.35 2.99069 1 . 00 0 09 .6835

. 00111 409.60 188.89 3.64478 1.00008 .6836

. OGIOO 444.69 202.95 4.34992 1.00007 .6836

. 00083 511. 15 229. 87 5. 84961 1. 00006 .6911

. 00071 583. 71 255.49 7.57520 1.00u05 .6920

. 00062 659.20 280.05 9.49493 1. 00 0 05 .6916

.00056 749.33 303.63 11.68297 1. 00004 .6858

. 00050 891.52 326.49 14. 38133 1.0u004 .6659

. 00046 1164.21 345. 18 13.04045 1. 00003 .6186

. 00042 1700. 59 367. 19 2 3.03639 1. 00003 .5651

.00039 2683. 99 389. 74 29.25278 1.00003 .5174

.00037 4313. 89 413.65 36.20361 1. 00003 .4880

. 00036 6725. 27 439. 56 43.48332 1. 00002 .4793

6-]7



TftSLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.15 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
OERItfATIVE

K CU M/KG CU M-MPA/K6

13.851 .01297 1.1717
14. .01299 1.1520
15. .01313 1.0461
IB. .01329 .9798
17. •01346 .9161
18. .01364 .8552
19. .01384 .7903
20. .01405 . 7272
21. .014 29 .6608
21.672 .01447 .6202
21. 672 .52255 .0673
22. .53312 .0 692
23. .56639 .0751

2<». .59879 .0607
25. .63055 .0861
26. .66180 .0914
27. .69263 .0 965
26. .72313 .1015
29. .75333 .1065
30. . 78329 .1113
31. .81364 .1161
32. .84260 .1209
33. .87200 .1 256

3i». .90126 .1302
36. .95940 .1394
36. 1.01714 .1485
<>0. l.D 7455 .1574
<»2. 1.13166 .1663
1*1*. 1.16856 .1751
<«6. 1.24528 .1839
<«6. 1.30162 . I 926
50. 1.35822 .2013
52. 1.41449 .2099

56. 1.52672 .2271
60 . 1 . 63861 . 2441
65. 1.77810 .2654
70. 1.91727 .2865
75. 2. 05619 .3075
60. 2. 19491 . 3285
90. 2.47191 .3704

100. 2. 74846 .4121
110. 3.02469 .4537
120. 3.30069 .4953

130. 3.5 7651 .5368
li>0. 3.85219 .5782
160. 4.40326 .6611
160. 4.95405 .7438
200 . 5. 504 64 8265
220 . 6.05509 .9091
240. 6.60544 . 9918
260 . 7.15571 1.0744
280 . 7. 70593 1.1569
300. 6. 25551 1.2394

350 . 9.6 3066 1 .445 7

1*00. 11 . 0 0567 1.6520
i»50. 12.38060 1. 8583
500. 13. 75547 2.0 646
550. 15.13031 2.2708
600. 16.50512 2.4770
700. 19.25470 2.8895
SOO. 22.00423 3.3019
900. 24. 75374 3.7144

1000. 27.50323 4.1268

1200. 33.00218 4.9517
1400. 38.50118 5.7765
1600. 44.00101 6.6013
1800. 49.50621 7.4262
2 000 . 55.03455 8.2510
2200. 60.63661 9.0759
2400. 66.42663 9.9007
2600. 72.62115 10.7255
2800. 79.57865 11.5504
3000. 87.830 39 12.3752

• TH0-PH4SE BOUNDARY

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/KG-K KJ/KG

. 9250 -308.9 -306.9
• 9249 - 3 07.

9

-305.9
.9122 -3 01. 2 -299.3
.8942 -294.0 -292.

1

.8791 -266.4 -284.4

. 8646 -278.

3

-276.

2

.8493 -269.7 -267.6
• 8321 -260.

5

-258.4
.8128 -250.7 -248.5
.7984 -243.

7

-241.6
. 0084 117.6 196.0
. 0032 120.1 200. 0

.0 077 127.5 212.5

.0 072 134.7 224.6

.0068 141.6 236.4

.0065 148.8 248. 0

.0062 155.6 259.5

.0 059 162. 4 270 .9

. 0 056 169. 1 282.1

. 0054 175.6 293.3

. 0052 162. 4 304.4

.0050 189.0 315.4

. 0 048 195.6 326. 4

. 0047 202.1 337. 3

.0044 215.1 359.0

. 0 041 228. 0 380.6

. 0 039 240 .

9

402.

1

. 0037 253. 7 423.4

.0 035 266.5 444. 6

.0034 279.2 466. 0

.0032 292.0 487.3

. 0 031 304.8 506.5

. 0 029 317. 6 529. 6

.0 027 343 . 3 572.3

.0025 369. 4 615. 2

.0 023 402.7 669.4

. 0 022 437. 0 724.6
• 0 020 472. 7 781.1
.0 019 510.0 839.2
.0017 590.3 961.1
.0015 '376.9 1091.2
.0014 776 .

0

1229.7
.0013 681 .

0

13 76.1

.0012 992.4 1528.9

.0 011 1108.6 1686.6

.0 009 1 3 50 .

1

2010.6
. 0 008 1594.8 2337.9
. 0 008 1836.4 2662.

1

. 0007 2 0 72.

3

2960 .

6

.0006 2301.9 3292.7

. 0 036 2525.9 3599.2

. 0 005 Z 745 .

3

3901.2
.0005 2961.2 4199.6

.0 004 3491 .

3

4935.9
.0 004 4014.3 5665.

2

. 0 00 3 4534 . 6 6 391.

7

.0003 5055.

0

7118.3
. 0003 5574.

9

7844.5
.0003 6 0 95 .9 6571.

7

. 0 002 7140.9 10029.

1

. 0 002 8193.4 11494.0

. 0002 9256.7 12969.7

. 0002 10333.9 14459.4

. 0001 12544.

1

17494.5
.0 001 1483 7.

1

20 612 .

3

. 0001 17219.4 23819.5

.0001 19708.

0

27133.9
. 0 001 22362.5 30617.7
. 0 001 25325.3 34420.6
. 0001 28908. 7 36872.

7

.0001 33632.2 44525.4

.0001 40260 .

4

52197.2
. 0001 49798.0 62972.6

6-18

ENTROPY cv CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K H/S

4. 969 4.66 6.38 1264.
5 . 0 40 4 . 71 6.47 1257.
5.5 01 4.92 6.97 1216.
5.966 5.11 7.42 1192 .

6.431 5.30 7.89 1168.
6. 697 5.46 8.39 1146.
7. 365 5.61 8.93 1121.
7.837 5.74 9.50 10 97 .

8.316 5.86 10.14 1070 .

8.644 5.92 10.58 1053.
26.842 6.59 12.34 362.
29. 028 6.55 12. 67 366.
29.582 6.46 12.25 373 .

30.096 6.40 11.95 388.
30.579 6.36 11.73 399.
31.0 36 6.33 11.55 408.
31.469 6.31 11.42 418 .

31.882 6. 30 11. 30 427.
32.2 77 6.29 11.21 436.
32.656 6.26 11.13 444.
33.020 6.27 11.06 453.
33. 370 6.26 11.00 461

.

33.708 6.26 10.94 469 .

34. 0 34 6.25 10.90 476.
34.654 6.25 10.82 491 .

35.2 37 6.24 10.76 506.
35.788 6.24 10.71 520 .

36.3 09 6.24 10.57 533 .

36.8 05 6.25 10.64 546 .

3 7.2 78 6.25 10.63 559.
37.730 6.27 10. 62 571.
38. 1 63 6.29 10 .52 583

.

38.580 6.32 10.53 594 .

39. 369 6. 39 1 0 . i7 616

.

40.108 6.50 10. 76 636 •

40 . 976 6.69 10.93 658 .

41.794 6 . 94 11.16 679.
42.5 74 7.25 11.45 697 .

43.324 7. 60 11.79 714.
44.758 8.41 12.59 745.
46.128 9.28 13.44 773.
47.445 10.11 14.26 6 00.
48.719 10.83 14. 98 828.

49.9 41 11.40 15.55 856.
51.110 11.32 15.96 384 .

5 3.273 12.21 16 . 35 941

.

55.2 01 12.19 16.32 998 .

56.9 08 11.95 16.06 10 55.
58.426 11.63 15.76 1110.
59.7 84 11.33 15.46 1163.
61.011 11.07 15.20 1214.
6 2.130 10.87 15.00 1263.
63 . 1 60 10 . 72 14. 9 5 1310 .

65 . 429 10.51 14.63 1419.
67.3 78 10.43 14. 55 1518.
69. 090 10.41 14. 53 1611

.

70.620 10.40 14.53 1698 .

72 .0 04 10.41 14.53 1761

.

73.268 10.42 14.55 1859 .

75.516 10.48 14. 61 2 0 0 7.

77.471 10.57 14.70 2142.
79.208 10.70 14.82 2268.
80.780 10.86 14.98 2366.

33.533 11. 24 15.37 2602.
85.940 11.68 15.81 2796.
8 3.0 59 12.14 16.27 2974.
89.972 12.72 16. 86 3133.
91.873 13.76 17. 96 3232.
94.356 15.85 20.22 3402.
97.336 19.86 24.64 3504.

100.898 26.33 32.47 3601.
105.132 37. 77 45. 08 3709.
lie .142 53.35 63.69 3339.



TABLE 2

THERMOOYNftMIC PROPERTIES OF PftRAHYDROGEN IISOBARS, SI UNITS)

.15 MPA ISOBAR
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T UC 3 U A 1
I n c T n H u n T Fl FP T 9 TP P P fl NDT

1
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3
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9
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n4 A 7e;
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60 . • 610 3 631*3 * 0 63 96 . 149 0 • 01 7 05 44* 98 2 8*90 * 0 2 465 1 * 0018** * 69 1 *
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7

46*82 30*73 .02859 1 n n 1 7 nX . U U X f u .6879
r u •

7& Q C
f D 7 . O n C Q A 1.• U 7 7 0** . 1494 n 4 I. c n• U 147 u 7 £ * O f

7 7 c nJ £ * 7 U n 7 7 c; 7
* U 0 £ 7 (

1 n 1 1 7X * U J X 7 r * 6 8 8 7

75. • 4863 84 8*2 • 0 5729 • 1496 • 01 35 0 56* 50 34. 22 * 0 3 65 2 1 • 00 147 * 693 6
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• THO-PHASE BOUNDARY
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TABLE 2

THERMOOYNftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.20 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU M/KG CU M-MPA/KG

• 13.868 .01297 1.17'^9
ik. .01299 1.1597
15. .01312 1.0 513
16. .01328 . 98'^7

17. .013't5 .9209
18. .01363 .8603
19. •01302 .7953
20. • Ol'tO't .7323
21. . 01i>27 . 6661
22. .5995

• 22.805 .5396
• 22.805 .'tOOl't .0661

23. .'0532 .fl67'^

Zi*, . '3157 . 0 738
25. .'5696 .0799
26. .1*61 70 .0856
27. ,SOS<)i* .0912
28. .5 29 76 .0966
29. .55326 .1018
30 . .576'^7 .1070
31. .599l^'^ .1121
32. .62222 .1170
33

.

.6'^<t81 .1219

3(». .66725 .1268
36. • 71173 . 1 363
38. . 755 78 .l'^57
<fQ. .799'^8 . 15'^9
<>2. . 8'^289 . 16'^0

<«'f

.

. 886 07 .1 730
<>6. .92901^ .1819
itS. .97185 .1908
50. 1.01<^50 .1996
52. 1.0570<^ .208'^

56. 1.1'^178 .2258
60. 1.22618 .2<^30
65. 1.33130 .26'^5

70. l.'^3610 .2858
75. 1.5'^066 .3069
80. 1.6't5 01 .3281
90. 1. 85326 .3701

100. 2.06107 ,1*120
110. 2.26855 .'537
120. 2. '75 80 .'95i^

130. 2.68288 .5370
li»0. 2.88982 .5785
160. 3. 303'^1 .6615
180. 3. 716 71 . 7'^<^3

200. '.12982 .3 270
220. '.5i^279 .9097
2<f 0. '.95565 . 992i^

260. 5.368'^'t 1.0750
280. 5.78117 1.1576
300. 6.193'^3 1.2'^01

350. 7. 221*69 1.1*1*65
itOO. 8. 25622 1. 6528
450 . 9.287'^7 1.8591
500 . 10.31867 2.065'^
550. 11.3'^982 2.2716
600. 12. 38096 2. '779
700. l'^.'^l^317 2.a90<^
800. 16. 5053'^ 3.3028
900. 18.567'^9 3.7152

1000 . 20.629 62 '.1277

1200. 2'^. 75385 1^.9525
1<«00. 28.87810 5.777'^
1600. 33.00288 6.6022
18CQ. 37.13116 7. '271
2000. '1.27l^'»7 8.2519
2200. 1^5. '6565 9.0768
2(>ao. '9.7789'^ 9.9016
2600. 5'^.35'^99 10.726i^
2800. 59.'^268'» 11.5513
3000. 65.3'^07<^ 12.3761

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

HPA/K KJ/KG-K KJ/KG

.9255 -308.9 -306.3

.9255 -308.0 -305. '

.911^0 -301.3 -298.7

.8959 -29'^.2 -291.5

.8807 -286.5 -283.9

.8662 -278. ! -275.7

.8509 -269.8 -267.1

.8337 -260.7 -257.9

.81'^6 -251.0 -2'^8.1

.7928 -2i^0.5 -237.6

.7723 -231.6 -228.6

.0112 119.9 199.9

.0110 121.5 202.5

.0102 129.3 215.6

.0096 136.9 228.3

. 0090 I'^'^.Z 21*0.

b

.0086 151. < 252.6

.0081 158.5 26'^.'^

.0078 165. ! 276.1

.0071* 172.3 287.6

.0071 179.1 299.0

.0069 165.9 310.3

.0066 192.6 321.6

.006'^ 199.3 332.7

.0060 212.5 35(^.8

.0056 225.6 376.7

.0053 238.6 398.5

.0050 251.6 '20.2

.O0'^7 26'^. 5 ''1.7

.00'^5 277. < '63.2

.00'^3 290.2 '8i^.6

.001*1 303.1 506.0

.OO'^O 316.0 527. <

.0037 3'^1.9 570.2

.0031* 368.1 613.3

.0031 1*01.5 667.8

.0029 '35.9 723.2

.0027 '71.7 779.8

.0025 509.1 838.1

.0022 589.5 960.1

.0020 678.2 1090. '

.0018 775. ' 1229.1

. 0017 880. ' 1375.6

.0015 991.9 1528.5

.001'^ 1108.3 1686.3

.0013 13<^9.7 2010. <

.0011 159'^.'^ 2337.8

.0010 1836.1 2662.1

.0009 2072.0 2980.6

.0008 2301.7 3292.8

. 0008 2525.7 3599. <

.0007 27'^5.1 3901. '

.0007 2961.1 '199.8

. 0006 3'^91.1 '936.1

.0005 '01'^. 2 5665.5

. 000<^ '53'^.5 6392.0

.0001* 505'^. 9 7118.6

. 000'^ 557l*.<i 76i*i*,<i

.0003 6095.9 8572.1

.0003 71'^0.8 10029.5

. 0003 8193.3 ll'^9'^.'^

.0002 9256.7 12970.2

. 0002 10 333.9 l'^'^59.8

.0002 125'^'t.l 17i^9'^.9

.0001 1<^837.0 20612.6

.0001 17218.7 23819.3

.0001 19703.7 27130.0

.0001 223'^3.1 30598.0

. 0001 25258. 2 3'^35l.3

.0001 28719.3 38675.0

.0001 33175. 7 ''0'^6,7

.0001 39289.7 51175.0

.0001 '793i^.6 61002.7

ENTROPY CV c» VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

1^.971 (.68 6.38 1265.
5.03'^ i*.71 6. 116 1260.
5.(*'ii* ".91 6.97 1221.
5.959 5.11 7. 'I 1195.
6. '23 5.29 7.88 1171.
6.888 5. '6 8.38 ll'»9.
7.3 55 5.61 8. 92 llZi*.

7.8 26 5. 71^ 9. "a 1100.
8.30'^ 5.85 10.12 1073.
8. 790 5.95 10.82 lO'^'^.

9.192 6.01 11.52 1017 .

2 7.9 96 6.66 13.55 367.
28.110 6.63 13.

H

369.

28.668 6.52 12. 81^ 381.
29.183 6. '5 12.'^'+ 392.
29.665 6. 'O 12.15 '03.
30.119 6.37 11.92 1*13.

30.51^9 6.35 11.71* '23.
30.958 6.53 11.59 '.32.

3 1.3 1^9 6.32 11. '6 ''1.
31. 723 6. 30 11.36 i*i*<3.

32.083 6.29 11. 27 '58.
32. '28 6.29 11.19 '66.

32.761 6.28 11. 12 i*7'*.

33. 393 6. 26 11.01 '89.
33.986 6.26 10. 92 50i^.

3'^.5'^'^ 6.25 10.35 518.
35.072 6.25 10.79 532.
35.573 6.26 10.75 5i^5.

36.051 6.26 10.72 558.
36.506 6.28 10.70 570 •

36.9'^3 6.30 10.70 582.
37.363 6. 32 10.70 59'^.

3 8.157 6.'^0 10.73 615.
38.900 6.51 10.81 635.
39.771 6.70 10.37 658.
'0 .592 6.95 11.20 679.
'1. 37'^ 7.25 ll.<*6 697.
'2.126 7.60 11. 62 71'^.

'3.562 S.'^l 12.61 7't5.

' * . 9 3'+ 9.28 13 . '6 773 .

'6.253 10.11 l't.28 801.
'7.528 10.83 1'^.99 828.

'8.751 11. '0 15.56 856.
(9.920 11.82 15.97 88'^.

52. 08'^ 12.21 16.36 9'^1.
5l^.012 12.19 16.33 999.
55.720 11.95 16.08 1055.
57.238 11.63 15.77 1110.
58.596 11.33 15. '6 116'^.

59. 8 2'^ 11.07 15.20 1215.
60.9'^3 10.87 15. 00 126'^.
61.973 10.72 l't.95 1311.

6'^.2i^2 10.51 l'*,ki* l'^19.
66.191 10. '3 11*. 55 1519.
67. 90'^ 10. '1 11*. 5Z 1611.
69. '33 10. 'O li^.53 1698.
70.818 10. 'I Ik. 53 1781.
72.082 10. '2 lit. 55 1860.
7l^.330 10. '8 I'^.&l 2007.
76.285 10.57 11*. 70 211*3.

78.021 10.70 11*. 62 2269.
79.593 10.86 1'^.98 2386.

8 2. 3 '7 11. 2'^ 15.37 2602.
8'^.75i^ 11.68 15. 91 2796.
86.872 12.13 16.26 297'^.

88.783 12.68 16. 62 3139.
90.676 13.63 17.82 3285.
93.135 15. '9 19.83 3h06.
96.060 19.01 23.69 3513.
99.510 25. 59 30. 51 3610 .

103.5'^3 3'^.6'^ 1*1. 1*6 3716.
108.228 '8.29 57. hS 38<^0.

• THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.20 MPA ISOBAR

UPERATURE DENSITY V(OH/OV)d tflDP/DUl, - V<DP/OV)t < OV/DTL/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
r V T P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H /K-M KG/M-S SO M/HR
X lo2 X 10^ X 10^

13.868 77.1259 &2<t.9 .25626 90.6121* . 01021 73.1*3 256. 01 . 00 051. 1. 25196 2.2255
lit. 77.0078 622.9 .25509 89.3027 . 01036 71*. 76 251. 16 . 00 051. 1.25155 2.1687
15. 76.1907 610.6 .2i>'>12 80.0995 . 0111*1 83.27 221. 08 . 00056 1.21.867 1. 81.99

16. 75.2962 613. <» .23280 71*. 11*1*8 .01208 89. 17 196.79 .00058 1. 21.553 1.6356
17. 7I..357'* 613.0 .22370 68.1*766 .01286 93. 05 177.19 .00057 1. 21.221. 1.5011*
18. 73.3736 610.5 .21613 63.1221 .01372 95. 79 161. 05 .00056 1. 23880 1.1*087

19. 72.338'* 602.9 .20963 57.5276 .011*79 97.36 11*7.1*9 . 00 051. 1.23519 1.3510
20. 71.2386 593.3 .20383 52.1662 . 01598 98. 71* 135.81. . 00 05 3 1.23136 1.301.6
21. 70.0571 579.6 .19860 1*6.6655 .0171*6 100.31 125.59 .00051 1.22725 1.2&66
22. 68.7873 563.1 .19370 1*1.2 381* . 01923 101.11 116.1*7 . 00Q1.9 1. 22281. 1.21.69
22. 80 5 6 7. 6762 SI*!*. 6 .18973 36.5158 . 02115 101.20 109.69 . 00 01.7 1. 2190 0 1.21.86
22.805 2.'t991 200.5 . 06703 .1652 .06756 20. 09 12.91 . 00211. 1. 00755 . 8709
23. 2.1»672 202.9 .06715 .1663 . 06610 20.13 13.01 .00220 1. 00 71.5 .861.6

ZU. 2.3171 215.0 .06761 .1710 . 05973 20. 70 13.51 .00250 1. 00700 . 8380
25. 2.188't 227.1 .06781* . 171*7 . 051*78 21.29 11*. 00 .00262 1.00661 .8133
26. 2.0760 239.1 .06793 .1778 . 05079 21.92 11*. 50 . 0C313 1. 00627 .8C32
27. 1.9 765 251.1 .06795 .1802 .01*71*7 22.58 11*. 98 .0C31.5 1.00597 .7910
28. 1.8876 262.9 .06793 .1823 .01*1*61* 23.25 15.1*7 .00378 1.03570 .7806
29. 1.8075 271*.

6

.06790 .181*1 . 01*219 23. 91* 15. 95 .001.11 1. 0051.6 .7722
30. 1.73i»7 286.3 .06785 .1856 .01*005 21*, 63 16.1*3 .001.1.6 1. 03521. .761.6

31. 1.6682 297. 8 .06781 . 1869 .0 3815 25 . 30 16.90 . 0C1.6 1 1. 0Q5 01. . 75 88
32. 1.6072 309.2 .06776 .1881 .0361*5 25.96 17.37 .00516 1. 001.85 .7537
33. 1.5506 320.5 .06772 .1891 . 031*91 26.63 17.83 .00552 1. 001.68 .71.92

3i». 1. If987 331.8 .06769 .1900 .03352 27. 30 18.29 . 00590 1. 001.52 .71.1.9

36. l.'>050 35l».l .06763 .1915 .03108 28.65 19. 19 .00667 1.001.21. .7372
38. 1.3231 376.2 .06756 .1927 .02902 30.01 20.08 . 0 071*8 1. 00 399 . 7305
1*0, 1.250 8 398.3 .06747 .1937 .02723 31. 38 20. 96 .00832 1.00377 . 721.6

1*2. 1.186<> 1>2D.3 .06735 .191*6 .02568 32. 71* 21.82 .00920 1.00358 .7193
1*1*. 1.1286 1*1*2.1* . 06721 .1953 . 021*30 31*. 10 22.66 .01012 1. 0031.0 .711.6
t>6. 1.0 76(* 1>6I».6 .06703 .1958 .02308 35.1*6 23.1.9 .01106 1.00325 .7103
••8 . 1. 0290 86.9 . 0 66 61 . 1963 . 02198 36. 63 21.. 31 .01201* 1 . O'O 3 1 0 . 70 61.

50. .9857 509.6 .06653 .1968 . 02099 38. 20 25.11 .01301. 1.00297 .7030
52. .9i«60 532.5 .06619 .1971 . 02009 39.57 25.90 .011.08 1. 00285 . 7002

56. .8758 579.8 .06531 .1977 .01851 1*2.33 27.1.5 .01621 1. 00261. .6961
60. .8155 629.5 .0 61*13 .1982 . 01718 1*5.15 28.95 .0181.3 1. 0021.6 .6931.

65. .7511 695.9 . 06221* .1986 .01577 1*8.98 30 .78 .0211.0 1.00226 .6891*

70. .6963 768.2 .05996 .199 0 . 011*58 52. 82 32. 55 . 321.39 1. 00210 .6899
75. .6<>91 8i»6.9 .0571*0 .1992 .01356 56.63 31*. 26 .02736 1.00196 .691*7
80. .6079 932.5 .051*70 .1991* .01268 60.52 35.93 .03032 1. 00183 .7019
90. .5396 1123.3 .01*939 . 1997 . 01122 70.1*0 39. 15 .03726 1. 00163 .7011

100. .<«852 1335.9 . 0 1*1* 71* . 1999 . 010 0 7 80.29 1.2 . 23 > 01.1.2 7 1. 00 11.6 .7078
110. .1*1*06 1561.9 . 01*101* .2000 .03911* 92. 28 1*1*. 77 .05279 1. 00133 .6925
120. ,1*039 1791.8 .03827 .2001 .00837 102.91 1.7.60 .06116 1.00122 .6931*

130. .3727 2016.7 .03633 .2002 . 00772 112. 95 50. 35 .07011 1.00112 .6936
1<»0. .3'«60 2231.1 .03503 .2002 .00716 121.89 53. 01 .07939 1. 00131. .691*7

160. .3027 261i».0 . 03389 .2002 . 00626 136. <*5 58.15 .09921 1.00091 .6971
180. .2691 2937.3 .03391* .2003 .00556 11*7.60 63.07 .12097 1. 00081 .6977
200. .2i»21 3216.2 .031*62 . 200 3 .00500 156. 69 67. 81 . 11.1.85 1. 00073 .6960
220. .2201 31.69.3 . 03551* .2003 . 001*51* 161*. 66 72.39 .17080 1. 00066 .6931
2<«0. .2018 3712.1 . 0361*8 .2003 . 031*17 172. 11 76. 83 .19860 1.00061 .6902
260 . .1663 3955.2 . 0 3732 .200 2 . 00381* 179.37 81.15 • 226 0 0 1.00 0 56 .6879
280. .1730 i»203.1 .03800 .2002 . 00357 186.62 85. 37 .25890 1.00052 .6863
300. .1615 '»'«57.7 .03853 . 2002 . 00333 193. 93 89.1.9 .29119 1. 0001.9 .6852

350. .138<> 5126.2 . 03930 .2002 . 00286 212.51* 39.1.1 .37771 1. 00 01.2 .681*5
<>00. .1211 582<».S .03961 .2002 .30250 231.1*2 108.87 .1.7270 1.00036 .681*5

»50. .1077 65'»3 .5 .03968 .2002 . 30222 250.27 117. 95 . 57585 1. 0S032 . 681.8

500. .0969 7267.6 .03969 .2002 . 00200 268. 85 126.71 .68756 1.00029 .681.6
550. .0881 7998.7 .03966 .200 1 . 00182 287. 11 135,18 .80715 1. 00027 .681.3

600. . 0808 8735.2 .03959 .2001 .00167 305. 01* 11.3.1.1 .931.1.3 1. 00021* .661.0
700. .0692 10229.5 .03937 .2001 .0011*3 31*0.18 159. 23 1.21101 1. 00021 .6837
800. .0606 11763.3 .03903 .2001 . 00125 371*. 86 171*. 35 1. 51557 1. 00318 .6835
900. .0539 133it7.3 .03857 .2001 .00111 1*09.60 188.89 1. 61.698 1. 00016 .6836

1000. .Oi*6S l". 989.1 .03800 .2001 . 00100 1*1*1*. 70 202.95 2.201.26 1.00015 .6838

1200. .01*01* 18i»<t7.2 .03670 .2001 . 00083 511.11* 229. 87 2. 961.06 1.00012 .6911
1<>00. .a3<»6 22137.1 .03531 . 2001 . 00071 583.59 255. 1.9 3. 83808 1.00010 .6921
1600. .0303 26023.6 .031*00 .2001 . 00062 658.03 280. 05 1.. 80793 1. 00009 .6923
1800. .0 269 30287.6 .03253 .2000 . 00056 71*2.56 303.67 5.89970 1.00008 .6880
2000. .02i»2 3563if.l .03028 .1999 .00050 361*. 05 326.1.7 7.20329 1. 00007 .6731.

2200. .0220 1*3536.3 .02668 .1996 . 0001*6 1078. 1*5 31.5. 09 8.90335 1. 00037 . 631.1*

2'»00. .0201 56550.8 .02183 .1989 . 0001*2 11*81. 31* 366.90 11.201.81 1.00006 .5868
2600. .018't 78273.9 .01666 .1973 . 00039 2206. 80 388.97 11.. 15295 1.00006 .5378
2800. .0168 112868.7 .01225 .191*1* .00037 31*09.29 1.11.99 17.58529 1. 00005 .5012
3000. .0153 163878.2 .00902 .1891* . 00035 5220.51 1.36. 69 21.28967 1.00035 .1.625

TMO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.25 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ t KG-K M/S

13.895 .01296 1.1781 .9261 -3 08.8 -305.6 i*.972 1..69 6.38 1267.
1<». .01298 1.1673 .9261 -308.1 -301*. 8 5.0 27 1*. 71 6.1*1. 1261*.
15. .01312 1.0565 .9158 -301.1* -298.2 5.1*87 i*.91 6.96 1221*.
16. ; .01327 .9896 .8975 -291*.

3

-291.0 5.951 5.11 7.1.0 1197.
17. .ai3<«(t .9257 .8821* -286.7 -283.3 6.1*11* 5.29 7.87 1171*.
16. .01362 .8653 .8678 -278.6 -275.2 6.879 5.1*6 8.37 1151.
19. .01381 . 8002 .8526 -270.

0

-266.6 7.31*5 5.61 8. 90 1127.
20. . Oil* 02 .7373 • 8351* -260.9 -257.1* 7.815 5.71. 9. 1.6 1103.
21. . 01^26 .6713 . 8163 -251 .2 -21.7.6 8. 292 1 0 • C 9 1076.
22. .01'«52 .6051 .791*6 -21*0.8 -237.2 8,776 5.95 10.79 101*8.

23. .01i«82 .531*0 . 7690 -229.

7

-226.0 9.275 6.03 11.62 1315.

23. 751 .01507 .1*836 .71*61* -2 20.8 -217.0 9.659 6. 08 12.29 989.
23. 751 .32'»22 .061*5 .011*0 121.2 202.2 27.322 6.73 11.. 28 370.
Zk. .32992 .0663 .0137 123.3 205.8 27.1*71 6.69 11.. 05 373.
25. .35185 . 0731 .0127 131.5 219.5 29.029 6. 56 13. 36 386.
26. . 372 92 .0 795 .till9 139.3 232.6 28.51.3 6.1.9 12. 67 397.
27. .39336 .0856 .0112 11*6.9 21.5.2 29.022 6. 1.1. 12.52 1*08.

28. .i«1331 .0911* .0106 151*.

3

257.6 29.1*72 6.1.3 12.21. 1*18.

29. . 1*3286 .0971 . 0 100 161.5 2 69. 7 29. 898 6.36 12.0 2 1*28.

30. .'»5210 .1026 . 0096 168. 7 281. 7 30. 302 6. 36 11.61. 1*37.

31. .<.7106 .1079 .0092 175.7 293.1. 30.638 6.31. 11.69 1*1*6.

32. .1*8980 .1131 .0088 182.6 305.1 31.057 6.33 11.57 1*55.

33. .50831* .1183 .0081* 189.5 316.6 31.1*12 6.32 11.1.6 1*63.

3<>. .526 71 .1233 . 0081 196. 3 328.0 31.752 6.30 11.36 1*71.

36. .56303 .1332 .0 076 209.8 35 0.6 32.397 6.28 11.21 1.87.

38. .59889 .11*29 .0 071 223.1 372.8 33.000 6.27 11. D9 502.
<»0. .631*39 .1523 .0067 236.3 391..

9

33.566 6.27 10.99 517.
42. .66959 .1617 .0063 21*9.1* 1*16. 8 31*. 109 6.26 10.92 531.

.701*51* .1709 . 0 060 262.5 1*38 . 6 31*. 6 07 6.27 10.86 51.1..

<»6. .73928 .1800 .0057 2 75.5 1*60.3 35.089 6.27 10.82 557.
da. .77385 .1890 .0051* 288.1* 1*81.9 35.51*9 6.29 10.79 570.
50. .80827 .1980 . 0052 301.1* 5C3.5 35.989 6. 31 10. 78 582.
52. .81*256 .2069 .0050 311*. 1* 525.0 36.1*12 6.33 10.77 593.

56. .91082 .221*5 .001*6 31*0. <* 568.1 37.210 6.1.1 10.79 615.
60. .97873 .21*19 .001*3 366.8 611.1* 37.957 6.51 10. 66 635.
65. 1.06323 .2636 .0039 1*00. 3 666. 1 38.832 6.70 11. CI 658.
70. 1.11*71*1 .2850 .0036 1*31*.

8

721.7 39.656 6.95 11.23 679.
75. 1.23131* .3061* . 0031* 1.70.7 778.5 1*0.1.1.0 7.25 11.51 697.
80. 1.31507 .3276 .0032 508.1 836.9 1.1.191. 7.61 11.85 711..

90. 1.1*8207 .3699 .0028 588.7 959.2 1.2.633 8.1.1 12. 53 71.5.

100. 1.61*861* .1*119 .0025 677.5 1089.7 1*1*. 007 9.28 13.1*7 773.
110. 1.811*87 .1*538 . 0023 771*.

8

1228.5 1*5.327 10.11 11*. 29 801.
120. 1.98088 .1*955 .0021 879.8 1375.

1

1.6.603 10.33 15.00 828.

130. 2.11.6 71 .5372 .0019 991.1* 1528.1 1.7.827 11.1*1 15.57 856.
ii»a. 2.3121*1 .5788 .0018 1107.8 1685.9 1.8.996 11.82 15. 98 881..

160. 2.61*350 .^618 .0016 131.9.3 2010.2 51.161 12.21 16.36 91.2.

180. 2.971*31 .71*1*8 .001<* 1591.. 1 2337.7 53.090 12.19 16.33 999.
200. 3.301*93 .8276 .0013 1835.8 2662.

1

51.. 798 11. 95 16. C9 1056.
220. 3.6351*0 .9103 .0011 2 0 71.8 2980.6 56.317 11.63 15.77 1111.
21*0. 3.96578 .9930 .0010 2301.1. 3292.9 57.675 11.33 15. 1*6 1161..

260. I*. 29608 1.0757 .0010 2525.5 3599.5 58.903 11.07 15.21 1215.
280. 1*. 62632 1.1583 .0009 271.1..

9

3901.5 60. 022 10. 87 15.00 1261*.

300. 1*. 95618 1.21*08 .0008 2960.9 1*200.0 61.052 10.72 11.. 85 1311.

350. 5. 7811*1. 1.1*1*73 . 0 007 31.91.0 1*936.1* 63.321 10.51 11.. 61. 11.20.

1*00. 6.60656 1.6536 . 0 006 1.011..

1

5665.8 65.271 10.1.3 11.. 55 1519.
1.50. 7.1.3160 1.8599 . 0 006 1.531.. 1. 6392.3 66.963 10.1.1 11.. 53 1612.
500. 8.25658 2.0662 . 0005 5051*.

8

7119.0 68.513 10.1.0 11.. 53 1699.
550. 9.08153 2.2725 . 0005 5571*.

8

781.5.2 69.897 10.1.1 11*. 53 1781.
600. 9.906()6 2.1*787 .0001. 6095.8 8572.1. 71.162 10.1.2 11.. 55 1863 .

700. 11.55625 2.8912 .0001. 711*0.8 10029.9 73.1.09 10.1.8 11.. 61 2037.
800. 13.20601 3.3037 . 0003 8193.

3

111.91..

8

75.361. 10.57 11.. 70 211.3.

900. 11.. 85571. 3.7161 .0003 9256.6 12970.6 77.101 10.70 11.. 82 2269.
1000. 16.505<*5 i*.1266 .0003 10333.9 11.1.60.2 78.673 10.36 11.. 98 2387.

1200. 19.801*85 l*.953i* . 0002 125 1*1*.

1

171.95.3 81.1.27 11.21. 15.37 2602.
11*00. 23.101*26 5.7783 . 0002 11*837.0 20613.0 83.833 11.68 15.81 2796.
1600. 26.1*01*01* 6.6031 . 0002 17218.3 23819.3 85.951 12.13 16.26 2975.
1800. 29. 70632 7.1*280 .0001 19700.8 27127.1. 87.861 12.66 16.80 3139.
2000. 33.01935 8.2528 .0001 22329.8 30581..

7

89.71.8 13.55 17.7 3 3237.
2200. 36.36665 9.0776 .0001 25212.1* 31.301..

0

92.191 15.21. 19. 56 31.13.

21*00. 39.80132 9.9025 .0001 28590.0 3851.0.3 95.079 18.1.2 23.05 3519.
2600. 1*3.1*21*03 10.7273 . 0001 32861*.

2

1*3720.2 98.1.52 23.90 29.18 3617.
2800. 1*7.1*0161 11.5522 .0001 38627.0 501*77.1. 102.31.8 32.1.9 39.02 3721.
3000. 51. 98231* 12.3 770 .0 001 1*6661. 3 59656.9 106. 810 1.1.. 80 53.57 381.2.

• THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (IS03ARS, SI UNITS)

.25 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V<OH/DV)n

KJ/KG

tf(OP/OU)y -V(DP/DV) «OV/DT\yV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

MPA-CU M/KJ
X lo2

VK
CONDUCTIVITY

H/K-M
X io3

DIFFUSIVITY CONSTANT
KG/M-S SQ M/HR
X 10'

NUMBER

13.885 77.15i»5 626.5- . 25619 90.8919 .01019 73.63 256.32 . 00051. 1.25206 2.2222
tk. 77.0506 625.7 .25517 89.9'»38 . 01030 71.. 79 252.05 .00051. 1.25170 2.1711
15. 76.2363 612.3 .2'»i«52 80. 51.09 .01137 83.33 221.85 .00057 1.21.883 1. 6531.

IB. 75.3'»51 615.0 .23317 71.. 5620 . 01201. 89. 21. 197. 1.6 .00058 1.21.571 1 .6381
17. 7'».i»10 7 61i».8 .22'»C6 68. 881.7 .01281 93. 11. 177.80 .00067 1. 21.21.3 1.5032
18. 73.i»31'» 612.5 .216i«6 63.51.28 .01366 95. 90 161.61 .00036 1. 23901 1.1.097
19. 72. '005 &0'>.9 .20995 57.9339 . 01'.72 97.1.9 11.8. 01 . 00 051. 1. 2351.1 1.3511.
20. 71.305«» 595.5 .20'tl3 52.5755 .01589 98. 89 136. 31 . 00 05 3 1. 23159 1.301.1.

21. 7 0 . 1 31 «. 582.0 .19889 1.7.0811. .01 731. 100. 1.9 126. 05 .00051 1.22751 1. 2657
22. 68.8698 565.8 .19399 1.1.6725 .01907 101.30 116.92 . 00 01.9 1. 22313 1.21.51
23. 67. If 906 5i«l».5 .18907 36. 0382 . 02131. 101. 38 108.58 . 00 01.7 1.21836 1. 21.1.3

23. 751 66.3708 528.1* .18510 32.0971 .02325 100.99 102.75 . 00 01.5 1. 21 1.1.9 1.2500
23. 751 3.381.3 20 3.3 .06730 .1988 . 07022 21. 1.1. 13.56 .0C175 1. 00932 .9i28
21*. 3.0310 206.5 .0671.7 .2009 . 06806 21.53 13.68 . 0C162 1.00916 . 8928
25. 2.81.22 219.1 . 06792 .2078 . 06097 21.98 11.. 16 . 0C20S 1. 00859 .860 7

26. 2.6816 231.6 .06813 .2132 .05558 22.51 11.. 61. .00235 1. 0J810 .8371.
27. 2.51.22 21.1..

1

.06620 .2176 . 05129 23. 09 15.12 .00261 1. 00 768 . 8195
28. 2.1.195 256. 3 .06821 .2212 .01.776 23. 71 15.60 .00288 1.00731 .8051
29. 2.3102 268.5 .06818 .22'«3 . 01.1.78 21.. 35 16. 07 .00316 1. 00698 . 7931.

30. 2.2119 28 0.1. .06813 .2268 . 01.223 25.01 16.51. . 0 031.1. 1.00668 .7831.

31. 2.1229 292.3 .06808 .2290 .01.000 25.66 17. 01 .00372 1. 00 61*1 . 7752
32. 2.01*17 301..

0

.06803 .2310 . 03801. 26. 31 17. 1.7 .001.01 1. 00616 .7681
33. 1.9672 315.6 .06797 .2326 .03630 26.96 17.93 .001.31 1. 00591. . 7620

3'«. 1.8986 327.1 .06795 .231*1 .031*73 27.62 18.39 .001.61 1.00573 . 7563
36. 1.7761 31*9.9 .06789 .2366 .03203 28. 95 19. 29 . 00521* 1. 00 5 36 . 71*66

38. 1.6697 372.3 .06780 . 2385 . 02978 30. 29 20. 17 .0C569 1 . 00501. .7383
1.0. 1.5763 391*.

7

.06770 .21*01 . 02785 31. 61* 21.01. .00657 1. 001.76 .7311
1*2. 1.1*935 1*17.0 .06758 .21*15 .02618 32.98 21.90 .0C728 1. 001.51 .7250
i*<*. 1. 1*191* 1*39.1* . 0671*3 .21*26 .021*73 31*. 33 22.71* .0C802 1. 00 1.28 .7195
(»6. 1.352 7 1*61. 8 .06721* .21*35 . 0231*1* 35. 69 23.56 . OC 678 1. 001.06 . 711.6

<*3. 1.2922 1*81*.

3

.06700 .21*1.3 .02228 37.01. 21*. 36 .00956 1. 00390 . 7102
50. 1.2372 507.1 . 06672 .21*50 . 02125 36. 1.1 25.18 .01037 1.00 373 .7061.
52. 1.1869 530.2 .06637 .21.55 . 02031 39.77 25.97 .31120 1. 00 358 .7032

56. 1.0979 577.8 .0651*7 .21*65 . 01668 1*2. 51 27.51 .01291 1. 00331 .6985
60. 1.0217 627.7 . 061*28 .21*72 .01731 1*5. 32 29. 01 .011.70 1. 00308 .6951.

65. .91.05 691*.

3

. 06238 .21*79 . 01566 1*9. 11* 30.83 .01708 1. 00281. .6909
70. .8715 766.7 .06008 .21.81. .011.65 52.97 32.59 .0191.8 1.00263 .6911
75. .8121 81*5.6 .05751 .21.88 .01361 56. 76 31.. 31 .02186 1.0021*5 .6958
80. .7 601* 931.3 . 051*80 .21.91 . 01272 60.61* 35.96 .321.21. 1.00229 .7028
90. .67<*7 1122.3 .01.91*6 .21.96 . 01125 70.52 39.19 . 0296 0 1. 00203 . 7017

100. .6066 1335.0 . 01*1*81 .21.98 .01009 80. 1*0 1.2.26 . 0351.2 1. 00183 . 708 2

110. .5510 1561.2 .01*109 .2500 .00915 92.33 1*1.. 77 .01.222 1. 0ul66 .6930
120. .501*8 1791.2 .03832 .2502 . 00838 102. 95 1.7.61 .01.691. 1. 00 152 . 6937

130. .1*658 2016.3 . 03637 .2502 .00772 112.98 50. 35 .05608 1.0011.0 .6938
11.0. .1*321* 2230.9 .03507 .2503 . 00716 121.92 53.02 .06352 1. 00 130 .6949
160. .3 783 2611*.

1

.03392 .2501. . 00626 136. 1.7 58.16 .07938 1. omi. .6973
180. . 3362 2 93 7.7 .03397 . 2501* . 00556 11.7.63 63. 06 .09679 1.00101 .6978
200. .3026 3216.8 .031*61* .2501* .00500 156. 71 67.81 .11591 1.00091 .6961
220. .2751 31*70.0 .03556 .2501* .001.51. 161.. 68 72. 39 .13667 1.00 0 83 .6932
2(.0. .2522 3713.0 .03650 .2501* .001.16 172.13 76. 61. . 15892 1. 00 0 76 .690 3

260. .2328 3956.2 .03733 .2501* . 00381* 179. 39 81. lb .1821*5 1. 00070 .6880
280. .2162 1*201*.

2

.03802 .2501* .00357 186.63 85.37 .20717 1.00065 .6663
300. .2013 1*1*56.8 . 03855 .2501* . 00333 193. 91. 89. 1.9 .233 01 1. 00061 .6852

350. .1730 5127.1* .03931 .2503 .00285 212.55 99.1.1 . 30221. 1. 0 J052 .681.5
1.00. .1511* 5826.1 .03962 .2503 .00250 231. 1*3 108. 87 .37825 1. 0 3 0 1.6 . 681.6

1*50. .131*6 651*1*.

9

.03969 .2503 . 00222 250.27 117.95 .1.6077 1. 00 0 1*1 .681.9
500. .1211 7269.0 .03970 .2503 . 00200 268. 86 126.71 .55016 1. 00 3 36 .681.6
550. .1101 6000.2 .03966 .2502 .00182 297.11 135. 18 .6I.58I. 1. 00 0 33 .661.3

600. .1009 8736.6 .03960 . 250 2 .00167 305. 01* 11.3.1.1 .71.768 1. 00 0 30 . 66'.0

70B. .0865 10231.0 .03938 .2502 . 0011*3 31.0. 18 159.23 . 96896 1. 00 0 26 .663 7

800. .0757 11761*.

8

. 03901* .2502 . 03125 371.. 87 171*. 35 1.21262 1. 00 0 23 . 663 6

900. .0673 1331*8.9 .03857 .2501 . 00111 1.09.61 169.89 1. 1.7776 1 . 00 0 20 .6636
1000. .0606 11*990.6 .03800 .2501 .30100 I.I.I.. 70 202.95 1.76360 1. 00 0 1 8 .663 6

1200. .0505 161*1*8.8 .03670 . 2501 .00083 511.11* 229. 67 2.3711.5 1. 00 0 15 .6911
11*00. .01*33 22138.0 . 03532 .2501 . 00071 583.56 255.1.9 3. 07061. 1

.

0J013 .6921
1600. .0379 26017.7 .031*01 .2501 . 00062 657.72 280.05 3.81.596 1. 00 0 11 .6922
ISOQ. .0337 3021* I*.

2

.03259 .2500 . 00056 71.0.80 30 3. 67 1.. 71567 1. 00 010 .6886
2000. . 0 30 3 351*50.3 . 0 301.7 .21*99 . 00050 856. 89 326. 1.7 5. 71.509 1. 03 0 09 .6755
2200. .0275 1*2955.2 .02711 .21.96 . 0001.6 1056. 07 31.5. 06 7.07022 1. 03 0 0 6 .6390
21.00. .0251 5501*1*.

0

.02251 .21.88 . 0031.2 11*21*. 01 366.82 6.35361 1. 00 0 06 .5937
2600. .0230 71*959.1* .0171*7 .21.70 .00039 2081.1*7 368.77 11. 1521.1. 1. OJ 0 07 .51.1.9

2800. .0 211 1061*98.1* .01303 .21.37 .30037 3169. 1*7 1.11.51. 13.86200 1. 00 0 3 6 .5366
3000. .0192 15301*6.9 .00967 .2381 .03035 1.811.. 01. 1.35.85 16.81836 1. 00 0 36 .1.850

THO-PHASE BOUNDARY &-23



T4BLE 2

THERMOOYNflMIC PROPERTIES OF PARAHYQROGEN (ISOBARS, SI UNITS)

.30 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL
DERIVATIVE DERIVATIVE ENERGY

. K CU M/KG CU M-HPA/KG MPA/K KJ/KG-K

• 13.901 . 0 1296 1.1812 . 9267 -308 . 8

Ik, .01297 1.1750 .9266 -308.2
15. .01311 1.0616 . 91 76 - 3 01 . 5

16. .01326 .991*5 . 8992 -291*. 1*

17. . 013<»3 .9305 .881*0 -286.3
18

.

.01361 .8701* . 8691* -273.8
19. •01380 .3 051 .851*2 -2 70 .

2

20. . 0 11*01 . 7i»2i* . 8370 -261.

1

21. .6765 .8180 -251.5
22. .ai<t5o .6106 .7961* -21*1.1

23. .Ol'tSO .51*11* . 7710 -2 30.

1

2<4. . 01513 . 1* 70 8 . 71*06 -218.

2

• 2<».571 .01535 .1*31*5 .7207 -210 .9
• 2'».5'1 .27220 .0625 .0168 121.7

25. .2807I* .0653 . 0 162 125.5
26. .29965 .0 730 .ai5c 131*.

0

27, . 31775 .0 797 .011*0 11*2.1

23 J .33525 • 0861 .0132 11*9. 9

29. . 35227 .0921 .0125 157.1*
3D. .36892 .0980 .0119 161*. 8

31

.

. 38526 . 10 36 .0113 172.

1

32. .i»0135 .1091 .0108 179.3
33. . '1722 .111*5 .0101* 186.3

Zk, .'»3291 .1198 .0100 193.3
36. . '•6382 . 1 300 . 0 093 207.1
38. . 't9'»25 . 1 1*00 . 0087 220. 6

Ua. . 521*29 .11*93 . 0 031 231* . 0

itZ. .55<»03 .1593 .0077 21*7. 3

Uit. .58350 .1688 . 0 073 260.1*
<»6. .61277 .1781 .0 069 273.6
<«8. .64185 . 1 873 . 0 C66 286.6
50. .67078 .1961* . 0 063 299. 7

52. .69958 .2051* .0060 312. 8

56. . 756 85 .2232 . 0 056 339. 0

60. .81376 .21*09 .0052 365.1*
65. .88<»53 .2627 .001*7 399.1
70. .95*496 .281*3 .001*1* 1*33. 7

75. 1.02511* .3058 .001*1 1*69.7
80 . 1. 09512 .3272 . 0 033 507,2
90. 1.23'»63 .3696 . 0 031* 587.9

100. 1.37369 .1*118 . 0 0 3j 676. 8

110. 1. 512'»3 .1*538 .0 027 771*.

2

120

.

1.6509'* .1*956 . 0025 879. 3

130. 1.78927 .5371* .0 023 990.9
ikO . 1 . 9271*7 .5791 . 0022 1107.1*

160. 2.20356 .6622 .0019 131*9 .0
180. 2.<*7938 . 71*52 . 0017 1593.

8

200. 2.75500 .8281 .0015 1835.5
220» 3 . 030 '»8 .9109 .0 011* 20 71 .

5

2i»0. 3.30587 .9937 .0013 2301.

2

260. 3.53117 1.0 763 .0012 2525.

3

280. 3.856'*2 1.1590 .0011 271*1*.

8

300. "*. 13135 1.21*16 .0010 2960.8

350. 1*. 81913 1.1*1*80 . 0 009 31*90.9
UDO. 5.50678 1.651*1* . 0 003 1*011*.

0

(•SO. 6.19'*35 1.8607 . 0 007 1*531*. 1*

500. 6.88186 2.0670 . 0 006 5051*.

8

550. 7.56931* 2.2733 . 0 005 5571*.

8

600. 6.25679 2.1*796 .0005 6095.8
700. 9.63161* 2.8921 . 0001* 711*0.8
800. 11.0061*5 3.301*5 . 0 001* 8193.3
900. 12. 38121* 3.7170 . 0 00 3 9256.6

10 00. 13.75601 i*.129i* . 0003 10333.3

1200. 16.50551 1*. 951*3 .0003 1251*1*.

1

li»00 . 19.25502 5.7792 . 0 002 11*836.9
1600. 22.001*82 6.601*0 . 0 002 17217.9
1800. 21*. 75651 7.1*289 . 0 002 19698.7
2000 . 27.51638 8.2537 . 0 002 22320.

1

2200. 30.30232 9.0785 . 0001 25178.6
21400. 33.151*72 9.9031* . 0 001 281*91*. 6

2600. 36.15020 10.7282 . 0 001 32631*. 2

2800. 39.1*1569 11.5531 . 0 001 38137.

7

3000. 1*3. 11*031* 12.3779 . 0 001 1*5720.7

• THO-PHASE BOUNDARY
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ENTHALPY ENTROPY CV Co VELOCITY
OF SOUND

K J/KG KJ/KG-K K J / KG-K M/S

-301*.

9

i».973 i*.69 6.38 1268.
-301*.

3

5.020 I*. 71 6. 1*3 1267.
-297.

6

5.1*80 i*.91 6. 96 1226.
-290.1* 5.91*3 5.11 7.!*0 1200 .

-282.

8

6.1*06 5.29 7.86 1176.
-271*.

7

6.369 5.1*6 8.35 1151*.
-266.1 7. 3 35 5.61 8.69 1130 .

-256.

9

7.801* 5. 71* 9.1*1* 1105.
-21*7.2 8.279 5.35 10.06 1079.
-236.8 8.763 5.95 10.75 1051.
-225.6 9.259 6.02 11.55 1019.

-213.6 9.770 6.09 12.1*9 983.
-206.3 10.071 6.12 13. Ci* 962.
203.3 26.751* 6.78 15.05 372.
209.7 27.012 6.71 11*. 59 378.
223.9 27.568 6.59 13. SO 391.
237.1* 28.0 78 6.52 13.25 1*03 »

250.5 28.552 6 .1*7 12.81* 1*13.

263.1 28.997 6.1.3 12.52 1*21*.

275.5 29.1*17 6.1*0 12.27 1*33.

287. 7 29.816 6.38 12.07 1*1*3.

299.7 30.196 6. 36 11.89 1*52.

311.5 30.560 6.35 11.75 1*60.

323.2 30.909 6.33 11.62 1*69.

31*6.2 31.567 6.31 11.1*2 1*85.

368.9 32.180 6.29 11.26 501.
391 . 3 32. 755 6.28 11.11* 515 •

1*13.5 33.296 6.28 11. 05 530 .

1*35.5 33. 809 6. 28 10.98 51*3.

1*57.1* 31*. 295 6.28 10.92 556.
1.79.2 31*. 759 6.30 10.83 569.
5 00 .9 35.203 6.31 10.86 581.
522.6 35.629 6. 31* IC. 91* 593.

566.0 36.1*33 6.1*1 10.86 615.
609.6 37.183 6.52 10.91 635.
661*. 5 38.062 6.71 11. C6 658.
720.2 38.889 6.95 11. 27 679.
777.2 39.675 7.26 11.51* 697.
835.8 1*0.1*30 7.61 11.87 715.
958.2 1*1.872 8 .1*1 12.65 71*5.

1088.9 1*3.21*8 9.23 13. 1*9 771*.

1227.9 1*1*. 570 10.11 11*. 30 301.
1371*. 6 1*5.81*6 10.83 15. CI 829.

1527.6 1*7.071 11.1*1 15.58 857.
1685.6 1*8.21*1 11.82 15.99 385.
2010.0 50.1*07 12.21 16. 37 91*2.

2337.6 52.3 36 12. 19 16. ?1* 999.
2662.0 51*. 01*5 11.95 16. 09 1056.
2980.7 55.561* 11.63 15.77 1111.
3293.0 56.922 11.33 15.1*7 1165.
3599.6 58.150 11.07 15.21 1216.
3901.7 59.269 10.37 15.01 1265.
1*200 .2 60.299 10.72 11*. 85 1 311

.

1*936.6 62.569 10 .51 11.. 61. 11*20.

5666.

1

61.. 518 10.1*3 11.. 55 1520 .

6392.

7

66.231 10.1*1 11.. 53 1612.
7119.

3

67.761 10 . i)u 11.. 53 1699.
731*5.6 69.11.5 10.1.1 11.. 53 1782.
8572.8 70.1.10 10.1.3 11.. 55 1863.
10030.2 72.657 10 .1.3 11.. 61 2003.
111*95.2 71.. 612 10 .57 11*. 70 211*3.

12971.0 76. 31*9 10.70 11*. 82 2269.
11*1*60.6 77.921 10.36 11*. 98 2337.

171*95.7 80.675 11.21. 15.37 2602.
20613.1* 83.081 11.48 15.91 2796.
23819.1* 85.199 12.13 16.25 2975.
27125.6 87.108 12.61. 16.78 311*0.

30575.

0

88.990 13.1.8 17.66 3288.
31*269.3 91.1*22 15.06 19.36 31*16.

381*1*1. 0 91*. 281 17.99 22.57 3521*.

1*31.79. 2 97.599 23.02 28.19 3623.
1*9962.1* 101.393 30.90 37.20 3726.
58662.8 105.690 1.2.21 50.52 381*1*.



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

.30 MPA ISOBAR

TEMPERATURE DENSITY V(DH/DV)p V(DP/OUIy - V( DP/DV)^ < DV/DTH/V THERMAL ISCOSITf THERMAL 3 I ELE: T RIC PRANOTL
CONDUCTI VITY DIFFUSH/ITY CONSTANT NUMBE-t

K KG/CU M KJ/KG 'mpa-cu m/kj MPA 1/K H/K-M KG/M-S SQ M/HR
X lo2 X iq3 X 10'

• 13.901 77.1830 628.1 .25612 91.1717 . 01016 73. aif 256.63 . 0003't 1.25216 2.2189
ih. 77.0933 628.6 .25525 9 0.58 32 . 01023 7lf. 83 252.95 .OOOBif 1 . 25185 2.1737
15. 76.2817 613.9 .2A'f92 80.9809 . 01133 83. 39 222.62 .00057 1.2i^899 1.8570
16. 75.3 93 8 616.7 .2335lf 7if.9777 . 01199 89.32 198. 11. .00053 1. 2if539 1. 61.3 5

17. 7'».'«636 616.5 .22'f'fl 69.2910 . 01276 93.Zif 173. ifl .00057 1.21.262 1.501.9
18. 73.'»888 &lit.i» .21680 63.9613 .01359 96. 02 162.17 .00056 1. 23921 l.'fli-7

19. 72. '•621 696.9 .21028 58.3382 . 01if6<f 97.62 11.3. 52 .00055 1. 23562 1.3519
Zi. 71.3718 597.7 .20'f<t3 52.9831 .01580 99. 03 136.79 .00053 1.23192 1.33'^2
21. 70. 2051 58<«. 3 . 19917 It 7. 'f 9if 7 . 01722 100 . 66 126. 51 .00 051 1 . 22 7 76 1. 261.9

22. 68.9515 568. If .19'f26 ifZ. 1036 .01892 101.50 117.36 . 00 0<f9 1. 223ifl 1.2i.3'^

23. 67.5828 5i«8.3 .18937 36.5865 .02107 19 1.60 109.02 .0001.7 1. 21368 1.2398

Zt. 66.0882 52'*.

8

.18'f03 31.1119 .02380 101. 03 101. 33 . OQO'f'f 1. 21352 1.2529
» 2'».57l 65.1597 512.3 .18067 28.31'f7 . 025'f5 100. 39 97. llf . 00 0'f3 1. 210 32 1.2616
• 2<».571 3.6738 205.1 .06760 .2296 . 07336 2 2. 71 llf. 13 .OClifS 1.01111 .9363

25. 3.5621 210.8 .06787 .23if'f . 06921 22.83 llf. 33 .00158 1. 01077 .9161
26. 3.3372 221*.

0

. 06825 .2if37 . 06162 23. 20 11*. 80 .0C181 1. 010 09 . 38 31
27. 3.1'»7l 236.9 .068'f2 .2509 . 05592 23.69 15.27 .00205 1. 00951 .8537
28. 2.9829 2if9.7 . 068<t6 .2568 .051if2 2'f.23 15. 7if .00223 1.00902 .8336
29. 2. 8387 262.2 . 063'f'f .2616 . 0'»775 2if . 81 16. 20 .00251 1. 03853 .8177
30. 2.7106 27<t.6 .068<fO .2656 . Oif<f69 25.if2 16.67 .00275 1. 03319 .8fl'.5

31. 2.5956 286.8 . Q6e3<f .2690 . 0'f2a7 2 6. 05 17.13 .00299 1. 30731. . 793'.

32. 2.i»916 298.

S

.06828 .2719 .03980 26.68 17.59 . 0 032'f 1.00753 .78'f 0

33. 2.3968 310.7 .06822 .27if5 . 03781 27. 31 18. 0". . 0 3 3i«9 1. 00 721. . 7760

3i>. 2.3100 322. If . 06820 .2767 . 0360if 2 7. 96 18. ffg .00375 1. 0J698 . 7687
36. 2.156 0 ^1*5.

5

. 0&81if .28C'f . 0330'f 29. 26 19.39 . 00'.28 1.00651 .756'.

38. 2.0233 368. If .06605 .2833 .03057 30.58 20.26 . 3D'^33 1. 00611 . 7it65
i>0. 1.9073 391.1 . a679lf .2857 . 028'f9 31. 91 21. 13 .0051.0 1. 00576 .7380
'*2. 1.8050 (tl3. 9 . 06781 .2876 . 02671 33. 23 21. 98 .0 060 0 1. 00 51.5 .730 3

<><». 1. 7138 If 3 6. 3 . 0676<f . 2892 . 02516 31*. 57 22.31 .00661 1.00517 .721.5
<>6. 1.6319 <f5 9.0 .067'fif .2906 .02330 35.91 23.6lf . 00725 1. 001.93 .7190
<»8. 1.5580 if 8 1.7 . 06720 .2917 . 02259 37. 26 2if. t.S . 0C791 1. 00 1.70 . 711.1

50. l.i»908 50if .7 .06690 .2927 . 02151 38. 62 25. 25 .00859 1. 00 1.50 .7098
52. l.'»29i» 528.0 .06655 .2936 . 0205'f 39.97 26. 03 .00928 1. OjI^SI . 7C63

56. 1.3213 575.8 .06563 .291*9 .01885 'f2.69 27.57 .01072 1. 00399 .7010
60. 1.2289 625.9 .06'f'f3 .2960 . 017if'f if5. 49 29. 07 .01221 1. 00 371 . 6971.

65. 1.1305 692.7 . 06251 . 2970 .01596 if9.30 30.88 . 01'f20 1. 00 3'.1 .6925
70. 1.0<»72 765.3 .06020 .2977 . 01'f72 53. 12 32.6lf .01621 1.0J316 .6921.

75. .9755 BUI*.

3

.05761 .2983 .01367 56.90 3if.36 .01819 1. 0029'^ .6969
80. .9131 93 0 .1 . 05<t89 .2987 .01276 60.77 36.02 .02018 1. 0 j 2 75 . 70 37

90. .8100 1121.2 .3'f95'f .2991. . 01128 70. 6'f 39. 23 . 02'f83 1. 00 2i.i^ .7023
100. .7280 133'f.l . 0't't87 .2998 . 01011 80. 51 '2.30 .02952 1.03219 . 7336
110. .6612 1560.5 . 0<fll<f .3000 .00916 92. 37 If If. 78 .03517 1.00 199 .6931.

120. .6057 1790.7 .03836 .3002 .00838 102.99 '7.62 .01.077 1. 00183 .69'.1

130. .5589 2016.

Q

. 036'fO . 3003 . 00773 113. 02 50. 36 .01.673 1.00168 .69'fl

1<>0. .5188 2230.7 .03510 .300'f .00717 121.95 53. 03 . 35293 1. 03156 .6951
160. .<»538 261if.2 .03395 .3005 .00626 136.50 58. 16 . 06616 1. 00137 .697'.

ISO. .(f033 2938.1 .03399 .3006 . 00556 l'f7.65 63.09 . 08063 1.00122 .6979
200. .3630 3217. If .03'f66 .3006 . 0050 0 156. 73 67.82 .09661 1. 00139 .6962
220. .3300 3'f70 • 8 .03558 .3006 . 00'f5'f 16'f. 70 72. 'O , 11392 1.03099 .693 3
2i»0. .3025 3713 .9 .03652 .3006 . oa'fi6 172. llf 76. 8l^ .132if6 1.00091 .6903
260. .2792 3957.2 .03735 .3036 . aossif 179. "fO 81.16 .15208 l.OOOS'^ .6880
280. .2593 '205.2 .03803 .3005 . 00357 186. 65 85.37 .17269 1.00078 .636'f
303. .2 '21 'f'f59.9 .03856 . 3005 . 00333 193. 95 89. '9 .191.23 1.00073 .6853

350. .2075 5128.6 . 03933 .3005 . 00285 212.56 99. '1 .25193 1.03 063 .6d'f6
kaa. .1816 5827.

U

.03963 .30a't .00250 231. If If 108.87 .31528 1.03055 .63'f6
ii50. .161'« 65'^6.3 .03970 . 300'f .00222 250. 28 117.95 . 3ei.O 6 1 . 0 3 0 1.9 .63'f9
500. .l'»53 7270 . 'f .03971 .30G<f . 00200 268. 86 126.71 . i»5855 1. OuOifi^ .68'f6
550. .1321 8001.6 .03967 .3003 .00182 287. 12 135. 18 .53830 1. 03i'*a . 68'f3

600. .1211 8738.1 .03961 .3003 .00167 305.05 11*3. 1*1 .62317 1. Cj 0 36 .631.0
700. .1038 10232. "f .03939 .3003 . 001'f3 Sif 0. 18 159.23 . 8C759 1 . 00 0 31 .6937
800 . .0909 11766.3 .0390'f . 3002 . 00125 37if. 87 171^. 35 1, 01065 1.00027 . 6836
900. .0808 13350 .<* .03857 . 3002 .00111 if09.61 133.69 1.23162 1. 0002'f .6336

1000. .0727 l'^992.2 . 33801 .3002 . 00100 If if If. 71 202.95 1. 1.693 3 1. 00022 .6638

! 1200. .0606 18'f50.<f .03670 .3002 .00083 511. llf 229. 87 1.97638 1 . 00 0 18 .6911
1 lifOO. .0519 22139.1 .03532 .3001 . 00071 583.53 255.50 2.55903 1.03316 .6921
1 1600. .0<»5<t 26013.8 .03'f03 .3001 .00062 657.50 280 . 0? 3.201.79 1 . 03 3 1'f .6922

18 00. .O'tO't 30212. 6 . 0326'f .3001 .00056 739.50 303.67 3. 92755 1.03312 .6991
2000. .0363 35315.2 .03062 .3000 .00050 851. 60 326. 'b '. 77675 1. 30011 .6770
2200. .0 330 if2525.2 .027'fif .2996 . 000'f6 1039. 5if 3'^5. 05 5. 85887 1.03 010 . 6if25
2i»00. .0302 53931.1 .0230'f .2987 . 0 30<f2 1381. 65 366. 77 7.3C699 1 . 30 3 0 9 .5991
2600. .0277 72507.0 .01812 .2968 .00039 1988.70 398.61 9.13061 1.03008 . 5509
2800. .025'» 101769.2 .01367 .2931 .00037 2991.39 'll. 19 11. '1016 1.00308 .511'f

3000. .0 232 l'fif953.9 .01022 .2869 . 00035 'f510.27 '35.21 13.96503 1. U3uu7 .1.875

• THO-PHASE BOUNDARY
6-25



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.35 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU M/KG CU M-MPA/KG

13.918 .01295 1.18'fi.

11*. .01296 1.1826
15. .01310 1.0667
16. .01326 .9993
17. .013i.2 .9353
18. .01360 .8753
19. .01379 .8100
20. .Oll^OO .71*73
21. . 011*23 .6817
22. .01l»i«9 .6161
23. .01<.78 .5i»73

2'». .01511 .1*770

25. .0151*9 .1*056
25.299 .01562 .3858
25.299 .231*11* .0603
26. .21*651 .0660
27. .26317 .0735
28. .27906 .0805
29. .291*38 .0870
30. .30925 .0933
31. .32378 .0993
32. .33801 .1051
33. .35201 .1107

31*. .36580 .1162
36. .39289 .1269
38. .1*191*6 .1372
1*0. . 1*1*562 .11*72
1*2. .1*711*6 .1570
1*1*. .1*9701* .1666
1*6. .52239 .1761
1*8. .51*756 .1855
50. .57257 .191*7

52. .5971*5 .20 39

56. .61*688 .2220
60. .69591* .2393
65. .75689 .2618
70. .81750 .2836
75. .87766 .3052
80. .93802 .3267
90. 1.057S8 .3691*

100. 1.17730 .1*117
110. 1.2961*0 .1*538
120. 1.1*1526 .1*958

130. 1.53396 .5376
11*0. 1.65251 .5791*

160. 1.88933 .6626
180. 2.12586 .71*57

200. 2.36220 .8287
220. 2.5981*0 .9115
21*0. 2.831*50 .991*3

260. 3.07053 1.0770
280. 3.3061*9 1.1597
300. 3.51*219 1.21*23

350. I*. 13177 l.i*<*88

1*00. I*. 72123 1.6552
1*50. 5.31060 1.8615
500. 5.89992 2.0679
550. 6.1*8920 2.271*2
600. 7.0781*6 2.1*801*

700. 8.25692 2.8929
800. 9.1*3531* 3. 3051*

900. 10.61371* 3.7179
1000. 11. 79212 *.1303

1200. 11*. 11*885 i*.9552

11*00. 16.50557 5.7801
1600. 18.86252 6.601*9
1800. 21.22097 7.1*298

2000. 23.58592 8.251*6
2200. 25.97155 9.0791*
21*00. 28.1*0991* 9.901*3
2600. 30.96186 10.7291
2800. 33.72810 11.551*0
3000. 36.85890 12.3788

THO-PHASE BOUNDARY

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K K J/KG-K KJ/KG

. 9273 -3 08. 8 -3QI*.3

.9272 -3 08.3 -303.7

.9191* -301.6 -297.1

.9009 -291*.

5

-289.

9

.8856 -287.0 -282.3

.8710 -278.9 -271*. 2

.8559 -270.1* -265.6

. 8386 -261.

3

-256.1*
.8197 -251.7 -21*6.7
. 7982 -21*1. 1* -236.1*

.7730 -230 .1* -225.2

. 71*30 -218.6 -213.3

. 7075 -2 05 .

8

-200 .1*

.691*9 -2 01. 7 -196.

2

.0193 121 . 6 203.6

.0186 128.2 214.1*

.0172 136.9 229.0

. 0 161 11*5, 2 21*2. 8

.0151 153.1 256.2

.011*3 160 .9 269.

1

.0136 168. 1* 281.7

. 0 130 175. 8 291*. 1

.0121. 183.0 306. 3

.0119 190.2 318.2

.QUO 201*. 3 31*1.8

.0103 218. 0 361*. 8

.0096 231.6 387.6

. 0091 21*5.1 1*10.1

.0 086 258,1* 1*32. 1*

. 0082 271.6 1*51*. 5

. 0078 281*.

8

1*76.5
.0071* 298. 0 1*98.1*

.0071 311.2 520. 3

.0065 337.5 563 . 9

.0061 361*. 1 6 07.7

.0 056 397. 9 662.8

. 0051 1*32. 7 713.8

.001*8 1*68. 7 775.9

. 0 01*5 506.3 831*. 6

. 0 039 587.

1

957.3
. 0035 676.

1

10 88.1
.0032 773.5 1227.

3

. 0 029 873 . 7 1371*. 1

.0 027 990.1* 1527.2

. 0 025 1106.9 1 685.

3

. 0 022 131*8.6 2009.8

. 0 023 1593.1* 2337.

5

.0013 1835.3 2662.0

.0 016 20 71 .

3

2980.

7

.0 015 2301.0 3293.

1

.0013 2525.

1

35 99.

8

.0013 271*1*.

6

3901.9
. 0 012 2960.6 1* 200 . 1*

.0 010 31*90. 8 1*936.9

. 0 009 1*013.9 5666. 1*

. 0 008 1*531*. 3 6393.0

. 0 007 5051*.

7

7119.7
. 00 06 5571*. 7 781*5.9
. 0 006 6 0 95 . 7 8573.2
. 0005 711*0. 7 10030.6
. 0 001* 8193.2 111*95.6
. 0 0 0 1* 9256.

6

12971.1*

. 0 001* 10333.8 11*1*61.1

.000 3 1251*1*.

1

171*96.2

. 0 00 3 11*836.9 20613.8

. 0 002 17217.7 23819.6

.0002 19697.0 27121*.

3

. 0002 22312.5 30567.

5

. 0002 25152.

3

31*21*2.3

. 0 001 281*20 .1* 38363.9

. 0 001 321*55.1* 1*3292.1

. 0 001 37757.3 1*9562. 2

. 0 001 1* 1*989.

2

57889.9

6-26

ENTROPY CV C° VELOCITY
OF SOUND

K J/KG-K K J / KG-K H/S

i*.97i* i*.69 6.39 1270 .

5.011* 1* . 71 6 . 1*2 1270 .

5.1*73 1*. 91 6.95 1229.
5.936 5. 10 7.39 1203.
6.398 5, 29 7. 86 1179.
6.360 5.1*5 8 .31* 1157.
7.325 5.60 8.? 7 1132.
7.793 5.73 9. 1*2 1108.
8.267 5.35 10.01* 1082.
8. 71*9 5. 91* IC . 72 1051*.

9 . 21*1* 6 . 02 11.51 1023.

9. 752 6. 09 12. 1*3 987.
10.280 6.11* 13.55 91*6.
10. 1*1*5 6.16 13.89 933.
26.258 6. 31* 15.88 371*.

26. 682 6.72 15. C 2 381*.

27.231 6.61 11*. 16 397.
27,735 6.51* 13.56 1*08.

23.202 6 .1*9 13.11 1*19.

28. 61*1 6.1*5 12.76 1*29

.

29.051* 6.1*2 12. 1*8 1*39.

29. 1*1*7 6.1* 0 12. 26 1*1*9.

29.821 6.38 12.07 1*58.

30.179 6. 36 11. 90 1*66,

30.852 6.33 11.61* 1*83.

31.1*76 6. 31 11 . 1*5 1*99.

32.059 6.30 11.30 511*.

32.608 6.29 11.19 528.
33. 1 26 6. 29 11.10 51*2 .

33.618 6. 29 11.03 556.
31*. 036 6. 30 10.98 568.
31*. 533 6.32 10.91* 581

.

31*. 962 6. 35 10.92 592.

35. 771 6. 1*2 10.92 611*.

36.525 6.52 10.97 635 .

37.1*08 6 . 71 11.10 658.
38. 237 6. 96 11. 3C 679.
39.026 7.26 11.57 698.
39.783 7.61 11.90 715.
1*1.227 8. 1*2 12. 67 71*6

.

1*2. 6 05 9.28 13.50 771*.

1*3.928 10 .11 11*. 31 302.
1*5 . 2 05 10. 83 15. C 2 829 .

1*6.1*31 1 1 . 1*1 15.59 857.
1*7,602 11. 82 15.99 885

.

1*9 . 768 12.21 16. 37 91*2

.

51.699 12.19 16.31* 1000 .

53.1*07 11.95 16.09 1056.
51* . 92 7 11.63 15. 77 1112

.

56.2 85 11 . 33 15.1*7 1165.
57.513 11.08 15.21 1216.
58.6 33 10.37 15 . 0 1 1265.
59.663 10.72 11*. 65 1 312

.

61.933 10 . 51 11* . 61* 11*21

.

63.882 10. 1*3 11*. 55 1520

.

65.595 10 .1*1 11* .5 3 1612 .

67.125 10 . 1*0 11*. 53 1699.
68.510 10. 1*1 11*. 53 1782.
69.771* 10.1*3 11*. 55 1361.
72.022 10.1*8 11*. 61 2008.
73.976 10.57 11*. 70 211*1*.

75. 713 10.70 11*. 82 2273.
77.285 10o36 11*. 98 2387.

80.0 39 11.21* 15.37 2602.
82.1*1*6 11.68 15.31 2797.
81*. 563 12.12 16. 25 2975.
8 6.1*71 12.63 16.77 311*1.

88.350 13.1*3 17.61 3289.
90.773 11*. 92 19.20 31*19.

93.611 17.65 22.20 3529.
96.881* 22.31* 27.1*3 3628.
100.600 29.66 35.79 3731.
101*. 769 1*0.19 1*6.15 381*6.



TftBLE 2

,35 MPA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

TEMPERATURE DENSITY

K KG/CU M

13.918 77.2115
1<». 77.1358
15. 76.3270
16. 75.i»'»22

17. 7<».5163
18. 73.5'«58

19. 72.5233
71 . *437 8

21. 70 .2782
22. 69.032'*
23. 67.6752

21*. 66.1935
25. 6'*. 5558
25. 299 6<t.0123
25.299 i».271fl

26. '.0566
27. 3.7998
23. 3.533'*
29. 3.3970
30. 3.2336
31. 3.0885
32. 2.9585
33. 2.8'*08

3i». 2.733 7

36. 2.5'*52

38. 2.38(*a
itO. Z.Zi*'*i

<t2. 2.1211
1*1*. 2.0119
i*e>. 1.91lt3
i*&. 1.8263
so. 1.7't65
52. 1.6738

OH/DW)p V(DP/DU)y - V(OP/DVV (Dtf/DTy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
T CONDUCTIVITY 0IFFU5IVITY CONSTANT NUMBER

KJ/KG MPA-CU M/KJ MPA VK W/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10^

629.7 .25606 91. '518 .OlOli^ 7'*. 05 256.91* . 00 051* 1.25226 2. 2156
631.5 .25533 91.2209 .01016 7<t.87 253.85 . 00 05'. 1.25200 2 .1762
615.5 . 2'^531 81. '195 . 01129 83. '5 223.39 .00057 1. 21.915 1.3636
618.3 .23391 75. 3921 .01195 89. '0 198.82 .00058 1.21*605 1.61*30
618.2 .22'»76 69.6955 . 01271 93. 31* 179. 02 .00057 1.21*280 1.5066
616.3 •21712 6<..3776 .01353 96. 13 162.73 .30056 1.239m 1.1*117
608.8 .21059 58.7it05 . 01'^57 97. 75 l'*9. 03 .00055 1. 23583 1. 3521*

599.8 . 2D'^72 53.3890 . 01571 99. 18 137. 27 .00053 1.23205 i.3om
586.7 . 199't6 '7. 905't . 01711 100.82 126.97 .00051 1. 228 02 1. 261.1

• A 7 7 * H t • 5 J 1 / n 1 fl 7 7 101.69 1 1 7 • 8 1 n n n Q 1 • 22 3 69 1 . 21. 1

7

551.3 . 18966 37.0390 .02037 101. 82 109. I*? . 00 01*7 1.21899 1.2370

528.1 .181.38 31. 5729 . 02353 101. 28 101.78 . 00 0'*'* 1. 21338 1.21*39
501.3 .178'^2 26.18'*9 .02702 100.08 9'^.56 . 0 0 01*1 1. 2082'* 1.2799
'93.5 .17627 2'*. 6963 . a281i^ 99. SI* 92. '1 . 0 0 01*0 1. 20637 1.2891
206.2 .06790 .2575 .07699 2 3. 9'^ 1'..66 .00127 1. 01293 .9721*

216.0 .06830 .2678 . 06953 21.. 06 ii*. 98 .0011*2 1. 01228 .931*9
229.6 .06858 .2793 . 06168 21.. 39 15. '3 .00163 1. 01150 .3958
2't2.9 .06868 .2883 . 05581 2'^. 83 15.88 .00181* 1. 01081. .867'*
255.9 . 06369 .2956 .05122 25.33 16. 31* .00205 1. 01027 .3'^57
26 8.7 .06865 .3016 . 0'^7'*9 25. 88 16.80 . j C226 1. 00973 . 3281*

281.3 . 06859 . 3066 .0'^i^38 26.'^7 17.25 . 0021*7 1. 00931* .8137
293.6 .06353 .3108 . O'tiTi* 27.08 17.70 .00269 1. 00391* .801'*
305.8 . a63'^6 . 3ii*5 . 039'^5 27.69 13.15 .00291 1.00359 .7911

317.7 . 068't5 . 3177 . 037lt5 28.31 18. 60 .00313 1. 00326 .7819
31*1.3 . 068i»0 .3229 . 03'^11 29.58 19. '9 .00359 1.00769 .7669
3(>i*.S . 068 30 . 3270 . 031'^1 30.87 20. 36 .QC1*07 1.00720 .7550
387.6 .06818 . 3303 . 02916 32.18 21.22 .00'*57 1.00678 .71*51
'10.5 .0680'^ .3330 .02725 33. '9 22.06 .00508 1. 0 0 61*1 . 7369
'33.3 .06786 . 3353 . 02561 31*. 62 22.89 .00561 1. 00607 .7297
'56.2 .06765 .3372 . 02'*17 36. 15 23. 71 .00616 1. 00573 . 7235
"79 .2 . a67'tO . 3387 •02291 37. '8 21*. 52 .00673 1.00551 .7180
502.3 .06709 .3l^01 .02178 38. 83 25. 31 .00732 1.03527 .71 33
525. 7 . 066 73 .3i*i3 . 02077 itO. 17 26. 10 .00791 1. 005 05 . 70 93

56. 1.51*59 573.8 .06580 .31*31 . 01902 1*2. 38 27.63 .00915 1.031*67 .7031.

63. 1.1^369 bZt*.l .06'^58 .31*1*6 . 01757 1*5.67 29.12 .3101*3 1. 001*31* .5991*

65. 1.3212 691.2 .06265 .31*59 . 01606 1*9.1*7 30.91* .01211* 1. 00 399 .691*1

70. 1.2232 763.9 .06032 .31*69 • 011*80 53.27 32.69 .01387 1. 00369 .6936
75. 1.1391 8'*3.0 . 05772 .31*77 . 01373 57. 03 31*. 1*0 .01558 1. 00 31*1* .6980
60. 1.0661 928.9 .05'.99 .31*83 .01281 60.90 36.06 .01728 1.00 322 .701*6

90. .91*53 1120 .2 . 0'^962 .31*92 . 01131 70.75 39.27 .02127 1.00285 . 70 30
103. .8i*9i* 1333.2 . a'^'^9'^ . 31*97 .01013 80.62 1*2.33 .02530 1.03256 .7091
110. .7 711. 1559.8 .0'^119 .3501 . 00913 92.1*2 i*!*. 79 .03013 1. 0J233 .6938
123. .7066 1790 .2 . 033i^0 .3503 .00839 103.03 1*7.62 .031*91* 1.00213 .b')'*!*

130. .6519 2015.7 . 0 36'^i^ .3505 .00773 11 3. 06 50.37 .01*006 1. 00197 .691*1*

11*0. .6051 2230.5 .03511* .3506 .00717 121.99 53. 03 .01*537 1. 00182 .6953
160. .5293 261 '.1* . 03397 .3507 .00626 136. 53 58.17 . 05671 1. 03160 .6976
180. .1*70'* 2938.5 .031*02 .3508 .00556 11*7.67 63.09 .06917 1. 0011*2 .6980
200. .1*233 3218.0 .031*68 . 3508 . 00500 156. 75 67.82 . 0628 3 1. 03 128 .6963
223. .38'»9 31^71.6 .03560 .3508 .001*51* 161*. 71 72.1*0 .09767 1.03 116 .6931*
2(*0. .3528 3 71 1.. 8 . 03651* .3508 . 001*16 172.16 76. 81* .11357 1.00106 .6931*

260. .3257 3958.2 .03737 .3508 . 00381* 179.1*1 81.16 .13039 1.00093 .6361
280^ .3021* i^206.3 .03305 .3507 .00357 186. 66 35. 38 .11.806 1.00091 .6361*
300 . . 2823 ''61.1 .03358 . 3507 . 00333 193. 96 89. 1*9 . 16652 1. 00085 .6853

350. . 21^20 5129.9 . 03931* .3506 . 00285 212. 57 99.1*1 •21599 1.00073 .681*6
1*00. .2118 5828.8 .03961* . 3506 .00250 231. 1^5 103.37 .27030 1. 0006'* .68'+6

i*sa. .1883 651*7.6 .03971 .3505 . 00222 250.29 117.95 . 32927 1. 00057 .631.9
500. .1695 7271,3 .03972 . 3505 . 00200 268. 37 126.71 .39312 1. 00051 .681.6
550. .151*1 8003.0 .03968 .3505 . 00182 287. 12 135.13 . 1*611*8 1. 00 0 1*6 . 681.3

6D0. .l'»13 8739.6 .03961 .3501^ . 00166 305. 05 11*3.1.1 .531*21* 1. 00 01*3 .631.0
700. .1211 10233.9 .03939 .3501^ .0011*3 3I.0.19 159.23 .69232 1. 33 0 36 .6337
800 . .1060 11767.8 .03905 . 350 3 . 03125 371*. 37 171*. 35 . 86639 1. 00 0 32 . 6836
900. .091*2 13352.0 .03858 .3503 . 00111 1.09.61 133.39 1. 05580 1. 00028 .683 6

1000. .081*8 11.993.3 . 03801 . 3503 .00100 1*1*1*. 71 202.95 1. 25999 1.00026 .6638

1200. .0707 161.52.0 .03671 .3502 .00083 511.11* 229.87 1.691*19 1. 00021 .6911
11*00. .0 606 2211*0 .1* .03532 . 3502 . 00071 583.52 255. 50 2. 19359 1.03013 .6921
1608. .0530 26011.1 . 031.01* .3502 . 00062 657.33 2 30.05 2.71*687 1. 00016 .6923
1800. . 0 1*71 30188.1* .03267 .3501 .00056 738.1*8 3C3.67 3. 361.95 l.OOOli* .6391.
2000. .01*21* 35210 .5 .03073 .3500 .00050 81*7.1*9 326.1.6 1.. 08711. 1.03013 .6732
2200. .0385 1.2191.3 .02770 .31*96 . 00 01*6 1026.69 31.5. 03 1.. 99955 1. 00012 . 61.53
2i^00. .0 352 53066.0 . 0231*7 .31*86 . 0001^2 131*8. 70 366. 72 6.21391 1. u3 Oil .6036
2600. .0323 70597.7 .01366 .31*65 . 00039 1916.1*6 388.1.9 7. 78899 1.00010 .5559
2800. .0296 98078.1 .011^21 .31*26 .00036 2852. 37 1*10 . 92 9.67731. 1.00009 .5156
3000. .0271 138607.2 .01070 .3358 . 03035 1*271.99 1*31*. 69 11. 77275 1.00008 .1.899

• THO-PHASE BOUNDARY 6-27



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.<»0 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL
DERIVATIVE DERIVATIVE ENERGY

K CU M/KG CU H-MPA/KG MPA/K KJ/KG-K

13,93? .01295 1.1876 .9279 -308.8
1<». .01296 1.1902 .9278 -308.3
15. .01309 1.0718 .9211 -301.8
16. .01325 1.00<«2 .9025 -291*.

6

17. .013l»l .9<*ai .8872 -287.1
18. .01358 .8826 .8729 -279.1
19. .01378 .8191 .8576 -270.6
20. .01399 .7523 .81*02 -261.6
21. .01<»21 .6868 .8213 -252.0
22. .01i»<»7 .6215 .8000 -21*1.7

23. . 01'»76 • 5532 .7751 -230.8

2<«. .01508 .1*831 . 71*51* -219.0
25. .015<«6 .'«122 .7103 -206.3

• 25.957 .01590 .31*37 .6691* -192.9
• 25.957 .20<*96 .0579 .0229 121.1

26. .20572 .0583 .0228 121.6
27. . 22161 .0668 .0208 131.2
28. .236'«8 .0 7'*5 .0193 11*0.

1

29. .25063 .0817 .0180 11*8.6
30. .26426 .068<» .0170 156. 7

31

.

. 277i»7 . 0 9'*8 • 0 160 161*. 5

32. .29036 .1009 .0153 172.2
33. .30298 .1068 .011*5 179.7

3<>. .31537 .1126 .0139 187.0
36. .33963 .1237 .0128 201. 1*

38. .36332 .131*3 .0119 215.1*
i«3. .38659 .li*'*& .0112 229.2
<»2. .i>0952 .151*7 .0105 21*2.8
1*1*. .'»3217 .161*5 .0099 256.3
If6. .171*2 . 0091* 269.7
<«8. .I*7b0i* .1837 .0 089 283. 0

5". .i>9692 .1931 . 0 085 296. 3

.52086 . 2021* . 0082 309.5

56. ,3bi*i*0 .2207 . 0075 336.0
60. .60758 .2387 .0070 362.8
65. .66116 .2610 .0061* 396.7
70. .711*1*1 .2829 . 0 059 1*31.6

75. . 7671*1 .301*7 . 0055 1*67. 7

80. .82020 .3263 . 0051 505.1*
90. .92533 .3691 .001*5 586.2

100. 1.03002 .1*116 .001*1 675.1*
110. 1.13<i38 .1*539 .0037 772.9
120. 1.23651 .1*959 . 0031* 878.2

130. 1.3'»2'>7 .5378 .0031 989.8
I<t0. l.'»<»630 .5 796 . 0029 1106.1*

160. 1.65365 .6630 .0025 131*8.2
180. 1.86072 .71*62 .0022 1593.1
200. 2.06760 .8292 . 0020 1835.0
220. 2.Z7U3I* .9121 .0018 20 71.0
2i«0. 2.(>8098 .991*9 .0017 2300.8
260 . 2.6875'* 1.0 777 . 0 015 2521*. 9

280. 2.89<«05 1.1601* .0011* 271*1*. 1*

300. 3.10031 1.21*30 .0013 2960.5

350. 3.61625 1.1*1*96 .0011 31*90.7
1*00. I*. 13206 1. 6560 .0010 1*013.8
(«50. <*.6<»779 1.9621* . 0 009 1*531*.

2

500. 5.163<*6 2.0 687 . 000 8 5051*.

6

550. 5.67910 2.2750 . 0007 5571*.

7

600. 6. 194 71 2.1*813 . 0 007 6 0 ?5 . 7

700. 7.22588 2.8933 . 0 006 711*0 .7
800. 8.25701 3.3063 .0005 8193.2
900. 9.28811 3.7187 .0001* 9256.6

1000. 10.31920 I*. 1312 .0001* 10333.8

1200. 12.38135 i».9561 . 0003 1251*1*.

1

litOO. li*.(*<»3<»9 5.7309 .000 3 11*836. 8

1600. 16.50580 6.6058 . 0003 17217.5
1300. 18.56935 7.1*306 .0002 19695.6
2000. 20.63822 8.2555 . 0002 22306.3
2200. 22.721*01 9.0803 . 0 002 25131.1
2<»00, 21*. 85299 9.9052 . 0 002 28360.6
2600. 27.07<*90 10.7300 .0002 32311.3
2800. 29.1.7226 11.551*8 . 0001 371*50. 7

3000. 32.16812 12.3797 .0001 1*1*399.1*

• THO-PHASE BOUNDARY

^28

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

-303.6 I*. 975 I*. 69 6.39 1271.
-303.2 5.007 1*. 71 6.1*1 1273.
-296.5 5.1*65 i«.91 6.91* 12 31

.

-289.3 5.928 5. 10 7.38 1205.
-281.7 6.389 5.29 7.65 1181.
-273.

7

6.850 5.1*5 8.32 1160 .

-265.1 7.311* 5.60 8.81* 1137.
-256.

0

7.782 5.73 9. 1*0 1111

.

-21*6. 3 8.255 5.81* 10.01 1085.
-235.9 8.736 5. 91* 10.58 1057.
-221*.

9

9.228 6.02 11. 1*6 1026.

-213.0 9.731* 6.09 12.37 991.
-200.1 10.259 6.11* 13. 1*6 950.
-136.6 10.790 6.19 11*. 71* 905.
203.1 25.813 6.89 16.79 376.
203.9 25.81*2 6. 38 16. 71 376.
219.9 26.1*1*5 6.72 15.31* 390.
231*. 7 26.985 6.62 11*. 1*1* 1*03.

21*8.3 27.1*80 6.56 13 .80 1*15.
262.1* 27.91*0 6.51 13.33 1*25.

275.5 28.371 6.1*7 12.96 1*36.

288.3 28.777 6. 1*1* 12.66 1*1*5 .

300.9 29.163 6.1*2 12.1*1 1*55 .

313.2 29.531 6. 39 12.21 1.61..

337.2 30.219 6.35 11.88 1.31.

360.8 30.855 6.33 11.65 1.97.

383.9 31.1*1*7 6.31 11. 1*7 513.
1*06.7 32.003 6. 30 11. 33 527.
1*29.2 32.528 6.30 11.22 51.1.

1*51. 5 33.021* 6.30 11.11. 555.
1*73.8 33.1*97 6.31 11.07 568.
1*95. 8 33.91*8 6.33 11.03 580.
5 J 7. 9 31*. 380 6.35 11.00 592.

561.8 35.191* 6.1*2 10.98 611..

605.8 35.952 6.53 11.02 635.
661.1 36. 839 6.71 11.11* 658.
717.3 37.671 6.96 11.31. 679.
771*.

6

38.1*62 7.26 11.60 698.
833.1* 39.221 7.61 11.92 715.
956.1* 1*0.668 8.1.2 12.69 71.6.

1087.1* 1*2. 01*7 9.28 13.52 771*.

1226.7 1*3.372 10.11 11.. 33 802.
1373.6 1*1*. 650 10.83 15.03 830 .

1526.

8

1*5.877 11.1*1 15.59 857.
1685.

0

1.7.01*8 11.92 16.00 886.
2009.6 1*9.215 12.22 16.38 91.3.

2337.1* 51.11.6 12.19 16.31. 1000 .

2662.0 52.855 11.95 16.10 1057.
2980.8 51.. 375 11.63 15. 78 1112.
3293.2 55.731* 11.33 15.1.7 1165.
3599.9 56.962 11.38 15. 21 1217.
3902.0 58.081 10.87 15.01 1266.
1*200.6 59.112 10.72 11.. 85 1312.

1.937.2 61.382 10.51 11*. 61. 11.21.

5666.7 63. 331 10. '.3 11.. 55 1520.
6393.3 65.01*1* 10.1*1 11.. 53 1613.
7120.0 66.571* 10.1*0 11*. 53 1700.
781.6.3 67.959 10.1*1 11.. 53 1782.
8573.6 69.223 10.1*3 11.. 55 1861.

10031.0 71.1*71 10.1*8 11.. 51 2008.
111*96.0 73.1*26 10.57 11.. 70 211.1..

12971.

8

75.162 10. 70 11.. 62 2270.
11*1*61.5 76.731* 10. 86 11.. 98 2388.

171*96.6 79.1*88 11.21* 15.37 2603 .

20611*.

2

81.395 11.68 15. 81 2797.
23819.

8

81*. 012 12.12 16.25 2976.
27123.1* 85.919 12.62 16. 75 311.1.

30561.6 87.796 13.39 17.56 3290 .

31.220. 7 90.211 11*. 80 19.08 31.21

.

38301.8 93.0 32 17.38 21.90 3532.
1*311*1.3 96.270 21.78 26. 81 3633.
1*9239.6 99.922 28 .66 31.. 65 3731..

57266.7 103.987 38.56 1.6.21. 381.8.



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.<»0 MPA ISOBAR

TEMPERATURE DENSITY V(OH/DV)_ V(OP/OU),, -V(OP/OV).

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 102

13.93S 77,2399 631.3 .25599 91. 7322
lU. 77.1782 631..

3

.2551.1 91.8568
15. 76.3720 617.1 .21.5 70 81. 8567
16. 75,<»90i» 619.9 .231.27 75. 8051
17. 7i«.5686 619.9 .22511 70. 0983
18. 73.6116 619.2 .21750 61.. 9667
19. 72.5911 612.8 .21091. 59.1.563
20 . 71. 50 35 602.0 . 2050 2 53. 7931
21. 70.3507 589.0 .19971. 1.6.3137
22. 69.1127 573.7 . 191.81 1.2.9569
23. 67.7665 551..

3

.18995 37.1.372

21*. 66. 2971. 531.1. . 181.72 32. 0293
25. 6'».6759 505.0 .17883 26.6582
25. 957 62.9088 1.76.2 . 17182 21. 6193
25.957 i».8790 206.9 .06820 .2326
26. <«.8&10 20 7.6 .06823 .2835
2 7. <». 512<« 222.3 .06869 .3016
28. k. 228 7 23 5.9 . 06688 . 31 52
29. 3.9899 21.9.5 .06692 .3258
30. 3.7 81,2 262.8 .06869 .331.1.

31. 3,60'«0 275.7 .06883 .31.15
32. 3.<t<«<f0 288.1. .06877 ,31.75
33. 3,3005 301.0 .06669 .3526

3i». 3.1708 31 3.1 .06673 .3570
36. 2.9<«<*'« 337. 0 .06866 .361.1

38. 2.752<» 360.7 .06356 ,3697
1*0. 2.5867 331..1 .0681.3 .371.1
1*2, 2.'»'«19 1.07.3 .06827 .3777
1*1*. 2,3139 1.3 0.1. .06809 . 3807
i*f>. 2.1997 1.53.1. .06786 .3832
i*&. 2. 0971 1.76.6 .06760 .3653
50. 2.001.3 1.99.9 .06728 .38f 1

52. 1.9199 523.5 .06691 . 3686

56. 1.7 718 571.9 .06596 .3910
60. 1.61.59 622.1. .061.73 .3929
65. 1.5125 68 9.7 .06278 .391.7

70. 1,3998 762.5 . 0 601.1. .3960
75, 1,3031 81.1 . 8 . 05783 .3970
80. 1.2192 92 7.7 . 05509 .3978
90. 1.0807 1119 .2 .01.970 .3989

100. .970 9 1332.1. .01.500 . 3996
110, .8815 155 9.2 .01.121. .1.001

120. .807<. 1789.7 . 0381.5 .1.001.

130. .7i.'.9 2015.3 .0361.6 .1.006

ii>a. .691«» 2230.1. .03517 .1.008
160. .601.7 2611..

5

.031.00 .1.010
180. .5371. 2 93 8 . 9 .031.01. .1.010

200 . .1.83 7 3218.6 . 0 31. 71 • 1.0 1

0

220. .1.397 31.72.3 .03562 .1.010
2itO. .1.031 3 71 5 . 7 .03656 .1.010

260. .3721 3959.2 .03739 .1.010
280, .31.55 1.207.3 .03807 .1.010
300, .3225 1.1.62.2 .03859 .1.009

350, ,2 765 5131.1 .03935 .1.006
<»00. .21.20 5 33 0.1 .03965 .1.003
i»50. .2152 651.9.0 .03972 .1.007
500. .1937 7273.2 .03973 .1.006
550, , 1761 8001.. 5 .03969 .1.006
600. ,1611. 871.1.0 .03962 .1.005
700. .1381. 10235.1. .0391.0 .1.005
800. .1211 11769.3 .03905 .1.001.

900, .1077 13353.5 .03858 .1.001.

1000, .0969 11.995.1. .03601 .1.003

1200. .0808 181.53.6 .03671 .1.003
.0692 2211.1.7 .03533 .1.002

1600. .0606 260S9.3 .031.01. .1.002
1800. .0 539 30169.3 .03270 .1.002
2000, .01.65 35126.5 . 03062 .1.000
2200. .01.1.0 1.1922.1. .02791 .3996
2<»00. .01.0 2 52368.5 .02383 .3966
2600. .0369 69056.7 .01912 .3963
2800. .0339 95093.0 .011.69 .3921
3000. .0311 1331.55.3 .01112 .381.8

V/OTI^V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
COMDUCTItflTY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S SO M/HR
X lO'^ X 10'

.01011 71.. 25 257.26 . 00 051. 1.25236 2.2121.

.01010 71.. 91 251*. 75 .00055 1. 25215 2.1789

. 01125 83. 51 221.. 16 .00057 I. 21*931 1.861.2

.01191 89.1.3 199. 1.9 .30058 1.21*621 1.61*55

. 01266 93. 1.3 179.63 .00057 1. 21*298 1.5 081*

.0131.1. 96.26 163.36 .00057 1.23961* 1.1.120

. 011.1.2 97. 89 11.9.60 .00 055 1. 23637 1.350 8

. 01562 99. 33 137. 75 .00053 1.23228 1.301.0

.01700 100.99 127.1.3 .00052 1. 22827 1. 2631.

. 01862 101.88 118.25 .09 05 0 1. 22397 1 . 21* 0 1

.02068 102.01. 109.91 . 00 01.7 1.21931 1.231.1.

. 02327 101. 53 102.22 . 30 01.5 1.211*21. 1.21.50

. 02661. 100.37 95.02 . 0C01.2 1. 23865 1.2739

. 03096 98.50 83.33 .00033 1. 23259 1.3216

. 06113 25. 16 15.16 .3C111 1.U11.78 1.0116

. 08050 25. 15 15.18 .00111 1. 011.72 1.0083

. 06910 25.23 15.61 .00131 1. 01366 .91*69

. 06120 25.51 16.05 .00150 1.01230 .9083

. 05532 25.91 16.1.9 .00169 1.01207 . 8787

. 05072 26. 38 16. 91. .30188 1. 01 1 1.5 . 8557

. 01.699 26.93 17.38 .30208 1. 01090 .8361*

. 01.339 27.50 17. 83 . 0C227 1. 01042 .820 7

.01*125 28. 09 18.27 .01,21*7 1. 03998 . 3077

. 03898 28.68 18.71 .00267 1. 00959 . 7963

.03525 29. 91 19.59 .30 30 3 1. 30 890 . 7781

. 03229 31.18 20.1.5 . 0C350 1. 03332 .761.0

. 02986 32.1.7 21.31 . 0 0391* 1.03782 .7525

. 02761 33. 76 22.15 .001*39 1. 03738 .71*31

. 02607 35. 07 22. 97 .001*86 1.0J699 .7351

.02^56 36, 38 23. 79 .0 0 535 1. 03 661* . 7261

. 02323 37.71 21.. 59 .00585 1. 33633 .7220

.02205 39.01. 25.38 .00636 1.30635 . 7169

.02100 1.0. 38 26. 16 .00689 1. 00580 . 7125

. 01920 1.3. 07 27.69 .00797 1. 00535 . 7059

.01770 1.5.81. 29. 18 .00910 1.331*97 .7011.

.01615 1.9.63 30.99 .01360 1.331*56 .6956

. 011.87 53. 1.3 32. 71. .01212 1. 001*22 .691(3

.01378 57.17 31*. 1.5 .01361 1. 00 393 .6991

. 01265 61. 02 36.11 .01511 1. 00368 .7355

.01133 70.87 3 9.31 .01861 1.00326 .7036

.01015 80.73 1.2. 37 . 02211, 1. 03293 .7095

.03919 92.1.7 1.1.. 80 .02636 1.03266 .691.2

. 0061.0 103. 07 1.7.63 .33057 1. 0021*3 .691.7

. 00771. 113. 09 53.37 .03505 1.00225 .691.6

. 00717 122. 02 53.01. .03970 1. 00 238 .6955

. 00626 136.55 58.18 .01*963 1. 03132 .6978

. 00556 11.7.70 63. 09 .06053 1. 03162 .6982

.00500 156. 77 6 7 . .07250 1. 00 11*6 .6961.

. 001.51. 161.. 73 72. 1.1, . 3851*9 1. 00133 .6931.

. 001.16 172.17 76.81. .0991*0 1. 00121 .6935

. 00361. 179.1.3 81. 17 .111*12 1. 00112 .6881

. 00357 186. 67 35 .38 .12958 1.00131* .6865

.00333 193.97 89.50 .11*575 1. 03397 .6851.

. 00265 212.57 99.1.1 . 1990 1* 1.00083 .681.6

. 00250 231. 1.6 108. 88 .23657 1.00073 .681.6

. 00222 250. 29 117.96 .28817 1.00065 .681.9

. 00 200 268. 86 126. 71 . 31*1.05 1.30 358 .681.6

.00182 287. 13 135.19 . 1*036 7 1. 03053 .681.3

. 00166 305. 06 11.3. 1.1 .1*6751* 1. Ou 0 1*9 .661.1

. 0011.3 31.0. 19 159.23 .60587 1. 03 01*2 .6837

.00125 371.. 88 171.. 35 .75819 1 . 00 0 36 .6836

. Oulll 1.09. 62 135. 89 . 92391* 1. 00 3 32 .6836

.00100 1.1.1.. 71 202.95 1. 1C261 1. 00329 .6838

.00083 511.11. 229.37 1.1*9251* 1. 00021. .6911

.00071 5S3. 50 255.50 1. 91952 1. 00 3 21 .6921

. 00062 657. 19 283. 05 2.i*C3i*9 1.03318 .6921*

.00056 737. 67 303. 67 2. 91*329 1. 03016 .6897

.00050 61.1.. 18 326.1.6 3.57117 1.0D015 .6792

. 0001.6 1016.33 31.5. 02 1*. 35867 1.00013 . 61*76

. 003 1.2 1322.12 366. 69 5. i*Cli.9 1. 03012 .6071*

.30039 1858.11. 333.1.0 6.75558 1. C3011 .5603

. 00 036 2739. 92 1.10. 70 3.36981* 1. 03 0 10 .5191*

. 00035 1.078.51. 1.31.. 27 10.21507 1.00309 .1*923

THO-PHASE BOUNDARY
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TABLE 2

THERHODYNftMIC PROPERTIES OF PARAHY0R06EN (ISOBARS, SI UNITS)

.kS HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
OERItfATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV VELOCITY
OF SOUND

K CU M/KG CU M-HPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K K J / KG-K M/S

13«951 .0129'» 1.1903 .926'^ -3 08.8 -302.9 l*.977 '*. 70 6.39 1273.
lit. . 0 1295 1.1978 . 928'^ -3 08. 1^ - 302 . 6 5.0 00 '* • 71 6 . 1,0 1276.
15. .01309 1.0769 .9229 -301.9 -296 . 0 5.1,58 ',.91 6.91, 123'*.
16. .Q132<t 1.0090 .901^1 -291,. 8 -288.8 5.920 5. 10 7,37 12C8,
17. • 0 ISttO . 9507 .8892 -287 . 3 -281.2 6.3 79 5.28 7.82 1186.
18. .01357 .8876 .871,1, -2 79.

3

-2 73.2 6. 8'*1 5 . ',5 8.31 1163 .

19. .01376 .821,3 .8592 -270.8 -26'*.

6

7.301* 5.60 8.52 1 1'*0 •

20. .01397 .7601 .81,23 -261.8 -255.5 7.770 5.73 9.37 1115.
21. .01i»20 .6918 .8230 -252.

2

-21*5.8 8.2'*3 5. ik 9.99 1087.
22. .01<t'»5 .6269 .8017 -21,2.0 -235.5 3.722 5.9', 10.65 1060 .

23. .5590 .7770 -231.1 -221*. 5 9.213 6.02 1 1 , (, 1 10 30.

2'». .015 06 .1,892 . 71^77 -219.1, -212.

6

9. 717 6.03 12.31 995.
25. . 0 15'»3 ,1,187 . 7130 -2 06. 8 -199.

8

10 .2 39 6.1', 13.37 955 .

26. .01588 .31,56 .6711 -192.

9

-185.8 10.790 6. 19 11*. 71, 907.
26. 559 .01617 . 3101 .6i^i^2 -181,.

5

-177.

3

11.111, 6.23 15.52 379.
26.559 • 18 18 0 , 0 551, . 0 262 120.3 202.1 25 , 1,05 6.95 17. 79 377.
27. .18855 .0 596 • 0 253 12'4.9 209. 7 25.691 6. 86 16. 93 383.
28. .20287 .0682 .0229 131*.

6

225.9 26.230 6.72 15.56 397.
29. .21626 .0761 .0212 11,3. 7 21*1. 0 26.809 6.63 11*. 61, 1*10.
30 • .22901 .0833 .3 198 152 . 2 255.3 27.291, 6.57 13.99 1*21 •

31. . 2'il26 .0901 .0187 160. 5 269. 0 27. 71,5 6. 52 13.50 1,32 .

32 . .25315 .0 966 .0177 163.1* 282. 3 2 3.167 6 . ',3 13.11 1*1*2 .

33. . 26'»73 .1029 . 0168 176.2 295 . 3 28.566 6. ',5 12. eo 1*52.

S** • , 2 76 06 ,1089 ,0160 183. 7 30 8.0 28. 91,1, 6 , 1,2 12, 51, 1*61

.

36. . 2981if .120', . 011^7 198. 5 332. 6 29. 61,9 6.37 12.11, 1*79.

38. .31962 .1311, .0137 212.8 356. 6 30. 297 6.3'* 11. 85 496.
'«0 . . 3 'tO 65 . 11*20 .0128 226.8 380. 1 30.8 99 6.32 11.6'* 511,
it2. .36132 .1523 .0120 21*0.6 1*03.2 31.1,63 6.31 11. 1*7 526.

.38171 .l&2t> .0113 251*.

2

1*26.0 31.99', 6. 31 11. 35 51,0.

6. . '0187 • 1 723 .0107 2 67.7 1*1* 8 . 6 3 2. ',96 6.31 11.25 551,

.

'»8

.

,(,2183 .1819 .0102 281.2 1,71, 0 32. 973 6.32 11. 17 567 .

50 . .(,'»163 .1915 .0097 291*.

5

1,93. 3 33.1,27 6.3'* 11.11 579.
52 . ,1,6128 .2009 .0 09 3 30 7.9 515.5 33.862 6.3b 11,07 591 .

56. .50025 .2195 . 0 085 331*.

6

559.7 31,. 682 6 . '*3 11 . Ci* 611,.

60 • • 53885 .2377 . 0 079 361.1* 60 3.9 35 , 1,1,1, 6.53 11.07 635 .

65. .58671 .2601 .0 072 395.5 659. 5 36.331, 6.72 11.18 658 •

70. .63',2'f .2822 .0 066 1,30.5 715.9 37.170 6. 96 11.37 679.
75. .68151 .301*1 . 0062 1,66.7 773.1, 37.963 7.26 11. i 3 698.
80. .72857 .3259 .0058 501*. 1* 832.3 38.723 7.61 11. 95 715.
90 . • 8222', .3689 .0 051 585.1* 955 . 5 1*0 . 1 73 8 .1*2 12.70 71*6 .

10 0. .915'»7 . 1* 1 15 . 0 0 1^6 671* . 7 10 36.6 1*1 . 5 55 9.28 13.53 775 .

110, 1.0 0 837 .1*539 . 0 01,1 772. 3 1226.

0

1*2. 880 10.11 11*. 31* 302.
120. 1.10105 .1,961 .0 038 877.6 1373 .

1

1*1*. 160 10.8', 15. Qi* 830 .

1 30 . 1. 19355 • 5381 .0035 989.3 1526.1, 1*5 . 387 11. 1,1 15.60 853.
I'fO . 1 .2 8591 .5 799 . 0032 1106.

0

1 681,. 6 1*6. 559 11.83 16.01 886.
160 * 1 . ',70 35 . 6 631, .0028 1 31*7. 8 20 0 9,1* 1*8 . 7 27 12 . 22 16.38 91,3 ,

180 . 1 , 65'«50 . 71,67 • 0 025 1592.8 2337.

3

50 . 658 12.19 16.3 5 10 01.
200. 1. 8381,6 .8297 .0023 1831,.

7

2662.0 52.368 11.95 16. 10 1057.
220. 2.02229 .9127 .0 021 2070.8 2980.6 53.888 11 .63 15. 78 1113.
2<»0 . 2.20601 • 9956 ,0019 230 0.5 3293.

3

55. 2 1*7 11, 33 15 . 1*7 1166.
260 . 2, 38966 1.0 781, .0 017 2521, . 7 3600.0 56.1*75 11.03 15.21 1217.
2 80. 2 . 573 25 1.1 611 .0016 2 71,1,. 2 39 0 2.

2

5 7.595 10 .87 15.01 1266.
300. 2. 7566", 1,21,37 .0015 2960 .

3

I, 200.8 58.626 10 . 72 11* . 86 1313,

350 . 3. 21529 1 . 1, 50 3 .0 013 31,90 .

5

1,937. 1, 60 • 8 96 10,51 1'*. hi* 11*21

.

<*00. 3.673 82 1 . 6568 .0 011 1,0 13 . 7 5667.0 62 . 8 1*5 10 , 1,3 11, . 55 1521.
1|5Q , 1,, 13227 1. 8632 .0013 1*531, . 1 6393 .

7

61*. 558 10 . 1,1 11*. 53 1613.
5 00. H . I? 3 U D D 2.0 695 . 0 009 5 0 51, . 6 7120.1* hf.. n AA0 . u 0 u 1 0 . 1,0 11* . 5 3 170i.

550

.

5. i]<,901 2. 2 758 . 0 0 Q 8 5571,, 6 781*6. 7 67. 1*73 10 • 1,1 11*. 51* 1783.
600. 5.50735 2.1,821 . 0008 6095.6 8573.9 68.737 10.1,3 11*. 55 1861.
700. 6.1,2396 2.8 91,6 . 0006 711,0.6 10031.1* 70.985 10.1*3 11*. 61 2008.
800 . 7.31,053 3.3071 . 0006 8193.2 ll'*96.'* 72.91,0 10.57 11*. 70 211, 1*.

900. 8.25707 3.7196 . 0005 9256.5 12972.2 71*. bn 10.70 11*. 82 2270 .

1000 . 9.1 7360 i,.l 321 . 0005 10333.

8

l'*'*61. 9 76.2'*9 10. 36 11*. 98 2388.

1200. 11.00662 i,.9570 . 0001^ 1251,1,.

1

17'*97. 0 79.002 11.21* 15.37 2603.
1(>00. 12.83961, 5.7818 . 0003 11,836.8 2061"*.

7

81. 1*09 11.&8 15. 31 2797.
1600. 11,. 67280 6.6067 . 0 003 17217.

3

23820.1 83.526 12.12 16. 25 2976.
1800. 16.50700 7. '315 . 0 003 19691*.

5

27122.6 85.1*33 12.61 16.71, 311,1.

2000. 18.31,565 8.2561, .0 002 22301.3 30 556.8 87.308 13.36 17.53 3291.
2200. 20.1981,8 9.0812 .0002 25113.5 3'*2fl2.9 89.717 11*. 71 18.97 3',23.
2if00. 22.08751 9.9061 .0002 28311.1 38250.5 92.522 17.16 21.65 3535.
2 600. 21*. 051,1,!, 10.7309 . 0002 32192.0 '*3016.5 95.731 21. 32 26. 30 3636.
2800. 26.1681,1 11.5557 .0002 37196.7 '*8972.5 99.331 27.83 33.71 3738.
3000. 28.53263 12.3806 . 0 002 '•3910.7 56750.1* 103.311 37.20 ',',.65 3851.

TWO-PHASE BOUNDARY
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TftBLE 2

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.i»5 MPA ISOBAR

TEMPERATURE DENSITY \/ (DH/OV)p V(0P/OU)y -V«DP/OV)^ (OV/0T)/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA W/K- M KG/M-S SO >1/HR
X lo2 X 1

0^ X 10^

• 13»951 77. 2682 632 .9 .25593 9 2. 0130 . 01009 71*. 1*6 257. 57 . 00051* 1 . 2521*6 2.2092
!<*• 77.220'* 637.1 .2551*9 92.1*910 . 01001* 71*. 91* 255.65 .00 055 1.25229 2.1615
15. 76.'»169 618.6 .21*609 82.2925 . 01121 83. 56 22'*. 91* .00057 1. 21*91*7 1. 8679
16. 75. 53e<» 621.5 .231*63 76.2168 . 01186 89.55 200.17 .00 05 3 1. 21*638 1. 61*91

17. 7<».6359 621*. 1 . 22553 70 • 9596 . 01253 93.56 180 .1*3 .00 058 1. 21*322 1.5083
18. 73.6679 621.2 .21781 65.3899 . 01337 96.38 163.9"* .00 05 7 1.23933 1.1*130

19. 72.6516 61 1* • 9 . 211 21* 59 . 8860 . 011*35 98.02 150.12 .03 055 1.2 3628 1.3511
20

.

71.5763 60 5. 1* . 205 31* 51*. 1*0 31 . 0151*6 99. 1*9 13 8.28 .00 05 3 1. 23253 1 . 3021*

21. 70.1*227 591.3 .20002 1*8.7195 .01669 101.16 127.39 .30052 1. 22852 1.2628
22. 69.1922 576.3 .19506 1*3.3793 .0161*8 102.07 113. 70 .00050 1.221*25 1.2366
23. 67.8567 557.2 .190 21* 37. 9315 . 0 201*9 102.26 1 1 3 . 35 . 00 31*8 1. 219 62 1 . 2 31

8

Zk* 66. 3999 531*. 6 . 18505 32.1*611 .02302 101. 78 102. 67 . 00 01*5 1. 211*59 1.21*13
25. 6'*. 79<*i* 50 8 .7 .17921* 27. 1268 . 02629 100. 65 95. 1*7 . 0001*2 1.20906 1. 268 3

26. 62.9732 1*7 7.9 .17207 21. 7659 . 03083 98. 75 83.50 .00033 1. 20281 1.3205
26.559 61 . 8352 1*62.1 .16730 19. 1753 . 03360 9 7. 35 SI*. 61* .00337 1.19891 1 . 31*96

26.559 5.500 6 207.2 • 0661*8 . 301*8 . 06585 26. 38 15. 61* .00097 1.01667 1. 0 51*7

27. 5.3036 211*.

0

.06872 .3160 . 07912 26. 29 15. 31 .30105 1. 01607 1.0187
28. I*. 9293 226.8 . 06903 .3363 . 06801 26.33 16.23 .3 0121* 1. 011*93 .9590
29. 21*3.0 .06912 .3517 .06027 26.57 16.66 .0D1<«1 1. 011*00 .9179
30. i>.3667 256.7 .06911 .3638 . 05i*i»9 26. 91* 17.09 .00159 1.01322 . 3871*

31. I*. 1<*<»6 270.1 . 06906 .3736 . 01*997 27. 1*3 17.52 . 0D177 1. 01251* . 8623
32. 3.9503 283.2 • 06900 .3817 • Qi*630 27. 96 17, 96 . ocigi* 1 . 01 195 .81*22

33. 3.777'* 296.1 . 06891 .3866 . 01*321* 28. 51 18 . 1*0 .00212 1. 0111*3 . 8260

3<». 3.622<» 30 8.1* .06891* . 391*1* a 01*065 29. 08 13. 83 . 00231 1. 010 96 . 8119
36. 3.35'»1 332.8 . 06892 .1*039 .0361*7 30.27 19.70 .00263 1.01011* . 793 0

38. 3. 1287 356.8 , Q6682 .1*112 • 03322 31.50 2 3.55 .00306 1. 0091*6 .7735
<*a. 2.9356 360.5 . 06868 .1*169 . 03 058 32. 76 21 . 1*0 . 0031*5 1.00 8 37 .7603
42. 2.7676 1*01*.

0

.06851 . 1*216 . 0281*0 31*. 0 3 22.23 .00386 1. 008 36 . 71*96

(»<f. 2.6198 1*27.1* .06831 .1*251* . 02651* 35.32 23.06 .001*23 1.00792 .71*36
<»6. 2.'*88'* 1*50 .7 .06808 .1*286 . 021*95 36. 62 23.87 . 301*71 1. 00752 . 7328
<»8. 2.3 706 1*71*.

1

. 06760 .1*313 . 02356 37. 91* 21*. 67 . 00516 1.0Q716 .7262
50 . 2.26'*'* 1*97.6 . 0671*6 « 1*336 . 02233 39.26 2» • 1*5 .3 3562 1.03 681* . 720 5

52. 2.167° 521.3 . 06709 . 1*356 . 02121* 1*0 . 59 26. 23 .00609 1.03 655 .7157

56. 1 . 999 0 570.0 . 06613 . 1*36 7 .0193 7 1*3. 26 27.76 •0 0 706 1. 00601* .7085
60. 1.8558 620.7 . 061*83 .1*1*11 .01781* 1*6. 02 29.21* .0 030 6 1.00 560 .7031*
65. 1.70'*'* 666.2 .06292 .'*'*33 . 01625 1*9. 79 31. 01* . 0 0 91*0 1,03 511* .6972
70. 1 . 5 76 7 761. 2 .0 60 57 .'*i*50 . 011*91* 53. 58 32.79 .010 76 1. 00 1*76 .6961
75. l.<*673 81*0.5 . 05791* • 1*1*63 • 01381* 57.30 31*. 1*9 .0120 9 1. 03 1*1*3 .7032
80. 1.3726 926.6 .05519 . 1*1*73 .01290 61.15 36.15 . 0131*2 1, 001*11* .7361*

90. 1.2162 1118.2 .01*976 .1*1*87 .01136 70.99 39.35 .31651* 1, 30 367 . 731*2

100

.

1.Q923 1331.5 . 0 1*50 7 .1*1*95 • 01C16 30. 31* 1*2. 1*0 .01969 1,00 329 . 7099
110. . 991 7 1558.5 . 01*1 30 .1*501 . 00920 92.52 1*1*. 81 . 0231*2 1, Oi299 . 691*6

120

.

. 9082 1769.2 . 0381*9 .1*505 . 0081*1 103. 12 1*7. 61* .0 2717 1. 00 271* .6950

130. .8378 2015.0 .0 3652 .1*508 • 0D771* 113.13 50 . 33 .0 3115 1. 03 253 .691*9

i<»a

.

.7777 2230.2 . 03520 . 1*510 • 00718 122. 06 5 3.05 . 0 3529 1. Ot 2 31* .6958
160. .680

1

261 1*. 7 .031*03 .1*512 .0062 7 136.58 53. 13 • 31*1*1 3 1.03205 .6979
180. • 60'*'* 2939.3 . 031*07 .1*513 .00556 11*7. 72 63. 10 .35 38 2 1.00182 .6933
200. .5'»39 3219 •

2

.031*73 .1*513 .0 0500 156.79 67. 83 . 3 61*1*6 1. 00 161* .6965
220. .'*9'*5 31*73.1 .03561* .1*513 . 0Qi*5i« 161*. 75 72.1.1 .0760

1

1. 00 11*9 .6935
2(>a. .1*533 3716.6 .03656 .1*513 .001*16 172. 19 76.35 .08838 1. 33137 .6905
Z60 . . '*185 3 96 0 .

1

. 0371*0 .1*513 • 00381* 179. 1*1* 81.17 . 1 D 11* 7 1.00126 .6382
260 • . 3 886 1*208 .1* .0 38 08 .1*5 12 . 00 35

7

186. 68 35.38 .11521 1.00117 .6865
300. .362 8 *i*& 3.1* . 03861 .1*512 • 00333 193. 99 89.50 . 1 2 95 9 1.03139 . 6851*

350 . . 3110 5132. 1* .0 39 36• W w 3 "J O .1*511 . 00265 212.58 9 9 . 1*2 .1680 8 A . W U V 3 * . 681* 6

UOO. .2722 583 1.1* . 039 66 .1*510 • 00 250 231 • 1*6 10 3.33 .21033 1.00032 .631*6

. 2'*20 655 0.1* . 03973 . 1*50 9 . 00222 250.30 117.96 • 25620 1 * QQ D 7 . 681* 9
500. .2178 7271* . 6 . 0 39 71* . 1*5 0 8 . 00 20 0 268. 88 126.71 .30588 1. 03 0 66 . 6 81*6

550 . . 1981 800 5.9 . 03970 . 1*50 7 . 00182 287. 13 1 35. 19 . 3590 6 1 . 00 060 .681*3

600. .1816 871*2.5 .03963 .1*507 . 00166 305. 06 li*3. 1*1 .1*1566 1. 03 055 .631*1
700. .1557 10236.9 .0391*1 .1*506 . 0011*3 31.0. 20 159.23 .5386'* 1. 000 1*7 .6837

1 800. .1362 11770 .9 .03906 .1*505 .00125 371*. 68 171*. 35 .671.0'* 1 . 0 3 3 1*1 .6836
900. .1211 13355.1 .03859 .1*505 .00111 1*09.62 188. 39 . 82138 1. 03 0 36 .6836

1000. .1090 11*996.9 .03802 .'*5Di* .00100 1*1*1*. 71 202.95 .98021 1.03033 .6838

1200. .0909 181*55.2 .03671 .1*501* . 00063 511. 1'* 229.87 1.31793 1.00027 .6911
li>00. .0779 2211*3.1 .03533 .1*503 .00071 533.1*9 255.50 1.7C636 1. 03023 .6921
1600. .3682 26006.1 .031*05 .1*503 . 00062 657. 07 230. 05 2. 1361*1* 1. 00021 .6921*
1800. .0606 30153.8 .03273 .1*502 . 00056 736. 99 303.67 2.61552 1. 03318 .6899

{
2000. .051*5 35057.3 . 03090 .1*500 . 00050 81*1.1*3 3 26.1*5 3. 17061* 1. 00016 .6800

.0<*95 1*1700.0 .02809 .1*1*96 . 0001*5 100 7.75 31*5. 01 3.86252 1.00315 .61*95

( 2<*00. .01*5 3 51790.9 .021*11* .1*1*65 . 0001*2 1300. 09 366.65 1*. 771(1*2 1. 00 0 11* . 6136
1 2600. .01*16 67779.0 .01952 .1*1*61 .00039 1809. 77 383.31 5.95971* 1. 03013 .561*2
' 2800. .0382 92613.9 .01511 .1*1*16 . 00036 261*6.52 1*10.52 7.39679 1. 00012 .5228
;|

3000. .0350 129163.9 .01151 .1*339 . 00035 3917. 37 1*33.91 9.01166 1.03011 .1.91*6

I
• THO-PHASE BOUNDARY



T4BLE 2

THERMODYNAMIC PROPERTIES OF PARflHYDROGEN (ISOBARS, SI UNITS)

.50 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF sou^^D

K CU M/KG CU M-MP4/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

* 1 3 . 968 • 0 129<« 1. 191*0 . 9290 - 3 C8 . 7 -30 2.3 1* . 978 I* .70 b. 39 1271*.
1<<. .0129<4 1.2053 .9289 -3 08.5 -302.

0

i*.9 9i* I*. 70 6.38 1279.
15. .91308 1.0819 .921*6 - 3 02.

0

-295.1* 5.1*51 i».91 6 . 93 1237.
16 . . 01323 1.0 138 .9058 -291*.

9

-2 88.3 5.913 5 . 10 7. 37 1210 .

17. .01339 .9559 . 8908 -287.1* -280.

7

6. 3 70 5.28 7.81 1189.
18. .013 56 .8927 .8759 -2 79. 1* -272.

7

6.832 5.1*5 8.2 9 1166.
19. . 013 75 .8295 . 8607 -271.

0

-261*.

1

7. 291* 5.60 8. 81 111*2.

20. .0 139B .7653 .81(36 -262.

0

-255.0 7.760 5. 73 9.35 1118 .

21. .01'«19 .6968 .821*6 -252.1* -21*5.3 8.231 5. 81* 9.96 1090.
22 • I 0 11*'*'* • 6 32 3 .8035 -21*2. 3 -235.

1

8.709 5.91* 10.32 1063.
23. . a Ik 72 .561*7 . 7790 -231 . 1* -221*. 1 9.198 6. 32 11. 37 1033.

2'». . 0 15 O^i .1*952 . 7500 -2 19.8 -212.3 9.700 6 . 08 12.25 998.
25. .0151*1 .1*251 . 7158 -2 G7. 3 -199.6 10.219 6.1!* 13.29 959.
26. . 0 158it .3527 .671*6 -193.5 -185.6 10 . 766 6 .19 11* . 61 912.
2 7. . 0 1638 .2793 . 6263 -1 78 . 1* -170.

2

11. 31*8 6.25 16.1*3 856 .

• 27.116 .0 16't5 .2721* .6200 -176.1* -168.2 11.1*21 6.26 16.52 850 .

• 27.116 . 1 62 90 .0528 . a 296 119.0 200 .5 2 5, 0 25 7.00 18. 92 373.
23. .1751*2 .0611* .0270 128.6 216.3 25.600 6.81* 17.03 391.
29. .18839 . 0701 .021*7 138.1* 232. 6 26.172 6.72 15.59 1*05.
30 . .2005'* . 0 780 . 0229 11*7 .

5

21*7.8 26.688 6.61* 11*. 78 1*17 .

31. . 212 10 . 0 851* .0215 156 .

2

262. 2 27.161 6.58 11*. 12 1*28.

32. . 22323 .0923 . 0203 161*.

5

276.

1

27.601 6.53 13.52 1*39.

33. . 23<t01 .0 986 .0192 172.5 289.6 28 . 015 6. 50 13.23 1*1*9.

31*. .2'»'»52 .1051 .0183 180.1* 302.6 28.1*05 6.1*5 12.90 1*58

.

36. . 2 6'» 89 . 1 1 71 . 0167 195. 5 327. 9 29.128 6 .1*0 12. 1*2 1*77.

38. • 28'«62 • 1 285 .0151* 210.1 352 . 1* 29. 789 6.36 12.07 i*9i*.

Iti. .30387 .1391* .011*1* 221*. 3 376.2 30.1*02 6.31* 11.92 510 .

l»2. .32275 .1500 .0135 238.3 399.7 30.973 6.33 11.63 525.
.3<»133 .1603 .0127 252.1 1*22.8 31.511 6.32 11.1*7 539.

U6. . 35967 .1703 .0120 265. 8 1*1*5,6 32. 018 6. 32 11. 36 553 .

If 8 . .37782 .1802 .0111* 279. 3 1*68. 2 32.1*99 6.33 11.27 566.
SO. .3 95 79 .1899 .0108 292.8 1*90.7 32.953 6 . 314 11.20 579.
52. .'*13(>3 .1991* .0101* 306.2 513.0 33.396 6.37 11.15 591.

56. ,'*'*6')l* .2182 . 0 095 333.1 557. 5 31*. 221 6 .1*1* 11.11 611*.

60. .'»S383 .2366 . 0 088 360.1 602.0 31*. 987 6.51* 11.12 631*.

65. .52716 .2593 . 0 080 391*. 3 657.8 35.881 6.72 11.23 658

.

70. .57010 .2816 . 0071* 1*29.1* 711*. 1* 36.720 6. 97 11 . 1*1 679 •

75. .612 79 . 30 36 . 0 069 1*65. 7 772.1 37.515 7. 27 11.66 698.
80. .65527 .3251* .0061* 503.5 831.1 38.277 7.62 11.97 715.
90. .73977 .3687 . 0057 581*. 6 951*.

5

39. 730 3.1*2 12.72 71*6 .

100. .82383 .1*115 . 0051 671*. 0 1085.9 1*1.113 9.28 13.55 775.
110. .90757 .1*51*0 . 0 01*6 771.7 1225.1* 1*2. 1*1*0 10.11 11*. 35 30 3.

120. .99107 .1*962 . G 01*2 877. 0 1 372.

6

1*3. 721 10.81* 15 . 05 830 .

130. 1.07'»l»l .5383 . 0 039 988. 8 1526.0 1*1*. 91*9 11.1*1 15.51 358 .

lifO . 1. 15760 .5 8 02 .0036 1105.5 1681*.

3

1*6.121 11.33 16.02 886 .

160. 1.323 71 .6638 . 0 031 131*7.1* 2009.2 1*8.290 12.22 16. 39 91*1*.

180. l.'»8953 . 71*72 . 0028 1592. 1* 2337.2 50.222 12.19 16. 35 1001

.

200. 1.65516 .8303 . 0025 1831*.!* 2662.0 51.932 11.95 16.10 1058.
220. 1.82065 .9133 . 0023 2070.5 2930.8 53.1*52 11.61* 15.78 1113.
2<»0 . 1.98605 .9962 .0021 2300.3 3293.3 51*. 812 11.33 15. 1*7 1166.
260. 2.15136 1.0790 .0019 2521*. 5 3600.

2

56.01*0 11. 08 15.22 1217.
280. 2.31662 1.1618 .0013 27i*l*.0 3902.1* 57.160 10. 37 15. Dl 1266.
300. 1.21*1*5 . 0 017 2960 .2 1*201.0 58. 191 10.72 11*. 36 1313.

350. 2.89l»53 1.1*511 .0011* 31*90.1* 1*937.7 60.1*61 10.51 11*. 61* 11*22.

3.30723 1.6576 .0013 1*013.6 5667.

3

62. 1*11 10 .1*3 11* . 56 1521.
450. 3 . 71985 1.861*0 .0011 1*531*.

1

6391*. 0 61*. 121* 10.1*1 11*. 53 1613.
500. '.1321*2 2.0703 .0010 5051*.

5

7120.7 65.651* 10.1*0 11*. 53 1701.
550. '*.5i*'*95 2.2 767 . 0 009 5571*. 6 781*7.0 67.0 33 10 .1*1 11*. 51* 1783.
600. '.957<*6 2.1*830 . 0 008 6095.6 8571*.

3

68.302 10.1*3 11*. 55 1862 .

700. 5.782'*2 2.8955 . 0 007 711*0.6 10031.

8

70.550 10.1*8 11*. 61 2009.
800. 6.60731* 3. 3080 . 0006 8193.1 111*96.8 72.505 10.57 11*. 70 211*1*.

900. 7.1*3221* 3.7205 . 0006 9256.5 12972.6 71*. 21*2 10. 70 11*. 82 2270.
1 000 . 8.25712 i*.1330 . 0 005 10333.8 11*1*62.3 75.811* 10. 86 11*. 98 2388.

1200. 9.90685 i».9578 . 0001* 1251*1*. 0 171*97.5 78.568 11.21* 15.37 2603.
li»00. 11.55656 5.7827 . 0 001* 11*836.8 20615.1 80.975 11.63 15.31 2797.
1600. 13.2061*1 6.6076 . 0003 17217.1 23820.3 83.092 12.12 16.21* 2976.
1800. 11*. 85713 7.1*321* . 0003 19693.5 27122.1 81*. 998 12.60 16.71* 311*2.

2000. 16.51165 8.2573 . 0 003 22297.0 30552.8 86.371 13.33 17.50 3292.
2200. 18. 17829 9.0821 . 0 002 25098.7 31*187. 8 89.275 11*. 63 18.38 31*21*.

2<>00. 19.87583 9.9070 .0002 28269.2 38207.1 92.068 16.97 21.1*1* 3538.
2600. 21.63989 10.7318 . 0 002 32091.0 1*2910.9 95. 252 20. 91* 25. 86 361*0.

2800. 23.52951 11.5566 . 0 002 36981.9 1*871*6.6 98.807 27.13 32.91 371.1.

3000. 25.63286 12. 3815 . 0 002 1*31*97.

1

56313.6 102.715 36.01* 1*3.31 3853.

THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.50 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V (OH/OVI„

KJ/KG

tf<OP/OUI^

HPA-CU M/KJ
X 10^

-V(OP/Otf), (DV/DT)/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K W/K-M
X 10^

KG/M-S SQ M/HR
X 10^

13. 968 7 7.-2 965 631..

5

.25586 92.291*1 . 01007 71*. 66 257.88 . 00 051. 1. 25256 2.2061
Ik, 77.2625 639.9 .25557 93, 1235 .00998 71*. 98 256.56 .00055 1. 2521.1, 2. 181,2

15. 76.'t616 620. i« . 2i»6i»7 82.7270 .01118 83.62 225.71 .00057 1. 2<.962 1.8716
16. 75.5862 623.1 .23i«99 76.6271 . 01182 89. 63 203.85 .00 058 1. 21*655 1.6506
17. 7l».6876 626.0 . 22585 71.3910 .0121*8 93.65 181.01* .00058 1. 21*31*0 1.5099
18. 73.7238 623.1 .21812 65.8110 . 01331 96. 1*9 161*. 50 .00057 1. 21*003 1.1,11,0

19. 72.7116 617.0 .21153 60.3138 . 011,27 98.15 150 .63 .00055 1. 2361,9 1.3511,
20. 71.61412 607.7 .20563 51*. 821*2 .01539 99.63 138. 76 . 00 051* 1. 23276 1. 3C22
21. 70.i»9'»l 593.6 .20030 1*9. 1229 . 01679 101. 32 128. 35 .00052 1. 22877 1.2621
22. 69.2711 578.8 .19535 1*3.7989 . 01831* 102.25 119.11. .0C050 1. 221,52 1.2372
23. 67.91*60 560.1 . 19052 38.3717 .02030 102.1*7 110. 79 . 00 01.8 1. 21993 1. 2291,

21*. 66.5013 537.8 .18538 32.9286 . 02278 102. 02 103.11 . 00 01,5 1.211*91* 1.2379
25. 61*. 9113 512.3 .17963 27.5906 .02591* 100. 93 95.91 . 00 01,2 1. 2091*6 1.2629
26. 63.1156 1*8 2.2 .17263 22.2621* . 03 03 0 99. 09 88. 98 .00039 1. 20 330 1.3120
27. 61.0558 1*1*7.2 .161*02 17.0511 .03673 96.50 82. 17 .00035 1.19625 1.3988
27.116 60.7811 1*1*3.9 .16287 16.5588 .03 71*1* 96.11 81.33 . 0 00 31, 1.19531 l.i*C65
27.116 6.1386 23 7.3 .06871* . 321*0 . 09121* 27.63 16. 10 .00086 1. 01862 1.1021*

28. 5.7006 221.3 .06912 .3503 .07695 27.33 16. 1,1, .00101 1. 01728 1.0239
29. 5. 3082 236.3 . 06929 .3723 . 06639 27.35 16.81, .00118 1.01609 .9656
30. i*.9866 250.6 .06931 .3891 .05897 27.58 17.25 .00135 1.01511 .921*6

31. 1*. 711*7 261*. 5 .06927 .1*021* . 0531*0 27. 99 17.67 .00151 1. 011*28 .8918
32. 1*. 1*797 278.0 .06922 .1*133 .01*901 28. 1*6 18.10 .00168 1.01356 .8661*
33. i*.2733 291.2 .06912 .1*223 . Ol*5i,i, 28. 97 18.53 .00181* 1. 01293 .81*61

3i». i*.0e97 303.8 .06918 .1*300 .01*21,7 29.50 18.96 .00201 1. 01238 .8290
36. 3. 7752 328.6 .06918 .1*1*22 .03778 30. 63 19. 81 .00235 1. 0111.2 . 8028
38. 3.5135 353,0 . 06908 .1*515 .031*20 31.83 20.66 .00270 1. 01063 . 7835
1*0. 3.2909 377.1 . 06891* .1*588 .03131* 33.06 21.1.9 .00306 1.0Q995 .7681.
1.2. 3.0961* 1,00.9 .06876 .1*61*7 .02900 31*. 31 22. 32 . 0031*3 1.00937 .7563
i»i>. 2.9297 1*21*.

5

.06851, .1*696 . 02703 35. 58 23.11. .00381 1. 00885 . 71.62
i>6. 2.7803 1*1*8.0 . 06830 .1*736 .02535 36.87 23. 95 .001*20 1. 0061.0 .7377
1*8. 2.61,66 1*71.6 .06801 .1*769 . B2389 38.17 21.. 71* .001.61 1. 00800 .7301,

50. 2.5266 1*9 5.3 .06767 .1*797 .02261 39.1.8 25.53 .00502 1.03763 .721,1
52. 2.1*176 519.2 . 06728 .1*822 .0211*8 1*0. 80 26. 30 . 0 0 51*5 1.00730 . 7189

56. 2.2275 568.1 .06629 .1*861 .01955 1*3. 1*6 27.82 O0632 1. 00673 .7110
60. 2.0666 619.0 .06503 .1*890 . 01797 1*6. 20 29.30 .00723 1. 00 621. .7055
65. 1.8970 686.7 .06306 .1*918 .01635 1*9.96 31. 10 . 0081,1, 1. 00573 .6988
70. 1.751,1 759.9 .06069 .1*939 . 01502 53. 73 32. 81* .00967 1.00529 .6971*
75. 1.6319 839. 3 . 05805 . 1*951* . 01389 57. 1,1* 31*. 51* .01086 1. 001.93 .7013
80. 1.5261 92 5.5 .05529 .1*967 . 01291* 61.28 36. 19 .01207 1. 0J1.61 . 7073
90. 1.3518 1117.3 . 01*986 .1*981* . 01139 71.11 39.39 .011,88 1. 001.08 .701*8

100. 1.2138 1330.7 .01*513 .1*995 .01018 8 0.95 1*2.1*1* .01772 1.00366 . 710 3

110. 1.1018 1557.9 . 01.1 35 .500 2 . 00921 92. 57 1,1,. 82 .02107 1. 00332 .6950
120. 1.0090 1788.8 .03851* .5007 .0081*2 103. 16 1,7.65 .3ikk5 1 . 00 30 1. .6951*

130. .9307 2011*.

7

.03656 .5010 .00775 113. 17 50.39 . 0 2801* 1.00231 .6951
11*0. .8639 2230.1 .03521* .5012 . 0071 8 122. 09 53.05 .03177 1. Ou261 .6960
160. ,7555 2611,.

9

.031*06 .5015 .00627 136.61 58.19 .03972 1.00228 .6981
180. .6 711, 2939.7 .031*09 .5016 . 00556 11,7. 71* 63. 10 .01*81*5 1. 002J2 .6981*

200. .60<*2 3219.9 .0 31*75 .5016 .00500 156. 81 67.83 .05803 1. 00132 .6966
220. .51,93 31,73.9 .03566 .5016 .001*51, 161*. 76 72.1,1 . 3681*2 1. 00166 .6936
2<»a. .5035 371 7.5 .03659 .5016 . 001*16 172. 20 76. 85 .07956 1. 00152 .6906
260. .1*61*8 3961.1 . 0371*2 .5016 . 00381* 179.1*6 81.17 • 39131. 1. 0011.0 .6383
280. .1*317 1*209.5 . 03810 .5015 .00357 186. 70 85. 39 .10372 1. 00130 .6866
300. .1*030 1* 1*61*.

5

.03862 .5015 .00333 191*. 00 89.50 .11666 1.00121 .6851*

350. .31*55 5133.6 .03938 .5013 . 00285 212. 59 99. 1,2 .15131 1. 00101, .681,7
1*00. .3021* 5832.7 .03967 .5012 .00250 231.1*7 103.88 . 18931, 1. 00091 .681,7

1*50. .2688 6551.7 .03971. .5011 .00222 250. 31 117.96 .23063 1. 03081 .681,9
500. .21*20 7276.0 .03971* .5010 .00200 268.89 126. 71 . 27535 1. 03 0 73 .681,6
550. .2200 800 7.3 .03970 .5009 .00182 287. 11* 135. 19 . 32322 1. 00066 .681,3

600. .2017 871*3.9 .03963 .5009 . 00166 305. 07 11,3.1,1 .371,16 1. 00061 .681,1
700. .1729 10238.1* . 0391*1 . 500 7 . 0011*3 31*0. 20 159.23 .1,81,85 1. 00052 .6837
800. .1513 11772.1* .03906 .5007 .00125 371*. 89 171,. 35 .60672 1. 00 0 1,6 .6836
900. .1345 13356.6 .03859 . 500 6 . 00111 1*09. 62 1 88. 89 .73933 1. OCOi*! .6836

1000. .1211 11*998.5 . 03802 .5005 . 00100 1*1*1,. 72 202.95 . 38228 1. 00 0 36 .6838

1200. .1009 181,56.9 .03672 .5001, .00083 511. 11* 229.87 1. 18621, 1. 000 30 .6911
11*00. .0865 2211, 1*.

5

.03533 .5001* .00071 583.1*8 255.50 1.53583 330 26 .6921
1600. .0757 2600 7.1, .031,06 .500 3 .00062 656. 97 280. 05 1.92282 1. 000 23 .6921.
1800. .0673 3011,0 .9 .03275 .5003 . 00056 736.1*2 303.67 2.3531,2 1. 00 0 20 .6931
2000. . 0606 31,998.9 . 03097 .5001 . 00050 839. 11 326.1.5 2.85C75 1. 00 0 18 .6807
2200. .0550 1,1512.2 .02825 .1*996 . 0001*5 10 0 0. 1.9 31.5.01 3.1,6717 1. 00 0 17 .6512
21*00. .0503 51302.3 .021,1,0 .1*981* . 00 01*2 1281. 1.5 366. 63 1,. 2760 8 1

.

00015 .6135
2600. .01,62 66697.1, . 01988 .1*959 . 00039 1768. 81 388.25 5.32782 1. OuOli. .5677
2800. .01*25 90512.2 .0151,9 .1*912 . 00036 2567. 31 1.10.36 6. 60831. 1. 00 0 13 .5260
3000. .0390 125516.5 .01185 .1*830 .00035 3780. 36 1,33.60 8.051.86 1. 000 12 .1.967

THO-PHASE BOUNDARY



TftBLE 2

THERHODYNAMIC PROPERTIES OF PARAHYOROGEN aSOBARS, SI UNITS)

.55 HPA ISOBAR

'ERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

13. 9S5 •01293 1.1972 . 9296 -3 08. 7 -301.6 i». 979 l». 70 6. 39 1276.
1<». .0129<» 1. 2128 . 9295 -3 C8.6 -301.5 i».987 !». 70 6.37 1282.
15. • 013 07 1.0870 .926'* -302.

1

-29'». 9 i». 91 6.93 1239.
16. •Q1322 1.0269 .9090 -295.1 -287.8 5^902 5.10 7.3i» 1216.

.01338 .9610 .8923 -287.5 -280.2 6. 362 5.28 7.80 1192.
18. .01355 . 8977 .8775 -279.6 -272.

1

6.823 5.ifl» 8. 28 1168.
19. .ai37'f .83'»7 .8623 -271.2 -263.6 7.281* 5.59 8.79 111*5.

20. .01395 . 770't . 8'»52 -262.2 -25'*.

5

7.7'>9 5.72 9.33 1121.
21. »01'tl7 .7053 • 82&<» -252.

7

-2'»'f« 9 8.219 5.8'» 9 .92 1095.
22. e 01 't't2 • 6376 • 8052 -2'»2 . 6 -2 SI*. 6 8. 696 5. 91* 10.59 1066.
23. .01<«70 .5 70i» .7809 -231.8 -223.7 9.183 6.02 11.33 1036.

2(». .01501 .5022 • 7523 -220 .2 -212.0 9.682 6.08 12.18 1003.
25. .01538 .'»31i» .7181* -2 07.7 -199.3 10.200 6.1i» 13. 2i 961*.
26. .01581 .3597 .6780 -191*.

I

-185. <» 10. 71*2 6.19 lit, 1.9 918.
27. .01633 .286<* .6305 -179.1 -170,2 11.319 6.25 16.25 863 .

27.636 .0167i» .2't27 .5967 -168.5 -159.3 11.715 6.30 17.66 825.
27.636 .11*711* .0500 .0331 117.1* 198. 21*. 665 7.07 20.19 378.
2S. .15228 • 05i«0 .0317 121.8 205,5 2i«.92i» 6.98 19.07 381*.

29. .16516 .0638 .0287 132. 7 223. 5 25.55tt 6.82 17.02 399.
30. .17696 .0725 .026'f l'»2.5 239.8 26.108 6.72 15.71* 1*12.

31. .1880<» • 080<« .02'«5 151.7 255.1 26.609 6.6't 11*. 86 1*21*.

32. .19860 .0878 .0230 160. It 269.6 27.070 6.59 11*. 21 1*35.

33. .20877 .09i»7 • 0217 168. 8 283.6 27.500 b.Si* 13. 71 1*1*5.

31*, .21862 .1013 .0206 176.9 297.1 27.903 6.1*9 13.30 1*56.

36. •23763 ,1138 .0188 192.1* 323.1 28.61*5 6.1*2 12.71 l>75.

38. .25595 ,1256 • 0173 207^3 31*8.1 29.321 6.38 12.30 1*92.

i>0. .27375 ,1368 .0161 221.8 372.1* 29.91*1* 6.35 12.01 508.
1*2. .29117 ,11*76 • 0150 236.0 396.1 30.521* 6.31* 11.78 521*.

kk. .30828 .1581 .011*1 250.0 1*19.5 31.068 6.33 11.61 533.
1*6, •32515 .1681* .0133 263.8 1*1*2.6 31.581 6. 33 11.1*7 552.
ki. .3<»181 .1781* .0127 277.5 1*65. 1* 32.067 6.31* 11.37 566.
50. ,35829 .1883 .0120 291.0 1*86.1 32.531 6.35 11.29 578.
52. ,3 7«*63 ,1980 .0115 301*.

6

510.6 32,971 6.37 11.23 591.

56. .1*0696- .2170 .0105 331.6 555.1* 33.801 6.1*1* 11.17 613.
60. .1*3891 .2356 .0097 358.7 6C0.1 31*. 572 6.51* 11.18 631*.

65. .i>78<>i* .2581* .0089 393.0 656.2 35.1*70 6.73 11. 27 658.
70. .51763 .2809 .0082 1*28.2 712,9 36.311 6.97 11.1*5 679.
75. .55657 .3031 .0 076 1*61*. 7 770^8 37.109 7.27 11. 69 698.
80. .59530 .3250 . 0 071 502.6 830^0 37. 873 7.62 12.00 716.
90. ,67230 .3685 ,0063 583.8 953^6 39.328 8.1*2 12.71* 71*7.

100. .71*886 .1*111* .0056 673.3 1085^1 1*0.713 9.28 13.57 775.
110. .82509 .1*51*0 .0051 771.0 1221*.

8

1*2.01*2 10.12 11*. 36 803.
120. .90110 .1*961* .90<*6 876.5 1372.1 1*3.323 10.81* 15, 06 831.

130. ,97693 .5385 .001*3 988.3 1525,6 1*1*. 552 11. 1*1 15.62 859.
11*0. 1.05263 .5805 • 001*0 1105.0 1681*. 0 1*5.725 11.83 16.02 867.
169. 1,20373 .661*2 • 0035 131*7. 0 2009^1 1*7.895 12.22 16. 1*0 91*1*.

180. 1,351*55 .71*76 • 0031 1592.1 2337.1 1*9.827 12. 19 16. 36 1002.
200. 1,50518 .8308 • 0023 1831*.

1

2661.9 51. '537 11.95 16.11 1058.
220. 1.65568 .9139 .0025 2070.3 2980.9 53.058 11.61* 15.79 1113.
2<»0. 1.80607 .9968 • 0023 2300.1 3293.1* 5i*^i«18 11.33 15.1*8 1167,
260, 1,95639 1.0797 .0021 2521*.

3

3600.

3

55.61*6 11.08 15.22 1218.
280. 2,10665 1.1625 .0020 271*3.9 3902,5 56.766 10.38 15.01 1267.
300, 2.25671* 1.21*52 .0018 2960.0 1*201.2 57.797 10.72 11*. 86 1311*.

350^ 2.63208 1.1*518 • 0016 31*90.3 1*938.0 60.067 10.51 11*. 61* 11*22.
<>00^ 3.00729 1.6581* .0011* 1*013.6 5667.6 62.017 10.1*3 11*. 56 1522.
1*50. 3,3821*2 1.861*8 .0012 1*531*.

0

6391*.

3

63.730 10.1*1 11*. 53 1611*.

500^ 3.7571*9 2.0712 .0011 5051*. 1* 7121,1 65.260 10.1*0 11*. 53 1701.
550, I*. 13253 2.2775 .0010 5571*.

5

78i*7^i* 66.61*5 10 • 1*1 11*. 51* 1783 .

600, 1*. 50755 2,1*838 . 0 009 60 95.5 8571*.

7

67.909 10^1*3 11*. 55 1862.
700, 5.25753 2.3961* . 0008 711*0.6 10032.2 70.157 10.1*8 11*. bl 2009.
800. 6,007<»6 3.3089 .0007 8193.1 111*97,2 72.112 10.57 11*. 70 211*5.

900. 6,75737 3.7211* . 0 006 9256.5 12973.1 73.81*9 10.70 11*. 62 2271.
1000. 7,50727 l*,1338 . 0 006 10333.7 11*1*62. 7 75.1*21 10. 86 11*. 98 2388.

1200. 9,00703 i*.9587 .0005 1251*1*.

0

171*97.9 78.175 11.21* 15.37 2603.
11*00, 10.50677 5.7836 . 0 001* 11*836. 8 20615.5 80.581 11.68 15.81 2797.
1600, 12,00663 6.6085 • 0003 17217.0 23820.7 82.698 12.12 16.21* 2976.
1800, 13.50721* 7.1*333 • 0003 19692.

7

27121.

7

8!*.60it 12.60 16.73 311*2.

2000. 15.01115 8.2582 , 0003 22293.

3

3051*9.1* 86.1*76 13.31 17.1*7 3293.
2200. 16,52556 9.0830 ,0003 25 0 85.9 31*175.0 88.875 11*. 56 18. 81 31*26.

21*00, 18.06676 9,9079 ,0002 28233,1 38169.9 91.658 16.30 21.26 351*0.

2600, 19.66561 10^7327 . 0 002 32001*. 1 1*2820.2 9if82Q 20.60 25.1*9 361*3.

2800, 21,37332 11^5575 . 0 00 2 36797,0. 1*8552.3 98. 338 26.53 32.22 371*1*.

3000. 23.26633 12.3821* .0002 1*311*1.3 55937.8 102.182 35.05 1*2. 15 3855.

• TWO-PHASE BOUNDARY



TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, 31 UNITS)

.55 MP* ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(OH/OW)p VCOP/'DUjy -V(OP/OV>^

KJ/K6 HPA-CU M/KJ MPA
X 102

(Otf/DT)VV THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY DIFFUSIVITY CONSTANT

PRANOTL
NUMBER

1/K
X 10''

KG/M-S
X 10'

SQ M/HR

13.985 77.321*8 636.2 .25579 92.5755 .01001* 71*. 87 258. 19 .00055 1.25266 2.2029
11*. 77.3a'»'« 6'»2.7 .2556<f 93.75<»'« .00991 75. 02 257.1*6 .00055 1.25259 2.1870
15. 76.5060 622.0 .2'f685 83.1601 . 0111<* 83. 68 226.1*9 .00057 1. 21*978 1. 8753
16. 75.65'«9 628.1 . 235'»7 77.6879 . 01169 89. 71* 201. 83 .00058 1 . 21*679 1.6512
17. 7<».7391 627.8 .22617 71.8206 .0121*2 93.75 181.65 .00058 1. 21*356 1. 5111*

18. 73.7793 625.0 . 218'.3 66.2301 .01325 96.60 165. 06 .00057 1.21*022 1.1*150
19. 72.7713 619.2 .21183 60. 7395 .011*20 98.28 151.11* . 00 055 1. 23670 1.3518
20. 71.7056 609.9 .20593 55. 2'»33 . 01530 99. 78 139. 23 . 00 051* 1. 23298 1. 3&21
21. 70.5699 597.5 . 20059 '9. 771*3 .01660 101.50 123.83 .00052 1.22903 1.2592
22. 59.31*93 581. < .19562 '*'*.2157 . 01821 102. I*!* 119. 58 .00050 1.221*79 1.2358
23. &8.03<»3 563.0 .19080 38.8082 .02012 102.69 111.23 . 0 0 0 1*8 1.220 21* 1.2271

21*. 66.6035 51*1.5 .18570 33.1*1*73 . 0221*9 102. 27 103. 55 . 00Qi«5 1. 21529 1.2332
25. 65.0266 515.8 .18002 28. 01*98 .02561 101. 21 96.36 . 00 01*2 1.20936 1.2579
26. 63.2551 1*86.1* .17318 22. 7511 . 02980 99.1*2 89.1*5 .00039 1. 20 377 1. 301*1

27. 61,2276 1*51.9 .161*76 17.531*7 .03596 96. 89 82.68 •00035 1. 19681* 1.3865
27.636 59.7376 1*29.1 .15856 11*. 1*957 . 01*116 91*. 80 78. 30 .00032 1. 19175 1. 1*587

27.636 6.7960 207.2 .06897 .31*00 . 0971*1 28.92 16.56 .00076 1. 02063 1.1558
28. 6.5668 213.1* .06916 .351*8 . 03939 28. 63 16.68 .00082 1. 01993 1.1111
29. 6.051*8 229.3 .0691*2 . 3865 .071*22 28. 29 17. 01* .00099 1.01836 1.0253
30. 5.6511 2i*i*.i* .0691*9 .1*096 . 061*1*0 28.31 17.1*3 .30115 1. 01713 .9690
31. 5.3181 258.8 .0691*7 .1*275 . 0571*1 28.62 17. 81* .00130 1. 01612 .9260
32. 5.0 35 3 272.7 .0691*2 .1*1*19 .05210 29.01 18.25 .0011*6 1. 01525 . 8937
33. i».7900 286.3 . 06933 .1*536 .01*789 29.1*6 18.67 .00162 1. 011*51 .8685

31*. t».57«*l 299.1 . 0691*1 .1*631* . 01*1*1*7 29.95 19.09 .00177 1. 01 385 . 81*77

36. i*.2082 321*. 1* .0691*1* .1*789 . 03918 31. 02 19.93 .0C2O9 1.01271* .8165
38. 3.9071 31*9.2 . 06935 .1*906 . 03523 32. 17 20. 76 . 0021.1 1.01182 .791*1
1*0. 3.6529 373.6 .06919 .1*997 . 03211* 33.37 21.59 . 0 0271* 1.01105 .7768
1*2. 3.i*3i«(» 397.7 .06900 .5070 . 02963 31*. 60 22.1*1 .00308 1.010 39 .7633
1*1*. 3.21*38 1*21.6 .06878 .5130 . 02751* 35. 85 23. 22 . 00 31*3 1.00981 .7521
1*6. 3.0 755 1*1*5.3 .06852 .5179 . 02576 37. 12 21*. 03 .00379 1. 00930 .71*27
1*8. 2.9256 1*6 9.1 . 06822 .5220- .021*23 38.1*1 21*. 82 .001*16 1.00831* .731*7

50. 2.7910 1*93.0 .06787 .5255 . 02290 39.70 25.60 .001*51* 1. 00 8 1*3 . 7279
52. 2.6693 517.1 . 0 671*7 .5281* . 02172 1*1. 01 26. 37 .001*92 1. 00807 . 7222

56. 2.1*573 566.2 .0661*6 .5332 . 01973 1*3. 65 27. 88 .00572 1. 0071.2 .7136
60. 2.2 781* 617 .3 .06519 .5368 .01811 1.6. 38 29.35 .00656 1. 00633 . 7076
65. 2.0901 68 5.2 .06319 .51*01 .0161*5 50.13 31.15 .00766 1. 00631 . 70 01*

70. 1.9319 758.5 . 060 81 .51*26 . 01509 53. 89 32, 89 .00377 1. 00533 .6986
75. 1. 7967 838.1 .05817 .51*1*5 .01395 57.57 31*. 59 .00987 1. 0051*2 .7025
80. 1.6798 921*. 1* .05539 .51*60 . 01298 61.1*1 36.21* .01097 1.00507 .7032
90. 1.1*871* 1116.3 .01*991* .51*81 .0111*2 71.23 39.1*2 .01353 1. 001*1*9 .7053

100. 1.3351* 1329.9 .01*520 .51*91* . 01020 81.07 1*2.1*7 .01611 1. 001*03 .7107
110. 1.2120 1557.3 .01)11*0 .5502 . 00922 92.62 1*1*. 81* .01915 1. 00 366 .6951*

120. 1.1098 1788.3 .03858 .5508 . 0081*2 103. 21 1*7. 66 .02222 1. 00335 .6957

130. 1.0236 2011*. 1* .03660 .5512 .00775 113.21 50.1*0 . 0251*9 1.00309 .6951*

1<»0. .9500 2229.9 .03527 .5515 . 00719 122.13 53. 06 .02888 1. 00287 . 6962
160. .8308 2615.0 .031*09 .5518 . 00627 136. 61* 58.19 .03612 1.00251 .6932
ISO. .7383 2 91*0.2 . 031*12 .5519 . 00556 11*7. 77 63.11 .01*1*05 1. 00223 .6985
200. .66<»<* 3220.5 .031*77 .5520 .00500 156. 83 67.31* .05276 1.00230 .6967
220. .&0<»0 31*71*.

7

.03568 .5520 . 001*51* 161*. 78 72.1*1 .06222 1. 001 32 .6937
21*0. .5537 3718.1* .03661 .5519 . 001*16 172. 22 76. 86 .07235 1. 00167 .6907
260. .5111 3 96 2.1 .0371*1* .5519 . 00331* 179. 1*7 81. 18 .08306 1. 00151* .6333
280. .1*71*7 1*210.6 .03811 .5518 .00357 186. 71 85.39 .091*32 1. 00 11*3 .6866
300. .1*1*31 1*1*65.7 . 03861* .5518 .00333 191*. 01 89.50 .10603 1.0C131* .6855

350. .3799 5131*.

9

.03939 .5516 . 00285 212.60 99.1*2 .13759 1.00115 .681*7
1*00. .3325 5831*.

0

.03966 .5511* . 00250 231. 1*8 108.38 .17217 1. 00190 . 681*7

1*50. .2956 6553.1 .03975 .5513 .00222 250.31 117.96 .20971 1.00039 .681*9
500. .2661 7277.1* .03975 .5512 .00200 268. 90 126. 72 .25037 1. 00080 .681.6
550. .21*20 8008 .

7

.03971 .5511 . 00181 237. 11* 135.19 .29389 1.00073 .661.1.

600. .2219 871*5.1* .03961* .5510 . 00166 305.07 11*3. 1*2 .31.020 1.00067 .681.1
700. .1902 10239.9 .0391*2 .5509 .0011*3 31*0. 21 159.21* .1.1*083 1.00057 .6837
800. .1665 11773.9 .03907 .5508 .00125 371*. 89 171*. 35 .55163 1.00050 .6336
900. .11*8 0 13358.2 .03860 .550 7 . 00111 1*09,63 188.90 . 67220 1. 0001*5 . 6836

1000. .1332 15000 .1 . 038 03 .5506 . 00100 1*1*1*. 72 202.95 .80216 1 . 00 0 1*0 .6838

1203. .1110 181*58.5 .03672 .5505 . 00033 511. 11* 229.87 1 . 0781*9 1. 00 0 33 .6911
11*00. .0952 2211*6.0 .03531* .5505 .00071 583.1*7 255. 50 1. 39631 1. 00 0 29 .6921
1600. .0833 26007.0 . 331*06 .5501* . 00062 656. 89 280. 05 1. 71*805 1. 00 0 25 .6925
1800. .071,0 30130.1 .03277 .5503 .00056 735.93 303.67 2.13907 1. 00 0 22 . 690 3

2000. .0 666 31*91*9.0 . 03102 .5501 . 00050 837. 11 326.1.5 2.58939 1. 03 0 20 .68 13
2200. .0605 1*1350.8 .02838 .51*96 . 0001*5 991*. 21* 31*5. 00 3. 11* 1*32 1. 00 0 1 8 .6527
21*00. .0551* 5 0 38 2.1 .021*61* .51*81* . 0001*2 1265. 1*0 366.61 3.37073 1. 0 0 3 17 .6160
2600. .0509 65766.3 . 320 19 .51*58 . 00039 1733.51* 383.19 1*. 811*1.8 1. 00 0 15 .5708
2800. .01*60 88700.8 . 01583 .51*07 . CD036 21*99. 03 1*10. 22 5.96769 1 . COOli* .5289
3000. .01*30 122366.2 .01217 .5322 . 00031* 3662. 01 1*33.31* 7.2761*9 1. 00 0 13 . 1.988

• THO-PHASE BOUNDARY



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

.60 HPA ISOBAR

ERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K K J/KG-K K J/KG K J/KG-K K J / KG-K M/S

001 . 01293 1.20 78 .9 302 -3 C8. 7 -300.9 1*. 980 1* . 70 6.38 1280 .

15 . • 0 13 06 1. 0 920 .9281 -3 02.

2

-291*. 3 5 .1*37 1* . 90 6.92 121*2 •

16. • 01321 1.0 321 • 9 09 5 -295 .

2

-287.2 5 . 8 91* 5.10 7.33 1219.
17. . G1337 .9660 . 8938 -287.

7

-2 79.7 6.351* 5 . 26 7.79 1191*.

Id. .0135'* .90 27 .8790 -279.

7

-271.

6

6. 811* 5 . 1*1* 8.2 7 1171.
19. • 013 73 .8 398 .8 638 -271.3 -26 3.

1

7 . 2 75 5.59 8.77 111*8 .

20 . .013 93 . 7755 . 81*68 - 26 2 . 1* -251*. 0 7.7 39 5.72 9. 31 1123.
21

.

. 01<*16 • 7107 . 8280 -252.9 -21*1*. I, 8.207 5. 81* 9.90 1098.
22. • 0 1'*'*0 • 6 1*28 . 8 069 -21*2 . 8 -2 31* • 2 8.683 5.93 10.56 1069.
CO. . 0 1'* 66 • 5 760 .7629 -232.1 —223.3 9.168 6.01 11.29 1 01*0 •

2I«. .01'*99 .5082 .751*5 -220.6 -211.6 9.666 6.08 12.12 1007.

25. .01535 .1.376 .7211 -2 08.2 -199.0 10.180 6.11* 13.11* 968.
26. .015 77 .3665 .6813 -191*. 7 -185.3 10.719 6.19 11*. 38 923.
27. .01629 .2933 .631*6 -179.9 -170.1 11.291 6.25 16.08 869.
28. .01691* .2216 .5810 -163.1 -152.9 11.916 6. 32 18.56 807.
28.123 .01701* .2190 .5735 -160.

8

-150.6 11.999 6.31* 18.60 802.
28.123 .13376 .01*72 .0369 115.5 195.8 21*. 322 7.13 21.61* 378.
29. .l'*530 .0570 . 0332 126.3 213.5 21*. 91*1 6.95 18. 80 393.
30. .15699 .0666 .0302 137. 1 231.3 25.51*5 6.31 16.93 1*07.

31. .16776 .0752 .0279 11*6.9 21*7.6 26.0 79 6.71 15.73 1*20.

32. .17792 .0831 .0260 156.1 262.8 26.561* 6.61* 11*. 88 1*31.

33. .18761 .0905 .fl2i»i» 161*. 9 277.1* 27.013 6.59 11*. 25 If 1*2.

3<«. .19695 .0971* . 0231 173.2 291.1* 27.1*30 6.53 13.71* 1*53.

36. .211*86 .1101* . 0 209 189.2 318.

1

28.191. 6.1*5 13. 03 1*72.

38. .23202 .1226 .0192 201*.

5

31.3.7 28.885 6. 1*0 12.55 1*90.

1*0. .21*8 61* .131*2 .0178 219.2 368.1. 29.520 6.37 12.20 507.
1*2. .261*85 .11*53 .0166 233.7 392.6 30.109 6.35 11.95 523.
1*1*. .280 71* .1560 .0156 21*7.8 1.16.3 30.660 6. 31* 11. 75 538.
1*6. .29637 .1665 .011.7 261.8 1.39.6 31.178 6.31* 11.59 552.
1*8. .31179 .1767 .0139 275.6 1.62. 7 31.669 6.35 11.1*7 565.
50. .32701* .1867 .0132 289.3 1.85.5 32.135 6.3b 11.38 578 .

52. .31*2 11* .1965 .0126 302.9 508. 2 32.580 6.38 11.31 590.
56. .37198 .2158 .one 330.1 553.3 33.1*16 6 .1*5 11.21* 613.

60. .1*011*3 .231*6 .0107 357.3 598.2 31*. 190 6.55 11.23 631*.

65. .i»378i* .2576 .0097 391.8 651*.

5

35.092 6.73 11.31 658.
70. .1*7391 .2802 . 0 090 1*27.1 711. 5 35.936 6.97 11.1*8 679,
75. .50972 . 3025 . 0083 1*63.6 769.5 36.736 7.27 11.72 698.
80. .51*533 .321*6 . 0073 501.6 828. 8 37.502 7. 62 12. C3 716 .

90. .61608 .3692 .0068 583.0 952.7 38.960 8.1*2 12.76 71*7.

100. .68639 .1*113 . 0061 672.5 1081.. 1. 1*0. 31*7 9.29 13.58 776.
110. . 75637 .1*51*1 .0055 770.1* 1221.. 2 1*1. 677 10.12 11*. 38 603.
120. .82612 .1*965 . 0051 875.9 1371.6 1*2.959 10. 91* 15. C7 831.
130. .89570 .5387 .001.7 987.8 1525.2 1*1.. 189 11.1*1 15.53 859.

11*0. .96515 .5808 . 001. 3 1101..

6

1683.

7

1*5.362 11.83 16.03 887.
160. 1.10375 .661*6 . 0038 131*6.6 2008.9 1*7.533 12.22 16.1*0 91*5.

180. 1.21*207 .71*81 .0031. 1591.8 2337.

0

1*9.1*66 12.19 16. 36 1Q02.
200. 1.38020 .8311* . 0 030 1833.8 2661.9 51.177 11.95 16.11 1059.
220. 1.51820 .911*5 .0 027 2070.

0

2980 .9 52.698 11.61* 15. 79 nil*.
2<*0. 1.65609 .9975 .0025 2299.9 3293.5 51*. 058 11.33 15. 1*8 1167.
260. 1.79391 1.0801* .0 023 2521*.

1

3600.1. 55.286 11.08 15.22 1218 .

260. 1.93167 1.1632 . 0 021 271*3. 7 3902.

7

56.1*07 10.88 15. 01 1267.
300 . 2.06928 1.21.59 .0020 2959.9 1.201.1* 57.1*38 10.72 11*. 36 1311*.

350. 2.1*1338 1.1*526 .0017 31.90.2 1*938.2 59.708 10.51 11*. 61* 11*23.

1*00. 2.75731* 1.6592 .0015 1*013.5 5667.

9

61.653 10.1*3 11.. 56 1522.
1*50. 3.10122 1.8656 .0013 1*533.9 6391*.

6

63. 371 10.1*1 11*. 53 1611,.

500. 3.1*1*506 2.0720 .0012 5051*. 1* 7121.1* 61*. 901 10.1*0 11*. 53 1701.
550. 3.78685 2.2783 .0011 5571*. 1* 781*7. 8 66.2 86 10.1*1 11.. 51. 1781,.

600. 1*. 13262 2.1*81*7 .0010 60 95.5 8575.1 67.550 10.1.3 11*. 55 1862.
700. 1*. 82011 2.3972 . 0 009 711*0.5 10032.

6

69.798 10.1.8 11*. 61 2009.
600. 5.50756 3.3097 .0008 8193.1 111*97.6 71.753 10.57 11*. 70 211*5.
900. 6.191*99 3.7222 . 0 007 9256.5 12973.5 73.1*90 10.70 11*. 82 2271.

10 00 . 6.88239 1*. 131.7 . 0 006 10333.7 11*1*63.2 75. 062 10. 86 11*. 98 2369.
1200. 8.25718 1..9595 . 0005 1251*1*. 0 171*98.3 77.816 11.21* 15. 37 2601*.

11*00. 9.63195 5.781.5 .0001* 11.836. 8 20615.9 80.223 11.63 15.61 2798.
1600. 11.00661 6.6091. . 0 001. 17216.9 23821.0 82. 339 12.12 16. 21* 2977.
1800. 12.36231* 7.1.31.2 . 000 3 19692.

0

27121.1* 81*. 21*5 12.59 16.72 311*2.

2000. 13.76076 8.2591 .0003 22290.0 3051.6.5 86. 115 13.28 17.1,5 3293.
2200. 15.11*81*0 9.0839 .0 003 25071*.

8

31*163.6 83.510 11.. 50 18.71, 31*27.
21*00. 16.55955 9.9088 . 0003 28201.7 38137.1* 91.281* 16.66 21.11 351*2.

2 600. 18.02131 10. 7336 . 0 00 2 31928.

3

1*271*1.1 91.. 1.28 20. 31 25. 17 361*5.

2800. 19.57660 11.5581. .0002 36635.7 1*8382.9 97.912 26. 00 31. &2 3 71*7.

3000. 21.29656 12.3833 . 0002 ^2830.

8

55610.

0

101.702 31.. 18 1,1. 11. 3857.

THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PftRAHYDROGEN (IS09ARS, SI UNITS)

.60 HPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

VCDH/DVjp V(0P/0U)y -V(DP/DV).j.

KJ/KG MPA-CU M/KJ MPA
X 102

<OV/DT)/W THERMAL VISCOSITY THERMAL DIELECTRIC
" CONDUCTIVITY OIFFUSIVITY CONSTANT

1/K W/K-M
X 10^

KG/M-S SQ M/HR
X 10^

PRANDTL
NUMBER

i>».oai 77.3529 61*0.6 . 25573 93.1*21*3 . 00996 75. 07 258.50 .00055 1.25276 2.1963
15. 76.550'! 62 3.6 .21*723 83.5919 .01110 83.73 227. 26 .00057 1. 21*991* 1. 8790
16. 75.7022 630.0 .23579 78.131*9 .01161* 69.81 202.51 .00058 1. 21*696 1.6531.

17. 7^.7902 629.7 .2261*9 72.21*85 .01237 93.81* 182.26 .00058 1.21*376 1. 51 30
16. 73.831*5 627.0 .21873 66.61*72 .01319 96. 71 165. 61 .00057 1. 2i«0'tl 1. 1.160

19. 72.8306 621.3 .21212 61.1633 . 011*12 98.1*1 151.65 .00055 1.23691 1.3522
20. 71.7697 612.1 .20621 55. 6607 . 01521 99. 92 139.71 . 00 05 1* 1.23321 1.3020
21. 70.61*02 600.0 .20087 50.2035 .0161*9 101.66 129.29 .00052 1.22928 1.2585
22. 69.1*268 583.9 .19588 1*1*. 6299 . 01808 102. 62 120.02 .00050 1.22506 1. 231*5

23. 68.1216 565.8 .19108 39.21*10 . 01995 102. 89 111.66 . 00 01*6 1.22051* 1.221.9
2<». 66.7023 51*1*.

7

. 18601 33. 6976 . 02226 102.51 103.99 . 000U6 1. 21563 1.2298

25. 65.11*05 519.3 .1801.0 28.501.1* .02530 101.1.8 96.80 . 00 01.3 1.21025 1.2531
26. 63.3921 1.90.1. .17372 23.2325 . 02933 99. 75 89. 93 .00039 1. 201.21* 1.2967
27. 61.3956 1.56.1. . 1651.6 18. 0098 .03521. 97.28 83.19 .00035 1.1971.1 1.3751
28. 59.0308 1.17.9 .15561. 13. 0301 . 01.1.1.2 93. 92 76. 36 .00031 1.18935 1.5092
26.123 58.6975 1.16.7 .151.22 12. £519 . 01*1.62 93. 1*2 75.1.8 .00031 1. 18821 1.5021.
23.123 7.1.761 207.0 .06917 .3523 .101.51. 30. 27 17.01 .00067 1.C2271 1.2160
29. 6.8 32 5 222.0 .06951 .3925 . 081*67 29.1.6 17.28 .00082 1 . 020 89 1.1027
30. 6.3700 233.0 .06961. .1.21.5 .07115 29.18 17.61. .00097 1.01933 1. 0232
31. 5.9608 253.0 .06965 .1.1.81. . 06216 29 . 32 13. 02 .00 113 1.01608 .9662
32. 5.6207 267.1. .06962 .1.671 .05565 29.62 18.1.1 .00128 1.01701. .921.9

33. 5 . 3 301 281.3 .06951 .1.822 . 05061. 30.00 18. 81 .0011.2 1. 01615 . 8935
3(». 5,0773 291*.

5

.06961. .1.91.6 .01.667 30.1.3 19.22 .00157 1.01536 .8682

36. <..6542 320.2 .06970 .511*0 .01*069 31.1*3 20.05 .00167 1. 011.09 .6312
38. 1..3100 31*5.1* .06962 .5285 .03633 32.53 20.87 .00216 1.01305 . 6C 53
1*0. I*. 0220 370.1 .0691*6 .5397 .03297 33. 69 21.69 . 00 21.7 1. 01217 . 7857
<>2. 3.7758 391*.

5

.06926 .51*86 .03023 31*. 89 22.51 .00279 1. 0111.2 . 7705
(.1*. 3.5621 1*18.7 . 06902 .5558 . 02806 36.12 23.31 .00311 1. 010 77 .7581
1*6. 3.371.2 1*1*2.7 .06871* .5617 .02619 37.38 21*. 11 . 003". I. 1.01020 .71.78
ii8. 3.2072 1*66.7 .0681*3 .5667 . 021*58 38.65 21*. 90 .30 376 1.00 970 . 7391
50. 3.0577 1*90.7 .06807 .5708 . 02319 39.93 25.67 .001.13 1. 03921. .7317
52. 2.9228 515.0 . 06766 .571*1* . 02197 1*1.23 26. 1.1. .001.1.9 1. 00883 . 7256
56. 2.6883 561*. 1* .06663 .5800 .01991 1*3. 85 27.95 .00523 1.00812 .7162

60. 2.1.911 615.7 .06531* .581*3 . 01821* 1*6. 56 29.1*2 .00599 1. 00753 ,7096
65. 2.2839 683.8 .06333 .5833 .01655 50.29 31.21 .00701 1.00690 .7020
70. 2.1101 757.3 . 06091* .5913 . 01516 51*. 01* 32. 91* .00803 1.00637 .6999
75. 1.9618 837.0 .05823 .5935 .011*01 57.71 31*. 63 .00903 1.00592 .7036
80. 1.8336 923.3 .0551*9 .5953 . 01303 61. 51* 36. 28 .01005 1. 03 551. . 70 91
90. 1.6232 1115.1* . 05002 .5977 . 0111*1* 71. 35 39.1.6 .0121.0 1.001.90 .7059

100. 1.1.569 1329.1 .01*526 .5993 . 01022 81. 18 1.2.51 .011.77 1. 001.1.0 .7111
110. 1.3221 1556.7 .01*11*5 .6003 .00921* 92.67 1.1.. 35 .01755 1. 00 399 .6958
120. 1.2105 1737.9 .03362 .6010 . 0081*3 103.25 1.7.67 .02037 1.00365 .6960
130. 1.1161* 2011*.

1

.03663 .6015 .00776 113. 25 50.1.1 .02337 1. 00 337 .6957

11*0. 1.0361 2229.8 .03530 .6018 . 00719 122. 16 53. 07 . 3261.8 1. 00313 .6961.

160. .9060 2615.2 .031*11 .6022 . 00627 136. 67 58.20 . 03311 1.00273 ,6991.
180. .8051 291*0.6 .031*11* .6023 .00556 11*7. 79 63.11 .01.039 1. 00 21.3 . 6987
200. .721.5 3221.1 .031*79 .6021* .00500 156. 35 67. 81. .01.338 1.03218 .6968
220. .6587 31*75.5 .03570 .6021* .001*51* 161*. 30 72.1.2 .05705 1. 03199 .6936
21*0. .6038 3719.3 .03663 .6023 . 001*16 172.23 76.86 . 06631* 1.00182 .6938
260. .5571. 3963.1 .0371*6 .6022 .00381* 179.1*3 81.15 .07616 1.00168 .6881.

280. .5177 1*211.6 .03813 .6022 . 03357 186. 72 65.39 .0861.6 1. 00156 . 6667
300. .1*833 1*1*66.8 .03865 .6021 . 00333 191*. 02 89.51 .09727 1.0011.& ,8355
350. .l.l'.l* 5136.1 .0391*0 .6019 . 00285 212. 61 99.1.2 .12615 1. 00125 .681.7

<*00, .3627 5835.3 .03970 .6017 .0021*9 231.1*9 108.66 .15786 1. 00109 .681.7
<t50. .3225 6551*.

5

.03976 .6016 . 00222 250. 32 117.96 . 19228 1. 03 0 97 .681.9

500. .2903 7278,3 .03976 .6011* .00200 268.90 126.72 .22955 1. 00 087 .631.6
550. .263 9 8010 .2 . 03972 .6013 , 00131 287.15 135.19 . 2691.5 1

.

03 030 ,681.1.

600. .21*20 371*6,3 ,03965 .6012 ,00166 305.08 11.3.1.2 .31191 1, 00 0 73 .681.1

700, .2075 1021*1,1* ,0391*2 .6011 ,0011*3 31*0.21 159.21. .1.01.16 1. 00 0 63 .6837
800, .1816 11 775,1* .03907 .6009 , 00125 371*. 89 171.. 35 .50573 1. 03055 .6836
900, .1611* 13359.7 .03860 .6008 ,00111 1*09.63 188.90 . 61626 1. 00 0 1.9 . 683 6

1000, .11*53 15031.7 .03803 .6008 . 00100 1.1.1.. 72 202.95 . 7351.0 1. 00 01.1. .6836
1200. .1211 181*60.1 .03672 .6006 , 00083 511.13 229.87 .98870 1. 00 0 36 .6911

1<>00, .1038 2211*7.5 .03531* .6006 . 00071 583.1*6 255.50 1.2B001. 1. 00 0 31 .6921
1600, .0909 26006.8 .031*07 .6005 . 00062 656. 81 280. 05 1. 6021.2 1. 00027 .6925
1800. .0808 30120.9 .03279 .6001* , 00056 735.50 303.67 1.96050 1. 00 0 21. .6905
2000. .0727 31*905.7 ,03103 .6002 ,00050 835. 37 326.1.5 2. 37186 1. 03 3 22 .6816
2200, .0660 1*1210.3 .02350 .5997 , 0001*5 983. 79 31.1.. 99 2.87701 1. 00 0 20 .6539
21.00. .0601. 50515,8 .021*85 .5981* . 0001*2 1251.1*0 366. 59 3. 531.68 1. 00 3 18 .6183
2600. .0555 61*953.8 . 0201*7 .5956 . 00039 1702, 71* 388. 13 1..3B91.8 1. 00 0 17 .5737
2800. .0511 37113.5 .01611* .5901* . 00036 21*39. 38 1.10 .10 5.1.3720 1. 00 0 1 5 .5316
3000. .01*70 119609.2 .0121*6 .5311* . 00031* 3553.1*2 1.33.10 6,63130 1. 000 11. ,5008

• THO-PHASE BOUNDARY
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TftBLE 2

THERMOOYNftMIC PROPERTIES OF PARAHYDROGEN aSOBARS, SI UNITS)

.65 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

K pii H/Kr,o u n/ ^ V* M P A / K K J /KG 1 /i^/^ — *f^ J / Mj n K J / K G — K M y Q

* I'f • 0 1 8 . 01292 1.2111 .9307 -308.7 -300.

3

'.9 81 * • 70 6.38 1281.
1 5 • . U X o u o 1.0 970 . 9298 "302.3 "2 93 .

8

5 . 't 3 0 • • PU 6.92 1 2 ''

.

16 • . 01320 1 • 0 3 7't .9110 -295.

3

"286.7 5.887 5.09 7 7 P 1 p p 1X c c X .

17, .013 36 • 9 7 11 .8953 -287 .

8

-2 79.1 6.3 '6 5,27 7.78 1197.
1 0 • Q n 7 A ft n. 0 0 U !5

— 7 7 Q Q • p 7 1 A• c f X . 1 0 . 0 U P 5 . ''i 8.26 1 1 7'f

.

19 • . 0 13 72 . d'f'9 0 8653 - 2 71 . 5 • 26 2. 6 7.2 65 5.59 6.76 1 1 c; 1X X P X .

20 • .013 92 ,7806 • 8 '*d'4 -262 .

6

-253 •

6

7.7 28 5,72 9.29 1126.
21. . 01<«1<* .7160 .8297 -253.2 -2'^'».0 8.196 5.83 9.87 1101.
22. .01«»39 .6(f60 .8086 -2'*3.1 -233.8 8.670 5.93 10.53 1072.
23, . 0 1'*66 • 5 816 . 7 8'*8 -232.1* -222.9 9 . 1 5*^ 6.01 11 . ? 5 10 '3 •

2 4

1

. 0 1^*97 • 5 l^f 1 . 7567 -221.0 -211.3 9 . 6 '9 6.06 1 p n 7X & . U f
1 n 1 iTX u X u •

25 • , 0 1533 • 37 .7237 - 2 08 . 7 -196.7 10.161 6.13 13.06 9 72 .

2 6 •
rt 1 c 71.. U i V « * « 3 7'f 6 . 6 8** 7 — * Q c; 7 — X 0 P • X X u . 0 ^3 D Ck 1 QD . 1 P i H. t P 92 9.

2 7, . 0 1624 • 30 29 .6389 -180.7 -17 0.1 11.261 6 • 2 U 1 5 . B '^ 8 77.
28. • 0 1688 • 2 2 91 .5 862 -16'*. 1 -15 3.1 11.8 79 6.32 18.28 8 1 *

.

* 2 8* 583 1 A Q P . ^ r> i 1 A V 0 .11 X H X . P IP p 7c;X c . c * P 6.37 pn 1 ftc U . X 0 7 7^
* 28.58 3 . 12221 , Q 1^/4,3 . 0'»09 113.3 192. 8 23.9 90 7.20 2 3.32 3 7 8.

29. .12786 .0 '95 .0386 119.1 202.2 2't.317 7.09 21. 3'+ 386.
30. .13972 . 360'^ .03'*5 131.2 222.0 2'^.987 6.91 18. !& '02.
31 • . 150 3 7 .0698 .0 315 l'*l . 8 239,5 25.5 63 6.8 0 16.78 * 15 •

32 • • 16025 • 0 7 83 .0 292 151.6 255 . 7 26.0 77 6.71 15.56 '28 .

33. il A ^1• u 0 01. n 5 77 1 n Ait> u . 0 p 7 1 n& r X • u 26. 5 'S D . 0 * if. AC 439.
3^. « 1 7853 ,0 9 31^ . C 25 7 169.5 2 85.5 26. 982 6.57 !' • 2 ' '50.

0 D . * QC R Ik. 1 7~ ~

H

1 n 7 (1 n 5 7 5 1 OD . u 313.1 97 7 CO 13.38 * 7 0 •

38 • . 211 7'* * 1 1 96 . 0 212 201.6 339.2 2 8 • * 76 6 . '2 12.61 * 69 •

^0 • •22736 • 1 315 .0196 216. 7 36'^. * 29.12 3 6.38 1 2 . If 1 5 0 6.
ft 7He . . £ *tc vO n -1 ft 9

. u 1 0 c ? 7 1 7 7 A Q n0 0 p . u P Q 7 P 1
C- P . r c X 6.36 12.12 C P PP C £ «

. 257^*2 .1539 .0171 2'*5.6 1*12.9 30.279 6.35 11.89 537.

.27202 .16i»6 .0161 259.7 1*36.5 30.803 6.35 11.71 551.
'S • • 2d6'f 0 • 1 7'^9 • 0 152 2 73.7 f. C 0 A» P 'P . 0 31.299 6 . 36 11.58 POP.
50. . 7 n n ft ii « 1 851 t 0 1 ' 5 287.5 '8 2.9 31. 7 70 6.37 1 1 . ' 7 5 77.
52 • • 31 1» 65 • 1 95

1

• 0 138 3 01.2 5 05.8 3 2.218 6.39 1 1 . If 0 5 90.
56 • « 3 '238 • 2 1 '5 • 0 1 2 6 7 9 A C p P 1 . 1 77 n CQ

>3 ^ . U PP D . HP 11 7 nX 1 • 0 u c 1 7D X 0 .

60 a « 369 72 .2335 .0116 356.0 5 96 . 3 7 7 ^ n 7ft 6.55 1 1 . ' 9 6 3'^

.

65 • . HU O 7U . c PD 0 • U X u 0 7Q n c0^ u • 0 DPc . p 3 ' . 7 * ' A 77 X X . 0 D A c: A0 P 0 .

70 . • '3692 . 2 796 .00 97 '26.0 710.0 35.591 f% QAD . PO 11.52 6 79 .

75 • , ti 7Q Q g • 3 0 20 • 0 09

0

'62 • 6 768.2 36 • 39 3 7,27 11.75 699 .

80. .50305 .32'»2 .0 08 ^ 500.7 827.7 37.161 7.62 12.05 716.
90. .56851 • 3680 .007'# 582,2 951.8 38.621 8.t»3 12.78 7'f7.

100* .6335 3 • '113 • 0 0 6 6 671.8 10 83.6 0 . 0 1

0

Q P QP . £ P 1 3 . p 0 776 .

110 . • 69822 • '5^1 * 0 06 1) 769. 8 12 23* 6 '1.3 '1 10.12 1 '. 3

9

80 ' .

X c u • • IOC DO . H P D f n n c: c
• UUP? A 7c; /.0 ' p • * 1 771 1X 0 f X . X p Ck pt;H c . 0 t P 1 0 . 8 ' X P . L P ft 7

1

0 0 X .

1 3 0 • • 6 26 97 .5390 .0051 987.3 1 52'f . 8 * 3 . 8 55 1 1 . * 1 15 • &* 859 •

1 'O . • 891 1

3

• 5 8 11 • 0 0 '7 X 1 U H . i. 1 6 83 . ' '5.029 11.83 16 . 0 i^ 888.
160. 1 « G 19 15 . 6651 n n t& 1• U U *T J. 1 3 '6 • 2 200 8.7 '7.201 12.22 16 . ^ 1 9't5 •

160. 1 . I't6 90 . 7'^86 • 0 0 3 6 15 91 . * 23 36 •

9

if 9 . 1 3*^ 12.19 16.36 10 02.
9 n n 1 « £ ft 7 1 ct

• 0 J ip fi n 7 7
• u u J 0 1 A 7 7 ^X 0 0 0 • P C 0 DX . ^ p u . 0 HO X X . ^ 7 1 11X 0 . X X 1 n c; Q1 U P P .

220. l.'»0187 .9151 . 0 030 2069.

7

2981.0 52.367 Xl.fik 15.79 1111*.

21*0. 1.52919 .9981 .0027 2299.6 3293.6 53.727 11.33 15.1*8 1168.
9 n£ D u . 1 . D!>DH

a

1.0 810 n n p c. u u c P PC P 7 Qc P c 0 . P 7& n A<> u u . 0 PH . P P D 11 n AXX. 'JO 1? • c ^ 1 11 X 7 .

280. 1 7 A 7 t;. 7 1 1 7 Q
J. • i. D 0 P n fl p 7• U U c 0 P 7 £i7 C 7 Q n P Q0 P U £ . P 56.076 in AftX u . 0 0 15.02 1 268

.

3 0 0. 1.910 66 1 • 2 '66 • 0 0 22 2959.

7

'201.6 57. 10 7 1 0 (1 72 11*. 66 1 311*.

350. ? p 9 n 7 pC • c c 0 O £ 1 li. 7£i.1 • * P o*^ . U U X P 7 Q n 10 H 7 U . X Q 7 A CH P 0 0 . P C^Q 7 7AP P • »> 1 0 in 1X U • P X 1 . 0 H 1 1*2 3

.

hO 0 . 2

•

5h5 85 1.6600 .00 16 '0 1 3 . * 5666.2 61. 3 28 1 0 . '3 1 c 9 5X c c .

5 0 • p A p QC « O DO C 7 1 • 8 66 ' . U U X H '533 . 8 0 J P P . u 6 3.0 'I 1 0

.

1 1* . 5 1* 1615.
5 0 0 . O • X OU D^ 2*0 728 • 0 0 1

3

5 0 5'^. 3 7121.8 6^^ • 5 71 1 0 . ' 0 11* . 5 3 1702 .

7 ?u • 7 Q A n RO • * y 0 U 5 9 5 7Q P
• 0 0 12 557*^ . * 7 A A DP • P PO in (tiX U . HX 1761*.

600. 3.81538 2.'»855 .0011 60 95. * 8575. * 67.220 10.1*3 11*. 55 1663.
700. 1>.1»5000 2.8981 . 0009 71*^0.5 10033.0 69. '68 10 .<*8 11*. 61 2010 .

800. 5.08'»57 3. 3106 . 0 00 8 8193.1 iii^gs.o 71, 1^23 10.57 11*. 70 211*5.

900. 5.71912 3. 7231 . 0 007 9256.5 12973.9 73.160 10.70 11*. 82 2271.
1000. 6.35365 ".1356 . 0007 10333.

7

l'^'^63.6 7i^.732 10.86 11*. 98 2389.
1200. 7.62269 '.9605 .0005 125'^'^.0 17'*98.7 77.486 11.2'* 15.37 2601*.

i<»oa. 8.89171 5.785'« . 0 005 l'^836.7 20616. * 79. 892 11. 68 15. 81 2798,
1600. 10. 16081 6.6102 . 0 00<* 17216.8 23821.3 82.009 12.11 16.21* 2977.
1600. ll.<«3050 7.1*351 . 0 00 '* 19691. < 27121.2 83.915 12.58 16.7 2 311*3.

2000. 12.70276 6.2600 .0 003 22287.2 305'^'^.0 85.783 13.27 17.1*3 3291*.

2200. 13.98319 9.08't3 .0 00 3 2506'^.9 88.175 1'*.'*'* 18. 58 31*28.

2<«oa. 15.28i»'»8 9.9096 . 0003 2817'^. 0 38108.9 90.9'^1 16.51* 20.97 351*1*.

2600. 16.63065 10.73<»5 .0003 31861.5 '2671. * 9^t. 068 20. 06 21*. 88 36'*8.

2800. 18.06156 11.5593 .0002 36'^93.'* '8233.it 97.523 25.53 31. 09 371*9.
3000. 19.63675 12.38'*2 . 0002 '2556.9 55320*8 101.265 33.1*1 1*0.25 3658.
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TIBLE 2

THERMOOYNAMIC PROPERTIES OF PflRAHYOROGEN (ISOBARS, SI UMITS)

.65 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU H

V (DH/OVI_

KJ/KG

>/(OP/OU)^

MPA-CU M/KJ
X 102

V(OP/Dtf),

MPA

IDV/OT)/V THERMAL
P CONDUCTIVITY

1/K W/K-M
X 103

VISCOSITY THERMAL DIELECTRIC PRANOTL
DIFFUSIVITY CONSTANT NUMBER

KG/M-S SQ M/HR
X 10'

li». 018 77.3811 6'»2. 3 . 25567 93.7175 .00993 75.28 258. 81 .03055 1. 25236 2.1932
15. 76.59^5 625.1 .2<«760 61*. 022'* . 01107 83. 79 228. 0". .00057 1.25009 1.8828
16. 75.7'»93 631.6 .23611 78.5805 .01159 69.89 203 .19 .00056 1.21.712 1.6557
17. 7i».8i»ll 631.5 .22680 72.67if7 . 01232 93. 93 1 82. 88 .00056 1. 21.391. 1.511.6
18. 73.889'* 628.9 .21903 67.0621. . 01313 96. 82 165.17 .00 057 1.21.061 1.1.171
19. 72.8896 623.3 .212<fO 61.5851 .011.05 98.53 152.16 .00056 1. 23711 1. 3526
20. 71.833<» 61l».3 .20650 56.0762 .01513 100.06 11.0. 19 . 00051. 1.2331.3 1.3020
21. 70.7100 602.'* .20115 50.6302 .01639 101. 83 129.71. .00053 1. 22952 1.2578
22. 69.5037 586.3 .1961(» I.5.0I.1'. .01795 102.81 120. 1.5 .00051 1.22533 1.2333
23. 66.2080 568.6 . 19135 39.6701 .01978 103.10 112.09 . 00 01.8 1. 22081. 1.2228
2'». 66.8000 5't7.8 .18632 31.. 31.38 .02203 102. 71. 101.. 1.2 . 00 01.6 1.21597 1.2266

25. 65.2529 522. 7 . 18078 28.951*6 . 021.99 101. 75 97.21* . 00 01.3 1.21061. 1.21.85
26. 63.5279 1.95.2 . 171.23 23. 8007 .02877 100. 07 90. 1*0 . 00 01.0 1. 201.71 1.2869
27. 61.5732 1.62. <* .16621 18.6516 .031.26 97.70 83.73 .00036 1. 19802 1.3577
28. 59.21*93 1.23.3 .15662 13.571.1. .01.319 91.. 1*1 76.91* .00031 1.19009 1.1.899
28.563 57.6537 399.3 .11.999 10.9068 .05053 91.98 72. 83 .00026 1. 181.67 1. 5976
28.583 8.1825 206.6 .06931* .3622 .11285 31.70 17.1*7 .00060 1. 021.87 1. 281.8

29. 7.8212 211*.

3

. 36951* .3875 . 09957 31.01 17.57 .00067 1.02377 1.2u86
30. 7.1571 231.3 .06975 .1.321. .07982 30.23 17.87 .00062 1.02173 1.0913
31. 6.6503 21.7.1 .06980 .1.61.1. . 06792 30.11* 18. 21 .00097 1.02018 1.011*2

32. 6. 21*0 3 262.0 .06979 .1.886 . 05979 30.30 18.59 .00112 1.01893 . 9609
33. 5.8961. 276.1* .06969 .5078 . 05376 30.58 16.97 .00126 1. 01788 .9218
31.. 5.6013 289.8 .06987 .5231. .01.912 30. 95 19.37 .0011.0 1.01698 .8910

36. 5.111.0 316.1 .06997 • 51*71* . 0 1.2 3 2 31 . 86 20. 17 . 0 C 166 1. 0151.9 .81.71
38. 1..7228 31*1. 6 • 06989 .5650 .03750 32.90 2 0.99 .0D196 1. 01 1.30 .8171
<*0 . 1*. 3983 366 .7 • 06973 . 5786 • 03381. 31*. 03 21.80 . 0 0221. 1.01332 .7950
<*2. 1.. 1228 391.1* .06951 .5893 . 03095 35. 20 22.60 . 0C251. 1. 0121.8 .7760
1*1*. 3.681*7 1*15.8 . 06926 .5979 . 02859 36. 1.0 23. 1.0 . 0 D 281. 1.01175 • 761.3

1*6. 3. 6762 1*1*0 • I .06897 • 60 1*9 • 02662 3 7.61. 21.. 1

9

.00315 1 . 01112 .7530
<t8. 3.1.916 1*61*.

3

.06665 .6108 . 021.91. 38.89 21.. 97 . 0031.6 1.010 56 . 71.36

50. 3. 3267 1.88.5 . 06827 .6158 .0231.9 1.0.16 25. 75 .00379 1.01006 . 7356
52. 3.1781 512.9 .06785 .6200 .02222 1.1.1*1* 26.51 .001.12 1.0Q961 .7290
56. 2.920 7 562.6 .06660 .6266 . 02009 1.1.. 05 28.01 .001.80 1. 03863 . 7189

60. 2.701*7 611..

1

.06550 .6317 .01836 1.6. 75 29.1.8 .00551 1. 00817 . 7118
65. 2.1*783 632.1* .0631*7 .6361* . 01665 50. 1.6 31. 26 .0D&1.5 1.0071.9 .7036
70. 2.2867 756.0 .06106 .6398 .01521. 51.. 20 32.99 . 0 071.0 1.00691 . 7012
75. 2.1273 835.8 .05839 .61*25 . 011.06 57. 85 31.. 68 .0C833 1. 0061.2 .701.7
60. 1.9879 922.2 .05559 .61*1.5 .01307 61. 67 36.33 .00927 1.00600 .7100
90. 1.7590 1111*.

5

. 05010 .61.71. . 0111.7 71.1.7 39.50 .0111.1. 1.00531 .7065
100. 1.5785 1328.3 .01*533 .61.92 .01021. 81.29 1.2.51. .01361. 1.001.76 .7116
110. 1.1*322 1556.1 .01*150 .6501. .00925 92. 72 1.1.. 86 .01620 1. 001.32 .6962
120. 1.3112 1787.1* .03867 .6512 . 0081*1* 103.30 1.7.68 .01630 1.00396 .6963
130. 1.2092 2013.9 .03667 .6516 . 00777 113. 33 50.1.2 .02157 1. 00 365 .6959

140. 1.1222 2229.7 .03531* .6521 .00719 122.20 53. 08 .021*1*1. 1.00339 .6966
160. .9812 2615.1* . 0 31*11* .6526 .00627 136. 70 58.21 .03057 1. 03296 .6986
160. .8719 291*1.0 .031.16 .6527 .00556 11.7. 82 63.12 .03729 1. 00263 .6988
200. .781*7 3221.8 .031.81 .6526 . 00500 156. 87 67. e" . 01.1.67 1.00237 .6969
220. .7133 31*76.3 .03572 .6528 .001.51. 161.. 82 72.1*2 .05258 1.00215 .6939
21*0. .6539 3720.2 .03665 .6527 .001*16 172. 25 76, 86 .06125 1. 00197 .6908
260. .6037 3961*.

1

.0 371.7 .6526 .00381. 179.50 81.18 .07032 1. 00182 .6881.

280. .5607 1*212. 7 .03815 .6525 . 00356 186. 73 85.39 .07985 1.00169 .6867
300. .5231* 1*1*63.0 .03867 .6525 .00333 191.. 03 89.51 .06981 1.00158 .6656
350. .itl»8e 5137.1* .0391.1 .6522 . 00285 212. 62 99. 1.2 . 11 61.8 1. 00135 .661*8

1*00. .3928 5836.7 .03971 .6520 .0021*9 231.50 108.68 .11.575 1. 00118 .681.7
1*50. .31*92 6555.8 .03977 .6518 .00222 250. 33 117.96 .17752 1.00135 .6850
500. . 311. 1* 7280.2 .03977 .6517 .00200 266.91 125.72 .21193 1.00095 .681.6
550. .2859 8011.6 .03973 .6516 .00181 287.16 135.19 .21.876 1. 00 086 . 681.1.

600. .2621 871*8.3 . 03966 . 6511. .00166 305.08 11.3.1.2 .26796 1. 00 0 79 .681.1

700. .221*7 1021*2.9 .0391.3 .6513 . 0011*3 31.0.21 159. 21. .37313 1.00066 .6837
800. .1967 11776.9 .03908 .6511 .00125 371.. 90 171.. 36 .1.6689 1.00059 .6836
900. .171*9 13361.2 .03861 .6510 . 00111 1.09. 63 188.90 .56892 1. 03Q53 .6836

1000. .1571. 1500 3.2 . 03601. .6509 . 00100 I.I.I.. 73 202.95 .67890 1 . 0001*7 .6838
1200. .1312 181*61.7 . 03673 .6508 . 00083 511.13 229.87 .91273 1 . 00 01*0 .6911

11*00. .1125 2211.9.0 .03531. .6506 .00071 583.1.6 255.50 1.18166 1.00031. .6921
1600. .0961* 26006.9 .031*07 .6506 . 00062 656. 75 260. 05 1.1.7920 1. 00 3 30 .6925
1800. .0875 30113.0 .03280 .6505 . 00056 735. 12 303.67 1.6091.5 1. 30 0 26 .6906
2000. .0787 31*867.7 .03112 .6502 .00050 833.83 326.1.5 2. 188C0 1. 00 0 21. . 6823
2200. .0 715 1*1086.5 .02860 .61.97 . 0001*5 983.98 31.1.. 99 2.65 10 0 1.00022 .6551
21.00. .0651* 50192.7 .02503 .61.63 . 0001*2 1239.05 366.57 3. 25166 1. 00 0 20 .6213
2600. .0601 61*236.7 .02073 .61.55 . 00039 1675. 56 388. 09 1.. 03198 1. 33018 .5763
2800. .0 551* 85720 .6 .0161*2 .61.00 . 00036 2386.66 1.10.00 1.. 99096 1.00017 .531.1
3000. .0509 117169.7 .01273 .6307 . 00031* 31.66. 71. 1.32 .89 6.08609 1.00015 .5027

THO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PftRftHYDROGEN tISOBftRS, SI UNITS)

.70 MPA ISOBAR

TPMPFPATIIPP VOLUME TC nTHPPM PUT MAI DV r kiT D n DV r \i
U/ V lie 1 rtP TT V

DERIVATIVE DERIVATIVE ENERGY OF SOUMO
K CU M/KG CU M- MP A/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• li».03i» .01292 1.211*5 .9313 -308. 7 -299.6 4.933 4.71 6.38 1283.
15. .01305 1.1212 .930 7 -302.4 -293.2 5.423 4.90 6.88 1254.
16. .01319 1.01*26 .9125 -295.4 -286.2 5.879 5.09 7.32 1224.
17. .01335 .9761 .8968 -287.9 -278.6 6.338 5.27 7.77 1199.
18. .01352 .9125 .8820 -280.0 -270.6 6.796 5.44 8.24 1176.
19. .01371 .8500 . 6668 -271.7 -262.

1

7.256 5.59 8. 74 1153.
20. .01391 .7857 .8500 -262.8 -253.1 7.718 5.72 9.28 1129.
21. .01'*13 . 7213 .8313 -253.4 -243.5 8.184 5.83 9.85 1104.
22. .01'»37 .6551* .8104 -243.4 -233.4 8.657 5.93 10.48 1076.
23 • .01't6'» .5871 • 7866 -2 32.7 -222 «

5

9.139 6.01 1 1 • 2

1

10 46

.

2<«. .ai<»95 .5200 . 7588 -221.4 -210.9 9.633 6.03 12.02 1014.

25. .01530 .1*1*98 . 7262 -2 09.1 -198.4 10.142 6.13 13.00 9 76.
26. .01571 .3816 .6878 -195.9 -184.9 10.673 6.18 14.14 934.
27. .01620 . 3102 .6429 -181.

4

-170.0 11.234 6. 24 15. 68 383.
28. .01662 .2361* .5913 -165.0 -153.2 11.844 6.31 13.03 822.
29. .01765 .1660 .5302 -145.9 -133.6 12.533 6.41 21.71 750.
29.019 .01767 .1659 .5291 -145.6 -133.2 12.546 6.41 21.70 749.

• 29.019 .11211 .01*12 .0 451 110.8 189.3 23.666 7.28 25.29 378.
30. .12(><»8 .05 37 .0395 124.6 211. 7 24.425 7. 34 20 .53 396.
31* n 1a 1• U D Hi. • U J 7 O i 36 • 3 c 0 U • 7 c V • U V 9 D • 0 9 1 ft in 1 1 •

32. .11*1*93 .0733 .0327 146.7 248.2 25.604 6.78 16.59 424.
33. .154 02 .0817 .0304 156.5 264.3 26.099 6.70 15.56 435.
3k. .16265 .0891* .0285 165.6 279.4 26.552 6.61 14. 79 447.

36. .17893 .1036 .0255 182.6 307.9 27.365 6.50 13. 75 468.
38. .19'»32 .1166 .0232 198.7 334.7 28.090 6.44 13.09 487.
<>0. .20911 .1289 .0214 214. 0 360.4 28.749 6. 40 12.63 504.
kZ. .223'f'» .11*06 .0199 228.9 385.3 29.357 6.38 12.29 521.
1*1*. .237<»2 .1518 .0186 243.4 409.6 29.922 6.3b 12. 04 536.
kb. .2511<» .1626 .0175 257.7 433.5 30.453 6. 36 11. 84 550.
'(S • m C0**00 • 1 r Oc • U 1 DO c > 1 • 0 c 7 n in OCTO U • 9 9 J O • 0 D 11 • U 9 C f, z.

50. .277 93 .1835 .0157 285.7 480.3 31.428 6.38 11.57 577.
52. .29109 .1936 .0149 299.5 503.3 31.880 6.40 11.48 590.
56. .31701 .2133 .0136 327.1 549.0 32.726 6.46 11. 37 613.

60. .3i»255 .2325 -0126 354.6 594.4 33.510 6.56 11.34 634.
65. .37«»06 .2560 .0115 389.4 651.2 34.419 6. 74 11.40 658.
70. .1*0522 .2789 .0105 424.9 708.6 35.269 6.98 11.55 680 .

75. .<»3612 .3015 . 0 098 461.6 766.9 36. 074 7. 28 11.78 699.
80. .1*6681 .3238 .0091 499.8 826.5 36.844 7.62 12.08 716.
90. .5277I* .3678 .0080 581.4 950.8 38.307 8.43 12.30 748.

inn1 U U • • 1 1

2

n n 7?• U U r c (^7 1 1 1 n ft 7 Q1 U 0 c « 7
» Q C. Q7O ^ • D 9 r Q 9 Q9 • t 9 1 0 • D 1 776.

110. .6i«838 .1*51*2 .0065 769.2 1223.0 41.030 10. 12 14.40 804.
120. .70831 .1*968 .0059 874.8 1370.6 42.314 10.84 15.10 8 32.
130. .76806 .5392 .0055 986.8 1524.5 43.545 11.41 15.65 360 .

I<f0. .82769 .5811* .0051 1103.

7

1633.

0

44.720 11.83 16. 05 888.
160. .9(t66i» .6655 .0044 1345.8 2003.5 46.893 12.22 16. !.l 945.
180. 1.06532 .71*91 .0039 1591.1 2336.8 48.827 12.19 16.37 1003.
200. 1.18381 .8325 .0 035 1833.2 2661.9 50.539 11.95 16.12 1059.
220. 1.30216 .9157 . 0 032 2069.5 2981.0 52. 060 11.64 15. 79 1115.
2<«0. l.i»20'*l .9988 .0 029 2299.4 3293.7 53.420 11.33 15.48 1168.
9 1 n 1.0317 n n 9 7

* U U c f 2 S2 3 •

7

36 0 0 « 7 • D * 9 11 DA1 i. • U 0 15 • 2 2 1 ? 1 QX ^ i. 7 .

280. 1.65671 1.164& .0025 2743.3 3903.0 55.770 10.38 15.02 1268.
300. 1.771.70 1.21* 74 .0023 2959.6 4201.8 56.801 10. 72 14.86 1315.
350. 2.06970 1.451*1 .0020 3489.9 4938.

7

59.072 10.51 14.64 1423.

iiOO. 2.36<i56 1.6607 .0018 4013.3 5668.5 61.022 10.43 14.56 1523.
i>50. 2.65935 1.8672 .0016 4533.7 6395.3 62.735 10.41 14.54 1615.
500 . 2.95408 2.0737 .0014 5054.2 7122.1 64.265 10.40 14. 53 17C'.
550. 3.21*878 2.2800 .0013 5574.3 7848.5 65.650 10.41 14. 54 176-*.

600. 3.51*31*6 2.4863 .0012 6095.4 8575.8 66.914 10.43 14.55 1863 .

700. 1*. 13275 2.8989 .0010 7140.5 10033.4 69.162 10.48 14.61 2010.
800. 1*. 72201 3.3115 . 0 009 8193.0 11498.4 71.117 10.57 14. 70 2146.
900. 5. 31123 3.7240 . 0008 9256.4 12974.3 72.854 10.70 14.82 2271.

1000. 5.9001*5 4.1365 . 0007 10333.7 14464. 0 74.426 10.86 14.98 2389.
1200. 7.07881* 4.9614 . 0006 12544.0 17499.2 77.180 11.24 15.37 2604.

li»00. 8.25722 5.7863 . 0005 14836.7 20616.8 79.587 11.68 15. 81 2798.
1600. 9.1*3567 6.6111 .0004 17216.7 23821.

7

81.704 12.11 16.24 2977.
1800. 10.611*65 7.4360 . 0004 19690.

8

27121.1 83.609 12.58 lb. 71 3143.
2000. 11.79592 8.2608 .0004 22284.7 30541.3 85.476 13.25 17.41 3295.
2200. 12.981*51 9.0857 .000 3 25056.2 34145.3 87.365 14.40 18.63 3429.
2(>00. 1"*, 19176 9.9105 . 0 00 3 28149.2 38083.5 90.623 16.42 20. 84 3546.
2600. 15.1*3917 10.7354 . 0003 31801.9 42609.3 93.736 19. 33 24.62 3650 .

2800. 16.7621*2 11.5602 .0003 36366.6 48100.3 97.165 25.12 30.62 3752.
3000. 18.211*79 12.3851 .0002 42312.9 55063.2 100.864 32. 73 39.46 3860 .

• TMO-PHASE BOUNDARY

6-i|0



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.70 MPA ISOBAR

TEMPERATURE DENSITY VtOH/OV)p V(OP/OU) -V(OP/OV)^ (OV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
V I P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SO M/HR
X 102 X 10^ X 10^

I't. 03l» 77.1*091 6i«i».0 .25560 9'..0105 .00991 75. 1.8 259. 12 .00055 1. 25296 2.1901
15. 76.6375 63i».7 .2'»77i* 85. 921.6 . 01083 33.85 228.80 .00057 1. 250 21. 1.8761
16. 75.7962 633.6 . 236'»3 79.021.7 . 01155 89. 96 203. 38 .00058 1. 21.729 1. 6580
17. 7l».8919 633.3 .22711 73.0991 .01227 91.. 03 183.1.9 .00058 1.21.1.12 1. 5163
13. 73.9V1.0 63 0.7 .21933 67.1.756 .01307 96.93 166.73 .00057 1. 21.090 1.1.182
19. 72.9<t82 625.'* .21269 62.0050 .01398 98.66 152.68 .00056 1.23732 1.3530
20. 71.8967 616.'* .20678 56.1.899 . 01505 100. 21 11.0.66 . 00051. 1. 23365 1.3020
21. 70.7792 63i».3 . 201<»2 51.051.5 . 01628 101.99 130.19 .00053 1.22976 1.2571
22. 69.5656 589.9 . 196'«2 1.5.6038 . 01777 103. 00 120.92 .00051 1. 22561 1.2306
23. 68.2935 571.3 .19162 1.0.0958 . 01962 103. 31 112.52 . 00 01.9 1.22113 1.2208
2i». 66.8966 550 .9 .18662 31*. 7861 .02181 102.98 101.. 85 . 00 01.6 1. 21 630 1.2235

25. 65.3638 526.1 . 18111. 29. 1.001. .02470 102. 12 97.68 .00043 1.21102 1.2442
26. 63.6599 1.99.3 . 171.71 21.. 2906 . 02832 100. 38 90. 86 .00040 1 .205 16 1. 2796
27. 61.7337 1.6 7.0 .16688 19. 1479 .03357 98.07 84.23 .00036 1.19857 1.3467
28. 59.1. 601. 1.28.5 .15755 14.0551 .04207 94. 89 77.51 .00032 1.190 81 1.4724
29. 56.6553 335.1 . 11.601. 9.1.056 . 05638 90. 57 70. 44 .00027 1.1S129 1. 6335
29.019 56.5997 335.0 .11.582 9.3871 .05636 90. 49 70.31 .00027 1. 18110 1.6862
29. 019 8.9195 206.1 . 0691.3 .3673 .12267 33. 25 17.94 .00053 1. 02714 1. 3638
30. 8.0336 221.. 1. .06982 .4315 .09151 31.56 18.14 .00069 1. 02442 1.18u2
31. 7.3969 21.1.0 .06993 .4744 . 07503 31.10 18. 44 .00034 1. 02247 1.0723
32. 6.8999 256.6 . 06995 .5059 .06463 31.07 18. 73 .00098 1. 02095 1.0031
33. 6.1.925 271.1. . 06985 .5302 . 05733 31.23 19. 15 .00111 1.01970 .9539
3i«. 6.11.83 285.2 .07008 .5496 . 05186 31.51 19.53 .00125 1. 01365 .9163

36. 5.5388 311.9 .07024 .5789 . 04409 32. 31 20. 31 .00151 1. 01694 . 8643
38. 5.1461 337.9 .07017 .6002 . 03873 33.29 21. 10 . 0D173 1. C1559 .8297
40. 4. 7823 363.3 .07000 . 6164 .03476 34.37 21.90 .00205 1. 01448 .30 47
1*2. 4.4755 388.3 .06977 .6291 .03165 35.51 22.70 .00232 1. 01355 .7858
kk. 4.2119 413.0 .06951 .6393 . 02914 36. 69 23.49 .00261 1. 01275 .7708
46. 3.9819 437.5 .06920 .6476 . 02706 37. 90 24.28 .00289 1. 01205 .7584
48. 3.7789 461.9 .06886 .6545 . 02530 39. 14 25. 06 .00319 1. 01143 .7482
50. 3.5980 436.3 .06348 .660 3 .02379 40.40 25. 32 .00349 1.01038 . 7396
52. 3.4354 510.8 .06804 .6652 .02247 41.67 26.53 .00 380 1. JlO 39 . 7324
56. 3.1544 560 .8 .06698 .6730 . 02023 44. 25 28.08 . 00 444 1. 03954 .7216

60. 2.9193 612.5 . 06566 .6788 . 01852 46. 93 29. 54 .00510 1.00332 .7139
65. 2.6 734 63 1.0 .06361 .6843 .01674 50. 63 31.32 .00593 1.00303 . 7053
70. 2.4678 754.7 . 06119 .6883 . 01531 54. 36 33.05 .00686 1.00746 . 70 24
75. 2.2929 834. 7 .05850 .6914 . 01412 57. 99 34. 73 . 0C773 1.00693 .7058
80. 2.1422 921.2 .05569 .6937 .01311 61. 30 36. 37 .00360 1. 00 647 . 7109
90. 1.8949 1113.6 . 05018 .6970 . 01150 71.59 39.54 . 01062 1.00572 .7071

100. 1.7000 132 7.6 .04539 .6991 .01025 81.40 42.58 .01266 1. 005 1 3 .7120
110. 1.5423 1555.5 .04155 . 7005 . 00926 92. 78 44. 87 .01504 1. 00465 .6966
120. 1.4118 1787.0 .03871 .7014 .00845 103. 35 47.69 .01746 1. 00 426 .6966
130. 1.3020 2013.6 . 03671 .7021 . 00777 113. 34 50. 43 .02003 1. 00 393 .6962

140. 1.2aS2 2229.6 .03537 .7025 .00720 122.24 53.09 .02270 1. 00 364 .6968
160. 1.0564 2 615.6 .03417 . 7030 . 00627 136. 73 53. 21 .02839 1. 00319 . 6937
180. .9387 2941.5 .03419 .7032 .00556 147. 84 63.12 .03464 1. 00283 .6989
200. .8447 3222.4 .03484 .7032 . 00500 156. 39 67.85 .04149 1.00255 .6970
220. .7680 3477.1 .0 35 74 .7032 .00454 164. 84 72. 43 .04893 1.O0232 .6940
240. .7040 3721.1 .03667 . 7031 . 00416 172. 27 76. 87 . 0 5689 1.03212 .6939
260. .6499 3965.1 .03749 . 7030 . 00334 179.51 81 . 19 .06531 1.05196 .6885
280. .6036 4213.8 . 03816 .7029 . 00356 186. 75 85.40 . 07416 1. 00182 . 6363
300. .5635 4469.2 .03868 .7029 . 00333 194. 04 89.51 .03341 1. 00170 .6356
350. .4832 5138.6 .03943 .7026 .00285 212. 63 99.43 .10813 1.00146 .6848

400. .4229 5833.0 . 03972 .7023 . 00249 231.50 103.89 .13537 1. 03127 .6847
450. .3760 6557.2 . 03977 . 7021 . 00222 250. 33 117. 97 .16488 1. 00113 .6850
500. .3385 7291.6 .03978 .7020 .00200 263.91 126.72 .19683 1. 00102 .6847
550. .3078 8013.0 .03974 .7018 .00181 287.16 135.19 .23104 1. 00 0 93 .6844
600. .2822 8 74 9.

7

.03966 .7017 . 00166 305. 09 143. 42 .26744 1. 00 085 .6841
700. .2420 10244.4 .03944 .7015 . 00143 340.22 159. 24 .34653 1. 00 0 73 .6837
800. .2113 11773.5 .03908 .7013 .00125 374.90 174.36 .43360 1. 00064 .6836
900. .1683 13362.8 .03861 .7012 .00111 409. 64 188.90 .52835 1

.

000 57 .6836
1 0 0 0 . .1695 1500 4.8 .03804 .7010 .00100 444. 73 202.95 .63048 1. 00 0 51 .6838
1200. .1413 18463.

4

.03673 .7009 .00083 511. 13 229.87 .84761 1. 00 043 .6911

1400. .1211 22150.6 .03535 .7008 .00071 583.45 255.50 1.09733 1. 000 36 .6921
1600. .1060 26007.2 .03408 . 700 7 .30062 656. 69 280.05 1.37359 1. 03 0 32 .6926
1800. .0942 30106.1 .03281 . 70 05 . 00056 734.78 303. 67 1.63002 1. 0G023 .6907
2000. .0646 34834.1 .03116 .7003 . 00050 832. 46 326.45 2.03055 1. 00 0 26 .6827
2200. .0770 40976.4 . 028 70 .6997 . 00045 979.69 344.98 2.45775 1. 00023 . 6561
2400. .0705 49905.0 .02520 .6983 .00042 1228.04 366.56 3.01009 1. 00 0 21 .6222
2600. .0648 63597.8 .02097 .6953 .00039 1651. 33 338. 05 3. 72721 1. OuO 20 .5737
2800. . 0597 84473.9 .01668 . 6897 .00036 2339.64 409.90 4.61056 1. 03 018 .5365
3000. .0549 114990.9 .01299 .6799 . 00034 3384. 84 432. 70 5. 62467 1. 00 3 1 7 .5044

• TWO-PHASE BOUNDARY



TUBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.75 MPA ISOBAR

T PHP TP A T 1 1 or T Q nT l-IPPMX ^ u 1 n dvD 1 ^ ui^ nu K L C M T U A 1 D V c M T on O V C V C P VcL UC IT Y

DERIVATIVE DERIVATIVE ENERGY OF SOUND
K CU M/KG CU M-HPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

1<*.051 .01291 1.2178 .9319 -308.6 -299.0 4.984 4.71 6.38 1284.
15. .01304 1.1277 .9313 -302.5 -292.

7

5.417 4.90 6. 86 1257.
16. .01319 1.0478 .9140 -295.5 -285.6 5.872 5.09 7.31 1226.
17. .ai33(» .9810 .8983 -288.1 -278.1 6. 330 5.27 7.76 1202.
18. .01351 .9174 .8835 -280.2 -270.1 6.787 5.44 8.23 1179.
19. .01370 .8550 . 8683 -271.6 -261.6 7.246 5.58 8.73 1156.
20. .01390 .7907 .8516 -263.0 -252.6 7.707 5.72 9.26 1132,.

21. .Olifll .7266 .6329 -253.6 -243.0 6.173 5.63 9.82 1107.
22. .01'»36 .6608 .8122 -243.7 -232.

9

8. 644 5.93 10.45 1079»

>

nil. fc9 7 A A c; »9 "77 1 * 222 •

1

9.125 6(01 11.17 1050 .

2't. .01493 .5258 .7609 -221.7 -210.5 9.617 6.08 11.97 1017.

25. .01527 .4558 .7288 -209.6 -198.1 10.124 6. 13 12. 93 980 .

26. .01568 .3884 .6909 -196.4 -184.7 10.651 6.16 14. 04 939.
27. .01616 .3173 .6467 -182.

0

-169.9 11.207 6.24 15.53 889.
28. .01676 .2468 .5963 -166.

0

-153.4 11.808 6.31 17.64 831.
29. .01756 .1748 .5369 -147.

3

-134.1 12. 484 6.40 21. 14 760.
» 29.'»33 .01801 .1445 .5072 -138.0 -124.5 12.814 6.45 23.44 725.

29.<«33 .10318 .0381 .0497 108.0 185.4 23.347 7.36 27. 54 378.
30. .11069 .0463 .0454 117.1 200.1 23.842 7.19 23.52 389.
01 • n c A

1

n /< n 9 LjyJ * c ^f. 1 • 7 t 4 • 5 HO 6 • 99 1 9 • 7 8 ^ 0 5 •

32. .131<«6 .0681 .0366 141.6 240.2 25. 138 6. 36 17.71 419.
33. .litOitO .0771 .0337 152.0 257.2 25.663 6. 77 16.37 432.
3^. .ii»e79 .0852 .0315 161.5 273.1 26.137 6.66 15.41 444.

36. .161* I«S .1001 .0280 179.2 302.6 26.979 6.53 14.16 466.
38. ,17920 .1136 . 0254 195. 7 330.1 27.723 6 .46 13.38 485.
i»0. .19327 .1262 .0233 211.3 356.3 28.395 6. 42 12. 86 503.
42. .20686 .1382 .0216 226.4 381.6 29.013 6.39 12.48 519.
(tit. .22009 .1497 . 0202 241.2 40 6.2 29.586 6. 33 12.19 535.
46. . 2 330'* .1607 .0190 255.6 430.4 30.123 6. 37 11. 97 550.
kirn • 2'»576 • 17 15 • 0 1 79 269.8 454. 2 30.628 6.37 11.60 5 63.
50. .25829 .1819 .0170 283.9 477.6 31.107 6. 38 11.57 577.
52. .27067 .1922 .0161 297.8 500.8 31.563 6.40 11.57 569.
56. .29503 .2122 .0147 325.6 546. 8 32.415 6.46 11.44 613.

60. .31900 .2315 .0135 353.2 592.5 33.203 6.56 11. 40 634.
65. .2552 .0123 388.2 649.6 34. 116 6.74 11.45 656.
70. .37775 .2783 .0113 423.8 707.1 34.969 6.93 11 .59 660.
75 . .1*0668 .3010 .0105 460.6 765.6 35.776 7.28 11.82 699.
80. .<.35'»1 , 3235 . 0098 498.6 625.4 36.548 7.63 12.10 716.
90. .49241 .3676 . 0086 580.6 949.9 38.014 8.43 12.82 746.

100. . 5i»8 9b .4112 .0 077 67 0.4 10 6 2.1 39.4 06 9.29 13.33 777 .

110. .60518 .4543 . 0 070 768.5 1222.4 40.740 10.12 14.41 604.
120. .66118 .4970 . 0064 874.2 1370.1 42.025 10.64 15. 11 832.
130. .71701 .5395 .0 059 986.3 1524.1 43.257 11.42 15.66 860.

1<>0. .7 72 70 .5817 .0054 1103.2 1682.7 44.432 11.83 16. C5 888.
160. .68360 .6659 . 0047 1345.5 2008.3 46.606 12.22 16.42 946.
180. .99462 .7496 . 0042 1590.

8

2336.

7

46.540 12.19 16.37 10 03 .

200. 1.10525 .8330 .0036 1832.9 2661.9 50 .253 11.95 16.12 1060.
220. 1.21575 .9163 . 0034 2069.2 2931.0 51.774 11.64 15. 3 0 1115.
240. 1.32611* .9994 .0 031 2299.2 3293.8 53.135 11.33 15.49 1169.
260 • 1 . '36'*6 1 . J 624 • 0 0 29 2523.5 3 6 0 0.8 54. 364 11.08 15.23 1220

.

280. 1. 51*673 1.1653 . 0027 2743.1 3903.2 55.484 10.36 15.02 1269.
300. 1.65687 1. 2481 . 0025 2959.4 4202.1 56.516 10.72 14.66 1315.
350* 1.93223 1.4549 .0021 3489.8 4939.0 58.787 10.51 14. i5 1424.

400 . 2.20745 1.6615 .0019 4013.2 5668. 8 60.737 10.43 14. 56 1523.
' 45D. 2.4 8260 1.8680 .0017 4533.7 6395.6 62.450 10.41 14. 54 1615.

500. 2.75770 2.0745 .0015 5054.2 7122.4 63.931 10.40 14.53 1702.
550. 3.03275 2.2809 .0014 5574.3 7848.8 65.365 10.41 14.54 1785 .

600. 3.30779 2.4872 .0013 60 95.3 8576.

2

66.630 10.43 14.55 1663.
700. 3. 85761 2.8998 .0011 7140.4 10033.3 63.8 78 10.48 14.61 2010.
800. 4.40778 3.3123 . 0 009 8193.

0

11498.

8

70.833 10.57 14.70 2146.
900. 4.95773 3.7249 . 0 008 9256.4 12974.7 72.570 10.70 14.82 2272.

1000. 5.50767 4.1373 . 0 0 08 10333.7 14464.

4

74.142 10.36 14.98 2369.
1200. 6.60751 4.9623 . 0006 12544.

0

17499.6 76.895 11. 24 15. 37 2604.

1400. 7.70733 5.7872 . 0005 14836.

7

20617.2 79.302 11.68 15.81 2798.
1600. 8.80722 6.6120 . 0005 17216.6 23822.0 81.419 12.11 16.24 2977.
1800. 9.90758 7,4369 . 0 004 19690.3 27121.0 33.324 12.53 16.71 3143.
2000 . 11.01001 6.2617 . 0 004 22282.

4

30539.9 85.190 13.23 17.39 3295.
2200. 12.11903 9.0866 . 0 00 3 25048.3 34137.6 87.576 14. 35 18.59 3430.
2i»D0. 13.24489 9.9114 . 0 003 28127.0 33060.7 90.328 16. 32 20 .73 3548.
2600. 14.40696 10.7363 . 0 00 3 31748.4 42553.6 93.423 19.62 24. 1*0 3652.
2S00. 15.63741 11.5611 . 0 00 3 36252.6 47980.8 96.833 24. 74 30.20 3754.
3000. 16.93432 12.3860 .0003 42093.6 54831.3 100.494 32.11 3 6.75 3862.

• TWO-PHASE BOUNDARY
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TABLE 2

THERMOOYNftHIC PROPERTIES OF PARftHYDROGEN (ISOBARS, SI UNITS)

.75 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

VCDH/DV)„

KJ/KG

V<DP/DU>y -V<OP/DV)^ (DV/OT)/V THERMAL
" CONDUCTIVITY

MPA-CU M/KJ
X 102

MPA 1/K H/K-M
X 10^

VISCOSITY THERMAL OIELECTRIC
DIFFU5H/ITY CONSTANT

KG/M-S SQ M/HR
X 10^

PRANDTL
NUMBER

li«.051 77.i»371 6'«5.6 .25551* 91.. 3031 .00988 75.68 259.1.3 .00055 1.25306 2.1871
15. 76.6812 637.2 .2<*782 86.1.71.6 . 01077 83.90 229.58 . 00C57 1. ^5o^o 1.8779
16. 75.8<«29 635. i« .23671. 79.1.675 .01150 90.01. 201.. 56 . 00 058 1. 21.71.5 1. 66 01.

17. 7i».9i»21 635.2 .2271.1 73.5219 . 01222 91*. 12 181.. 10 .00058 1.21.1.29 1.5179
18. 73.9982 632.6 .21963 67.8869 .01301 97.01. 167.28 .00057 1.21.099 1.1.193
19. 73.0065 627.5 .21297 62.1.230 . 01391 98.78 153.19 .30056 1.23752 1. 3535
20. 71.9596 61 8.6 .20706 56. 9019 . 011.97 100. 35 11.1. 11. . 00051. 1.23387 1.3020
21. 70.8<»80 607.1 .20169 51.1.765 .01618 102.15 133.65 .00053 1.23000 1. 2565
22. 69.6612 592.5 .19669 1.6.0331 .01761. 103.19 121.36 .00051 1. 22537 1. 2291.

23. 68.3781 57<».0 .19189 1.0.5180 .0191.6 103.52 112.95 . 00 01.9 1.2211.3 1.2189
2(>. 66.9921 553.9 .18691 35.221.1. . 02160 103.21 105. 28 . 00 01.6 1. 21663 1. 2205

25. 65. 1. 73 1. 529.1. .18150 29.81.19 . 021.1.2 102.29 98.11 . 00 01.1. 1. 2111.0 1.21.01
26. 63.7896 503.3 .17518 21.. 7737 .02789 100.69 91.31 . 00 01.0 1.20561 1.2728
27. 61.8910 1.71.5 .16753 19.6361 .03291. 98.1.1. 81.. 72 .00037 1.1991

0

1 .3366
28. 59.671.1. 1.35.6 .1581.6 11.. 7271. . 01.01.9 95. 37 78. 09 .00033 1. 19151. 1. 1.1.1.1

29. 56.9530 392.0 .11.735 9.9553 . 05393 91.22 71. m .00027 1. 19229 1. 61.90

29.1.33 55.5286 370.9 . 11.163 8. 0260 . 06319 88.93 67.91 .00025 1. 1771.7 1.7896
29.1.33 9.6920 205.6 .06958 .3691. .131.1.3 31.. 97 18.1.2 . 00 01.7 1. 02951 1.1.558
30. 9.0339 217.0 .0 698 3 .1.181. . 1081.0 33. 31. 18.1.7 .00056 1. 0271.9 1.3032
31. 8.2152 231..

8

.07002 .1.773 . 081.27 32.27 18.70 .00071 1.021.97 1.11.61.

32. 7.6071 251.0 .07008 .5181 . 07057 31. 95 19.00 .00085 1. 02311 1. 0531.
33. 7.1226 266.1. .06999 .51.89 . 0611.6 31.91. 19.33 .00099 1. 02163 .9909
31.. 6.7210 280.5 .07029 .5729 . 051.91. 32.12 19.69 .00112 1. 0201.0 . 91.1.8

36. 6.0798 30 7.8 .07050 .6086 .01.601 32.79 20.1.5 .00137 1. 0181.1. .8830
38. 5.5801. 331*.

2

. 0701.6 .631.0 .01.005 33. 70 21.23 .00162 1.01692 .81.32

<»0. 5.171.2 360.0 .07028 .6532 .03572 31.. 73 22.01 .00188 1.01568 .8150
l«2. <». 831.2 385.3 . 07001. .6681 . 03238 35. 83 22. 80 . 0 0 21 1. 1.011.61. .7939
1*1* , I*. 51.36 1.10.2 .06976 .6800 . 02971 36.98 23.59 . 0021.0 1. 01376 .7771.

1.6. 1..2911 1.3I..9 .0691.1. .6897 . 02752 38.17 21.. 36 .00268 1. 01299 .761.0
1.8. 1..069D 1.59.5 .06909 .6977 .02568 39. 39 25.11. .00295 1.01231 .7529
50. 3.8716 1.81..

1

.06869 .701.1. .021.10 1.0. 63 25.90 . 0 0 321. 1. Oil 71 .71.36

52. 3.691.6 508.8 . 06821. .7101 . 02273 1.1. 89 26.6b .00353 1. 01118 ,7360
56. 3.3895 55 9.0 .06715 .7191 .0201.6 1.1.. 1.5 28.11. .001.13 1. 01025 .721.3

60. 3.131.8 611.0 .06581 .7258 .01866 1*7.12 29.60 .001.75 1. 0091.8 .7160
65, 2.8690 679.5 .06375 .7321 . 01681. 50.80 31. 37 .00557 1. 0U867 .7069
70. 2.61*73 753.5 .06131 .7367 . 01538 51*. 52 33. 10 . 0 061.0 1.00800 .7037
75. 2.1.589 633.6 .05861 .71.02 .011.17 58.12 31.. 78 .00720 1. 0071.3 .7069
80. 2.2967 920.2 . 05579 .71.29 . 01315 61.93 36.1.2 .00802 1. 00691. .7118
90. 2.0308 1112.7 .05027 .71.66 .01152 71.71 39.58 .00991 1. 00613 .7077

100. 1.8216 1326.8 .01.51.6 . 71.90 . 01027 81.51 1.2.61 .01182 1.00550 .7121.
110. 1.6521. 1555.0 .01.161 .7506 . 00927 92. 83 1.1.. 89 .011.03 1. 001.99 .6970
120. 1.5121. 1786.6 .03876 .7517 . 0081.6 103.1*0 1.7.71 .01629 1.001.56 .6969
130. 1.391.7 2013.1* .03675 .7521* . 00778 113.38 50.1.1. .01869 1. 001.21 .6961.

11.0. 1.291.2 2229.5 .0351.1 .7529 . 00720 122.28 53.10 .02119 1. 00390 .6971
160. 1.1315 2615.8 . 031.20 .7531. . G0628 136. 76 58. 22 . 02650 1.0031.1 .6989
180. 1.0051. 291*2.0 .031.21 .7537 . 00557 11*7. 87 63.13 . 03231. 1.00303 .6990
200. .901*6 3223.1 .031*86 .7537 .00500 156.91 67. 86 .03873 1.00273 .6971
220. .8225 31*77.9 .03576 .7537 . 001.51* 161*. 85 72. 1.3 .01.568 1.0021.8 .691.0
21*0. .751*1 3722.1 .03669 .7536 . 001*16 172. 28 76. 87 .05311 1. 00227 .6910
260. .6962 3966.1 .03751 .7535 . 00381* 179.53 81.19 .05098 1.00 210 .6886
260. .6<*65 1*211*.

9

.03818 .7531. .00356 186. 76 85.1.0 .06921. 1.00195 .6868
300 . .6035 1*1.70.3 .03870 .7533 . 00332 191.. 05 89.52 .07767 1. 00182 . 6856
350. .5175 5139.9 . 0391*1. .7530 .00285 212.61. 99.1.3 .10100 1.03156 .681.8

1*00. .1*530 5639.3 .03973 .7527 .0021.9 231.51 108.89 .12637 1.00137 .681.7
1*50. .<>026 6558.6 .03978 .7525 .00222 250.31. 117.97 .15392 1. 0J121 .6850
500. .3626 7283.0 .03979 .7523 . 00199 268.92 126.72 .18375 1. 00109 .681.7
550. .3297 8011*.

5

.03971. .7521 . 00181 287. 17 135.19 .21568 1. 00099 . 681.1.

600. .3023 6751.2 .03967 .7519 . 00166 305.09 11.3.1.2 . 21.965 1.00 091 .681.1

700. .2592 1021*5.9 .0391.1. .7517 .00143 31.0.22 159.21. .3231.7 1.00078 .6837
800. .2269 11780.0 .03909 .7515 . 00125 371.. 90 171.. 36 .1.01.75 1 . 03 068 .6836
900. .2017 13361*. 3 .03862 .7513 . 00111 1.09.61. 188.90 .1.9318 1.00061 .6836

1000. .1616 15006.1* .03601. .7512 .00100 1.1.1.. 73 202.95 .58851 1. 00055 . 6838
1200. .1513 161.65.0 .03673 .7510 . 00083 511. 13 229.88 .79117 1.0001.6 .6911

11.00. .1297 22152.1 .03535 .7509 . 00071 583.1.1. 255.50 1.0 21.2 5 1. 000 39 .6921
1600. .1135 2600 7.6 .031*08 .7508 .00062 656.61. 280.05 1.28207 1. 00031. .6926
1600. .1009 30100.1 . 03283 .7506 . 00056 731.. 1.8 303.67 1. 56787 1. 00 0 30 .6908
2000. .0906 31*801*.

1

.03120 .7501* .00050 831.23 326.1.5 1.391.22 1. 00 0 27 .6831
2200. .0825 1*0877.7 .02878 .71*98 . 0001*5 975. 81. 31.1.. 98 2. 29063 1. 00025 .6571
21.00. .0 755 1*961*6.8 .02536 . 71*83 . 0001.2 1218. 15 366. 5k 2. 80151. 1. 00023 .6239
2600. .0691* 63023.8 .02118 .71*52 .00039 1629.55 383. 01 3.1.61.1.1 1. 000 21 .5809
2800. .0639 83353.0 .01693 .7393 .00036 2297. 35 1.09.81 1.. 29256 1. 000 19 .5337
3000. .0589 113029.1* .01322 .7293 .00031. 3311.10 1.32.53 5.221.82 1. 00 0 18 . 5062

• THO-PHASE BOUNDARY
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

.80 MPA ISOBAR

ERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-HPA/KG MP A/K KJ/KS-K KJ/KG KJ/KG-K KJ / KG-K M/S

ik, 067 • 01291 1 . 2 211 .9325 - 30 8 . 6 -298.

3

. 985 '*. 71 6.3 8 1286.
13. . 0 130 3 1.1 3<»2 .9319 -3 02 . 6 -292 .

1

S,i*10 '».90 6. 85 1259.
16. .01318 1. iJ 530 .9155 -295.

6

-2 85.1 5 .865 5.09 7.3 0 1229.
17. .01333 . 9860 • 8 998 -298 .

2

-277.5 6.322 5 .27 7.75 1201*.

18. .01350 .9223 . 885C -280.3 -269.5 6. 779 5. 1*3 8.22 1181 .

19. • 0 1369 • 8 60

1

.8698 -272.0 -261 .

1

7.2 37 5.58 8.71 1159

.

20 • .01368 .7958 . 8531 -263 .

2

-252.

1

7.697 5.71 9.21* 1131*.

21. . OlitlO .7318 .83'f6 -253.9 -2'«2.6 8 . 161 5 .83 9.6 0 1109 .

22 • . 0 l<f 3<» .6662 .8139 -2'»3. 9 -232.5 8.631 5.93 10. 1*2 10 82 .

23« . C l'*61 .5980 • 790 3 -233. <* -221.

7

9.111 6.01 11.13 1053.
21*. .01(»91 .5315 .7631 -2 22.1 -210.2 9.601 6.08 11.92 1021.

25. .01525 .'•638 .7313 -210.0 -197.8 10.105 6.13 12.83 985.
26. .01565 .3950 .6939 -197.0 -181».l4 10.630 6.18 13. 91* 91*1*.

27. .01612 . 32<«2 .6505 -182.7 -169.8 11. 181 6.21* 15.39 895.
28. .01670 ,25<»5 .6010 -166.9 -153.5 11.775 6.30 17. 39 838.
29. .017'»7 .1831 .5i«32 -1<»8.6 -13't.6 12. '37 6. 39 20.66 769.
29.828 .01837 .1ZW6 .'»856 -130.'* -115.7 13.080 6.'»9 25.51 700 .

29. 828 .09519 .03<»9 .05i»5 1C<». 8 180.9 23.030 7.1*6 30 . 1*9 378.
3D. .09783 .0379 .0526 108.2 186.5 23.21'* 7.38 28.36 382.
31. .10956 .0516 .0'»55 123.5 211.2 21*. 025 7.12 22.06 1*00.

32. .tl'jitS .0627 .OitOS 136.1 231.6 ^'*.67^ 6.95 19.10 '15.
33. .12833 .0723 .0 37'* l'«7.2 2'»9. 8 25.235 6.81* 17.33 1*28.

31*. .13656 .0810 .03lt7 157.3 266.5 25.733 6.71 16.12 1*1*1.

36. .15178 .0966 . 0 306 175.7 297.1 26.608 6.56 11*. 61 1*61*.

38. .16591* .1106 .0276 192.6 325.3 27.371 6.1*8 13.70 '*8'«.

1*0. .17939 .1236 .0253 208.6 352.

1

28.058 6. 1*3 13.10 5C2.
1*2. .19231* .1358 .0231* 221*. 0 377.8 28.686 6.1*0 12.67 518.
i>i>. .201*91 .11*75 .0218 238.9 1*02.8 29.267 6. 39 12.35 531*.

<>6. .21720 .1588 .0205 253.5 1*27.3 29.811 6.38 12.10 51*9.

t*a. .22925 .1697 .0193 267.9 1*51. 3 30.322 6.38 11.91 563.
50. . 21*110 .1801* .0183 282.1 1*75.0 30.805 6.39 11.77 576.
52. .25280 .1908 .0173 296.

1

1*98.1* 31.261* 6. 1*1 11.65 589.
56. .27580 .2110 .0158 321*.

0

51*1*. 7 32.122 6.1*7 11.51 613.

60. .2981*0 .2305 .011*5 351.9 590.6 32.911* 6.57 11. 1*5 631*.

65. . 32623 .251*1* -0132 386.9 61*7.9 33.831 6.75 11.1*9 653.
70. .353 72 .2 777 .0121 1*22. 7 705. 7 31*. 688 6.98 11.63 680 .

75. .38093 .3005 .0112 1*59.6 761*. 3 35.1*97 7.28 11.85 699.
80. .1*0791* .3231 .0105 1*97.9 821*.

3

36. 2 70 7.63 12.13 717,
90. .i*61i«9 .3675 . 0092 579.8 91*9. 0 37. 739 8.1*3 12.81* 71*8.

100. .511*61 .1*112 . 0082 669. 7 1031.1* 39.133 9. 29 13. 61* 777.
110. .56739 .1*51*3 . 0 071* 767.9 1221.8 1*0.1*68 10.12 l'*.i*3 805 .

120. .61995 .1*972 .0 068 873 .7 1369.6 1*1.755 10.81* 15.12 832.
130. .6 72 31* .5397 . 0 062 985. 8 1523.7 1*2.987 11.1*2 15.66 861.

11*0. .721*59 .5821 . 0 056 1102.

7

1682.1* 1*1*. 163 11.83 16. 06 889.
160. .82881 .6663 . 0 050 131*5.1 2008.1 1*6.337 12.22 16.1*2 91*6.

180. .93276 .7501 .001*5 1590.1* 2336.6 1*8.2 72 12.19 16.38 lOQi*.

200. 1.0 3651 .8336 .001*0 1832.7 2661.

9

1*9.985 11,95 16. 12 1060 .

220. 1.11*013 .9169 .0037 2069.0 2981.1 51.507 11.61* 15.80 1116.
2<*0. 1.21*366 1.0000 . 0033 2299.0 3293.9 52.868 11.33 15.1.9 1169.
260. 1.31*710 1.0S31 . 0031 2523.3 3601.0 51*. 097 11.08 15.23 1220.
280. 1.1*501*9 1.1660 . 0 029 271*3.0 3903. 1* 55.218 10.88 15.02 1269.
300. 1.55377 1.2'*88 .0027 2959.3 1*202.3 56.21*9 10.72 11.. 86 1316.
350. 1.81191. 1.1*557 . 0 023 31*89. 7 1*939.3 58.520 10.51 11.. 65 11*21*.

1*00. 2.06998 1.6623 . 0 020 1*013.1 5669.1 60.1*71 10. '.3 11*. 56 1523.
1*50. 2. 32791* 1.8689 .0018 1*533.6 6395.9 62.181* 10.1*1 It.. 51* 1616.
500. 2.58586 2.0753 .0016 5051*.

1

7122.8 63. 711* 10 .1*0 11*. 53 1703.
550. 2.81*373 2.2817 .0015 5571*.

2

781*9.2 65.099 10.1*1 11*. 51* 1785 .

600. 3.10158 2.1*880 .0013 60 95.3 8576.6 66.363 10.1*3 11*. 55 1861*.

700. 3.61723 2.9007 .0011 711.0.1. 10 0 31*.

2

68.612 10.1*8 11*. 61 2011.
800 . 1*. 13281* 3.3132 .0010 8193.

0

111*99.2 70.567 10.57 11*. 70 21'*6.
900. l*.6l*8<*2 3.7257 . 0009 9256.1* 12975.1 72.303 10.70 1'*. 82 2272.

1000 . 5.16399 <*.1382 .0008 10333.6 11*1*61*.

8

73.876 10.86 1'*.98 2390.
1200. 6.19509 i*.9&31 . 0007 1251*3.9 17500.0 76.629 11. 21* 15. 37 2605.

11.00. 7.22618 5.7860 . 0006 11*636.7 20617.6 79.036 11.68 15.81 2799.
1600. 8.25732 6.6129 . 0 005 17216.5 23822.1* 81.153 12.11 16. ?i* 2977.
1800. 9.28689 7.1*378 . 0 001* 19689.8 27121.0 83.057 12.57 16.70 31'.'*.

2000. 10.32231* 8.2626 .0001* 22260.3 30538.2 81*. 923 13.22 17.38 3296.
2200. 11. 361 78 9.0875 . 0001* 2501*1. 2 31*130. 6 87. 307 11*. 31 18.51* 31*31.
2(«00. 12.1*161*9 9.9123 .0003 26107.0 3801*0.2 90.053 16. 23 20.63 351*9.

2600. 13.501*09 10.7372 . 0003 31700.0 1*2503.3 93.11*1 19. '*3 21*. 19 3651*.

2800. 11*. 653 76 11.5620 . 0003 3611*9.8 1*7872.8 96.521. 21*. 1*1 29.82 3756.
3000. 15.90915 12.3869 . 0003 1*1895. 2 51.622.5 100.150 31,55 38.10 3863.

• THO-PHASE BOUNDARY



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

.80 HPA ISOBAR

TEMPERATURE DENSITY V(DH/OV)p VIOP/OU) -V<OP/OV) <DV/OT)VV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
^

'
r CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SQ 1/HR
X 102 X 11)3 X 10^

ik.Qb? 77.1*651 6't7.3 .255'»8 9'».595«» . 00986 75. 68 259.71* .00055 1. 25315 2.181*0
15. 76.72<»8 639.7 . 2i»789 87.0229 . 01071 83.96 230.36 .00033 1.25055 1.8798
16. 75.889'* 637.2 .23706 79.9090 . 0111*6 90. 11 205. 21* .00059 1.21*761 1. 6627
17. 7<».9923 637.0 .22772 73.9'»30 .01217 91*. 21 181*. 71 .00058 1. 21*1*1*7 1.5196
18. 7<».0521 63i».5 .21992 68.2963 . 01296 97. 15 167. 81* .00057 1. 21.118 1.1*201*

19. 73.06'»i* 629.5 . 21325 62. 8392 . 01381* 96. 91 153. 70 .00056 1.23772 1.351*0

20. 72.0222 620.7 .2073i» 57.3120 .011*89 100.1*9 11*1.61 . 00 051* 1. 231*09 1.3021
21. 70.9163 609.5 .20196 51.8962 .01608 102. 31 131. 10 .00053 1. 230 21* 1.2559
22. 69.7362 595.0 .19695 It6.<f5<»9 .01752 103.37 121.79 .00051 1. 22613 1.2282
23. 68.4619 576.7 .19215 1*0.9370 .01931 103. 72 113. 38 . 00 01*9 1. 22172 1. 2171
2<». 67.0865 556.9 . 18721 35.6589 .0211*0 103. 1*1* 105.70 . 00 01*7 1.21696 1.2177

25. 65.5816 533.8 .18185 30.1*152 . 021*01* 102.55 98.55 . 0001*1* 1. 21177 1.2333
26. 63.9171 50 7.2 .17561* 25.2501* .0271*6 101. 00 91. 76 . 0 0 0 1*1 1. 20605 1.2661*
27. 62.01*50 1*75.9 .16816 20. 1166 . 03231* 98. 80 85.20 .00037 1. 19963 1.3271
28. 59.8722 1*1*0.8 .15929 15.2350 .0391*5 95.82 78.61* .00033 1. 19221 1.1*271
29. 57.2336 398.5 .11*856 10. 1*781 .05161* 91.63 71.81 .00028 1. 13321* 1.6155
29.828 51*. 1*335 35 6.9 .1371*1* 6.7925 .0711*6 67. 32 65.59 . 00023 1. 17378 1.9161*

29.828 10.5055 205.0 .06963 . 3666 .11*877 36.90 18. 93 . 0001*1 1. 03202 1. 561*2

30. 10.2218 208.9 . 06971* .3877 .13577 36.00 18.91 . 00 01*5 1. 03111* 1.1*895
31. 9.1271 226.2 .07006 .1*710 . 09661* 33. 73 19. 00 .00060 1. 02777 1.21*26

32. 8.3720 2'*5.i* .07018 .521*6 .07781* 32. 98 19.21* . 00 071* 1. 0251*5 1.111*6
33. 7.7923 261.3 .07011 .5631* . 06630 32. 75 19.51* .00087 1. 02368 1.0339
3<f. 7.3227 275.8 . 0701*9 .5930 . 0561*1* 32. 79 19. 96 .00100 1. 02221* .9770

36. 6.5863 303.6 . 07078 .6361 . 01*810 33.30 20.60 .00125 1.01999 .903<*
38. 6.0261* 330 .5 .07071* .6661* .01*11*6 31*. 12 21.36 .0011*9 1.01828 .8575
hO. 5.571*6 356.6 .07056 .6889 .03672 35.10 22.13 .00173 1. 01690 . 8258
1*2. 5.1992 382.2 . 070 31 .7062 .03311* 36. 16 22.91 .00198 1. 01575 . 8021*

1*1*. 1..8S01 1*0 7.5 .07001 .7200 .03030 37.28 23.68 .00223 1. 011*78 . 781*3

<f6. 1*.60<«1 1*32. 1* .06968 .7312 .02799 38. 1*5 21*. 1*5 . 00 21*6 1. 01391* . 7697
1*9. l*.3621 1*57.2 .06931 .71*05 .02605 39.65 25.22 .0U275 1.01320 . 7577
50. 1*. 11*76 1*8 2.0 .06890 .71*82 . 021*1*1 1*0. 88 25.96 .00302 1.01255 .71*78

52. 3.9557 506.6 . 0681*3 .751*7 .02299 1*2.12 26.73 .00329 1.01197 .7395
56. 3.6258 557.3 .06732 .761*9 . 02065 1*1*. 66 28. 21 .00385 1. 01097 . 7270

60. 3.3512 609.1* .06597 .7726 . 01880 1*7.31 29.66 .001*1*1* 1. 010 13 .7182
65. 3.0653 678.3 . 36389 . 7797 . 01691* 50.98 31.1*3 .00521 1.00927 .7036
70. 2.8271 752.3 .0611*1* .7850 .0151*6 51*. 67 33.15 .00599 1. 00851. .705 0

75. 2.6251 632.5 .05873 .7869 . 011*23 58.26 31*. 82 . 0 0 671* 1. 00793 .7030
SQ. 2.1*513 919.2 .05589 .7920 . 01320 62. 06 36. 1*6 .00751 1. 0071.1 .7127
90. 2.1669 1111.9 .05035 .7962 . 01155 71.63 39.62 .00929 1. 00651. . 70 83

100. 1.91*32 1326.1 .01*553 .7990 .01029 81. 63 1*2. 65 .01109 1.00587 .7126
110. 1.7625 1551*.!* .01*166 .8007 .00926 92. 69 1*1*. 90 .01315 1.00532 .6971.

120. 1.6130 1766.2 .03880 .8019 . 0081*6 103. 1*5 1*7, 72 .01527 1. 001*37 .6973
130. 1.1*673 2013.1 .03679 .8027 . 00778 113.1*2 50.1*5 .01753 1. Oai.1.9 .6967

11*0. 1.3601 2229.1* .0351*1* .8033 .00720 122.32 53.11 .01937 1.001.16 .6973
160. 1.2065 2616.0 .031*23 .8039 . 00628 136. 79 53.23 .021*85 1. OQ 361. .6991
180. 1.0721 291*2.1* .031*21* .601*2 . 00557 11*7. 89 63. 11* .03032 1.00323 .6992
200. .961*8 3223.7 .031*88 .601*2 .00500 156. 93 67.86 .03632 1. 00291 .6972
220. .8771 31*78.7 .03578 .801*2 . 001*51* 161*. 67 72.1*1* .01.263 1.00265 .691.1

21*0. .8 01*1 372 3.0 .03671 .801*1 .001*16 172. 30 76.87 .01*981 1. 00 21.2 .6910
260. .71*23 3967.1 .03752 .801*0 . 00361* 179.51* 81.19 .05718 1. 00 221. . 6336
280. .6891* 1*215.9 .03619 .8039 . 00356 166. 77 85.1*0 .051.93 1.00238 .6669
300. .61*3 6 1*1*71.5 . 03871 .8037 . 00332 191*. 07 89.52 . 0730 3 1.00191. .6657
350. .5519 511*1.1 .0391*5 .8031* .00285 212.65 99.1.3 .091.71 1.00166 .681.8

<»Ofl. .<t831 581*0.6 .03971* .8031 . 0021*9 231. 52 108.69 .11850 1. 0011.6 .681*8

1*50. .1.296 6559.9 .03979 .8026 . 00222 250.35 117.97 .11*1*33 1. 00129 .6350
500. .3867 7281*.

5

.03980 .8026 .00199 268.93 126.72 .17230 1. 00117 .681*7

550. .3517 6015.9 .03975 .8021* . 00161 287.17 135.20 .20223 1. 00136 .631.1.

600. .3221* 6752.6 .03966 .8022 . 0C166 30 5. 10 11*3. 1*2 .231.09 1. 00097 .631.1

700. .2765 1021*7.1* .0391*5 .8019 .0011*3 31*0.23 159.21. .30330 1. 00 0 S3 . 683 7

BOO. .21*20 11781.5 . 03910 .6017 .00125 371*. 91 171*. 36 .37950 1. 00073 .6836
900. .2151 13365.9 .03862 .6015 .00111 1*09.61* 188.90 .1.321.1 1. 00 0 65 . 6836

1000 . .1936 15008.3 .03805 .6011* .00100 1*1*1*. 73 202. 96 . 55179 1. 03 058 .6838
1200. .161<t 161*66.6 .03671* .8011 .00083 511.13 229.88 .71.179 1. 03 0 1.9 .6911

1<*00. ,1361* 22153 .7 .03535 .8010 .00071 583. i«i* 255.50 .96030 1. 0001.2 .6921
1600. .1211 26008.2 .031*09 .8009 .00062 656. 59 283.05 1.20199 1. 03 0 36 .6926
1800. .1077 30091*.

9

. 0 3281* .8007 . 00056 731*. 20 303.67 1. 1*6976 1. 00032 . 6909
2000. .0969 31*777.1 .03123 .6005 .00050 830.12 326.1.5 1.77502 1. 00329 .6831.

2200. .0880 1,0766.6 . 02886 .7998 . 3001*5 972.36 31.1.. 96 2. 11.1*68 1.00027 .6579
21*00. .0805 1*91*13.3 .02550 .7983 . 0 001,2 1209.20 366.53 2.61970 1. 00 0 21. .6251.

2600. .0 71*1 6250 i*.i* .02138 .7951 .00039 1609. 83 367. 98 3. 23552 1.003 22 .5829
2800. .0682 82338.1 .01716 .7890 .00036 2259. 05 1.09. 71. 3.99691* 1. 00021 .51.38

3000. .0629 111251.3 .0131*5 .7786 . 00031* 321*1*. 21* 1*32.37 1.. 8761.3 1. 03019 .5078

• THO-PHASE BOUNDARY
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TSBLE 2

THERMOOYNftM^C PROPERTIES OF PftRAHYDROGEN (ISOBARS, SI UNITS)

.SS HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV VELOCITY
OF SOUND

K CU M/KG CU K~MPA/KG MPA/K KJ/KG K J / K G" K M/S

ftt 08'* . 0 1290 1. 22'»5 .9330 - 308. 6 -2 97.6 1. . 986 1. • 71 6.38 1287.
15« . 013 03 1. 11.07 . 9325 ""30 2. 6 -291.6 5 . 1* 0 3 6 e 8 1 ^ Oc .

16. .01317 1.0581 .9170 -295 .7 -281*.

5

5.857 5.09 7.29 1232.
17 . .01333 .9909 .9012 -288 .

3

-2 77.0 6.311. 5.27 7 . 7 1207.
18. . 0 1 3'»9 . 9 271 . 8 861* -280 • 5 - 269 . 0 6. 770 5 . 1*3 8.21 1 1 S^i

.

19. . 0 1368 .8650 .8713 - 2 72 • 2 -2 60.6 7.22 7 5,58 8.70 1161.
20. .01387 .8007 .851*7 -263.1* -251.

6

7.687 5,71 9.22 1137,
21. .01<f09 .7370 .8362 -251*.

1

-21*2.1 8.150 5,82 9.78 1112.
22 . , 01i»32 .6 71'. . 8156 .21*1*. 2 -2 32.0 8.619 5,92 1 0 . '4 0 10 85.
23. . 01<t59 .605'* . 7923 -2 33. 7 -221,3 9.096 6.01 1 1 . C 8 10 57.
2**. . 01'>89 .5372 • 765

1

-222 .

5

-2 09,8 9.585 6,07 11 • B 7 1 0 25 *

25. • 01522 , 1,70 0 .7337 -210.1* -197,5 10.0 87 6,13 12.77 969 .

26. . 01561 . 1* 0 16 . 6969 -197.

5

-1 Qi*, 2 10.608 6,18 13.85 9^*9

«

27. .01608 g 3 310 . 651*2 -183. 1* -169.7 11 . 1 56 6,23 15 . ? 6 90 0 .

28. . 0 1665 . 2 619 .6055 -167.7 -153.6 11. 71*3 6,30 17.16 8 '5 •

29. .017 39 .1929 . 5 1*91* - 1 1*9 . 8 —1 35.1 12.392 6,38 2 0.10 78 0.
30. .ai6'»6 .1208 .1*807 -128.0 -112.

3

13.1 62 6.50 26. 06 696.
30. 205 .01876 .1058 .1*61*0 -122.7 -106.8 13.31*6 28.17 675.
30 . 20 5 . 0 8797 .0 316 . 0 598 101.2 176. Q 22.712 7 3 i* • G 5 377 •

31

.

. 096 3<> . 0 kifS .0518 115.9 199.5 2 3 . 1* 9

1

7 •27 25.33 3 9** •

32. . 10859 .0 569 . 0 1*56 130.0 222.3 2 1* , 2 0 6 7 • Q 5 20.87 1*1 0 •

33. . 11753 • 0 6 71* . 0 1*1

3

11*2.

1

21*2. 0 21*. 811 6« 92 1 8 . 7 ^2 .

3'». .12567 .0 766 .0 381 152.8 259.6 25,3 38 &• 7 7 16.93 ^38.

36. . l'»053 .0 930 • 0 333 172. 0 291.5 2 6 , 2 1*8 6 • 5 9 15.10 if61 .

38. . 1 5'« 2 0 .10 75 .0 299 189.1* 320. 5 27, 0 31* 6 • 50 1 • 0 f» 82 •

(,0 . . 16712 . 1209 .0 273 205. 8 31*7. 9 27,7 35 6 • 13.35 5 0 0 .

i*Z. .17952 .1335 .0252 221.5 371*. 1 28,371. 12. 87 517,
<«(f. .191 52 .l<t5l» .0235 236.6 399.1* 29,961. 6.^0 12.51 533.
^6 . . 20322 . 1 569 .0220 251.1* 1* 2 1*. 1 2 9,511* 6 • 39 1 2 . 2 51.8 ,

'S . . 21'*68 .1680 .0207 265 . 9 1*1*8. 1* 0 u , u 0 u 6 • 39 12.03 562

,

50. . 22591* .1788 . 0 196 280 .2 1*72 • 3 3 0,519 6*^0 11.87 576

,

52 . . 2370'* . 1 891* . 0 186 291*. 1* 1.95. 9 30,9 81 6 • i*2 1 1 . 7 589 ,

56. . 258 S'f .20 98 .0169 322.5 51.2 . 5 31,8 1.5 6 • t» 8 11.58 612 ,

60 . . 280 2^ . 2 296 . 0 155 350. 5 588.7 32, 61*1 6« 5

7

11.51 6 31.

,

D ? .
7 AC

. 0 U D 7!/ . C ? 0 D . U X 385 . 7 6 1*6 . 3 33,563 6 • 75 111 1 . " H 658,
70. . 3 32 51 .2 770 .0129 1*21 . 6 7 01. . 2 31* , 1* 2 2 6*99 11 • b 7 680 ,

75. .35821 .3000 .0120 1*5 8 . 6 763.1 35,231. 7.28 11.88 699

.

80. .3 83 70 .3227 .0111 1*97.0 823.1 36, 009 7.63 12.16 717,
90. .'•3<»22 .3673 .0098 579.0 91*8.1 37.1*80 8.1*3 12. 66 71*8.

100. .'»8'*30 .1*111 . 0 087 669. 0 1080.7 38.876 9.29 13.66 777.
110. .53<>05 .1*51*1* .0 079 767.3 1221.2 1*0.213 10.12 li*.(*i» 805 .

120. .58357 .1*973 .0072 873.1 1369.2 1.1.500 10. a** 15.13 833,
130. ,63293 .51*00 .0066 985. 3 1523.3 1.2.733 11. U2 15. &7 861.

I<t0. .68215 .5821* . 0 062 1102.

3

1682.1 1.3.910 11.83 16.07 389.
160. .78030 .6667 .0 051* 131* I*.

7

2007.9 1.6.085 12.22 16.tt3 91*7.

180. .87817 .7506 .001*8 1590.1 2336.6 1.8.021 12.20 16,36 IOC,
200. .975 86 .9 31*2 .001*3 1832.1. 2661.8 1.9.733 11.95 16.13 1061,
220. 1.0 731.2 .9175 . 0039 2068.

7

2981.1 51.256 11.6ft 15, 80 1116,
2(»0. 1.17087 1.0007 .0036 2298.7 3291*.

0

52.617 11.33 15. 1169.
260. 1.26825 1.0837 .0033 2523.1 3601.1 53.81.6 11.08 15.23 1221.
280. 1.36558 1.1667 . 0030 271.2. 8 3903.5 51..967 10. 88 15. 02 1269.
300. l.'>62 79 1.2i»9& .0028 2959.1 1*202.5 55.999 10.72 11*. B7 1316.
350. 1.70580 1.1*565 .0021* 31.89.6 1*939.5 59.270 10 .51 1^.65 11.25.

1.00. 1.91*868 1.6631 . 0021 1*013.0 5669.1. 60.221 10.1.3 11..56 1521..

1*50. 2.1911*6 1.8697 .0019 1*533.5 6396.3 61.931* 13.1.1 11.. 51. 1616,
500. 2.1.31.23 2.0761 .0017 5051*. 0 7123,1 63.1*61* 10. 1.0 11.. 53 1703,
550. 2.67691. 2.2825 .0015 5571..

2

781*9,6 61*. 81*9 10.1*1 11.. 51. 1785 ,

600. 2.91963 2.1*889 .0011* 6 0 95 . 2 8576,9 66.113 10.1.3 11.. 55 1861*,

700 . 3.1.01.96 2.9015 .0012 711*0, 3 10031*,

6

68. 362 10 ,<*8 11.. 61 2011.
800. 3.89021* 3.311*1 .0011 8192.9 111*99,7 70. 317 10.57 11.. 70 211.6.

900. 1*. 37550 3.7266 .0009 9256.1* 12975.5 72.053 10.70 11.. 82 2272.
1000. 1*. 86071* i*.1391 .0 009 10333.6 11.1.65.2 73.625 10.86 11*. 98 2390 .

1200. 5.83119 1*. 961*0 . 0 007 1251*3,9 17500.1* 76.379 11,21* 15.37 2605,

11.00. 6.80163 5.7889 . 0 0 06 11*836,7 20618.1 78. 786 11.63 15.61 2799.
1600. 7.77212 6.6138 . 0005 17216,5 23822.8 80.903 12.11 16.21* 2978 .

1800 , 8.71*299 7.1*387 , 0005 19689.1* 27121.0 82.807 12.57 16.70 311.1..

2000. 9.71559 8.2635 , 0 001* 22278,1* 30536. 7 81.. 672 13. 21 17.37 3296.
2200. 10.69365 9.0881* , 0001* 25031..

7

31*121*.

3

37.053 11.. 28 18. 51 31.32.
2<*00. 11.68566 9.9132 , 0 001* 28088.

7

38021.5 89.791. 16.15 20.51. 3551.
2600. 12.70769 10.7381 . 0003 31655,9 1*21.57.5 92.871 19.27 21.. 00 3656.
2800. 13.7861*1 11.5629 . 000 3 36056.

0

1.7771.. 1. 96.235 21.. 10 29. 1.7 3758.
3000. 11*. 96167 12.3877 .0003 1.171I...6 51*1*32.0 99.830 31.31* 37.52 3865.

THO-PHASE BOUNDARY
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHrOROGEN (ISOBARS, SI UNITS)

.85 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(DH/DV»n

KJ/KG

V<DP/DU),, -V<OP/0 V), (DV/OT)VV THERMAL
CONDUCTIVITY

MPA-CU M/KJ
X 102

MPA VK H/K-M
X 10^

VISCOSITY THERMAL DIELECTRIC PRANOTL
DIFFUSIVITY CONSTANT NUMBER

KG/M-S SQ <^/HR

Ik. 091* 77.1.930 61.9.0 .2551.1 91.. 8871. .00983 76.09 263. 05 .00055- 1. 25325 2.1811
15. 76.7682 61.2.2 .21.796 87.5695 . 01065 81.. 01 231. 15 .00058 1. 250 70 1.8817
16. 75.9357 639.0 .23736 80.31.90 .0111.1 90.19 2 0 5.92 .00059 1. 21.778 1. 6651
17. 75.01.21 638.8 .22801 71..3625 .01212 91.. 30 195.33 .00058 1.21. 1.61. 1.5213
18. 71.. 1057 636.3 .22021 68.7039 .01290 97.26 168.1.0 .00058 1. 21.136 1.1*215
19. 73.1220 631.5 .21 352 63.2535 .01377 99. 03 151.. 21 , 0C056 1. 23792 1. 351.6

20. 72. 081. 1. 622.8 .20761 57. 7201. .011.81 100. 63 11.2.09 . 00051. 1.231.3 0 1.3022
21. 70.981.0 611.8 .20223 52.3136 . 01598 102. 1.7 131.55 .00053 i .23 0 1.7 1. 2551*

22. 69.8106 597.5 .19721 1.6. 871.0 .0171.0 103.51. 122.23 .00051 1.2?639 1.2271
23. 68.51.90 580.1. . 1921.3 1.1.1.965 . 01909 103.93 113.83 . 0 0 01.9 1. 22202 1.2136
2<f. 67.1799 559.9 .18750 36. 0897 . 02120 103.67 106. 13 . 00 01.7 1.21728 1.2151

25. 65,6885 537.2 .18218 30.871.3 . 02376 102. 81 98.98 . 00 01*1* 1.21211* 1.2290
26. 61.. 01.25 511.0 . 17608 25. 7209 .02709 101.30 92.21 . 00 01*1 1. 2061*8 1,2603
27. 62.1959 1.80.2 .16877 20.5895 . 03178 99.16 85. 68 .00 0 38 1. 20015 1.3183
28. 60.061.1 1.1.5. 9 .16008 15. 7307 . 0381*9 96.26 79.17 . 00 03 1* 1.19287 1. 1*116
29. 57.5085 1.0 5.8 . 11.971. 11.0928 . 01*952 92. 1.3 72. 1.8 .00029 1. 131*18 1. 5761
30. 51.. 161.1. 351..

7

.13655 6.51.1.2 . 0731*6 87.05 65.05 .00022 1.17287 1.91*75
30.205 53.3063 31.2.3 .13319 5.6395 .08228 85. 80 63. 31. .00021 1 . 16998 2. 0791*

30.205 11.3673 201.. 3 .06965 .3589 . 16666 39. 20 19.1.7 .00036 1, 031*67 1.6911.
31. 10.1681. 221.3 . 07001. .1*523 .111.1.5 35. 70 19.39 .00050 1. U3098 1.3755
32. 9.2087 239.6 . 07025 .5239 . 08710 31.. 22 19.53 . 00 061* 1.02802 1. 1909
33. 8.5081. 25 6.2 .07020 .5731 .07209 33.67 19.78 .00077 1. 02587 1.081*7
31.. 7.9573 271.1 .07067 .6096 . 0621.5 33.53 20. 08 ,00090 1. 021*18 1.0138

36. 7.1160 299.5 .07105 .6615 . 0501.0 33. 85 20. 76 . 0C113 1. 02161 .9258
38. 6.1.85 0 326.8 .07101* .6972 . 01*296 31.. 57 21.1.9 .00137 1.01968 .8729
<iO. 5.9836 353.3 .07086 .7231* . 03778 3 5.1.8 22.25 . 00160 1.01815 . 8371
1.2. 5.5705 379.3 .07059 . 71*35 .03392 36. 50 23. 01 .00 183 1.01689 .3112
1.1.. 5.2211. 1*01..

7

.07027 .7591* .03091 37.59 23. 78 .03207 1. 01582 .7911.

1.6. 1..9208 1.2 9.9 . 06992 . 7722 . 0281*7 38.73 21.. 51. .00232 1. 011.91 .775^
1.8. i*.6582 1.51..

9

.06951* .7827 .0261.1. 39.91 25.30 00256 1. 011.11 .7626
50. 1* . 1* 26 0 1*79.9 .06911 . 7915 . 021.73 1.1. 12 26. 06 ,00282 1. 0131.0 . 7520
52. I*.2i88 501*. 9 . 0 6863 .7989 .02325 1.2. 35 26.81 .00308 1. 01277 .71*32
56. 3.8 635 555.6 . 06750 .8105 . 02081. 1.1.. 87 28. 28 . 00361 1.01169 .:'298

SO. 3.5685 607.9 .06613 .8192 .01891. 1.7.5 0 29.72 ,0 01*16 1. 010 79 . 7231.
65. 3.2622 676.9 .061*01* .8272 . 01701. 51. 15 31. 1.8 ,001*69 1. 00986 .7102
70. 3.0071* 751.1 .06157 .8332 . 01553 51.. 83 33. 20 .00563 1. 00909 . ?063
75. 2.7917 831.1. . 05881. .83 76 . 011.29 58.1.0 31..87 -. 0C631* 1. 0081*1* . 7092
80. 2.6i)62 918.2 .05599 .8i»ll o0132i* 62.19 36.51 .00707 1.00787 .7136
90. 2.3030 1111.0 . 0501.3 . 81.58 , 01158 71. 95 39.66 . OO 875 1. 00696 . 7G89

100. 2.061*8 1325.1. .01*559 . 81.89 . 01030 81. 71. 1.2.69 - 0101*3 1., 03621* ,7132
110. 1.8725 1553.9 .01*171 .8509 ,00929 92. 95 1.1.. 92 .01238 1. 30565 ,6978
120. 1.7136 1785.8 . 03881* .8522 . 0081*7 103.50 1.7.7 3 .011*37 1.00517 .6976
130. 1.5S00 2012.9 . 03682 .8531 .00779 113.1.7 50.1*6 .01650 1.001*77 ,6970

1(»0. 1.1.660 2229.1* . 0351*7 . 8537 .00721 122. 36 53.11 .01870 1. 001*1*2 .6975
160. 1.2816 2616.3 . 031*25 .851*1. . 00628 136. 82 58. 21. . 3231*0 1.00387 .6992
180. 1.138 7 291.2.9 .031*26 .851.7 . 00557 11.7. 92 63.11. .02655 1. 0031*1* ,6993
200. 1.021.7 3221.. I. .031*90 .651.8 .00500 156.96 67,87 .031*19 1. OO 309 . 6973
220. .9316 31.79.5 .03580 .851.7 . 001*51. 161.. 89 72.1*1. .01*032 1,00261 .b9i*2

21.0. .851*1 3723.9 .03672 .851.6 .031.16 172. 31 76.88 .01*689 1. 00258 . 5911
260. .7885 3968.2 .03751* .851.5 .00381. 179.56 81.20 ,05383 1. 00238 .6337
260. .7323 1.217.0 .03821 .851.1. . 03356 186. 78 85.1.1 .36112 1 . 00 221 .6369
300. .6836 1.1*72.6 .03873 .851.2 . 00332 191., 08 89,52 .06375 1.00206 ,6857
350 . .5862 511.2.1. . 0391*7 .8538 . 00285 212.66 99.1*3 .06916 1. 00177 . 681*9

<.00. .5132 581*1.9 .0 39 75 .8535 . 0021.9 231.53 103.89 .11156 1.00155 .681*8
(.50. .1.563 6561.3 .03980 .3532 . 00222 250. 36 117.97 ,13567 1.00138 .5350
500. .1.108 7285.9 . 03981 .8529 . 00199 268.93 126.73 .13219 1. 00121* .561*7
550. .3 736 6017.3 .039 76 . 8527 . 00181 287.18 135.20 ,19037 1. 00113 . 661*1*

600. . 31.25 8751..

1

.03969 .8525 .00166 305. 10 11*3.1*2 .22036 1.00103 .681*1

700. .2 93 7 1021.8.9 . 0391*6 .8521 . 0011.3 31.0.23 159.21* .28550 1. 00G69 .6837
800. .2571 1178 3.0 .03910 .6519 .00125 371*. 91 171*. 36 .35723 00 0 77 ,5636
900. .2285 13367.1* .03863 .8517 . 00111 1*09. 65 188.90 . 1*3526 1. 00069 .6636

1000. .2057 15009.5 .03805 . 8515 .00100 1*1*1*. 71* 202. 96 .51939 1.00062 .6838
1200. .1715 181*68.2 .036 71* .8513 .03083 511.13 229.88 .69821 1.00052 .6911

1<>00. .11.70 22155.3 .03536 .8511 .00071 583.1.1. 255.50 .90388 1. 030 1*1* .6921
1600. .1287 26008.8 .031.09 .8510 . 00062 656. 55 2 80 . 05 1,13133 1.00039 .6926
1800 . .111.1. 30 09 0. 3 .03285 . 8508 . 00056 733. 95 303.67 1.38321 1. 00 0 31* .6910
2000. .1029 31*75 2.7 .03126 . 8505 . 00050 829. 1

0

326. 1*5 1.66992 1. 00031 .6837
2200. .0935 1*070 7.7 .02893 .81.99 . 0001.5 969. 19 31*1*. 97 2. 01611* 1.00 0 28 .6537
21.00. .0856 1*9200.8 . 02563 .81.83 . 0001.2 1201. 05 366.52 2.1.5976 1.00026 .6268
2600. . 0 787 62031.5 .02156 . 81.50 .00039 1591. 88 387.95 3. 031.1.1. 1. 00 0 21* .581*9
2800. .0725 811*13.1* .01737 .8387 .00036 2221.. 15 1*09.67 3.71.606 1. 00 0 22 .51.28
3000. .0668 1 0 9 62 9 . 5 .01366 .8280 . 00031. 3183.25 1*32.23 4,57021. 1.00G2C . 5091.

THO-PHASE BOUNDARY
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TaBLE 2

THERHOOYNAMIC PROPERTIES OF PftRAHYOROGEN (ISOBARS, SI UNITS)

.90 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU M/KG CU M-HPA/KG

• I't.lOO .01290 1.2278
15. . 013 02 1.1 '72
16. • 01316 1.0 633
1 7. .013 32 .9959
IS. .C13'»8 .9 319
19 . .01367 .8700
20. . 01386 . 8057
21

.

, 0 li» 07 . 7'»21

22. .01<«31 .6767
23. .01'»57 .6109
2'». • 0 l** 86 ,51*28

25. .01520 .'762
26. .01558 , 1,3 81
27. . 0 160lt • 3377
28. . 01660 .2691
29 . .01731 . 20 11
30 . .01833 .1312

• 30. 567 . 0 1918 .0 889
• 30.567 .08139 .0281

31. .08768 .0 365
32 . . 0 966<» .0 507
33

.

. 1 0 775 .0 622
3<«. .115 88 .0721

36. » 130*f 7 .0893
38 • .101* It

<>0. . 1 5620 .1182
ttZ , .16811 . 1311
Uit. . 17961 . 1 '33
1*6. .19079 .1550
i»8. .20173 .1663
50

.

, 212i»6 .1773
52 . . 223 03 .1880
56. . 2'»376 .20 86

60 • . 2 6'4 0 8 . 22 86

65

.

.2 8905 .2528
70 . . 313 67 ,2 76'*

75 . . 3 38 C 2 .2 996
80. . 36216 .32 2'*

90. .<»0998 .3671
100. .<«5736 .1*111

110. . 5 O** 1*1 . 1* 51*5

120. .5 51 2 1» . " 975
130. . 59789 . 5<^0 2

1 i,0 . . SkU^Z .5 827
160

.

.7 3717 .6671
160. .829 66 • 7511
200 • .92195 , 8 31*7

220. 1 , 011*11 , 9181
2'*0. 1.10618 1.0013
260. 1.19817 I.a8i^<*

280 . 1.29010 1 . 1 67't

30 0. 1 * ftl 1. 2503
350 • 1 . 611^6 l.'»572

'00. 1 - A un ftp. 1.6639
50 • 2 . 0 70 1

9

1.8705
500 . 2.2991*5 2. 0770
5 50. 2.52869 2,283'*
6 0 0. 2. 75790 2 ,1* 897
700. 3.21627 2.902'.

800. 3.6 7l»6a 3. 311.9
900. It. 13290 3.7275

1000. ".59118
1200. 5.50773 '..961*9

l^fOO. 6.<*2l»25 5. 7898
1600. 7.3'*082 6.611.7
1800 . 8.25775 7.1*396
2000. 9.17625 8.261*1*

2200. 10.09978 9.Q893
21)00. 11.03610 9.911*1
2600. 11.99998 10.7390
2800. 13.01590 11.5638
3000. li«.120'»i. 12.3886

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/ K K J /KG

e 9 3 36 ~ 3 08 •

6

-2 97.0
• 9 331 •302.7 - 291 .

0

• 91 8 5 -295.

8

-2 84.0
• 9 0 27 ~ 288 •

5

-276.5
• 8 8 79 ~ 28 0 • 6 — 268 •

5

• 8 72 8 "272 .

4

-26 0.1
.8562 -263.6 -251.1
.8377 -254.3 -241.6
.8172 —244 • 5 -231.6
. 79*tl -234.0 —2 2 0.9
. 7672 -222.

8

-209.

4

• 7 36C -210.9 -197.2
.6998 - 1 98 •

0

"1 84 . 0

• 65 79 -184 •

0

-169.

6

• 6 099 -168*5 -15 3.6
. 555

1

— 1 5 1 • 0 — 1 35 • 4
• ^891 -129*9 -113^4

-114.9 -97.7
. 0 656 97.2 170.5
• 0 595 106.9 185.8
• 0 51

1

12 3*3 212*1
« 0 45 7 136.6 2 33.6
« 0 'tis 148 .

1

252.4

• 0 362 168 • 2 285.6
• 0 32** 166.2 315.6
. 0 29** 203.0 343.6
• 0271 218.9 370.2
. 0252 234.3 395.9
• 0 2 35 249.3 42 1 • 0

. 0 221 264.0 445 . 5

• 0 209 2 78.4 469 . 6
. 0 198 292 . 7 493 • 4

• 0 18 0 321.0 5 40.4

• 0 165 349 .

1

586.8
n i c n• U 1? u 7 ft c DH't . D

• 0 1 38 420 . 5 7 02.8
.0127 457*6 761.8
.0118 496.0 822.0
.0104 578.2 9 4 7.2
n fi Q 7• U U 7 0 668*3 1 n7Q Q

.0084 7 CiCi 7
r DO . : 1220.6

« U U r r 872*6 1 7Pi ft 71 0 o o« f

• GO 70 984.8 1522 a 9

• 0 0 65 11 0 1 * 8 16 81.8
• 0 05 7 1 344 .

3

2007.8
• 0 05

0

15 85.8 2 3 36.5
.001*5 1832.1 2661. 8

.001*1 2068.5 2981.2
n n 7 A. U U 0 0 C C 7 O . t> O C J H • i

• 0 0 3 5 2522.9 3601.2
• 0 0 32 2742.

6

3903.

7

n n 7n• U U oU 7 Qc; A QC 3i> O * 7 H c U c • f

. 0026 3489.

5

4 93 9.8

n n ? "7
• U U c o n 1 9 QHU 1 c *

" 5669.

7

. 0020 45 3 3.4 6396.

6

• 0 0 1

8

5 0 54*0 71 23 • 5

.0016 5574.1 7849.9

.0015 60«5.2 a577^3

.0013 7140.

3

10035.0
.0011 8192.9 11500.1
.0010 9256.

3

12975.9
• 0009 10333.6 14465.7
• 0008 12543.9 17500.9

• 0006 14836.7 20618.5
. 0006 17216.4 23823.1
• 0005 19689.0 27121.0
. 0 005 22276.7 30535.4
• G004 25028.8 34118.6
• 0004 28071.9 38004.4
. 0003 31615.6 42415.6
• 0003 35970.1 47684.4
. 0 00 3 41549.2 54257.6

ENTROPY cv CP VELOCITY
u r ^ u u If u

T\.<J r v\\i r\ K J / KG- K M / S

4.987 4.72 6.38 12 89.
5.3 96 •+ . ^ u 6 8 3 1265

.

5.850 5.09 7.28 1231.

,

6.306 5.27 7.73 t p r Q -X c U 7 .

6.761 5.43 8.20 X 1 0 D .

7.218 5.58 8.68 1161*.
7.677 5.71 9.20 1 11*0 .

8.139 5.82 9.76 1 1 1 1>1X17.
8.607 5.92 10.37 1083.
9.082 6.00 11.04 1060.
9.569 6.07 1 -t ft 9X X . 0 c 1 n 5 AX U c o .

10.0 69 6.13 12.70 99 3.

10.588 A 1 A 1 7 7f.X 0 . r o
11 17 11 i. • 1 0 X 6.23 1 c; 17X 7 . X J Q n t7 U O .

11. 711 6*29 16.96 85 1 •

17 7 1; n Cs. 7 7O * J f X 3 • O 7 7 8 8 •

17 n QP. 6.48 7 n Q

13*615 6.59 31*34 65 0 .

22.391 7.67 38. 80 376.
22.893 7.4b 30.60 387.
23.726 7.18 2 3.21 40 5.
24 • 3 66 7.01 19.86 420 •

24*9 48 6*33 17.97 434

.

25*8 99 6*63 15 .64 459 •

26 . 7 08 6.52 1 it , !(. 0 4 80 •

27. 426 6 • 46 13.62 499 •

28.0 76 6.43 13.07 516.
28 • 6 75 6.41 12*68 5 33.
29.232 6.40 12.38 548.
29. 753 6.40 12. 15 562.
30*2 45 6 . 41 11 Q 7X X • 7 ( 5 76 •

3 0.712 6 . 42 11*83 5 88.
7 1 c; A 9 C (.ft X X . D V P. 1 ?O X & .

32. 3 62 6.56 11.57 634

.

3 3*308 6 . 75 11.38 658 •

34.171 D . ^3 11 7 n o o u •

7 7 Q 11.91 7 n n

35 • 762 7.63 12.18 717.
37^235 8.43 12.88 749.
38^633 9.29 13.57 778.
39.972 10.12 14.45 6 05.
41.260 10.85 15.14 A 7 7o 0 0 •

He. 47'* 11.42 15 5 8 861.

43 .6 71 11 ft 71 1 . O 0 1 f^ (17X o . U f 890 •

45.8 47 12 «» 22 16.43 947 •

47.783 X & . ^ u 16.39 10 0 5.
49.4 96 1 1 . 93 16 .13 1 06 1 •

51. 019 11. 64 15.80 1117.
52.380 11.34 15.49 1170.
53.610 11.08 15.23 1221.
54.731 10.88 15.02 1270.
C C 7C. ? in 7 5X U • r c 14.67 1 7 1 AX J X O .

C A fl 7 Z»5 0. U O H in c: 1X U . 1 14.65 1425 •

5 9.9 85 ft10.43 14.56 1 C 5 /.1 5 1 *f»

61. 6 98 10.41 14.54 1 1X O X D •

63.228 in /»

n

X u . *i u 14.53 17 0 3.

64 .613 10. 41 14.54 1 78 6 •

c c; ft 7 A0 I? • 0 f 0 10.43 X H . !> ? 1 864 •

68.126 10.1*8 11.. 61 2011.
70.081 10.57 11.. 70 211.7.

71.818 10. 70 11.. 82 2273.
73.390 10.86 11.. 98 2390.
76.11*3 11.21. 15.37 2605.

78.550 11.68 15. 81 2799.
80.667 12.11 16.2it 2978.
82.571 12.57 16.70 311.1..

81*. 1*35 13.20 17.35 3206.
86. 815 11.. 25 18.1.7 31.33.

39.550 16. 07 20.1.6 3552.
92.618 19. 11 23.83 3658.
95.961* 23.82 29.15 3760 .

99.529 30.58 36.98 3867,

• TWO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

.90 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V<OH/QVJn

KJ/KG

V(DP/DUIy -V(DP/OV)^

MPA-CU M/KJ
X 102

MPA

(DV/OTI/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
" CONDUCTIVITY 0IFFU5IVITY CONSTANT NUMBER

VK H/K-M
X 10^

KG/M-S
X 10'

SQ M/HR

lif.lOO 77.5208 65 0.6 .25535 95.1791 . 00981 76.29 260. 36 .03056 1. 25335 2.1781
15. 76.8115 6i«if.7 .2<»80<« 68.11<«6 . 01059 81.. 07 231.93 .00058 1.25085 1.8836
16. 75.9818 (,1*0.6 .23767 80. 7877 . 01137 90.26 206.61 .00059 1.21.791. 1. 6675
17. 75.0917 6'«0 .5 .22831 71..7803 .01207 91.. 39 185.91. • 00 059 1.21.1.82 1.5231
18. 7i».1591 638.2 .2201.9 69.1097 . 01285 97. 36 168. 95 .00 058 1. 21.1 55 1.1.227
19. 73.1793 633.5 .21380 63. 6661 . 01371 99. 15 151.. 72 .00056 1.23812 1.3551
20. 72.1<t62 62'«.9 .20788 58.1271 . 011*73 100.77 11.2. 56 .00 055 1. 231.52 1.3023
21. 71.05111 61i».l .202i»9 52. 7287 .01589 102.62 132.00 .00053 1.23071 1.2550
22. 69.8a<«(» 599.9 .1971*7 i»7.2907 .01728 103.72 122.66 .00 052 1. 22665 1.2260
23. 68.6311 583.2 .19269 1*1.9288 . 01891. 101.. 13 111*. 25 . 00 01.9 1. 22230 1.2118
2<.. 67 . 2 72 3 562 .8 .18778 36.5169 .02101 103. 90 106.55 . 30 01.7 1.21760 1.2125

25. 65.79«»1 51*0.6 .18251 31.3291 .0231*9 10 3.07 99.1.0 . 00 01.1. 1. 21250 1.221.9
26. 61.. 1659 511*.

8

.17651 26.1851* . 02673 101. 60 92. 65 . 0 0 0 <«1 1. 20690 1. 251.6

27. 62.31*39 1.81*.

3

. 16936 21. 0551* . 03121. 99. 51 86. 15 . 0D038 1. 20 065 1.3101
28. 60.2507 1*50.8 . 16085 16.2152 .03761 96.69 79.70 . 00 031. 1. 19350 1. 3975
29. 57.7616 1*12.0 . 15082 11. 6171* . 01.778 92.98 73.10 .00029 1. 13501* 1.51.77
30. 51*. 5650 363.7 .13827 7.1562 .06831. 87.88 65.89 .00023 1. 171.22 1.8639
30.567 52.1365 328.3 .12885 1*. 631*2 .0951*6 85.67 61. 11. .00019 1. 16605 2. 2367
30. 567 12.2868 203.6 . 06962 .31*58 .18963 1.1.99 20.06 .00032 1. 03752 1. 81.1.7

31. 11.1*051 213.9 . 06992 .1*158 . 11*310 38.62 19.89 . 00 01.0 1. 031.79 1.5758
32. 10.1362 233.6 .07027 .511*1* .09938 35. 76 19.87 .00055 1. 030 88 1.2896
33. 9.280<» 251.0 .07027 .5773 . 07913 31.. 73 20. 01. .00068 1. 02821. 1.11.59
31*. 8.6298 266.3 .07085 .6221* . 06711 31.. 35 20.30 .00080 1. 02625 1.0563

36. 7.661*7 295.1. .07132 .681*6 . 05293 31.. 1*1* 20 .93 . 0C103 1. 02329 .9505
38. 6.9569 323.2 .07131* .7261* .01*1*57 35.01* 21.61. .00126 1.02112 .8891.

<»0. 6.1*019 350 .1 .07115 . 7568 . 03890 35. 88 22. 37 .3011.8 1. 0191.2 . 81.91

1*2. 5.91*85 376.3 .07087 . 7799 .031*71* 36.85 23.12 .00171 1.01801. . 8201.
1*1*. 5.5677 1*02.0 .0 70 51* .7980 . 03153 37. 91 23. 88 .00193 1. 01688 .7987
1*6. 5.21*11* 1*27.5 .07017 .8126 .02896 39.02 21*. 61. .0C217 1.01588 .7815
1*8. l*.9572 1*5 2.7 .06977 .821*5 .02681* 1*0.18 25.39 . 0 0 21.0 1.01502 .7677
50. I*. 7068 1*77. 8 .06932 .831*1. . 02505 1.1. 37 26. 11. . 03261. 1. 011.25 .7563
52. I*. 1*838 503.0 .06883 .81.28 . 02352 1.2.59 26.88 . 0C28 9 1. 01358 . 71.69

56. l*.1025 551*.

0

.06768 .8559 .02103 1.5. 08 25.35 . 0C 31.0 1. 01 2'.2 .7326

60. 3.7868 606.5 .06629 .8656 . 01908 1.7.69 29.79 .00392 1. 011'*6 .7226
65. 3.1*596 675.6 .061*13 .871*6 . 01711* 51. 32 31.51. .001.61 1. 0101.6 .7119
70. 3.1381 750.0 .06169 .8813 .01560 55. 00 33. 25 .00531 1. 00961. . 7076
75. 2.9581* 830 .3 .05895 .8863 .011*31* 58.51. 31*. 92 .00598 1. 00891. .7103
80. 2.7612 917.2 .05609 .8901 .01328 62.32 36.55 .00667 1. 00 8 31. . 711.5

90. 2.1*391 1110.2 .05051 . 8951* . 01160 72. 08 39. 70 .00826 1. 00737 . 7095
100. 2.1865 1321*.

7

.01*566 .8988 . 01332 81. 85 1.2.72 .00986 1. 00660 .7136
110. 1.9825 1553.1* .01*176 .9010 .00930 93. 01 1.1.. 93 .01169 1.00599 .6982
120. 1.811*1 1785.5 .03889 .9025 .0081*8 103.55 1.7. 71. .01358 1. 0051*8 .6979
130. 1.6725 2012. 7 . 0 3686 .9035 . 00779 113.51 50. 1.7 .01558 1. 00505 .6972

11*0. 1.5518 2229.3 .03551 .901*2 . 00 721 122.1.0 53.12 .01766 1. 001.68 .6977
160. 1.3565 2616.5 .031*28 .9050 .00628 136.86 58.21* .02210 1. 001.09 .6991.
160. 1.2053 291*3.1* .031*29 .905 3 . 00557 11.7. 91* 63.15 .02697 1.00 361. .6991.

200. 1.081*7 3225.0 .031*92 .9051* . 00500 156. 98 67. 87 .03230 1. 00327 .6971.

220. .9861 31*80.3 .03582 .9053 .001*51* 161*. 91 72. 1.5 .03809 1.00297 .691.3
21*0. .901*0 3721*.

8

.03671* .9052 .001*16 172. 33 76.88 . 01.1.30 1.00273 .6912
260. .831*6 3969.2 . 03756 .9051 .00381* 179.57 81. 20 .05065 1.00252 .6887
280. .7751 1*218.1 .03823 .901*9 .00356 186. 80 85. 1.1 . 05771. 1. 00 231. .6870
300. .7236 1.1.73.8 .03871* .901*7 .00332 191*. 39 89.52 .051.95 1.00218 .6858
350. .6206 511*3.7 . 0391*8 .901*3 .00285 212. 67 99.1.1. .081.23 1.00187 .681.9

1*00. .51*32 581*3.3 .03976 .9039 .0021*9 231.51* 108.90 .10538 1. 001 61. .681.8
1*50. .1*830 6562.7 .03981 .9035 . 0C222 250. 36 117. 97 .12835 1. 00 11.6 .6650
500. .1*31*9 7287.3 .03982 .9032 .00199 268.91* 126.73 .15321 1. 00131 .681.7

550. .3955 8018.8 . 03977 .9030 .00181 287.18 135.20 .17983 1.00119 .681.1.

600. .3626 8755.6 .03969 .9026 .00166 305. 10 11.3.1*2 .20815 1.00109 .681.1

700. .3109 10250 .3 . 0391*6 .9021* . 0011*3 31.0. 23 159.21* . 26968 1 . 00 0 91. .6837
600. .2721 11 781*. 6 .03911 .9021 .00125 371.. 91 171*. 36 .3371.3 1. 00 0 82 .6836
900. .21*20 13369.0 .03863 .9019 .00111 1*09.65 188.90 .1.1113 1. 00073 .6636

1000. .2178 15011.1 .03806 .9017 .00100 1*1*1*. 71* 202.96 .1.9058 1. 00066 . 6838
1200. .1816 181*69.9 .0 36 71* .9011* .00083 511.13 229. 88 . 6591.6 1.00055 . 6911

11*00. .1557 22156.9 .03536 .9012 . 00071 583. 1*3 255. 50 . 85373 1 . 00 0 1.7 .6921
1600. .1362 26009.5 .031*10 .9011 .00062 656.51 280. 05 1.06853 1. OuOi.1 .6526
1800. .1211 30086.2 .03286 .9009 .00055 733.73 303. 67 1. 30629 1. 00 0 36 .6911
2000. .1090 31*730.5 .03129 .9006 . 00050 828. 18 326. 1.5 1. 57655 1.00033 .681.0
2200. .0990 1*0633.7 .02900 .8999 . 0001*5 966.29 31.1*. 97 1.90207 1. 00030 .6591.
21*00. .0906 1*9006.5 . 02575 .8983 . 0001*2 1193.59 366.51 2. 31806 1. 00027 .623 2

2600. .0633 61598.6 .02171* .891*9 . 00039 1575.1.1* 387.92 2. 8561.2 1.00025 .5867
2800. .0766 80566.3 .01757 .8881* . 00036 2192.17 1*09.60 3.521.01 1. 00023 . 51. 1*6

3000. .0708 10811*2.1* .01385 .87/1* . 00031* 3127. 32 1*32.10 1.. 29912 1. 00021 .5109

THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PftRAHYDROGEN (ISOBARS, SI UNITS)

.95 MPA ISOBAR
I

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP MFL or. TT Y

DERIVATIVE DERIVATIVE ENERGY OF SOUND
K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

If*. 117 .01290 1.2311 .931.2 -308.6 -296.3 1*. 988 l*.72 6.38 1290.
15. .01301 1.1536 .9337 -302.8 -290.5 5.389 1..90 6. 82 1267.
16. .01315 1.0681. .9199 -295.

9

-283,5 5.81*3 5.38 7. 28 1237.
17. .01331 1.0007 .901.1 -288.6 -275.9 6.298 5.26 7.72 1212.

j,
18. .0131.7 .9367 .8891. -280.8 -268.0 6.753 5.1.3 8.19 1189,
19. .01365 . 871.9 .871.2 -272.5 -259.6 7.209 5.58 8. 67 1166.
20. .01385 .8106 .8577 -263.8 -250.6 7.667 5.71 9.19 111*2,

21. .01<.06 .71.72 .8393 -251*.

5

-21.1.2 8.128 5.32 9.71* 1118.
22. .011.29 .6819 .8189 -21.1..

7

-231.1 8 .591* 5.92 10.31* 1091,
23. .011.55 .6165 . 7959 -231*. 3 -220.

5

9.069 6.00 11 . C 1 1063.
.aii.si« .5I.8I. . 7692 -223.2 -209.1 9.551. 6.07 11.78 1031.

25. . 01517 .1.823 .7381. -211.3 -196.9 10.051 6.13 12.61* 997.
26. .01556 .1.11.5 .7027 -198.5 -183.7 10.567 6.18 13. o7 958,
2 7. .01600 .31.1.3 . 6611. -181..

6

-169.1. 11. 106 6.23 15. C2 911,
28. .01655 .2762 .611.2 -169.1. -153.6 11.681 5.29 16.76 358,
29. .01721. . 2090 .5606 -152.

1

-135.7 12.309 6.35 19.32 797,
30. .01P20 .11.01 .1.963 -131.6 -111..

3

13.035 6.1.7 23 .98 721,
• 30.911* .01961. .0 731. .1.205 -106.9 -88.3 13. 889 6. 61. 35. 36 625.
• 30.911. .07532 .021.6 .0719 92.7 161..

2

22.061 7.79 1*1*. 58 376.
31. .07699 .0 268 . 0O99 95. 1. 168.6 22» 2 01 7. 73 1*1. 15 378 .

32. .08931. .01.1.1 .0576 115.8 200. 7 23.221 7.32 26.52 1*00.

33. .Q 9881 .0563 . 0506 130.7 221..

6

23.957 7.11 21.50 1*16.

31.. .10700 .0 675 .01.58 11.3. 1 21*1*.

8

21.. 559 6.90 18. 99 1*31 .

36. .1211.1 .0856 .0393 161..

3

279.6 25.557 6.66 16.21* 1*57.

38. .131.35 .1013 .031.9 182.9 310.5 26.393 6.55 11*. 79 1*78.

1.0. .1155 .0 316 20 0 .1 339.2 27.127 6.1.8 13.90 1*98.

1.2. .15789 .1287 . 0290 216. 3 366. 3 27.790 6.1.1. 13.29 515.
I.I.. .16891. .11.12 .0269 232.0 392.5 28.398 6.1.2 12.85 532.
<«6. .17967 .1531 .0251 21.7.1 1*17.8 28.961 6.1*1 12.52 51*7.

1.8 . . 190 11. . 1 61.6 , 0236 262. 0 1*1.2 . 6 2 9 • 1. 89 6 . 1.1 12.27 562 .

50. . 2001.0 .1758 . 0223 2 76.6 1.66. 9 29,985 6.1.1 12. 07 575.
52. .2101.9 .1866 .0211 291.0 1.90.9 30.1.56 6.1.3 11 . 92 588.
56. .23027 .20 75 .0191 319.1* 538. 2 31 .332 6.1.9 11.72 612.

60. .21.963 .2276 .0175 31*7.7 581..

9

32.137 6.58 11.63 631*.

65. .2 731.0 .2521 .0159 383.2 61*3.0 33.067 6. 76 11. 53 659.
70. .29681 .2759 .011.6 1*19.1* 701.3 33.932 6.99 11.71* 680.
75. .31995 .2991 .0135 1*56.6 760.5 31.. 71*8 7.29 11.91* 700.
80. .31.269 .3220 .0125 1*95.1 820.9 35.527 7.61. 12.21 718.
90. .38829 .3669 .0110 577.1. 91*6. 3 37.001* 8.1.3 12.90 71*9.

100. ,1.3326 .1.111 . 0 098 667. 6 1079.2 38 .1* 03 9.29 13.59 778.
110. .1.7789 .1.51.6 . 0 089 766. 1 1220.

0

39.71.3 10.13 11*. 1*6 806.
120. .52231 .1.977 . 3081 872.0 1368.2 1*1.032 10.35 15.15 831*.

130. .56655 .51.05 .0071. 981..

3

1522.5 1*2.267 11.1.2 15.59 862.

11.0. . 61066 . 5830 .0 069 1101.1. 1681.5 1*3.1*1*5 11.83 16.08 393 .

160. .69859 .6676 . 0 060 131.3.9 2007.6 1*5.621 12.22 16.1.1* 91*7.

180. .78625 .7516 .0 05 3 1589.1. 2336.1* 1*7.553 12.20 16.39 1005.
200. .873 72 .8353 .001.8 1831.8 2661.

8

1*9.272 11.95 16.13 1062.
220. .96105 .9187 .001*3 2 0 68.

2

2981. 2 50.795 11.61. 15.81 1117.
21.0. 1.01.829 1.0020 .001*0 2298.3 3291*.

2

52. 156 11.31* 15.50 1170.
260 . 1.1 35 1.6 1.0 851 . 0 037 2522.

7

36 01.1* 5 ^ A6 11.03 15.23 1221,
280. 1.22257 1.1681 .0031* 271.2.1. 3903.9 51*. 507 10.88 15. C 3 1270 .

300. 1,30958 1.2510 . 0 0 32 2958.

8

1.2C2.9 55.539 10.73 11*. 87 1317,
350. 1.52705 1. 1.580 .0 027 31.89.1. 1*91.0.1 57.811 10.51 11*. 65 11.25,

1.00. 1.71.1.39 1.661.7 . 0021. 1.012.8 5670.0 59.761 10 .1*3 11*. 56 1525,
1.50. 1.96165 1.8713 . 0 021 1.533.3 6396.9 61.1.75 10.1*1 11*. 51* 1617,
500. 2.17887 2.0778 . 0 019 5053.9 7123.8 63. 005 10. 1*0 11*. 53 1701..

550. 2.39601. 2.281*2 .0017 5571..

1

7850.3 61*. 390 10.1*1 11*. 51* 1786.
600. 2.61319 2.1.906 .0016 60 95.2 8577.7 65.655 10.1.3 11*. 55 1865.
70D. 3. 01*71. 1. 2.9032 .001<* 711*0.3 10035.3 67.903 10.1*8 11*. 51 2011.
800. 3.1.8165 3.3158 .0012 8192.9 11500.5 69.858 10.57 11*. 70 211.7,

900. 3,91581. 3.7283 .0011 9256.3 12976.1. 71.595 10 .70 11*. S2 2273.
1000. ..35000 1*. 11.03 .0010 10333.

6

11*1*66. 1 73.167 10. 86 11*. 98 2390.
1200 . 5.21831 1..9658 . 0 003 1251.3.9 17501.3 75.920 11.21* 15.37 2605.

11.00. 6.0 8663 5.7907 . 0007 11.836.6 20618.9 78. 327 11. 68 15. 60 2799.
1600. 6.951.93 6.6156 .0006 17216.3 23823.5 80.1.1.1. 12.11 16.21* 2973.
1800. 7.82359 7.1.1*01. . 0 005 19688.

7

27121.1 82.31.8 12 .56 16.69 311.1*.

2000. 8.69370 8.2653 . 0 005 22275.1 30531*.

2

81*. 211 13.19 17.31. 3297.
2200. 9.5681.1. 9.0902 . 0 00 1. 25023.

3

31*113.3 86.589 11*. 22 18. 1*1* 31*33.

21.00. 10.<*5i.98 9.9150 . 0 00 1* 28056.5 37988.

8

89. 320 16.00 20.38 3553.
2600. 11.36691. 10.7398 . 0 00 1* 31573.5 1*2377.1 92.378 18.97 23. 67 3660.
2800. 12.32689 11.561.7 .0003 35891.1 1*7601. 6 95.708 23.56 28. 95 3762 .

3000. 13.36856 12.3895 . 0 003 1.1397.1 51*097.2 99.21*7 30.15 36.1*8 3868.

THp-PHASE BOUNDARY
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T4BLE 2

THERMODYNAHIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

.95 HPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V (OH/OVJ„

KJ/KG

tf(OP/DU>,, -V(OP/DVI,

MPA-CU M/KJ
X 102

MPA

(OV/DTI/y THERMAL VISCOSITY THERMAL DIELECTRIC PP.ANOTL
P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S
X 10^

SQ M/HR

77.5486 652.3 .25528 95.4704 , 00978 76. 49 260. 68 .30056 1. 25345 2.1752
15. 76.8546 647.2 .24811 88.6581 .01053 84. 13 232.71 .00058 1.25101 1,8655
16. 76,0277 642.5 .23797 81.2251 .01133 90. 33 207.29 .00059 1. 24810 1.6700
17. 75.1411 642,3 ,22861 75,1966 . 01202 94. 48 186.55 .00059 1. 24499 1.5248
16. 74.2121 640.0 .22078 69.5138 . 01279 97.47 169.51 .00058 1. 24174 1.42 3 9
19. 73.2363 635.5 .21407 64. 0768 .01364 99. 28 155.23 .00056 1. 23332 1. 3557
20. 72.2077 627.0 .20815 56.5320 .01465 100.90 143.04 .00055 1.23473 1.3025
21. 71.1182 616.4 .20275 53.1417 . 01579 102. 78 132.45 .00053 1. 23094 1.2545
22. 69.9576 602.4 . 19773 47.7049 .01717 103.90 123.09 .00032 1.22690 1.2251
23. 68.7125 585.9 .192 94 42.3579 . 01879 104. 33 114,67 . 0005C 1.22259 1.2100
24. 67.3636 565.7 .18806 36.9406 . 02082 104. 12 106.97 .00047 1.21792 1.2101

25. 65. 8984 543.9 .18283 31. 7796 . 02323 103. 32 99.83 .00045 1. 21286 1. 2210
26. 64.2873 518. 4 .17694 26.6442 .02637 101.89 93.09 . 00042 1. 20732 1.2492
27. 62.4892 48 8.4 .16993 21. 5143 , 03074 99. 85 86.61 .00038 1.20115 1. 3025
28. 60.4323 455.5 . 16158 16.6892 .03680 97.11 80.21 .00035 1, 19412 1.3846
29. 58.0037 417.9 .15184 12.1234 .04624 93. 52 73.71; .00030 1. 18536 1. 5228
SO. 54.9325 371.5 .13984 7.6951 . 06456 88.64 66.67 .00024 1.17546 1,3039
30.914 50.9105 314.4 .12437 3. 7365 , 11248 85. 77 58. 95 .00017 1.16194 2,4305
30.914 13.2772 202.8 • 06955 .3265 .22031 45.46 20. 72 .03026 1.04058 2.0364
31. 12.9879 205.3 .06965 .3487 .20041 43. 92 20.61 .00030 1. 03969 1,9312
32. 11.1936 227. 3 .07023 .4932 . 11669 37. 80 20. 29 .00046 1.03414 1.42 3 7

33. 10.1208 245,7 .07029 .5750 ,08793 36. 00 2 Q . 3 5 .00059 1. 030 83 1. 2213
34. 9.3462 261,6 .07101 .6307 .07259 35. 28 20.55 .00072 1. 02845 1.1060

36. 8.2364 291.4 .07160 .7051 . 05574 35. 07 21.12 .00094 1, 02504 .9778
38. 7.4430 319.6 .07164 ,7540 . 04629 35.53 21.79 .00116 1,02261 .9072
40. 6.8297 346.8 .07146 ,7889 , 04008 36. 29 22. 50 . 0 CI 3 8 1. 02073 .8618
42. 6.3334 373.4 .07116 .8153 , 03560 37.21 23.24 .00159 1,01921 ,8301
44. 5.9192 399.4 .07081 .8359 ,03218 38.23 23.96 .00181 1.01795 , 8C 63
46, 5.5658 425.0 .07042 .8524 , 02946 39. 32 24. 73 .00203 1. 01687 ,7677
48. 5.2594 450.4 .07000 .8659 ,02724 40, 45 25.48 .00226 1. 01594 , 7728
50. 4.9901 475.7 . 06954 .8770 .02538 41,62 26.22 .00249 1.01512 ,7606
52. 4,7508 501.1 ,06904 .8964 . 02379 42.82 26.96 .00272 1.01439 ,7506
56. 4.3428 552.3 .06786 .9010 . 02122 45. 29 2 3. 42 ,00320 1. 01315 ,7355

60. 4.0060 605,0 .06646 .9119 .01922 47. 88 29.85 .00370 1.01212 .7248
65. 3.6577 674.4 , 06432 .9219 . 01724 51,50 31.60 .00436 1.01106 ,7135
70. 3.3 692 748.8 .06182 .9293 .01568 55,16 33.31 .00502 1.01019 .7089
75. 3.1255 829,3 ,05907 ,9348 . 01440 58. 69 34.97 .00566 1. 00945 , 7114
80. 2.9164 916.3 .05619 .9391 . 01333 62.46 36.60 .00631 1.00881 .7154
90. 2.5754 1109,4 .05359 ,9450 . 01163 72. 20 39. 74 .00782 1.00778 .7101

100. 2.3081 1324,0 .04572 .9438 . 01034 81. 96 42.76 .00934 1.00697 .7140
110. 2.0 92 5 1552,9 .04182 .9512 .00931 93. 07 44. 95 .01107 1. 00632 .6986
120. 1.9146 1785,1 .03893 .9529 .00849 103.60 47.76 .01286 1.00578 .6932
130. 1.7651 2012.5 ,03690 .9540 .00780 113. 56 50. He ,01476 1. 00533 .6975

143. 1.6376 2229,3 ,03554 .9547 .00721 122,44 53.13 ,01674 1. 00494 .6979
160. 1.4315 2616,7 ,03431 .9556 . 00628 136. 89 58.25 .02094 1. 00432 .6995
180, 1. 2719 2 943.8 .03431 ,9559 . 00557 147.97 63. 16 .02555 1.00384 ,6995
200. 1.1445 3225,7 .0 3495 .9560 . 00500 157, 00 67.88 .03061 1. 00 345 .6975
220. 1.0405 3481.1 .03584 .9559 .00454 164,93 72. 45 .03610 1,00 314 .6944
240. .9539 3 72 5 . 7 .03676 .9558 .00416 172. 35 76.89 .04198 1. 0Q286 .6913
280. .8807 3970.2 .03758 ,9556 . 00384 179. 58 81.20 .04819 1, 00266 .6888
280. .3180 4219.2 .03824 .9554 .00356 186, 81 85.41 . 05472 1. 00247 . 6870
300. .7636 4475.0 .03676 .9553 .00332 194, 10 89.53 .05154 1. 00230 .6858
350. .6549 5144.9 ,03949 .9548 .00285 212,68 99.44 . 07981 1, 00197 ,6849

400. .5733 5844.6 ,03977 ,9543 , 00249 231,54 108, 90 .09986 1, 00173 ,6848
450. .5098 6564.0 .03982 .9539 .00221 250,37 117. 98 . 12162 1. 00154 ,6850
500. .4590 7288.7 . 03982 .9536 . 00199 268,94 126.73 .14518 1,00 133 .6847
550, .4174 8020.2 .03977 .9533 .00131 287,19 135.20 .17040 1.00126 ,6844
600. .382 7 8757.0 .03970 .9531 .00166 305. 11 143. 43 .19723 1. 00115 , 6841
700. . 3281 10251,8 .03947 .9527 . 00142 340, 24 159,24 .25553 1. 00099 ,6837
600. .2872 11736,1 . 03911 .9524 . 00125 374. 92 174.36 .31971 1.00087 ,6836
900. .2554 13370,5 ,03864 .9521 .00111 409,65 188.90 .38954 1.00077 .6836

1000. .2299 15012.7 .03806 .9519 , 00100 444, 74 202.96 . 46481 1. 00069 .6836
1200. .1916 18471,5 .03675 .9516 . 00083 511,13 229.88 .62482 1.00058 .6911

1400. .1643 22158.4 , 03536 ,9514 .00071 583.43 255.50 .80385 1,00050 ,6921
1600. .1438 26010.4 .03410 .9512 . 00062 656.47 280.05 1.01234 1, 00043 .6926
1800 . .1278 30082.6 ,03287 .9510 . 00055 733,52 303. 67 1.23748 1, 000 39 .6912
2000. .1150 34710.2 . 03131 .9507 , 00050 827. 32 326.45 1.49307 1. 00035 .6343
2200. .1045 40565.8 , 02906 ,9500 , 00045 963.62 344.97 1.30017 1.00031 .6601
2400. .0956 48327.8 ,02586 .9484 ,00042 1186, 72 366.50 2.19161 1.00029 .6294
2600. .0880 61200.4 ,02190 .9448 , 00039 1560. 30 387. 89 2.69775 1. 00027 . 5884
2800. ,0811 79786,6 ,01776 .9382 .00036 2162. 72 409. 54 3.32614 1, 00024 ,5464
3000. .0748 106772.3 ,01404 .9268 , 00034 3075, 76 431. 98 4. 05742 1. 00023 ,5124

TWO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN JISOBARS, SI UNITS)

1.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CO M/KG CU M-MPA/K6

• 1<I.133 .01Z89 1.23<»i»

15. .01300 1.1600
16. .01315 1.0735
17. .01330 1.0056
18. .ai3i>7 .gitli*

19. .0136<» .8798
20. .0136<f .3155
21. .01U05 .7523
22. .01<f28 .6871
23. .01<«5i» .6219
2«t. .aii*iZ .5539

25. .01515 .<f883

26. .01553 .'»207
2T. .01597 .3531
26. .01650 .2850
29. .01717 .2166
30. .01809 .11*85

31. .01957 .078i»

» 31.2<»8 .02016 .059<»
• 31.2<f8 .06965 .0213

32. .080<«3 .0367
33. .09052 .0511
34. .09887 .0627

36. .11320 .0818
38. .12587 .0982
40. .13759 .1128
<»2. .1(»869 .1261*
4I|. .1593<» .1391
46. .16965 .1513
48. .17971 .1629
50. .18954 .1742
52. .19921 .1852
56. .21813 .2063

60. .23663 .2267
65. .25931 .2513
70. .28164 .2752
75. .30370 .2986
80. .32554 .3217
90. .36878 .3668

100. .41157 .i»lll

110. .1.5403 .<»547
120. .49627 .4979
130. .53834 .5407

140. .58028 .5833
160. .66386 .6680
180. .74718 .7521
200. .83031 .3358
220. .91330 .9193
240. .99620 1.0026
260. 1.07902 1.0858
260. 1.16179 1.1688
300. 1.24446 1.2517
350. 1.45108 l.i»588

400. 1.65757 1.6655
<>50. 1.86398 1.8721
500. 2.07033 2.0786
550. 2.27666 2.2351
600. 2.48295 2.4914
700. 2.89550 2.9041
800. 3.30800 3.3167
900. 3.72048 3.7292

1000. 4.13294 4.1417
1200. i». 95784 4.9667

1400. 5.78271 5.7916
1600. 6.60763 6.6165
1800. 7.43284 7.'«413
2000. 8.25941 6.2662
2200. 9.09025 9.0910
2400. 9.93203 9.9159
2600. 10.79735 10.7407
2800. 11.70709 11.5656
3000. 12.69252 12.390<«

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/KG-K KJ/KG

.9347 -308.5 -295.7

.93<»3 -302.9 -289.9

.9214 -296.1 -282.9

.9056 -288.7 -275.1.

.8908 -280.9 -267.5

.8757 -272.7 -259.0

.8593 -264.0 -250.1

.8409 -254.7 -21.0.7

.8205 -245.0 -230.7

.7976 -231.. 6 -220.1

.7713 -223.5 -208.7

.7407 -211.7 -196.6

.7056 -199.0 -183.5

.6648 -185.3 -169.3

.6185 -170.2 -153.7

.5658 -153.1 -136.0

.501.1 -133.2 -115.1

.1.243 -107.2 -87.6

.3982 -98.7 -78.5

.0788 87.6 157.2

.0654 107.0 187.1.

.0561 121.. 2 211..

7

.0502 137.8 236.6

.0426 160.2 273.4

.0375 179.5 305.4

.0339 197.1 334.7

.0310 213.7 362.1.

.0287 229.6 388.9

.0267 245.0 414.6

.0251 260.0 439.7

.0236 274.7 464.2

.0224 289.2 1.88.4

.3203 317.9 536.0

.0185 346.3 582.9

.0168 382.0 641.3

.0154 418.3 699.9

.0142 1.55.5 759.2

.0132 494.2 819.7

.0116 576.6 945.1.

.0103 666.9 1078.5

.0093 765.1. 1219.5

.0085 871.5 1367.7

.0078 983.8 1522.1

.0073 1100.9 1681.2

.0063 1343.5 2007.1.

.0056 1589.1 2336.3

.0050 1831.5 2661.8

.0046 2068.0 2981.3

.0042 2298.1 3291..

3

.0039 2522.5 3601.5

.0036 2742.3 3904.0

.0033 2958.6 1.203.1

.0029 31.89.2 I.9I.0.3

.0025 4012.7 5670.3

.0022 4533.3 6397.2

.0020 5053.8 7124.2

.0018 5571.. 0 7850.7

.0017 6095.1 8578.1

.0011. 711.0.2 10035.7

.0013 8192.9 11500.9

.0011 9256.3 12976.8

.0010 10333.6 14466.5

.0008 12543.9 17501.7

.0007 11.836.6 20619.3

.0006 17216.3 23823.9

. 0006 19688.1. 27121.2

.0005 22273.7 30533.1
= 0005 25018.3 31.108.5
. 0004 2801.2. 3 37974.3
.0004 31544.2 1.231.1.5

. 0004 35818.1 1.7525.2

.0003 1.1256.5 53949.0

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

..990 4 . 72 6.38 1292

.

5.382 4.90 6 » 6 0 1270.
5.835 5.08 7.2 7 123 9.
6. 290 5.26 7.71 1211..

6. 741. 5. 1.3 8.18 1191.
7. 1 99 5.57 8.66 1169.
7.656 5.70 9.17 1145.
8 . 1 17 5.8 2 9.71 1121.
8.582 5 . 92 10. 31 1 0 94 .

9.055 6. 00 10.97 1066.
9.538 6.07 11.71. 1035.

iO. 0 31. 6.13 12.58 10 01.
10 .547 6.18 13.59 962

.

11.0 82 6.23 14.81. 917.
11.650 6.29 16.52 8 65

.

12. 2 71 6.36 19.00 8 04.
12.979 6 . 1.5 23 • 26 731

.

13.878 6.63 33.69 633 .

11. . 1 71 6.71 40 • 61 60 0.
21.719 7.93 52.16 371..

22.675 7.50 31.66 393.
23.515 7.22 2 3.86 411

.

24. 170 6. 97 20.33 1.27.

25. 221 6.70 16. 91 1.54 •

26.086 6.5 7 15 .22 477 .

26.8 39 6 . 1.9 11.. 20 1.97.

27.511. 6 • 1.5 13.52 515 .

28.131 6. '.3 13. 03 531

.

28.7 02 6.42 12.67 547 .

29.235 6.1.1 12.39 561.
29.736 6.1.2 12. 18 575.
30.211 6.41. 12.02 588 .

31.093 6 • 1.9 11.79 612 •

31.902 6.i9 11.59 631..

32. 8 36 6. 76 11.68 659.
3 3.705 7.00 11.78 681

.

31.. 524 7.29 11.97 7 0 0.

3 5.3 04 7.64 12.21. 718 .

3 6.7 83 8 . 41. 12. 92 749 •

38.185 9.30 13.70 778.
39.526 10.13 14. 1.8 806.
1.0 • 8 16 10.35 15.16 3 34 •

1.2 . 0 52 11 . 42 15.70 862 .

1.3.230 11.84 16.09 891

.

1.5. 1.07 12. 22 16. 1.4 948 .

1.7 . 345 12.20 16 . 39 10 05.
1.9. 3 59 11 . 95 16. 14 10 62 .

50.582 11.64 15.81 1117.
51. 944 11 • 34 15.5 0 1171.
53.173 11.38 15.23 1222.
51.. 295 10.38 15. 03 1271.
55.327 10.73 11.. 87 1317.
5 7.5 99 10.51 11. . 6 5 1426 .

59.5 50 10.43 11. . 5 6 1525 .

61.263 1 0 . 1.

1

1 f+ , 5 1# 1617.
62 • 794 1 0 . 1.0 11.. 53 1 7l 1. •

OH * t 10 1 1. . 5 4 1 7A P.1 r 0 0 .

65 . 1. 43 1 U . HJ 11. . 5 5 18 65 .

67.691 1 0 . 1.

8

14.61 2012.
69.646 10.57 14. 70 211.7.

71.383 10.70 11.. B2 2273.
72.955 10.86 14.98 2391.
75.709 11.21. 15.37 2605.

78.116 11.68 15. 80 2799.
80.232 12.11 16.24 2978.
82.136 12.56 16. 69 311.5.

83.999 13.18 17.33 3297.
8 6.3 75 11..19 18. 1.1 31.31..

89. 102 15.91. 20. 31 3551..

92.152 18.84 23. 52 3661.
95.1.66 23.32 28.58 3763.
98.980 29.75 36.03 3369.

• THO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARflHYOROGEN (ISOBARS, SI UNITS)

1.00 HPA ISOBAR

TEMPERATURE DENSITY V(DH/Dtf)p V«OP/DUIy -V(OP/OVL <OV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
V I p CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10^

1<>.133 77.5763 65'».a .25522 95.7611* . 00976 76.69 263.99 .00056 1.25355 2.1723
15. 76.8975 6i»9.7 .2<t818 89.1999 .0131*7 81*. 18 233.50 .00058 1. 25116 1.8875
16. 76.0 73 6<«i». 3 .23827 81. 6612 . 01128 90. 1*1 207.98 .00059 1. 21*826 1. 6721*

17. 75.1902 6<»<».l .22890 75.6113 . 01198 91*. 58 137.17 .00059 1.21*516 1. 5266
18. 7<«.26i«8 6<«1.8 . 22106 69.9161 . 01271* 97.58 170. 06 .00058 1. 21*192 1.1*251
19. 73.2929 33 7.5 .211*33 61*. 1*858 .01358 99.1*0 155. 7^ .00056 1.23852 1. 3561*

20. 72.2689 62 9.1 . 208i«2 58.9352 .011*58 101. Qi* 11*3. 51 .00055 1. 231*95 1. 3027
21. 71.ia(t6 618.6 .20301 53.5525 . 01570 102.91* 132.90 . 30 051* 1.23117 1.251*1
22. 70.0303 &0<».8 .19798 1*8.1167 . 01705 101*. 07 123.52 .00052 1. 22716 1. 221*1

23. 68.7931 588.6 .19320 1*2. 7839 .01861* 101*. 53 115.09 .00050 1.22286 1.2083
2'». &7.1«5<»1 568.5 . 18631* 3 7.3608 . 02061* 101*. 35 107. 38 . 0 0 01*7 1. 21 823 1.2C77

25. 66.0015 51*7.2 . 18315 32.2260 .02298 103.58 100.25 • 00 01*5 1. 21322 1.2173
26. 6<«. 1*069 522.0 . 17735 27. 0971* . 02601* 102. 18 93. 53 . 0 0 01*2 1.20773 1. 21. 1*2

27. 62.6325 1*93.8 . 1701*6 22, 1191 .03006 100.19 67.08 . 00 039 1.20161* 1.2900
28. 60.6157 1*61.3 .16232 17.2762 . 03580 97. 53 80.71* .00035 1. 191.75 1.3671
29. 58.2362 1*23.5 . 15281 12. 6128 . 01*1*86 91*. 01* 71*. 28 . J0Q31 1. 18 665 1.5007
30. 55.2770 378.6 .11*128 8.2063 . 0611*2 89.37 67.1*1 .00025 1. 17662 1. 751.1.

31. 51.0906 320.0 ,12529 i*.0067 .10589 85.69 59.29 .00018 1. 16251* 2.31.50
31.21*8 1*9.609'* 30 0.1* .11970 2.91*53 .13519 86.23 56.77 .00015 1.15759 2.6737
31.21*8 11*. 3567 202.2 . 0 6923 .3051* .25798 1*9.56 21.1*5 . 00 021* 1. 01*393 2. 2578
32. 12.1*337 220 .6 .07010 .1*557 . 11*350 1.0. 71 20.61* .00037 1. 03797 1. 62j2
33. 11.01*78 21*0.2 .07027 .561*6 . 09932 37.51* 20.72 .00051 1. 03369 1.3169
3l». 10.111*7 25 6.8 .07115 .631*0 . 07916 36. 31* 20.83 . 00 061* 1.03081 1.1650

36. 8.8336 287.3 .07188 .7230 .05886 35. 75 21. 32 .00086 1.02687 1.0033
38. 7.91*1.1* 316.0 .07196 .7798 .01*815 36. 05 21.95 .00107 1. 021.11. .9263
1*0. 7.2677 31*3.6 .07177 .8199 . 01*132 36.72 22.61. .00128 1.02207 .8752
<»2. 6,7251* 370.5 .0711*5 .81*99 .0361*8 37.58 23,36 .0011.9 1. 020 1.1 . 81. J 1

6.2759 396.8 .07108 .8731 . 03281* 38. 56 21*. 09 .00170 1. 019Q1. . 811.2

1*6. 5.891*3 1*22.6 .07068 .8917 ,02998 39.62 21*. 83 .00191 1. 01787 .791.1
i»S. 5,561*7 1*1*8.2 . 07021* .9067 . 02765 1*0. 73 25.57 .0C213 1.01687 . 7781
50. .2758 1*73.7 ,06976 ,9192 .02571 1.1.88 26.31 .00235 1.01599 . 7651
52. .0198 1*99.2 .06921* .9296 . 021*07 1.3. 06 27.01* .00257 1. 01521 .751.5

56. %.5 8'»l» 55 0.7 . 06801* .91*59 . 0211*1 1.5. 50 28.1.9 .00303 1.01388 . 7383

60. i*,2261 603.6 .06662 .9580 . 01936 1.8. 08 29.91 .00350 1. 01279 .7270
65. 3,8561* 673.1 .061*1*7 ,9691 .01731* 51. 68 31.66 .001.13 01167 . 7152
70. 3.5506 71*7.7 .06195 .9772 . 01575 55. 32 33. 36 .001.76 1. 01071. .7102
75. 3.2928 828.3 .05918 .9831* . 011*1.5 58.83 35.02 .00537 1. 00 996 .7126
80. 3.0 71 8 915.3 ,05630 ,9881 . 01337 62.59 36. 61. . 0C599 1. 00929 .7163
90. 2.7117 1108.6 ,05067 ,991*6 .01166 72. 32 39.78 . 00 71.3 1. 006 19 ,7107

100. 2.1*297 1323.3 ,01*579 ,9988 ,01035 82.08 1.2. 79 . 0 0 888 1. 00 731. . 71 1.1.

110. 2.2025 1552.1* .01*187 1. 0011* . 00933 93. 13 1.1.. 96 .01051 1. 00665 .6990
120. 2.0150 1781*.

8

,03898 1,0032 . 0081.9 103,66 1.7. 77 .01222 1. 00606 .6985
130. 1.8576 2012.3 . 03691* 1, 001*5 , 00780 113.61 50.1.9 .011.03 1. 00561 ,6977

11*0. 1.7233 2229.2 .03557 1.0053 , 00722 122.1.8 53.11. .01590 1. 00 520 .6981
160. 1.5063 2617.0 .031*31* 1.0062 . 00628 136. 92 58.26 .01990 1. 001.55 .6997
180. 1.3381* 291*1*.

3

. 031*33 1.0066 ,00557 11.8. 00 63. 16 .321.28 1. 001*01. .6997
200. 1.201*1* 3226.1* .031*97 1.0067 ,00500 157. 02 67. 89 .02909 1. 00 363 .6976
220. 1.091*9 31.81.9 ,03586 1.0066 , 001.51* 161*. 95 72.1.6 .031.30 1. 00 330 . 691.5

21*0. 1.0038 3 72 6.7 .03678 1.0061* . 0 01*16 17 2. 36 76.89 .03989 1. 00 30 3 .6913
260. .9268 3971.2 ,03759 1.0062 , 00331* 179, 60 81.21 .01.579 1. 0a2d0 .6639
280. .8607 4220.3 .03826 1. 0060 , 00356 186. 82 35.1.2 .05200 1. 00 260 .68 71
300. ,3036 1.1*76.1 ,03877 1. 0059 ,00332 191*. 11 89.53 . 05 31.8 1, 0 0 2 1*2 .6859
350. .6891 511.6.2 .03950 1. 0053 ,00285 212.69 99. 1.!. . 0 7581. 1. 00 20 8 .6850

(»00. .6033 531*5.9 .03978 1,001*8 . 0021*9 231. 55 108.90 .091.89 00182 .661.8

itSO. .5365 6565.1* . 33983 l,00i.'» ,0022 1 250. 38 117.98 . 11556 1. 00162 .6851
500. .1*330 7290.1 ,03983 1,001*0 .00199 258.95 126.73 .13795 1. 0011*6 .681.7

550. .1*392 8021.6 .03978 1.0037 . 00181 287. 19 135.20 .16191 1. 00132 . 681. 1.

600. .1*027 8758.5 .03971 1. 00 31. ,00166 305. 11 11.3. 1.3 .1671.0 1

.

00121 .681.1

700. .31*51* 10253.3 . 0391*7 1. 0030 . 0011*2 31.0.21. 159.25 .21.279 1. 00101. .6637
800. .3023 11787.6 .03912 1.0026 ,00125 371*. 92 171.. 36 .30376 1. 00 0 91 ,6336
900. .2688 13372,1 .03861* 1.0023 . 00111 1*09. 66 188.90 .37011 1. 0 0 0 81 . 6836

1000 . .21*20 15011*.

3

,03806 1. 0021 . 00130 1*1.1*. 75 202.96 . 1.1.162 1. 00 0 73 .6638
1200. .2017 181*73,1 ,03675 1.0016 ,00083 511.13 229.88 .59363 1. 00 061 .6912

11*00. .1729 22160,0 ,03536 1.0015 .00071 583. 1*2 255.50 . 7681.7 1. 00 0 52 ,6922
1600. .1513 26011,3 . 031*10 1,0013 .00062 656. 1.1. 280. 05 .96177 1. 00J1.6 .6927
1800. .131*5 30079,1* .03288 1,0011 . 00055 733. 32 303. 67 1.17555 00 01.1 .6912
2000. .1211 31*691,6 .03131. 1,0008 .00050 826. 53 326.1.5 1.1.1797 1. 00 0 36 . 681.5

2200. .1100 1*050 3,2 .02912 1,0001 . 0001.5 961. 15 31*1.. 9 7 1. 70 85 8 1. 00 0 33 .6607
21*00. .1007 1*8662,3 ,02597 ,9981. . 0001*2 1180.38 366.1.9 2.07610 1. 00 0 30 . 63J 6

2600. .0926 60 832,5 .02205 ,991.8 .00039 151.6. 31 387. 87 2.5551.6 1. 00 0 26 . 5900
2800. . 0851* 79065,7 ,01793 .9879 .00036 2135.1.9 1.09.1.3 3.11.871. 1. 00 0 26 .51.61

3000, . 3788 105501*,

7

. 011*22 .9762 . 00031. 3028. 03 1.31 .86 3.81.065 1. 00 0 21. .5138

THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PftRAHYOROGEN <ISOBARS, SI UNITS)

1.292800 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE
DERIVATIVE OERI VATI

V

niJ M/KGw V/ n / INw M PA/K

» ti».229 . 0 1286 1.2537 .9367
15. . 0 12 96 1.1970 .93 78
16. . 01310 1. 10 28 • 9299
17. .013 25 1.0336 .9139
18. . 0 1 3if 1 .96 86 • 8 991
19. .01358 .9102 .88 1*2

20, . 013 77 . 81*67 , 8680
21

.

. 0 1397 .7813 * 81*99
22. .Dl!>20 .7166 , 8300
23, .Ol't't't .6530 ,8077

\ 21*. e 0 l** 71 . 5 882 ,7826

25. . 0 1502 .5232 • 7537
2 6. .01537 . i» 5 70 . 7209
27. . 0 15 77 . 3916 .6835
28. .0162'* • 3269 • 61*11

. 0 1682 ,2603 .591*1
30 • • 01 755 , 1 975 .51*09

'I
31. . 01856 . 1 31*9 .1*787

32. . 02020 .0718 .3996
1 » 32.976 .0 3128 -.0001 .1927
1

* 32.976 « 0 3241 -,0001 .1868
33. • 0 39 3 if .0025 . 1 51*8

3'». . 0 60 1

2

.02 98 .0 915

1

36. . 0 7672 . 0 581* . 0669
38. . u o u u .0 793 .0 559
i*Q .•u • • 0 9935 . 9 969 • 0 1*89

'2 . • 10 8 9*f .1126 « 0 1*3 9
i+if * • 11 795 .1270 . 0 1*0

1

<«&. • 1265t» .11*05 .0369
i»8. .13if82 .1533 .031*1*

50 • • 1 ^286 • 0 322
52 . • 150 70 • 1 773 ft 0 30 3

56 e • ISSS** • 1 999 • 0 27

2

60

.

• 1 60 72 *Z21k • 0 2^* 7

65 . • 198 75 • 2 ^71 • 0 2 2 3
1 7Q

,

• 2l6'»0 ,2720 .0203
75 . • 233 79 • 2961 • 0 187

1
; 80. • 250 9& • 31 96 • 0 1 73

]

90. ,3660 • 0152
10 0. •31826 .iilll .0135
110* • 3 51 37 .0122

1 1 20 • • 3 8'»25 • 'f 99 0 • u 1 1

1

,

j

1 30 • « 697 • 5 ^23 • 0 10 2

! 1 *» 0 • • ^^^95 6 • 5653 • 0 0 9

160 • • 5 l^'fS • 6 705 • 0 0 8 2

1 60 • • 5 79 07 p 755

1

• 0 0 7 3

2 0 0 e » 6^351 • 8 392 • 0 0 6 5

2 20* • 707 81 • 92 29 * 0 0 5 9

1

2(>0. •77202 1.006W .005tt

1
260. .83616 1.0897 .0 050

1
2 ftO • • 90 0 2^1^ 1*1 72 9 • 00
7 n (1o U U o 1 « c 9ou . 0 O'f 3

1 3 50

1

X • 1. X o n ii 7 7
• u u 0 r

unnH u u • 1 1 7 n 5 n 7 5

5 0 • 1 Zi-Z&^AR1 • tHO 1 fl 7 • U U C 3

5 00 • ± • O U O J u 2*0 335 • 0 0 26
C C fl 1 • f Dc >SC 2.2900 • 0 024
600. 1.92252 2.1*961* .0022
run* ^ • c 41 D9 2.90 91 • 0 0 1

8

800. 2.56075 3.3218 .0016
900. 2.87982 0 • r J H i • U U 1 4

1000. 3.19888 I*. 11*69 .0013
1200. 3.83696 i*.9718 .0011

li»00. I*. It 7502 5.7968 .0009
\. 1600. 5.11310 6.6217 . 0 003

1800. 5.75139 7.1* 1*65 .0007
2000 . 6.39059 8.2711* . 0 006
2200. 7.03271 9,3963 .0006
2i»00. 7.68227 9.9211 . 0005
2600. 8.3i»78<» 10.71*60 .0005
2800. 9.0'»3 66 11.5708 . 00 05
3000. 9.79099 12.3957 .0001*

• TMO-PHftSE BOUNDARY

INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
ENERG Y U r 0 U Url u
a i /i^c— IfIN s// Mj ^ 1^ 1N J M/S

- 3 03 . 1* -291.8 1* . 9 96 4 • 73 6.38 13 0 0.
— 7 IT? t; * 7 a 7too. 1

K 7 i»7 f. ft Q c. 7 /. 12 85.
- 296 .

7

c; 7 Q 7 !> . Ii 0 7 9 T 1253.
—2 89.1* —272.

3

6.2 1*5 5.25 7 66 i 7 7 fl1 c ^ 0 ,

» 7 n 1 7c 0 1 . I C O** , * D . 0 7 V>
c /. 7
1> •

fl 17 1 7 n c

— 2 73 . 6 —256.

1

1,1 **7 ^ • 5 D ft C 7 1181*,
-265.

0

— 21* 7 . 2 7,599 5 • 69 9 . D 7 -1 i ^ 11101,
c D . U • 9 7 7 Q 0 . U t5**

C A 17 « 0

1

Q t fl7 . D U 1136 .

-21*6 . 1* -228.

0

8,513 5 • 91 10.17 1111.
-236.3 -217.6 8.978 5.99 10.79 1081*.
-225.5 -206.5 9,1*51 6.06 11. U7 1055.

-211*.

0

-191*.

6

9.936 6.12 12.25 1023.
-201,8 -181.9 10.1*33 6.17 13. 16 987.
-188.6 -168.3 10.91*8 6.22 Ik. 23 91*6.

-171*. 1* -153.1* 11,1*89 6.27 15.56 901.
-156,7 -136.9 12.066 6.33 17. [f5 81*7.
-11*1.0 -118,3 12,697 6.'fQ 20.08 787.
-120.2 -96,2 13.1*22 6.50 715.
-93,1 -67.0 11*. 31*8 6.68 35.71 620.
-5.6 31*.

9

17.1*61 9.88 -ltt527.i»9 31*8.
-.1 1*1. 8 17.671 9.80 -13235. 63 351.

30. 3 81.

1

18.865 501.15 363.
93.8 171.6 21.578 7.72 ^2. 26 i*0<*.

132.1 231.3 23.289 6.98 23.23 1*1*1.

157, I* 272.3 21*. 1*00 6.72 18.51* 1*68.

178,5 307.0 25.290 6.59 16.35 1*90.

197.5 338.3 26.051* 6.53 15. C7 510.
215,1 367.5 26,731* 6.1*9 11*. 22 528.
231.8 395.1* 27. 353 6.1*7 13.63 51*1*.

21*7,9 1*22. 2 27.923 6.1*6 13. 18 559.
263.5 1*1*3.2 28,1*51* 6.1*6 12. 85 571*.

278. 8 1*73.6 28.953 6.1*8 12.59 587.
308 .7 523.2 29.872 6.53 12.23 612.

338. 1 571.7 30,709 6.62 12. Ql* 635.
371*.

7

631.6 31.668 6.78 11.95 660.
mi.

7

691.5 32.555 7.02 12.00 662.
1*1*9.6 751.8 33.387 7.31 12.15 702 .

1*88.7 813.1 31*. 179 7.65 12. 39 720.
571.9 91*0.1 35.671* 8.1*5 13.01* 752.
662.8 1071*.

2

37.086 9. 30 13.79 781.
761.8 1216.1 38.1*35 10.11* 11*. 55 808.
868. 2 1365.0 39.731 10.85 15.22 836,
980.9 1519.9 1*0.971 11.1*3 15.75 865.

1098,3 1679.1* 1*2.152 11.81* 16.13 893.
131*1.3 2006.1* 1*1*. 335 12.23 16.1*8 950.
1587.2 2335.

8

1*6.2 75 12.20 16.1*2 1008.
1829.

8

2661.8 1*7.992 11.96 16,16 1065.
2 0 66.5 2981.

6

1*9.516 11.61* 15. 83 1120.
2296.8 3291*.

8

50.879 11.31* 15 ,51 1173.
2521.3 3602.3 52.110 11.08 15. 25 1221*.

271*1.2 39C5.

0

53.232 10. 88 15. Ql* 1273.
2957.8 1*201*.

3

51*. 265 10. 73 l't.88 1320.
31*88.5 1*91*1.9 56.538 10.51 11*. 66 11*28.

1*012.1 5672.0 58.1*89 10.1*3 11*. 57 1527,
1*532.8 6399.2 60.203 10.1*1 11*. 51* 1619.
5053.5 7126.2 61.731* 10.1*0 11*. 53 1706.
5573.7 7852.8 63.119 10.1*1 11*. 51* 1788.
6 0 «i* . 8 6580.3 61*. 383 10.1*3 11*. 55 1867.
7,11*0.0 10033.0 66.632 10. 1*8 11*. 61 2011*.

8192.7 11503.2 68.587 10.57 11*. 70 211*9.

9256.2 12979.2 70.321* 10.70 11*. 83 2275.
10333.5 11*1*69.0 71.896 10.86 11*. 98 2392.
1251*3.8 17501*.

2

71*. 650 11.21* 15.37 2607.

11*836.5 20621.9 77.056 11.68 15. 30 2801.
17216.

0

23826.

2

79.173 12.11 16.23 2980.
19686.8 27122.2 81.076 12.55 16.68 3146.
22266.9 30523.7 82.936 13.13 17, 28 3299.
21*991*.

9

31*086.7 85.303 11*. 06 18.27 31*38.

27976. 3 37907.9 88.011 15.61* 19.98 3560.
31385.

1

1*2177.2 91.022 13.22 22.51* 3669.
351*79.5 1*7171.1 91*. 267 22.20 27.32 3772.
1*0601*. 3 53262.1 97.666 27.91 33.90 3877.
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PftR4HYQR0GEN (ISOBARS, SI UNITS)

1.292800 MPA ISOBAR

TEMPERATURE DENSITY VCOH/DV)- V(DP/OU)y -VtDP/OV)^ (OV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
V I p C3SDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SO M/HR
X 102 X 10^ X 10'

1<».229 77, 7376 66'..! .251.1.9 97.1.607 .00961 77. 85 262.81 .00056 1.251.11 2.151.5
IS. 77.1i|55 663.8 .21.860 92.31.20 .01016 81*. 50 238.11 .00058 1. 25203 1 . 8998
16. 76.3375 651..

5

.23996 81.. 1885 . 01105 90.83 212. 01 .00059 1. 21.919 1. 66 7 3

17. 75.1.732 651..

2

.23051. 78.0093 .01172 95.10 190. 76 .00059 1.21.615 1.5371.
18. 7i».5678 65 2.2 .22261. 72.2386 . 0121.5 98.19 173. 31 .00058 1. 21.298 1.1.327
19. 73.62<»0 6<.9.3 .21587 67.0091. .01319 100.11 158. 77 .00057 1.23966 1.3597
20. 72.6196 61.2.'. .20992 61.1.90'. .011.12 101. 81. 11.6. 28 .00056 1.23617 1. 3025
21. 7l.56«»5 631.5 . 201. 1.7 55.9166 .01520 103. 83 135.51 . 00 051. 1. 2321.9 1.2526
22. 70. '.'•52 618.6 .1991.2 50. 1.817 . 016'.'. 105. 08 126. 02 .00053 1.22860 1.2197
23. 69.2507 60 3.8 .191.62 1.5.2201 .01786 105. 66 117.53 .00051 1.221.1.5 1.1997
Zk. 67.9678 586.1 .18987 39.9775 .01958 105.62 109. 81 .0CG1.9 1. 22001 1.1929

25. 66.5 79<» 566.0 .181.90 31.. 8312 .02161. 105.01 102.67 . 3001.6 1.21521 1.1971.
26. 65.0753 51.2.6 .1791.9 29. 7379 . 021.21. 103. 82 96. 02 . 00 01.1. 1.21003 1.2167
27. 63.1.165 517.0 .17329 21.. 8318 . 02753 102.08 89.69 . 00 0<«1 1.20'*3i. 1.25 02
26. 61.5718 1.8 8.1. .16601. 20.1288 . 03185 99. 77 83.56 .00037 1. 19801 1.3029
29. 59.1.606 1.51..

6

. 15781. 15. 1.766 . 03838 96. 80 77.1*7 . 00 0 31. 1.19081 1.3965
30. 56.9770 1.18.0 .11.833 11.2605 .01.803 93. 03 71.26 .00029 1. 18237 1.5379
31. 53.8752 371..

2

. 13669 7.2696 . 06585 87.71. 61.. 60 . 00021. 1. 17190 1. 811.0

32. 1.9.5003 317.8 .12082 3.5561. .11236 85.51 56. 75 .00017 1.15723 2. 3699
32.976 31.97'»1 198.6 .06097 -. 0026 -73. 11.91.3 -5797.61. 35.91 . 00 00 1. 1. 09971 8.9976
32.976 30.8501. 199.5 .06180 -.0028 -66.33339 -5279. 20 31.. 93 .00005 1.03609 6.7586
33. 25. '.217 201..

8

.061.1.8 . 0633 2.1.1.668 21.1. 61 30 .1.5 .00007 1.07873 6.3153
31.. 16.6336 22 8.8 .07129 .1.952 .181.81 50.08 21.. 13 .00 026 1. 05103 2.0376

36. 13.0352 261..

3

.07355 .7615 . 08789 1.1. 38 23. 01. . 0 0 0 1.9 1. 03983 1.2929
36. 11.25'.2 296.0 .07395 .8927 . 06263 39.82 23.16 .00069 1. 031.32 1.0785
<»0. 10.0653 325.9 . 07371. .9753 . 05017 39.65 23. 60 .00087 1. 03066 .9731
1.2. 9.1792 351..

5

.07332 1. 0331. .01.250 1.0. 03 21.. 17 .00101. 1. 02793 .9096
'.<>. 8.1. 781. 382.3 .07281 1.0767 . 03720 1.0.69 21.. 80 .00121 1. C2578 . 8668
'.6. 7.9028 1.99.5 .07227 1.1102 . 03328 1.1.51 25.1.6 .0C139 1. 021.02 .8356
'.6. 7. 1.17'. 1.36.2 . 07170 1.1370 . 03323 1.2. 1.5 26. m . 0C156 1. 02253 .8118
50. 7.0001 1.6 2.7 .07111 1.1588 .02777 1.3. 1.7 26.63 .30171. 1. 02125 .7931
52. 6.6357 1.89.0 .07050 1.1768 .02575 51. 27. 53 .00192 1. 02011. .7782
56. 6.026'. 51.1.9 .06912 1.201.6 . 02258 1.6. 81 28.92 .00229 1. 01828 .7559

60. 5.533'. 595.8 .06759 1.221.8 . 02020 1.9.26 30. 30 .30266 1.01677 .71.05
65. 5.0315 666.3 .06533 1.21.33 .01793 52.71. 32.01 .00316 1.01521. .7252
70. ..6210 71.1.6 .06271 1.2567 . 01618 56. 29 33.68 .05365 1. 01 399 .7178
75. '..277'. 822.8 .05986 1.2667 . 011.77 59.67 35.31 .001.13 1.01295 .7192
80. 3.98'.6 910.3 . 05690 1.271.3 .01361 63. 38 36.91 .001.62 1.01236 .7216
90. 3.5109 11Q1..2 .05115 1.281.9 .01180 73.05 1.0.02 .0C576 1.01362 .711*1

100. 3.1'.21 1319.7 .0'.618 1.2916 .0101.5 82. 75 1.3.01 . 0C687 1. 00950 .7168
110. 2.8'.60 151.9.8 . 0'.217 1.2959 .00939 93. 50 1.5. 06 .00813 1. 00860 .7013
120. 2.6025 1783.0 .03923 1.2987 . 00853 103.98 1.7.85 . 0 091.5 1.00786 .7003
130. 2.3983 2011.1. . 03716 1.3007 . 03783 113. 89 53 .57 .01086 1. 00721. .6992

11.0. 2.22'.'» 2229.2 .03577 1.3020 .00721. 122.73 53.21 .01231 1.03672 .6991.

160. 1.91.38 2618.5 .03'.50 1.3031. . 00629 137. 12 58. 31 .0151.1 1. 03587 .7036
180. 1.7269 29'»7.3 .031.1.8 1.3039 . 00557 11.8.16 63.20 .01881 1.00521 .7001.

200. 1.55<.0 3230.1. .03510 1.301.0 .00500 157.16 67.92 .02251. 1. 001.69 .6982
220. 1.1.128 3<.8&.8 .03598 1.3039 .001.51. 165. 06 72.1.9 .02658 1. 001.26 .695 0

2<.0. 1.2953 3732.1 .03689 1.3036 . 001.16 172. 1.6 76.92 .03090 1. 00 391 .6918
260. 1.1959 3977.

2

.03769 1.3033 .00383 179.69 81.23 . 0351.8 1.00361 .6892
280. 1.1106 1.226.7 .03635 1.3029 . 00356 186.90 85. 1.1. .01.028 1. 33335 .6371.
300. 1.0371 '.'.8 3.0 .03886 1.3026 .00332 191.. 18 89.55 .01.531 1. 00313 .6861
350. .6696 5153.6 .03958 1.3017 . 00281. 212. 71. 99.1.6 .05875 1. 00268 .6851

1.00. .7766 5653.7 .03965 1.3008 . 0021.9 231.60 103.91 .07350 1. 03235 .6850
<.50. .692 7 6573.5 .03989 1.3001 . 00221 250.1.2 117.99 .08950 1.00209 .6851
500. .6237 7298.3 .03988 1.2995 .00199 268.98 126.71. .10683 1. 00188 .681.8
550. .5672 8030.0 .03983 1.2990 .00181 287. 22 135. 21 .12537 1. 00171 .661.5

600. .5202 8767.0 .0 39 75 1.2985 .00166 305.11. 11.3.1.3 .11.510 1.00157 .681.1

700. .1.1.61 10262.1 . 03951 1.2978 . 0011.2 31.0.27 159.25 . 18796 1. 00131. .6637
600. .3905 11796.5 .03915 1.2972 .00125 371.. 91. 171.. 37 .23515 1.03118 .6836
900. .31.72 13381.2 .03867 1.2967 .00111 1.09.67 188. 91 .2861.8 1. 00105 .6836

1000. .3126 15023.5 .03809 1.2963 . 00100 1.1.1.. 76 202.96 .31.182 1. 00091. .6838
1200. .2606 181.82.6 .03677 1.2958 . 00083 511. 13 229.88 . 1.591.2 1. 00 3 79 .6912

11.00. .2235 22169.5 .03538 1.295'. .00071 583.1.1 255.50 .591.68 1.30367 .6922
1600. .1956 26017.5 . 03'»12 1.2950 . 00062 656. 28 280.06 . 71.1.17 1. 00059 .6927
1800. .1739 30066.8 .03292 1.291.7 .00055 732.1.2 303.68 .90921 1.03052 .6915
2000. .1565 31*607.6 . 031'.5 1.291.3 . 00050 822. 87 326.1.5 1.09531 1. 00 0 1.7 .6857
2200. .1<.22 '.0215.2 .02939 1.2931. . 0001.5 91.9.70 31.1.. 95 1.31598 1 . 00 01.3 .6636
2<»00. .1302 1.7899.8 .026'.6 1.2911. . 0001.2 1150. 93 366. 1.5 1.59315 1 . 33 3 39 .6361
2600. .1198 59126.8 .02278 1.2873 . 00039 11.81. 37 387.76 1.91.921. 1.03036 .5978
2800. .1106 75718.1 .01881 1.279'. .00036 2008. 91. 1.09.22 2.39363 1. 00033 .5566
3000. .1021 9960 3.9 .01512 1.2660 .00031. 2805.93 1.31.33 2.91717 1. 00 0 31 .5212

THO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

1.50 MPA ISOBAR
t,

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

l'f.296 .01285 1.2672 . 9378 -308.3 -289.

1

5.001 4.74 &• 33 1306.
15. .01293 1 .2227 .9402 -3 03.8 -284.4 5. 316 4^39 6.70 1295 .

16. .01307 1.1232 .9358 -297.1 -277.5 5. 764 5. 17 7^20 1263.
17. .01321 1.0597 .9197 -289.9 -270.1 6.212 5. 25 7^32 1240.
18. .01337 .9933 .9049 -282.3 -262.3 6.660 5.41 8^06 1217.
19. .01351* .9302 .6896 -274.

3

-254.

0

7.109 5.56 6.bZ 1194.
20

.

.01372 .8675 .6738 -265.8 -245.2 7.559 5.69 9.00 1172.
21. .01392 .6344 . 3561 -256^ 8 -235.9 8. oia 5.80 9.51 1148.
22. . 31<»1<» . 7407 .8365 -247.4 -226.2 8.465 5. 90 10.06 1123.
23. .01'»37 .6765 .6147 -237.4 -215.

8

8.925 5^99 10.65 1097.
1 21*. .01'«6I» .6103 .7902 - 2 26 . 8 -204.8 9.393 6.36 11.32 1068 .

25. .ai'*93 . 5466 . 7624 -215.5 -193.

1

9. 870 6. 12 12. C5 1037.
26. .01526 .4806 .7310 -2 03.6 -180.7 10.358 6.17 12. 91 1003.
27. . 0156i« .4190 .6953 -190 .

8

-167.3 10.362 6.22 13. 94 966 .

28. .01608 . 3544 .6555 -177.

0

-152.9 11.366 6.26 15 . 04 923 .

29. . 0 1661 .2909 .6113 -162.1 -137.2 11.939 6. 32 16. 59 874.
30. .01726 .2295 .5622 -145.

5

-119.6 12.535 6.38 18.66 320.
33. . .01810 .1686 .5067 -126^6 -99.4 13. 196 6.45 21^ 92 757.
32. .01930 .1106 .4417 -1 03.9 -75 • C 13.9 71 6.57 27.61 682 .

33 . .021'»0 .0 534 .3575 -73.3 -41.2 15,0 09 6, 30 42^ 98 581.
3i». . 0 3016 .0078 ,2046 -1.9 43.4 17,524 8^ 76 174. 96 395.

36. .05798 • 0408 , 0 942 104.8 191, 8 21,606 7.27 33.56 434 .

38. .07082 .0656 .0737 138.9 245.1 23.250 6.34 22.59 465.
i»0 . .08105 .0 857 .0620 163.8 285.4 24.2 64 6.67 18.44 487.
1*2. .09006 . 1030 .0546 185. 0 320. 1 25.1 31 6.58 16^ 1»5 506

.

1*1*. .09836 .1186 .0492 204.1 351. 7 25,666 6.53 15.23 526.
(»6. .10618 .1331 .0450 222.0 381.2 26.524 6.50 14.40 543 .

I«S. . 1 1 3 65 .1467 .0416 238.9 409.4 27.123 6^49 13. 81 559.
50. .12085 .1597 .0368 255. 3 436. 6 27.678 6^ 49 13. 37 573.
52. .12785 .1721 . 0 363 271.2 463. 0 26.195 6.51 13. 03 587.
56. . l'»135 .1956 • 0 324 302.1 5 14.1 29 . 143 6.55 12.56 612.

60 . . 1 54 3 9 • 2176 . 0 294 332.2 563. 8 30.0 00 6.64 12.29 635.
65. .17022 .2443 . 0 263 369.5 624. 8 30 .977 6.30 12.15 661

.

70. .18567 .2698 .0239 407. 0 665.5 31.377 7.03 12.16 683.
75. .2008'* .2 945 . 0 220 445 . 3 746.6 32.720 7. 32 12.28 703 .

80 . .21580 .3186 .0203 464. 3 608.5 33.519 7.56 12^50 721

.

90. . 24526 .3655 • 0177 568.6 936.5 35.025 3^45 13. 12 753.
100. .27427 .4112 .0158 659.9 1071.3 36.445 9.31 13.85 782.
110 . . 3 0295 .4559 • 0142 759. 3 1213. 7 37.799 10.14 14.60 310 .

120. . 33142 .4999 . 0 129 865 .9 1363 .

1

39.099 10.86 15 .26 838

.

130. .35973 • 5435 • 0 119 9 78.8 1518,4 40 • 342 11.43 15.78 866.

lijO . .38790 .5863 . 0 110 10 96.4 1678.

2

41.526 11.34 16 . 16 895.
160. . 44397 .6724 . 0 095 1339.7 2005.7 43.712 12.23 16.50 952.
180 . .49977 .7572 .0084 1585.

3

2335.5 45.655 12.20 16.44 1010

.

200. . 55538 .3415 • 0076 1328.7 2661.

7

47. 3 73 11. 96 16. 17 1067.
220 . .61087 .9255 . 0 069 2065.5 2 981 .

6

48.898 11.64 15 . 8 4 1122

.

240. .66627 1.0091 . 0063 2295.9 3295.3 50.262 11^34 15.5 2 1175.
i 260. .72159 1.0 9 26 .0058 2520.5 3602.9 51.4 94 11^06 15.25 1226.

280 . .77685 1 . 1 759 • 0 05 4 2740 .

5

3905.

8

52.616 10.36 15. C4 1275.
300. ,83206 1. 2591 • 0 050 2957.1 4205.2 53^650 10 . 73 14. 88 1 322 .

350. . 969 94 1.4665 .0 043 3488.1 4943.

0

55^923 10.51 14.66 1430 .

1
kOO. 1 .10769 1.6735 . 0 038 4011 .

8

5673.3 57. 875 10 .43 14. 57 1529 .

1*50. 1 . 24536 1. 8803 . 0 0 3 3 4532.

5

6400.5 59.589 10. 41 14.54 1621.
5 00. 1. 38297 2^0 869 .0 030 5053.2 7127.7 61.120 10.40 14. 53 1708.
550. 1.52056 2^2934 • 0 027 5573.

5

7854.

3

62.505 10.41 14.54 1790 .

600. 1.65812 2.4999 .0025 6094^6 8581.8 63.770 10.43 14.56 1668.
700. 1.93319 2.9127 . 0 021 7139.9 10039.7 66.018 10.48 14. SI 2015.
800 . 2 . 20622 3^ 3253 .0019 6192.6 11504,9 67.974 10 .57 14.70 2150.
900. 2.48322 3^7379 .0017 9256.1 12980.9 69^710 10. 70 14.83 2276.

1000. 2.75821 4.1505 .0015 10333.4 14470.7 71^283 10.86 14.98 2393.
1

1200. 3.3 0816 4.9755 .0013 12543.8 17506.0 74^036 11.24 15.37 2608.

' litOO. 3.85809 5.8004 • 0011 14836.5 20 623.6 76.443 11.68 15.80 2802.
1600. 4.40804 6.6253 . 0009 17215.9 23827.9 78.560 12.11 16.23 2960.
1800. 4.95814 7.4502 .0008 196 86.0 27123.3 80.462 12.54 16.67 3147.
2000. 5.50698 8.2751 . 0 008 22263.3 30526.

8

82. 321 13.11 17. i6 3301.
2200. 6.06215 9.0999 . 0007 24982.6 34075.8 84.684 14.00 18.20 3440 .

2ifOO. 6.62127 9.9248 . 0006 27941.6 37873.

7

87.362 15.43 19. 81 3563.
2600. 7.19322 10.7497 .0006 31301.9 42091.7 90.372 17.90 22.48 3673.
2800. 7.78937 11.5745 . 0 005 35302^4 46986.5 93.561 21^62 26. 67 3777.
30 00 . 8.42675 12.3993 . 00 05 402 63. 2 52903.4 96.920 26.94 32.79 3881.
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TABLE Z

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UMIT3>

1.50 HPA ISOBAR

TEMPERATURE DENSITY \/(DH/OV)p tf(DP/DU)y -V(DP/DVU <DV/OT)/V THERMAL VISCOSITY THERMAL 0IELE3TRIC PRANDTL
V I p CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU H KJ/KG MPA-CU M/KJ MPA 1 /K H/K-M KG/M-S SQ H/HR
X 102 X 10^ X 10^

77.8506 671.3 .25391 98.65<»3 . 00951 78.66 26i«.09 .00057 1. 251*51 2. 11*21*

15. 77.3176 673.7 .2i»889 9<».53i»5 .00995 B<f.72 2i«l.i»0 .00059 1.25261* 1.9091
16. 76.5207 661.5 .2<»110 85. 9509 . 01089 91.13 21't.88 .00060 1.21*983 1.69 3 3

17. 75.6762 664.0 .23165 80.1912 . 011'»7 95.1»7 193.1*1 .00060 1,21*687 1.51*29
18. 7l*.786'» 66 2.0 .22371 7<f.3219 . 01218 98.6'. 175. 72 .00059 1. 21*375 1 .1*359
19. 73.8<»80 657.9 .21687 68.6960 .01295 100. 60 160. 87 .00058 1.21*01*6 1.3627
20. 72.8612 651.2 .21090 63.2062 .01382 102. 39 l'*8.2'* .00036 1. 23701 1. 3C31*

21. 71.8281 6ifl.8 .205<f7 57.7812 .01<«82 101*. 1*6 137. 37 .00055 1. 2331*1 1.2505
22. 70.7307 629.8 .200'«0 52.3925 . 01597 105.78 127. 79 .0005"* 1. 22959 1.211*8

23. 69.5672 615.2 .19561 l»7.059<» .01 731 IQb.i*!* 119. 26 .00052 1. 22555 1. 1933
21*. 68.3128 597.3 .19089 <«1.6902 .01895 111. 1*8 .00050 1.22120 1.1853

25. 66.9679 578.1* .18601* 36.6072 . 02083 105.98 101*. 35 . 00 047 1.21655 1.1861
26. 65.5158 555.8 .18085 31.1*81*9 .02322 104.91 97. 72 .00045 1.21154 1.2021
27. 63.9263 533.2 .171*98 26.7877 . 02596 103. 32 91.1*3 . 00042 1. 20608 1.2247
28. 62.1792 505.8 .16830 22. 0382 .02971* 101.22 85.1*2 .00039 1.200 09 1.2696
29. 60.2136 1*75.1* . 16072 17,5136 . 0 3 1*9

1

98.55 79.52 .00036 1.19338 1.3391
30. 57.91*78 1*1*1.9 .15217 13.2993 .01*227 95.19 73.59 .00032 1. 18567 1. 4441
31. 55.21*27 1*0 3.0 . 11*212 9.3138 . 051*1*0 90. 61 67.1*5 .00027 1. 17651 1.6322
32. 51.8031 358.1 .12978 5.7282 . 07711 86.1*6 60. 78 .00022 1. 16493 1.9411
33. 1*6.7257 300.0 .11251* 2^1*951* .11*328 85. 30 52.63 .00015 1. 14799 2.6518
31*. 33.1607 221.1 .07050 .2588 .7911*5 120. 16 37.31 .00007 1. 10 354 5.4322

36. 17.21*59 251.0 .07512 .701*1* . 13372 1*8.97 25.1*1* .00030 1.05294 1.7437
38. l<t.l209 281*.

3

.07621 .9270 .0791*6 1*3. 71 21*. 50 .00049 1. 04320 1.2664
1*0. 12.3383 311*.

6

.07535 1.0570 .05862 1*2. 27 21*. 51* .00067 1. 03768 1.0705
1*2. 11.1031 31*1*.

3

.071*81 1.11*36 .01*777 1*2.09 24.90 .0008 3 1. 03386 .9730
1*1*. 10.1661* 373.1 .071*16 1.2062 .01*081 1*2. 1*1 25.1*0 .00099 1. 03097 .9120
I>6. 9.1*180 1*01.1 .0731*9 1.2538 .03591 1*3.01 25.98 .00114 1. 02867 .8699
l>8. 8.7991 1*28.5 . 07281 1.2912 .03223 1*3. 79 26.60 .OC130 1.02677 .8389
50. 8.2 71*6 1*55.6 .07213 1.3213 .02931* 1*1*. 69 27.25 .00145 1.02516 .8152
52. 7.8219 1*8 2.5 .0711*3 1.31*60 . 02700 1*5.66 27,91 .00161 1. 02377 . 7965
56. 7.071*1* 536.3 .06991 1.3836 .0231*2 1*7. 78 29.25 .00194 1. 02148 .7691

60. 6.4771 590.9 .06830 1.4109 . 02081 50.12 30.60 .00227 1.01965 .7504
65. 5.8748 662.0 .06595 1.4355 .01835 53.51 32.26 .00270 1.01781 . 7325
70. 5.3859 737.8 .06326 1.4533 .01648 56.99 33. 91 .00313 1. 01632 .7234
75. 4.9790 819.3 .06035 1.4665 .01499 60.28 35.52 .00355 1. 01508 , 7239
80. 4.6339 907.1 .05733 1.4766 .01378 63.95 37. 11 .00397 1. 01403 .7254
90. 4.0774 1101.5 .05150 1.4905 .01191 73.56 40.19 .00495 1. 01234 . 7165

100. 3.6461 1317.4 .04646 1.4992 .01052 83.22 43. 16 . 0D593 1. 01103 . 7184
110. 3. 3008 1548.3 .04239 1.5047 .00943 93.78 45.14 .0C701 1.00998 ,7029
120. 3.0173 1782.0 . 03942 1.5085 . 00856 104.22 47.92 .00815 1. 00912 . 70 16
130. 2.7799 2010.9 .03732 1. 5110 .00785 114. 10 50.62 .00936 1. 00840 .7002

140. 2.5780 2229.3 .03591 1.5126 . 00725 122. 91 53.26 . 01062 1.00779 .700 3

160. 2.2524 2619.8 .03462 1. 5145 .00630 137.27 53.35 .0133 0 1. Ou680 .7013
180. 2.0009 2949.5 .03458 1. 5151 . 00557 148. 28 63.24 . 01623 1.00604 .7009
200. 1.3006 3233.3 .03519 1.5152 .00500 157.26 67.95 .01945 1. 00544 .6986
220. 1.6370 3490.3 .03606 1. 5150 . 00454 165.15 72.51 . 02293 1. O0494 .6953
240. 1.5009 3736.1 .03696 1. 5146 .00415 172.54 76.94 .02667 1. 00453 .6921
260. 1.3858 3981,5 .03776 1.5141 . 00383 179. 75 81.25 .03061 1. 00 418 .6895
280. 1.2872 4231.2 .03842 1. 5136 .00356 186.96 85.46 .03476 1.0Q388 .6876
300. 1.2018 4487.9 .03892 1.5132 .00332 194. 23 89.57 .03909 1. 03 363 .6863
350. 1.0310 5158.8 .03963 1. 5119 . 00284 212. 78 99. 47 .05069 1.00311 .6853

400. .9028 5859,2 .03989 1.5108 , 00249 231. 63 108.92 .06340 1. 00272 .6850
450. .8030 6579.2 .03993 1.5098 .00221 25 0.44 113.00 .07721 1. 00242 .6852
500. .7231 7304.2 .03992 1.5090 . 00199 269. 01 126. 75 .09215 1. 0 j 218 .6848
550. .6577 8036.0 .03986 1.5083 .00181 287.25 135.22 .10813 1. 00198 .6645
600. .6031 6773.0 .03978 1. 5077 , 00166 305. 16 lli3.44 . 12515 1.00182 .6842
700. .5173 10268.3 .03954 1.5067 .00142 340.28 159.26 .1S210 1.00156 .6837
800. .4529 11802.8 ,03917 1. 5059 .00125 374.95 174. 37 .20278 1.00137 .6836
900. .4027 13387.6 .03869 1,5053 . 00111 409.69 188.91 .24703 1. 06121 .6836

1000. .362 6 15030.0 .03811 1.50 48 . 00100 444. 77 202.97 .29473 1. 00109 . 6838
1200. .3023 18489.4 .03678 1. 5040 . 00083 511. 13 229.88 .39610 1.00091 .6912

1400. .2592 22176.3 .03539 1.5034 . 00071 583. 40 255,51 .51269 1. 00078 .6922
1600. .2269 26022.7 .03414 1.5030 .00062 656.20 280.06 .64152 1.00068 .6928
1800. .2017 30062.1 .03294 1.5026 . 00055 731. 95 3 0 3.68 . 78362 1.00061 .6917
2000. .1815 34565.6 .03152 1.5021 .00 050 820.96 326.45 .94338 1. 00055 .6863
2200. .1650 40066.6 .02953 1.5011 . 00045 943. 71 344.95 1.13168 1.0u050 .6652
2400. .1510 47502.8 .02673 1.4989 , 00042 1135. 53 366. 43 1. 36654 1.00046 .6392
2600. .1390 58236.3 .02318 1.4944 . 00039 1447.37 387.70 1.66710 1. 00042 .6022
2800. .1284 73966.0 .01930 1.4859 .00036 1942.60 409. 09 2.04278 1. 00039 .5616
3000. .1187 96506.1 .01564 1.4714 .00034 2689.20 431.05 2.4 9770 1. 00036 .5256
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T&BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

2.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU M/KG CU M-MPA/KG

• li».i»57 .01280 1.2994
IS. .01287 1,2650
16. .01300 1.1850
17. .01313 1.1096
18. .01328 1.0414
19. .lil3<»5 .9770
20. .01362 .9157
21

.

. 0 1381 .8 527
22. .01<»01 .7908
23. .01i»23 .7273
2<t. .01'»<»7 .6647

25. . 0 1<« 7i» .60 21
26. .01501* .5392
27. .01537 .4780
28. .01575 .4174
29. .01619 .3585
30. .01671 .2994
31. .01733 .2429
32. .01812 .1881
33. .01915 .1373
31*. .0 20 62 .0915

36. .02762 .0300
38. .0<«137 .0388
<ta. .05206 .0618
1*2, .a605'» .0824
1*1*. .06776 .1002
kb. .0 7l»<»6 .1169
Iti. .08071 . 1 323
50. .aSbbi* .1468
52. .09232 .1606
56. .1031l» .1863

60. .113'.5 .2102
65. .12361* .2385
70. .1378<» .2654
75. .li»956 .2913
SO. .16106 .3164
90. .18360 .3650

100. • 2 05 71 .4119
110. .227«»9 .4575
120. .24906 .5024
130. .270«i7 .5467

li>0. .291 76 .5905
163. . 33>»05 .6770
180. .37609 .7625
200. .<tl79<» .8474
220. .1*5968 .9317
2<>0. .50131 1.0157
260 . • 5<i288 1.0 995
280. .58«.39 1.1830
300. .62587 1.2665
350. . 72937 1.4743

kOO. .832 75 1.6815
1*30. .93605 1.8885
500. 1.03929 2.0952
550. 1.1«»251 2.3019
600. 1.2if570 2.5084
700. l.<«5203 2.9213
BOO. 1.65832 3.3340
900. 1.8&1.59 3.7466
1000. 2.070 8(> 4.1592
1200. 2. 48332 4.9843

1<»00. 2.89578 5.8092
1600. 3.3082i» 6.6342
1800. 3.72080 7.4591
2000. t.l338<« 8.2840
2200. '.54839 9.1088
2400. 4.966 82 9.9337
2600. 5.39357 10. 7585
2800. 5.83606 11.5834
3000. 5.30535 12.4082

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/K6-K KJ/KG

.9407 -308.1 -282.5

.9449 -304.7 -278.9

.9435 -298.1 -272. 1

.9322 -291.0 -264.3

.9177 -283.6 -257.0

.9029 -275. 7 -2 48.

8

.8873 -267.4 -240.2

.8704 -253.7 -231.1

.8514 -249.5 -221.5

.8307 -239.9 -211.4

.8075 -229.7 -200.7

.7817 -218.9 -139.4

.7529 -207.5 -177.5
, 7209 -195.5 -164.7
.6856 -182.6 -151.1
. 646 7 -1 68 . 9 -136.5
,6046 -154.1 -120.7
.5588 -137.9 -103.2
.5085 -119.9 -83.7
.4528 -99.4 -61.1
.3897 -75.0 -33.8

.2395 -2.1 53.0

.1415 77.1 159.8

.1061 120.7 224.8

.0877 150.8 271.9

. 0 762 1 75 .

1

310.6
.0680 196.5 345.4
.0617 216.2 377.6
.0567 234.6 407.9
.0526 252.2 436. 8

.0461 285.7 492. 0

.0413 317.7 544.6

.0367 356.8 608.5

.0331 395.7 671.4

. 0 302 435.1 734.2

. 0278 475. 5 797. 6

.0241 560 .6 927.8

.0214 652.9 1064.3

.0192 753.2 1208.1

.0174 860.5 1358.6

.0159 973.9 1514.8

.0147 1091.9 1675,4

.0128 1335.9 2004.0

.0113 1582.6 2334.8

.0101 1825.8 2661.7
• U U PC 20 63.0 29 8 2.4
. 308 4 2293.

7

3296.3
. 0077 2518.6 3604.

3

.0072 2738.7 3907.5

.0067 2955.6 4207.4

.0057 3486.9 4945.

6

.0053 4010.8 5676.3

.0045 4531.7 6403.8

.0040 5052.6 7131.2

. 0 036 5572.9 7857.9

.0 033 6 0 94 .2 8585.6

.0029 7139.5 10043.6

.0025 8192.3 11509.0

. 0022 9255.

8

12985.0
.0 020 10333.2 14474.9
.0017 12543.6 17510.

3

.0014 14836.4 20627.9

.0013 17215.6 23832.1

.0011 19684.6 27126.2

.0010 22257.

2

30524.9
.0009 24961.4 34058. 1

. 0 00 6 27881.8 37815.5

. 0006 31157.5 41944.6

. 0 007 34995.0 46667.

1

.0007 39671.0 52281.7

ENTROPY C '/ CP
OF SOUND

KJ/KG-K KJ / KG-K M/S

5.G13 4.77 6.36 1319.
5.254 4.98 6.63 1311.
5.696 5.06 7.09 1288.
6.138 5.23 7.53 1264.
6.581 5.39 7. 96 1240.
7.024 S.54 6.41 1218.
7,467 5.67 8.86 1196.
7.910 5.79 9 • 3 ^ 117 7

6,356 5,89 9. 65 1150,
8.805 5.97 10.39 1125,
9.260 6,05 10. 98 1096.

9.721 6,11 11. b3 1070.
10,191 6,16 12, 35 1039.
10,672 6.21 13.15 1Q06.
11,166 6,26 14, 06 969.
11.678 6.30 15.17 929.
12,216 6. 34 16.57 884.
12.787 6 40 18, 37 835.
13.408 6,46 20,39 780.
14.102 6,54 24,60 719.
14.918 6.67 30,65 649.

17. 389 7.30 59.51 494.
23. 286 7.23 40. 85 468.
21.956 6,92 26.66 488.
23.105 6.73 21. 10 508.
24.005 6.62 18. 34 527.
24.780 6.58 16.66 544.
2 5.465 6.5 7 15 . 56 560 .

26.083 6.56 14,77 575.
26.651 6.57 14,20 589.
27.674 6.61 13.41 615.

28.581 6.63 12.94 633.
29.604 6.84 12.64 664.
30 .536 7.36 12.55 667.
31.403 7.34 12.60 707.
32.221 7,68 12. 77 725.
33.754 8.47 13.31 757.
35,192 9,32 14.00 787 •

36,560 10. 15 14.72 614.
37.869 10.37 15.36 842.
39.119 11.44 15.86 871.

40,309 11.85 16.23 899.
42.503 12.24 16.55 957.
44.451 12.21 16.48 1014.
46.172 11.97 16.20 1071.
47.701 11.65 15.86 1126.
49.067 11.34 15.54 1180.
5 0.300 11. 39 15,^7 12 31.
51.424 10.88 15.06 1279.
52.458 10.73 14,90 1326.
54.733 10,52 14, 67 1434.

56,686 10.43 14.57 1533.
58.401 10 .41 14.55 1624.
59,932 10.40 14.54 1711.
61, 318 10.41 14.54 1793.
62,583 10.43 14,56 1871.
64.831 10.48 14.51 2018.
66.767 10.57 14.70 2153.
68,524 10. 70 14, 83 2278.
70.096 10.36 14.98 2396.
72.850 11.24 15.37 2610.

75.257 11.68 15.80 2804.
77.3 73 12.10 16.23 2982.
79.275 12.53 16.66 3149.
81.131 13.07 17.22 3303.
83.487 13.88 18.07 3444.
86.167 15. 21 19.51 3569.
69.122 17.35 21.86 3682.
92,267 20.60 25.52 3766.
95.502 25.26 30.37 3890.

• TWO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARflHYDROGEN (ISOBARS, SI UNITS)

2.00 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(DH/OV»„

KJ/KG

V(OP/DU)y -V<OP/DV)^

MPA-CU M/KJ
X 10^

MPA

(OV/DTl/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
" COMDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

1/K
X 10^

KG/M-S
X 107

SQ M/HR

llf.if57 78.1196 688.5 .25262 101.5121 .00927 80.58 267. 20 .00058 1. 2551.6 2.1155
15. 77.7130 68 9.7 . 2't935 98. 3063 . 00961 85. 23 21.9.22 .00060 1. 251.03 1.9366
16, 76.9'f6', 685.5 .21*215 91.18J1 .01035 91.81 221. 79 .00061 1. 25133 1. 7135
17. 76.133i» 68 2.5 .23391 81*. 1*778 ,01101* 96. 32 199.58 .00060 1. 2'.8i.7 1.5606
18. 75.2732 63 0 .3 .22598 78.3875 ,01171 99. 61* 181.27 .00060 1. 21.51.5 1.1.1*89

19, 7<».3695 676.5 . 21912 72. 6572 .0121*3 101. 71* 165.95 . 00C59 1. 21.229 1. 3711*

20. 73. "221* 671.1* .21311 67,2291* .01320 103.67 152.96 .00057 1. 23897 1.3073
21. 72.!* 296 662.9 .20771 61. 7632 . 011*09 105. 90 11.1.77 .00056 1. 23551 1.25C7
22. 71.3823 65 2.7 .20261 56,1*1*71 .01508 107.38 131.98 .00055 1. 23186 1.2100
23. 70.2758 639.5 .19781* 51.1091* . 01625 108.22 123.28 .0005 3 1. 22801 1. 181*0
2<f. 69.0976 62i«.& . 19317 1.5.9266 . 01758 108.1*7 115.1.3 .00051 1. 22392 1.1686

25. 67.8399 607.1, . 18853 1.0.81*60 .01911* 108. 19 108.27 . 00 01*9 1.21956 1.1631*
26. 66.1*91*5 588.0 .18367 35.8550 .02100 107.37 101.65 . 00 01*7 1.211.92 1.1689
27. 65.01*36 567.2 .1781*2 31. 0906 . 02319 106.09 95.1*6 . 00 01*5 1. 20992 1.1832
28. 63.1*71,3 5<*i*.2 .17267 26.1*928 .02538 101*. 38 89.61 . 00 01.2 1. 201.53 1.2090
29. 61.751,3 519.1* . 16625 22.1398 . 02921 102.20 83.98 . 00 039 1. 19861. 1.21.66
30. 59. 91* 1*6 1*91.1 .15926 17,9155 , 03375 99.51* 78.1*8 .00036 1. 19212 1. 30 66
31. 57.6930 1*60.7 .1511,2 11*. 0151 .03987 95.97 73. 03 . 0S033 1. 181.30 1. 3977
32. 55.2006 1*2 6. 7 .11*257 10,3835 . 01*897 91. 79 67.50 .00029 1.17637 1.5366
33. 52,2285 399.7 . 1321*9 7.1711* . 06313 87. 82 61. 76 .00025 1. 16636 1. 730 3

31*. 1,8,1,961 31*9.2 .1201*9 1*. 1.390 .08778 81*. 92 55 .59 . 30 021 1.15388 2.0066

36. 36.3370 270 .5 .09025 1.0885 .22002 80.21 1*0. 96 .00013 1. 11 381* 3.0388
33. 21*. 1693 270.1* .08095 .9366 ,15110 60.31* 31.1.0 .00022 1. 071.75 2.1255
1,0. 19.2072 298.3 . 07980 1.1871 . 08935 51.56 28.51 .00036 1. 05909 1.1.71.2

1,2, 16.5171 327.5 ,07896 1.3611, ,061*1*1* 1*8.56 27.62 .00050 1. 05 066 1.2002
1*1*. 11*. 7578 355.7 .07799 1.1,7 81* . 05155 1*7. 51 27.1.8 .00063 1. 01.518 1.06J1.
1*6. 13.1*303 381*.

8

.07688 1. 5698 . 01*329 1.7.26 27.66 .00076 1. 01.106 .971.8
1*8, 12,3903 1*13.5 .07582 1.6397 . 03762 1.7.1*8 28. 01 . 00089 1. 0378U .9179
50, 1 1 , 5 1*2 6 1*1*1.8 .071*82 1,691,9 . 0331*1* 1*7. 96 28.1.7 .00101 1. 03522 .8771
52. 10,8320 1.69.7 .07386 1. 7393 ,03022 U8.62 29. OQ .0 0111* 1. 03302 . 81.66

56. 9.6956 525.2 .07193 1.8060 . 02553 50. 30 30. 15 . 0C139 1. 02952 .8037

60. 8.811.6 531.0 . 07006 1. 8533 . 02228 52. 31. 31. 37 .00165 1. 02681 .7753
65. 7.91*67 653.1* .06750 1, 8955 .01935 55.1.6 32.93 .00199 1. 021.15 .75 36
70. 7.251,8 730.1 ,061*62 1.9256 . 01719 58. 75 31.. 50 .00232 1. 02203 . 7369
75. 6.6861* 812.3 .06155 1.91*79 . 01551 61.79 36.06 . 00261* 1. 020 29 .7351.

80. 6,2088 900.7 .05839 1.961.7 . 011.17 65. 35 37. 60 .00297 1. 01883 .731.1.

90, 5.1*1,65 1096.1 .05231* 1.9877 .01211. 71.. 81. 1.0.61 .00372 1. 01651 .7223
100. l*.B612 1312.9 .01*711* 2. 0021 .01066 81.. 39 1.3.53 .001*1.6 1. 011.72 .7223
110. i*.3958 151*5.5 .01*292 2.0111 . 00953 91.. 50 1*5. 37 .0C526 1. 01331 .7t67
120. l*.0150 1780 .1* .03986 2.0171 .00863 101.. 85 1*8.11 .00612 1. 01215 .701.5
130. 3.6972 2010.7 . 03770 2. 0211 . 00789 111.. 65 50.78 . 00701* 1. 01118 .7027

11,0. 3,1,275 2230.1, .03625 2.0238 .00728 123. 39 53.1.0 .00799 1. OlC 37 . 70 2 3

160. 2,9935 2 62 3.1, .031,89 2. 0266 . 00631 137. 61* 53. 1*6 .01000 1. 03905 . 70 2 9

180. 2,6590 2 95 5.2 .031.82 2.0275 .00558 11*8.58 63. 33 . 01221 1. 00833 .7322
200. 2.3927 321*0.7 . 0351.0 2.0275 .00500 157.51 63.02 .011.63 1.00723 .6997
220. 2,1751, 31*98.9 .03626 2.0270 .001*53 165. 36 72.57 .01725 1. 0 3 657 .6962
21*0. 1.991,8 3 71*5.8 .03715 2.0262 .001*15 172. 72 77. 00 .02006 1.00632 .6928
260. 1.81,20 3991.9 .03793 2.0253 . 00383 179.91 81.30 .02302 1.03556 .6931
280. 1.7112 1*21*2.3 .03858 2. 021*3 . 00355 187. 10 95.50 . 02611. 1.00517 .6681
300. 1.5978 1*1.99.8 .03907 2.0236 .00331 191*. 36 89.61 . 0291.0 1.031.82 .6967
350 . 1.3710 5171.6 .03 976 2.0213 . 03 281* 212. 88 99.50 .33811 1. 031.11. . 6856

i«00. 1.2008 5872.5 .01.000 2.0192 . 0021*8 231. 71 103.95 .01.766 1. 00362 .6853
1,50. 1.0683 6593.0 . 01*003 2.0175 .00221 250.51 118.02 .0580 3 1.03322 .6551.
500. .9622 7318.3 . 01*001 2,0160 .00199 269.07 126.77 .06925 1.00 290 .681*9
550. .8 753 8050 .1* .03991* 2,011,7 .00181 287. 30 135.23 .06125 1. 03261. .681.6

600. . 3028 8787.6 .03985 2.0136 .00166 305.21 11*3.1.6 .05402 1. 03 21.2 .681.2
700. .6887 10283.2 .03960 2. 0119 . 0011*2 31*0. 32 159.27 .12176 1.00208 .68 38
800 . .6030 11818.0 .03922 2.0105 .00121* 371*. 99 171.. 38 . 15229 1.03182 .6836
900. .5363 131*03.1 .03873 2. 0091* . 00111 1*09. 72 188.92 .18550 1. 00162 .6836

1000 . .1,829 1501,5.8 .03815 2. 0085 .00100 1*1*1*. 80 202. 97 . 22129 1. 00 11.6 .6838
1200, .1,027 13505.6 .03682 2. 0071 .00083 511.13 229.89 . 29733 1. Ou 121 .6912

11*00. .31*5 3 22192.8 .0351*2 2.0061
1600. ,3023 26036.1* .031*16 2.0053
1800. .2688 30059.0 .03299 2. 001*7

2000. .21*19 31*1*97.9 .03163 2, 0039
2200. .2199 39813.8 .02979 2,0026
2<,00. .2013 1*6813.6 .02721 2.0000
2600. .1851* 56691*.

2

.02392 1.991*7
2600, .1713 70922.8 .02023 1.981*3
3000. .1586 91109.1 . 01661* 1.9679

I

THO-PHASE BOUNDARY

.00071 583.39 255.51 .381*80 1. OOlOi. .6922

. 00062 656. 06 283.06 . 1.911.2 1. 03 0 91 .692 8

. 00055 731. 13 303.68 .56781 1. 33 08 1 .6920

.00050 817.61* 326.1.5 . 7C631 1. Oj073 . 6873

. 0001.5 933. 31 31.1.. 91. .81.556 1. 00 066 .6630

. 00 01*2 1108.73 366.1.0 1. 01629 1. 03 3 61 . 61. 1.6

.00039 1388. 23 387.60 1. 23292 1. 03 0 56 .6131.

.00036 1827. 16 1*08. 35 1.501.02 1. uO u 52 .5711

. 00031* 21*85.57 1*33 .56 1.82796 1. 03 0 1.8 .531.7
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHrOROGEN (ISOBARS, SI UNITS)

2.50 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

\^KJ PI f M» MP A / K KJ/ KG * K K J /K G K J /K G—

K

K J / K G—

K

M/S

1. H • D 1 ? • U 1 C r D 1 7 7 '1 1 Q 7 A »"T fn ft »7 7C Q— t r 7 . y 5^024 4.79 6*38 1332.
19 • n 1 5 A n• U 1 c 0 U L • OL. CO Q f» 71

• ^ * f 1 — c r J • » C 10 7 fl ft 74 • n r 6.55 1329.
xo • • 0 12 9 3 1« 2 382 • 9495 •299 •

0

—266.6 7 • 0 0 u 7 • y 7 7.00 1310.
X r • • 0 1 3 0 6 1 « 1 5 75 • 9 4 4 2 - 7 Q7 1 —259.

4

A n A AD • U DO K 7 77 * CO 7 1. A
f • 4 D 12 85.

1 ft • U 1 0 C u i n o 7 n O 7 Q• 7 c 7 D a. 7 A £i A « 7C 1 A— C7 1 •

0

D . 7 U 7 5.38 7 • B 6 1264 •

19« • u ^ o o o 1*0 271 • 9 1 5 2 -277,1 - 2 43 •

7

6.942 5*53 A 7 Q0 . C 7 1 2 41

.

6U • • 0 1 3 52 • 9 6 41 • 8 999 _ 269 •

0

-235.

2

7*3 79 R AA7 * 00 8*73 1 U .

21. •01370 .9029 • 8836 -260.5 -226.2 7.816 5. 77 9.18 1198.
22. •01389 .8**11 .8655 -251,5 -216.8 8.254 5.87 9.65 1176.
23. • 0 !* 1

0

• 7 795 • 8 45 6 "242.1 c U O • 7 D • 0 7H 7 * 70 1 0 * L 6 1 1 A 71 1 7 C *

n 1 li 7 3• U L H 0£ 7 1 7n A 7 7f.• O c 0 o • 7 7 7 7 «>1 OA C— 1 y O 7 0 1 7A A. n /i0 * U 4 in 7 rxU * r u 1 1 2 7 *

25. • 0 lU 5 7 • 6 55 • 7 993 C C 1. • ^ — 1 O 7 • 7 9.5 86 ft. 11D * X X 11 9 AX X * 1 0 110 0*
9^COa • 0 1't S** 7 7 9C;

. f # • 2 1 1 • 0 — 1 7 3 • 9 10*0 41 6.16 11 (92 1072.
Z7» • 0 1 5 1'f • 5 3 48 .7431 —1 99 •

5

M 1 A 1 A1 D 1 • o in c n

7

1 u • 7 u 0 ft 71D * C X 17 A i1X A . D U 10 42*
CO • n 1 t*. R

• U i ~ H o U 7C^ fl 7 1 n Q .1 A7"lor •

H

_ 1 (i A C— A H 0 • D in 0 7c1 U • 7 r 0 ft 7c;0 • C 7 17 7 7X 0 * 0 r 1 0 0 9 *

9iaC7« • 0 1 5 8 6 • 419 3 • 6 761 —174.5 — 1 34 •

8

1 1 • 4 60 6^29 14*25 97 4 *

d U . - n 1 P. 7 n• U X D o u • 3 61

9

• 6 3 8 6 i DU • O » 1 7 fl 1— 1 c u . 1 11 Q A n1 1 . 7 0 u A. 77 1 c; 7 117 • 0 1 Q 7Cy -57 •

31. .01680 .3083 .598if -lif6.2 -1014.2 i2.if6a 6.37 16.52 895.
32. .oirito .2566 .5555 -130. If -86. 9 13.029 6.if2 19.07 850.
Od. n 1 fl 1 7• U 1. 0 1 O ? n 7

1

• Curl n Qc; .117 71 1-3 • C D r . 7 17 C. 1 /.1 0 . D If C K. 70 • 4 r
9 n n 7 8 02*

• U i. 7 U H 1 c;. 7 fl• i. D c 0 • 4 D U7 — 94 © 2 14.249 & C 7 22*59 7 A n
f 7 U •

O D. • 0 21 B** • 0863 7 7 Q• 0 5 1 " •48 • 6 D . U 1 c: 7 c 117. r 7 X C 7 7D • r 0 7 n AnoU * 0 U A 7 A0 0 0 •

oo * n 7 7?ii • U ^ • 2 45 3 1 n 11 U • 1 7 A 7r 0 « c 17 7 n 1X r • r u X 7 n c;
r • U 7 i*.n 7 Q4U * 0 7 74U •

n 7C 7 n
• U 07 o

u

n C 9 7
• U 9 c o 1 77 a c A n 156*2 1 Q 7 nc1 5 • f U7 7 n A

r . U 0 7 A C 70 7 . 7 A A 1 77l ^ •

• D ^3 0 5 • 0 6 9 0 • 1 3 3 8 1 1 U • r 218.3 21.2 21 6.91 27*10 5 20 *

• 0 'S 7 7 • 0872 1111 142^7 7Pi 7 7c D r . c 22 . 3 58 6*77 77 7 0C c . c u A 770 4*

HO. n c; c 7 CL
• u 7 ? r D • 1 0 48 1 0 7 fl A 77 7 7ft.c 0 * ^ r D A AOD • D 7 10 7 11 7 « 0 X A A n7 7 U •

<>8. .06125 .1213 .0855 192. 0 3if5.1 2if.057 6.&lf 17.49 565.
50. .06631 .1365 .077lf 212.8 378.6 2'f. 739 6.63 16.29 579.

• U f 1 c U • 1 91c 0 717• U r 1 J 7 7 7 7 z» 1 n 7H 1 u • 0 9C 7 c. 7c 7 • 0 D 0 6.63 1 A t< QX 7 . 4 3 594.
56 • • U O U H U • 1 78 7 • U Ol H 266.9 4 69*9 26 • 467 6*67 1 L. 71X 4 • li X ft 1 Qox 7 .

DU • • U 0 7 U !> • c U H c • 0 5 44 7 0 7 n0 u <> * u c;7e; 73c 7 • r 77 i*. 7 0 6.73 13 0 6 2 643 *

D9 . • 0 99 36 • 2 3 39 • 0 4 7 8 344,0 592 • 4 2 8 • 4 98 6.87 13.15 669 *

• 1 0 9 2 8 7 A7 1• c Oc 1 • 0 4 2 8 384.4 65 7 • 6 29*464 7*09 12 * 94 6 92.

f 5 • • 1 18 91 • 2 890 • 0 389 424« 9 722*2 7 n 7 c cJ u * -5 77 7 77
f • > r

17 0 7X C • 7 C 7 1 7
r X ^ •

1 5 ft T 5 7 1 CI
• O 1 9 1 n 7 C 7

• U o 7 r i> c 7HDD • c 7 A 7 n
r 0 r * U 71 1 Q7Ox * X 7C 7 7 n

r . r U 17 n 7X 0 . U 0 7 7 n
r 0 U •

Q n7 U • • 1 ^6 70 • 3 65 0 n 7 n A C C 9 7 919*4 7 7 7 C 1 A UR0.40 17 AnX 0 . 7 U 7ft 7r DC *

100. .16'.65 .'»131 .0271 646.0 1057.6 34*206 9.33 14.15 792.
ilQ. .18228 .i»596 .02if2 747.1 1202.8 35.588 10.17 14.94 819.
1 29 • . 1 99 70 .5052 . 0 220 855*1 1 354.

3

36*906 10*88 15 * 5 A f. 7o4 r *

130* .21697 .5501 .0201 969. 0 1511^4 33.163 11* 45 15.94 8 75 *

I'tO • • 23'»11 .59 i»W .0185 10 87« 5 1 672 .

7

39 • 3 58 11.86 16*30 9 04.
16 0* .26813 • 6819 . 0 1 61 13 32*2 2 0 D 2 • 5 41 * 5 6 0 12.25 1 6 * 7 0 9 6 1 *

18 0* . 30190 . 76 80 . 0 lif 2 1 5 79 • 4 2 334.1 43.513 12.22 16*51 1 n 1 01 U 1 7 .

2 0 0* • 3 35 5 0 • 8 53 3 .0127 1823.

1

2661 •

8

45.239 11.97 16.23 1 n 7A1 U r 0 *

220 • .36897 • 9 38

1

.0115 20 60 .6 29 8 3.0 46. 7 70 11 . 65 15*69 1131*
2'* 0 • • '*0235 1.0 225 .0105 2 2 91.5 3 2 9 7 • 4 48*138 11 7 cXX • 0 7 15*56 1 1 AliX X 04 •

260. .1.3566 1.1065 . 0 097 2516.6 3605^ 8 if9. 372 11.09 15. 29 1235.
280. .i»6892 1.1902 . 0 090 2737.0 3909^3 50.if97 10.39 15.07 1284.
3 0 0. . ^ Uc lb 1 . 2 7 if 0 . 0 084 295if . 2 If 2 0 9 . 6 1 n 7iiX U . r 4 14.91 1 3 3 0 *

35Q • .58503 1 .If 8 21 • 0 072 3 If 8 5 . 8 If 9if 8 . 3 53.910 10.52 14.68 1 43 8 •

00 • • 667 79 1.6 8 96 .0 063 If 0 C 9 . 9 5 679. If 55 . 76lf 10.43 14.70 15 37 .

hSO • .7 50 If6 1.8 967 . 0 056 If5 31.0 6 If 0 7 . 1 57. If 79 10.41 1 A A14*77 1 ft 7 A1 D C 0 •

500 • . 83309 2.10 36 .0050 5 052.0 7 1 3if • 7 59.011 10 4 0 14.54 1 7 1 A1 1 1 7 .

550 • • 9 15 68 2.3103 . 0 0 If 6 55 72 • If 7 86 1.6 6 0.397 10.41 14*55 1 7 Q A1 / 7 0 •

6 0 3. . 99825 2.5169 . 0 0 If 2 6 0 93 . 7 9599.

3

61.662 in /. 7X U . 4 0 14*56 1 ft 7C1 0 r 7 •

70 0. 1 . 1 63 3^4 2. 9299 .00 36 7139.2 10 0 If 7 . 5 63.911 10.48 14.61 2 0 2 1 •

800. 1.32839 3. 3it27 .0031 8192.

0

11513.

0

65. 966 10.57 14.70 2156.
900. l.<»93i»l 3.7553 . 0029 9255.6 12989.2 67.603 10.70 14.63 2281.

1000. 1.658i»2 If. 1680 .0025 li)333. Q lifif79.1 69.176 10.86 14.99 2399.
1 200. If. 9931 . 0 021 125if3.5 1751it.5 71. 929 11.2if 15.37 2612.

1<»00. 2.31838 5.8183 .0016 lif836. 3 20632.2 7if.336 11.59 15.5 0 2806.
1600. 2.61«836 6.6if30 .0016 17215. if 23836.3 76.if53 12.10 16.23 2964.
1800. 2.978'»0 7.'f679 .OOlif 19683.

7

27129.

7

79.3514 12.52 16. 65 3151.
2000. 3.30878 8.2928 .0013 22253.

0

30 52if.9 80.209 13.0if 17.19 3306.
2200. 3.6'»025 9.1177 .0011 2lf9lf6.8 3ifOit7.5 82.559 13.90 17.99 3447.
2<«00. 3.97i»i»8 9.9if25 .0 010 278if0.9 37777. 1 85.227 15.02 19.30 3574.
2600. i».31'*69 10.767if .0010 31058.9 Itl8lf5.e 88.158 16.97 21.44 3698.
2800. i». 66615 11.5922 . 00 09 3if785. 1 if6if50.5 91.259 19. 91 24. 74 3794.
3000. 5.03682 12.ifl71 . 0 008 39266.7 51858.8 9lf.if2if 2if .11 29.55 3898.

• THO-PHASE BOUNDARY
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TRBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

2.50 MPA ISOBAR

IPERA TURE DENSITY V (OH/DV)p V ( OP/DU)y - V t DP/OV)^ ( OV/OT> /V THERMAL VISCOSITY TH E^? MA L DIELECTRIC PRANDTL
P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 1 o' X 10^

!<»• 615 7 S • 3 83 6 705.3 . 25 I'^S 1C<^. 3378 . 00905 8 2. <& 270 . 30 . 00059 1.25639 2.0913
15. 78 • 10(»1 70 8.6 «2'^920 102.51<^1 . 0092'* 85. 73 257. 35 . 0 Q 06 0 1 . 2551*1 1 . 9652
16» 7 7 . 3 61 70 6.3 . 2'^2 81 95 . 790 . 00991 92. 1*9 228.66 .00 061 1.25279 1 . 732 6

i7< 76. 5720 700 .2 .23596 88.6329 • 01065 97. 11* 205.81 .00 061 1.25001 1 . 56 u 3

18< 75 »7't02 70 0 . 3 .22800 82. 7863 . 01123 10 0.60 186.86 .00 061 1 . 21* 709 1 . 1*6 38
19* 696 . 3 .22111 76 « 90 10 . 01190 102.83 171.05 .00 06 0 1. 21*1*33 1.3793
20* 73.9536 691.6 .21503 71 . 296'* .01262 10 1*. 9Q 157.65 .00053 1 . 21*0 3

3

1.3116
21. 72.9991 631*.

a

.20968 65. 9100 . 013i^l 107.28 1'*&.15 .00053 1.23750 1.2507
22. 71.99't9 675.5 .20<^62 60.5553 . 011*29 108.91 136. 11 .00 056 1. 23399 1.2066
23. 7 0. 9 •0 3 66(» . 1 . 1998 7 55. 2969 • 0 152 9 109.91 127. 25 .00055 1.23032 1.1758
2A * b7 . 0 CC

1

650.3 • 1 95 2 6 5 0. 0652 . 016'*5 110.33 119. 26 .00053 1 . 22 61*3 1.15 6 5

25. 68. 6371 63 <»« 8 • 190 73 ''• 9868 . 0 1777 110. 2<* 112. 05 .00 051 1.222 32 1 . 11.61*

2 6. 67.3 769 617.1 . 18610 39.990 3 . 0193 2 109. 6** 1 0 5 . i»l • 0 Q 0 <* 9 1.21796 1 . 11*60

27. 66.0 31

7

599.0 . 19121 3 5. 3 !'! . 0210'* 108.61 9 9.2'* . 0 0 0 1*7 1.21332 1.1516
2S. b"*. 591

3

579.

1

. J. 7599 30 . 79'^2 . 02309 10 7.17 9 3 . itS . 0001*5 1 . 23 6 36 1.165 6

29. 63.0^1 557.1 . 170 '0 26. ' 31

3

« 02558 10 5. 35 87. 98 . 0 0 0 1*2 1. 20331* 1.19 3 0

30 . 61« 3569 532 . 16'^39 22. 2056 . 02876 103.15 82. 72 • 3 0 01*0 1.19 7 26 1.22 76

31. 59.5118 50 7.<» .15779 18.3786 .03256 100.15 77.61 .00037 1.19098 1.2803
32. 57.l»635 <»79.8 .15060 !<. 71*79 . 03767 96. 76 72.58 . 00 0 3<« 1.181*02 1 . 3555
33. 55. 1553 't'»9. 9 . l'^2 79 11. '2'^5 • O'*i*60 92. 91 67. 56 . 0 Q 0 3 0 1. 17 62

1

1 . 1*591
3l>. 52.520 0 '»19.'» . 13'.2'^ 8.5'^93 .05386 89.17 62. 51 . 0 0 027 1. 16731* 1. 5836

36. • 7965 35 5 . 0 . ll'^50 '.068 2 .0 8675 83.05 52. 11 . 00021 1. 11*1*90 1.9321
38. 36. 7123 30 7.7 . 0 9i.7i^ 1 . 86 8 6 .13127 75. 30 <*2. 0 ] .00016 1.115 36 2.2526
kOt 28 1 327'» 30 <». 5 . 0 86 39 1. '810 • 11665 61* . 7 0 35 . 39 .00023 1.06330 1 • 91*29
<»2. 2 3. 2 31

2

32 1*.

6

. 08336 1. 6025 . 083'*9 57. 52 32.25 . 0 0 0 3 3 1 . 07177 1.5196
•»<»• 2 0. 0 928 35 0 .

1

. 08161 1. 7516 • 063'*2 51*. 0 7 30.78 . 00 0 <« 1* 1 • OS 1 37 1. 261*0

m 17.9350 377.3 .080 1^ 1.87 87 .05118 52 • 1*5 30.17 .00055 1 . 0551

G

1.113 7
U ftto . 16. 32 7^ 'O 5 . 2 .07877 1.980'* . 0'*315 51.80 3 0.01 . 0 0 0 65 1 . 050 0 7 1.0132
50. 15.0802 '»32.S .0 77'*8 2.0578 .03762 51. 72 30.1^ .00076 1. 01*618 .91*90
52. l'».0<»<f3 '61.5 .07656 2.12'^1 . 03356 51.98 30.1*2 .00086 1.01*296 .9062
56. 12.'t383 517.8 .07'.a8 2.2229 .0276'* 53. 07 31.25 .00107 1.03799 . 81.27

60. 11.229'* 57'i.3 .07196 2.2926 . 02372 51*. 72 32. 28 .00129 1. 031*25 .8035
65. 10.Q6(t2 6'^7.3 . 06911 2.35i^5 . 02031 57. 53 33. 69 . 0D157 1.03066 .7697
70. 9.1511 72i^.6 .06603 2.3935 .01786 60.58 35. 15 .0D18<* 1. 02785 . 75 3 8

75. 8.i»099 807.3 .06278 2. '308 . 01600 63. 37 36.63 .0C210 1.02557 .71.69
80. 7.792 7 896.1 .059'*8 2. '551 . 01<*5'^ 66. 80 38. 12 .00237 1.02368 .71*31*

90. 6.8166 1092.3 .05320 2. '883 .01236 76. 11* '»1. 05 .00296 1. 02069 . 7279
100. 6.0735 1309.9 . 0'^783 2.5089 .01080 85.57 '*3.91 .00359 1. 0161.2 .7260
110. 5.'«862 15'^3.9 2.5216 . 00961 95.30 '*5.62 .001*21 1. 01663 .7131*

120. 5.0075 1779.9 .0'^030 2.5300 . 00868 105.5'* '8. 32 .001*91 1. 31517 . 70 75
130. <f.6090 2011. < .03808 2.5355 .00793 115.25 50.96 .00565 1. 01396 . 7051

i<»a. '.2715 2232.3 .03659 2.5391 . 00730 123.92 53.55 .0061*1 1. 01293 .701.1*

160. 3.7295 2627.6 .03517 2.51*28 .00632 138. 05 58.56 .00603 1. 01123 . 73 1.1.

180. 3.312<i 2961. ! .03506 2.5'*38 . 00556 li^8.90 63. 1*2 .0D960 1. 01002 . 70 31.

200. 2.9807 32i^B.5 .03562 2.5'*35 .00500 157. 77 68.11 .01171* 1. 009 31 . 70 3 7

220. 2.7103 3507.9 . 036<*6 2. 51*25 .0D'*53 165.58 72. 65 .01361. 1. 00 6 19 .6970
2<iO. 2. '85'* 3755.7 .03733 2.5'*12 .001*11* 172.91 77> OS .01609 1. 03 751 .6935
260. 2.2951. '00 2.6 .03810 2.5397 . 00382 180. 07 51. 3.^ .3161.7 1. 00693 . 690 7

2SD. 2.1326 1*253.6 .0387i^ 2.5382 .00351* 187. 21^ 85.55 .02097 1. 03 61.1. .6537
300. 1.991<* '511.9 .03921 2.5371 . 00330 191^. 1^9 89.65 .32358 1. 33 601 .6872
350. 1.7093 518'^.5 .03988 2.5333 .00283 212.98 99.51* .03057 1. 00 5 16 .6859

i>ao. l.i^975 5886.0 • O'^Oll 2.5301 .0021*8 231. 80 106.98 .03822 1. 001*52 .6855
<t50. 1. 3325 6606.8 .0'^ai3 2.5271* .00220 250. 58 113.01* .01.652 1. 001*02 . 6655
500. 1.200'^ 7332.5 . 0'^009 2.5250 . 00198 269. 13 126.79 . 05551 1. 00 362 .6851
550. 1.0921 8a6<^.8 .01*002 2.5230 .00180 287.35 135.25 .36512 1. 00329 .661.7

600. 1.0018 8802.3 .03992 2.5213 .00165 305.26 11*3.1*7 .07535 1. 00 332 . 681.3
700. .8596 10298.1 .03966 2.5185 . 0011*2 31^0. 36 159.26 .09755 1. 00259 .6838
600. .7528 11833.2 .03928 2.5163 . 00121^ 375. 02 171*. 39 .12199 1. 03227 . 683 6

900. .6696 13'^18.5 .03878 2.51'*6 .00110 1*09. 71* 168.93 . 11.857 1. 0 02 0 2 .6337
1000. .6030 15061.5 .03819 2.5132 .00099 1*1*1*. 82 202.96 .17722 1. 03162 . 6338
1200. .5029 18521.9 .03685 2.5111 . 00083 511. 13 229.90 . 2380 7 1. 00152 .6913

1<>0D. .'313 22209.3 .035'*5 ^ . ,95 . 00071 583. 37 255.52 .30837 1.00133 .6922
1600. .3776 26051.3 .031*19 2.50 ^ .00062 655.96 280.07 .36537 1. Oulli* .6929
1800. .3358 30062. < .03303 2.5>/''* . 00055 730. 57 303. 68 . 1.7039 1. 03131 .6922
2000. .3022 3'^'^57.'^ .03171 2.5063 . 00050 815. 37 326. 1*5 . 56511. 1. 03 091 .6331
2200. .271*7 3961*7.2 .02997 2.50'*7 .0O0'^5 926. 22 31*1*. 93 . 671.78 1. 00 3 3 3 .6699
2>>00. .2516 «.6357.7 .02756 2.5016 . 000'^2 1090.52 366. 37 .80331 1. 03376 .61*85
2600. .2318 556'^7.1 .02l»'*5 2.1*955 .00039 131*7. 91 387.53 .9761.6 1. 03 3 70 . 61 61.

2800. .21<^3 688l^7.9 .02093 2.1*81*3 . 00036 171*8.17 1*08.68 1. 18681 1. 03 0 65 .5785
3000. .1985 87'^15.3 . 017«*1 2. '653 . 0003'^ 231*5.90 1*30.21 1.1.3955 1. 00060 .51*19

THO-PHASE BOUNDARY
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^' TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN CISOBARS, 31 UNITS)

3.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU H-MPfl/KG MP A/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

* l^f. 772 .012 72 1 . 3623 . 9'. 70 -3 07.5 -269. < 5.0 36 •.SI 6.3 8 131+5

.

15. . 0127I* 1.3585 . 9'^92 -3 06.

1

-2 6 7. 9 5.135 ! .36 6.1.7 1345 .

16. .0128 6 1.2 79'* . 9 5'*'f -299.8 -261.2 5.568 5.05 6.93 1326.
17. . 0 1299 1.20 75 .9510 -293.0 -25'^. 1 6.000 5 .22 7. 37 1306.
16. . 01313 1. 1'tOS . 9'*0'. -285.

9

-2'^6. 5 6.'^33 5.37 7.78 1265.
19. .0132 7 1.0731 .926 6 -2 78 .

3

-238.

5

6. 865 5.52 8 . 2 C 1262.
20 . . 013<«3 1.0 093 .9118 -270 . ! -23 0.1 7. 296 5.65 8.62 121+1

.

21. .01360 .9i»88 .8960 -262.1 -221.3 7.726 5. 76 9. 05 1221.
22. .01378 .8875 . 8787 -253.

3

-212.0 8. 157 5.86 9.50 1199.
23. .01397 .8 271 • 8 595 -202.3 8.590 5.95 9.97 1177.
2'». . 0 1'»19 . 7655 . 8386 -221*.

b

-192.1 9 . 0 2'^ 6.03 10. ".7 1153.

25. . 0 lit '»2 .7 053 .8155 - 2 2'^ . 6 -1 81 . ' 9. '62 6.10 11.00 1128.
26. . 01467 . 6'»61 .790'. -21'^. 1 -170.

1

9. 90'^ 6.16 11.57 1102 .

27. . 0 l't9'» • 5 8 8'» .762 9 -2 C3 . 0 -158.2 10. 352 6.21 12.17 Ifl7i».

28. . 01525 .5315 .7 331 -19 1. < -If^S . 7 10.8 06 6.25 12. ii* lO'^'^.

29. .01559 .'»762 .7011 -179.

3

-132.5 11 .270 6.29 13.57 1013.
30 . . 01597 . '»222 .6670 -1 66 . < -118.5 11. 7i^'^ 6.33 1'.. 39 980

.

31. .016<»0 .3688 .6309 -152.9 -103.7 12.230 6.36 15.36 91.3.

32. .01689 .318'* .5926 -138. < -87. 8 12.735 6.'^a 16. 1^7 905.
33. • 017'»7 .2696 .552'. -123.1 -70.7 13.261 6.'^'. 17.82 864.
3'». .01815 .2258 .5101 -106.5 -52.

1

13. 815 6 . '6 19.38 322.

36. .0 1997 .1 '»98 .'20 7 -69. < -9. < IS, 031* 6.59 23.55 732.
38. .02281 . 0 967 . 3293 -25.5 •3.0 16. 'SO 6.75 28 . 9 3 61.'..

<»0. .02717 .0 718 .21^90 23.6 105.1 18 . 0 '2 6.91 32. '3 530 .

<«2 • . 0 32 73 .0711 .1916 69. 8 168. 0 19.579 6.93 30.16 556 .

<«<». .038'»1 .08 30 . 1 5'.6 108.5 223.8 20.876 6. 36 25.57 556.
'•6. . 0'»3 69 . 0 98<» . 1306 I'.O . 0 271.1 21.928 6.79 22.0 0 565 .

US. .0<«856 .ll'«<< .1138 166.8 312.5 22.810 6.73 19.56 576.
50. .05311 .1299 .1015 190.5 3i»9.8 23.572 6.70 17.89 589.
52. . 0 57'»0 . 0920 212.2 33'..'^ 2'.. 250 6.69 16.70 601.
56. .065<>3 .1732 . 0782 251.8 ''8. 1 25. 1. 31 6. 72 15.18 626.

60 . .072 95 .1998 .0686 288.2 5 07.0 26. ''8 6 . 77 11*. 31 61.9.

65 . . 0 81 85 .2307 .0 598 331.2 576. 7 27. 56i^ 6.91 13. 65 675.
70. .09035 .2593 . 0 532 373. 0 &''. 1 28.562 7,12 13.33 696 .

75. .09858 . 2877 .0'.80 "li^. 7 710 . ' 29. '78 7.39 13.23 713 .

80 . . 10659 . 31'»5 . 0'^3 3 "56.9 776.7 3 0.333 7.72 13. 29 736 .

90. . 1Z2 17 .3658 . 0 376 5'»<..8 911. 3 31.918 8.50 13 .69 768 .

100

.

.13733 .'»1<>9 .0330 639.1 1051.1 33. 391 ^.31* 1'*.29 797.
110. .15218 .<t622 . 029'* 71.1.2 1197.7 31.. 785 10.18 Ik. 95 821..

120 . .16683 .5085 .0266 8'»9.8 1350.3 36.113 10.30 15. 55 352 .

130. .18133 .5539 . 02'^3 96'*.2 1508. 2 37. 3 77 11 .'0 16.02 360.

1<»0. . 195 71 .5987 • 0 22'. 1083.1 1670.2 38.5 77 11.87 16. 36 908.
160, .22l»21 .6866 . C 19'^ 1328.5 2001.1 '0.786 12 .25 16.65 966.
180. . 252 1*6 . 7 736 . 0171 1576.

2

2333.

6

"2. 71^5 12.22 16.55 102'..

200. .2805i» .8595 . 0 153 18 20.3 2661.9 ''.'7'^ 11.98 16.26 1060 .

220. .30851 .9i»<»6 .0139 2058.1 2983.

7

'6.007 11.66 15. 91 1135.
2'tO

.

.33638 1.0 293 .0127 2289. < 3298.

5

'7. 3 77 11. 35 15. 58 1189.
260. .361.19 1.1135 .0117 251'..

7

3607.3 '.8.613 11.10 15.31 1239.
280. .39195 1.1975 .0108 2735.3 3911.1 '9.739 10.89 15.09 1288 .

300 . . '»19 69 1.2816 .0101 2952.

7

"211.

8

5 0 . 7 76 10 . 7<^ l". . 92 133'+.

350 . .'»8881 l.<«900 .0086 3'.8'*.6 '951 .

1

53.0 55 10 .52 1'.. 68 1'.'.2 .

<400. .55781 1.6977 .0075 •009.0 5682. < 55.0 09 10. '3 l*.. 59 151.0 .

<t50. . 6267i» 1. 90'»9 . 0 067 '530 . 3 &I^10.5 56.725 10 . '1 11. . 56 1632.
500. .69561 2.1119 . 0 060 5051.3 7138.2 58.253 lO.i^l l'..5i^ 1718 .

550. . 76'»'f6 2.3187 . 0 055 5571.

9

7865. 3 59.6'^'^ 10 . '1 li*. 55 180P
600

.

. 83328 2. 5251* .0050 6 0 93 . 3 8593.1 60.909 10 .'3 11. . 36 1878 .

700. .97087 2. 9385 . 00'.3 7138.

9

10051.

5

63. 158 10 .'3 11^ . 6 1 20 21..

800. 1.108i«2 3. 3513 .0038 8191.8 11517.

1

65.11'^ 10. i/ ll^.70 2159.
900. 1.2<»595 3.76'tO .0033 9255. • 12993.3 66. 851 10. 70 11.. 83 228'+.

1000. l.383<»7 '.1767 . 0030 10 332.9 l'.l^83.3 68. '23 10.86 11.. 99 21.01.

1200. 1.656<.7 5.0018 . 0025 125'^3.<. 17518.8 71.177 11. 21. 15.37 2615.

I<f00. 1.933<»5 5.d268 .0021 l'»836.2 20636.6 73.58i^ 11.63 15.80 2808.
1600. 2.208<f3 6.6518 .0019 17215.2 2381.0.5 75. 700 12.10 16.23 2986.
1800. 2.i483<«6 7.1»767 .0017 19682.

9

27133.3 77.602 12.52 16.65 3153.
2000. 2.75875 8.3016 .0015 222'^9.8 30526.1 79. 1^55 13. 02 17. 16 3308.
2200. 3.fl3«»87 9.1265 .OOli^ 2'^936.1 3'.0i^0.7 81.302 13.75 17.92 31+50.
2i»00. 3.31309 9.951i» .0013 27810.7 37750.0 8i^.'^61 ii^.sg 19.15 3573.
2600. 3.59585 10. 7762 .0012 30986.1 '1773.7 87. 37'* 16.69 21. 13 3693.
2800. 3.88719 11.6011 .0011 3'.630.3 "6291.8 90. ''3 19. '0 21.. 17 3800.
3000. 19311* 12. '259 .0010 38968.

3

515'^7. 7 93.555 23.26 28.53 390'+.

THO-PHASE BOUNDARY



TABLE 2

THERNOOYNAMIC PROPERTIES OF PARflHYDROGEN (ISOBARS, SI UNITS)

3.00 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V<DH/OV)_

KJ/KG

7 (OP/DU),, V(DP/DV),

MPA-CU M/KJ
X 10^

MPA

<OV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
" COMOUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M
X 10^

KG/M-S
X 10^

SQ M/dR

11*. nz 78.6<»28 721.9 . 2501*3 107.1338 . 00881* 81*. 29 273.1*0 .OOObO 1.25731 2.0698
15. 78.1*822 726.8 .21*911 106.6179 . 00390 86.21 265.60 .00061 1. 25671. 1.9933
16. 77.7515 722.1* .21*323 99.1*716 . 00959 93.11 235.81* .00062 1.251.16 1.7551.

17. 76.9926 720.1 .23670 92.9691* . 01023 97.93 212.07 .00062 1. 2511.9 1.5952
18. 76.1868 718.9 .22967 86. 9158 .01032 101. 52 192.1.7 .00362 1. 21.866 1. 1.71.6

19. 75. 31*38 715.1 .22288 80.81*95 .0111*6 103.89 176.15 . OOOBl 1.21.570 1.3896
20. 7<*. 1*611 710.3 .21687 75.1511 . 01213 106. 09 162.31. . 00 06 0 1.21.261 1.3188
21. 73.5386 701*.

5

.2111*6 69.7716 .01281* 103.60 150.50 .00059 1. 23938 1.2539
22. 72.5731 696.3 .2061*6 61*. 1*117 . 01361* 110. 37 11*3.21 .00056 1. 23601 1.2066
23. 71.5601* 636. 3 .20172 59. 1907 . 011*52 111. 51 131.11* .00036 1. 2321.8 1.1719
21*. 70.1*955 673.7 .19717 53.9663 .01551* 112. 09 123. 01* .00055 1.22377 1.11.92

25. 69.3718 659.9 .19271 1*8.9307 .01667 112.17 115.72 . 00053 1.221*87 1.131*7
26. 68.1839 61*1*.

6

.18821* 1*1*. 0539 . 01791* 111. 75 109.03 . J0051 1. 220 75 1.1261*
27. 66. 9231* 628.3 .18359 39.3788 .01937 110.92 102.85 .0001*9 1.2161.0 1.1286
28. 65.581*9 610 .1* .17873 31*. 8590 . 02103 109.72 97. 09 . 00 01.7 1.21 173 1.1361
29. 61*. 1571 591.2 .17362 30. 51*91 .0 2295 108. 16 91.68 . 00 01.5 1.20637 1. 11.99

30. 62.6303 570.1* . 16832 26.1*1*35 . 02523 106.27 86. 51. . 00 01.2 1. 20163 1.1717
31. 60.9901* 51*7.6 . 16251* 22.1*936 . 02805 103. 67 81. 63 . 0001.0 1.19603 1.2093
32. 59.205 7 523.9 .15635 18.81*86 .0311*1* 100. 76 76.87 .00037 1. 13991. 1.2565
33. 57.2569 1*98.1* .11*980 15.1*1*71 . 03576 97.51* 72.21 . 00031. 1.18332 1.3195
31*. 5 5. 109 9 1*72.8 . 11*2 79 12.i*l>3<» . 01*099 91*. 03 67.61* . 00032 1. 17606 1 . 39 1.2

36. 50.0718 1*20.0 . 12752 7.5021* . 05608 87.76 53.66 .00027 1. 15913 1.571*2

38. 1*3.8311 372.3 .11133 i«.2386 . 07769 31.1*7 5J. 05 .00023 1. 1331.0 1.7772
<*0. 36.80(»5 31*1*.

0

.09785 2.61*09 . 091*29 71*. 36 1*2. 76 .00022 1.11536 1.8651
1*2. 30.5 512 31*1.8 .09051* 2. 1711 . 08823 67.12 37.90 .00026 1. 09513 1 . 7j 28
i*if. 26.0 3<»1 357.2 .08655 2.1601 . 07153 61. 71* 35. 12 .00033 1. 03067 1.1*51.5

1*6. 22.8887 379.1* .081*06 2.2517 .05799 58.56 33.56 . 0001.2 1. 07069 1.2609
1*8. 20.5912 1*01*.

6

. 08213 2.351*9 . 01*831* 56. 82 32.72 .00051 1. 0631.1. 1.1262
50. 18.8289 1*31.0 . 0801*5 2.1*1*1*9 . 01*152 55.98 32.31* .00060 1.05790 1.0337
52. 17.1*203 1*5 8.3 .07892 2.521*3 . 0361*1* 55.67 32.25 .00069 1. 0531*9 .9676
56. 15.2835 511*. 0 . 0 7611. 2. 61*76 .02953 56.05 32. 62 .00087 1 . fli* 632 . 8831

60. 13.7071 570.7 .07392 2. 7380 .02507 57.27 33. 36 .00105 1. 01*192 .8333
65. 12.2171* 61*3.9 .07078 2.8188 .02120 59. 70 31*. 55 .00129 1. 03730 .7899
70. 11.0676 721.1* .0671*7 2.8761* . 0181*3 62.50 35. 37 .00152 1.03375 .7653
75. 10.1M.3 801*.

3

.061*01* 2. 9187 .0161*5 65. 00 37. 26 . 0G171. 1. 03090 .7586
80. 9.3815 893.3 . 06059 2. 9505 .011*87 68.30 33.67 .00197 1.02856 .7521.

90. 8.1851 1090.0 .051*06 2.9939 .01256 77.1*7 1*1.51 . 0 021.9 1.021*88 . 7331.

100. 7.2815 1308.1 .01*853 3.0208 . 01092 86. 73 1*1*. 31 .00300 1. 02211 .7297
110. 6.5711 151*3.6 .01*397 3.0369 .00969 96.16 1.5.92 .00352 1.01991* .711*1

120. 5.991*1 1780.6 . 01*075 3.01*77 . 00873 106.29 1.8. 56 .001*11 1.01818 .7101*
130. 5.511.8 2013.1 . 0331*7 3. 051*7 . 00796 115.39 51.17 .001.72 1.01672 .7071.

11*0. 5.1097 2235.1 .03692 3.0591 . 00732 121*. 1*7 53.73 .00536 1. 0151*8 .7&61.
160. 1*. 1*602 2632.5 .0351*5 3.0635 . 00632 133.1*8 53.72 .00671 1.01350 .7059
180. 3.9610 2968.1 . 03530 3. 061*3 . 00558 11*9.21* 63.51. .00819 1.01199 .701.6

200. 3.56<*5 3256.7 .03581* 3.0635 .001*99 158.05 68.20 .00982 1.01073 .7017
220. 3.21*11* 3517.2 .03666 3.0613 .001*52 165. 81 72. 72 .01157 1 . 00980 .6979
2<»0. 2.9728 3765.8 .03751 3. 0598 . 001*11* 173.10 77.13 .0131*5 1.00899 .691.2

260. 2.71*58 1*013.1* .03827 3.0575 . 00381 180. 21* 31.1.2 .0151.1. 1. 00330 .6911.
2S0. 2.551<» 1*265.0 .03889 3.0552 .00351* 137. 39 35.60 .01752 1.00771 .6892
300. 2.3827 1*521*.

1

.03936 3.0536 .00330 191*. 62 39.70 .01971 1. 00 720 .6876
350. 2 . 0 1*5 8 5197.5 .01*001 3. 01*81 .00233 213. 09 99.58 .02551. 1.00618 .6862

1*00. 1.792 7 5899.5 . 01*022 3. 01*31* . 0021*7 231. 88 1C9. 01 .03192 1 . 0051*1 .6857
1*50. 1.5956 6620.7 .01*022 3.0391* .00220 250.65 113.07 .03885 1. 001*82 .6857
500. 1.1*376 731*6.7 .01*018 3.0360 . 00198 269.19 126. 81 .01.635 1.001.31. .6652
550. 1.3081 8079.3 .01*010 3.0331 . 00180 287. 1*1 135. 27 .051*37 1.00395 .681.8

600. 1.2001 8816.9 .03999 3.0307 .00165 305.31 11*3. 1*9 .06290 1. 00 362 . 681*1*

700. 1.0300 10313.1 . 03972 3.0266 .0011*2 31*0.1.0 159. 30 .0811*1 1.00 311 .6839
800. .9022 1181*8.5 .03933 3.0235 .00121* 375.06 171*. 1.1 .10179 1. 00272 .6837
900. .8026 131*31*.

0

.03383 3. 0210 . 00110 1.09. 77 188.91* .12396 1. 0021*2 .6837
1000 . .7228 15077.2 .03823 3.0190 .00099 1*1.1*. 85 202.99 .l'.76i« 1. 0Q218 . 6638
1200. .6030 18538.1 . 03688 3. 0159 . C0083 511. 13 229.90 .19356 1.00132 .6913

i<»oa. .5172 22225.9 .0351*3 3.0137 .00071 583.37 255.52 .25692 1. 00156 .6923
1600. .1*528 26066.8 .031*22 3.0120 . 00062 655. 89 280. 07 . 32131. 1. 00136 .6929
1800. .1*027 30069.6 .03307 3. 0106 . 00055 730.16 303.69 .39211. 1. 00121 .6921.
2000. .3625 31*1*32.3 .03178 3. 0092 .00050 813.70 326.1.5 . 1*708 3 1.00109 .6636
2200. .3295 39529.1 .03011 3.0072 . 0001*5 920.93 31.'*. 92 .56135 1.00099 .6713
2400. .3018 1*6022.1* .02782 3.0036 . 0001*2 1077.03 366. 35 .67070 1. 03091 .6515
2600. .2781 51*878.3 .021*87 2.9968 .00039 1318.09 387.1.8 .80753 1. 00 0 31. .6211
2800. .2573 67319.1 .0211*7 2.981*1* . 00036 1689. 77 1.08. 56 .9781.2 1.00078 .561*3

3000. .2385 81*685.3 .01803 2.9631* . 00031* 221.2.1.5 1*29.96 1.181*53 1.00072 .51*79

j
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• T4SLE Z

THERMODYNAMIC PROPERTIES OF PARflHYOROGEN (ISOBARS, SI UNITS)

3.?0 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY Ctf CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K K J / KG-K M/S

• 1<».927 .01267 1.3929 .91*96 -307.2 -262.9 5.01*7 l*.83 6^38 1357.
15. .01268 1.3951 .9505 -3 06.8 -262.1* 5.079 1* . 91* 6 . ^1 1358 .

16. .01280 1.3237 .9576 -300.5 -255.7 5.507 5.01* 6.85 131*2.
17. .01292 1.2538 .9572 -293.9 -2^8.7 5.935 5.21 7.28 1321*.

18. .01305 1. 1850 .9506 -286.

9

-21*1 .2 6. 361* 5.37 7.71 1301*.
19. .01319 1.1221* .9370 -279.5 -233.3 6.791 5.51 8.10 1281*.
20. .0133<« 1.0577 .9228 -271 .

7

-225.0 7. 217 5,61* 8.50 1263.
21. .01350 .9958 . 9075 -263.5 -216.3 7.61*1 5.75 8.92 121*3.
22. .01368 .9357 .8908 -255.

0

-207.

2

8. 066 5.86 9.35 1222 .

23. .01386 .8759 .8726 -21*6.1 -197.6 8.1*91 5.95 9.79 1201.
2't. .Qlit06 • 8161 .8525 -236.8 -187.6 8.917 6. 03 10.25 1178.

25. .01<t27 .7561 .8307 -2 27.0 -177.1 9.31.6 6.10 10. 71* 1151*.

26. . OlffSl .6973 . 8068 -216.9 -166.1 9. 777 6.16 11.26 1130.
27. .01'»76 .6399 .7809 -2 C6. 2 -151*.

5

10.213 6.21 11 .82 1101*

.

28. .01501* .5828 .7533 -195.1 -11*2.1* 10.653 6.26 12. 1*2 10 76.
29. .015 35 .5285 '. 7 2 32 -183.1* -129.7 11. 100 6.30 13 . G6 101*7.
30. .01569 . 1*773 . 6917 -171.2 -116.

3

11.551* 6.33 13.73 1017.
31. .01606 .1*258 .6585 -158.1* -102.2 12.0 16 6.35 11*. 51 985 .

32. .016'»9 .3763 .6236 -11*5 . 0 -87.2 12.1*91 6 . 1*0 15 . 39 951

.

33. .01697 .3291* .5872 -130 .

8

-71.1* 12.980 6.1*3 16. 37 916.
3(«. .01752 .281*7 .51*91* -115.8 -51*. 1* 13.1*85 6 .1*6 17.53 879.

36. .01891 . 2077 ,1*703 -83.0 -16.8 11*. 560 6.51* 20 .25 802 .

38. .0208i» .11*81 .3899 -1*6.0 27.0 15. 71*3 6.63 23.57 726.
<fO. .02356 .10 99 . 311*0 -5. 1 77.1* 17. 0 35 6. 73 26. 65 660 .

i»2. .02717 .0926 .2509 37.3 132.1* ia.3 76 6.02 27.90 615.
<«'>. .031'tO .0917 . 2035 77.2 187.1 19. 61*9 6 . 61* 26.1*3 595 •

(f6. .0 3578 . 1D07 .1699 111.5 236.8 20.753 6.33 23.72 591^
It6. .O'tOOO .1135 .11*62 11.1. 6 281. 6 21.707 6.79 21.21* 596.
50. . O't'tOl .1278 .1288 168.0 322.1 22.531* 6. 76 19.33 605 .

52. .0'»782 .11*21 .1156 191. 9 359. 2 23. 2 63 6. 75 17.92 611* •

56. .051*95 .1703 .0967 231*.

6

i*27„l 21*. 521 6.76 16.05 636 .

60. . 0 61 59 . 1970 . 0 836 2 73.3 1* 88. 9 25.587 6. 81 11*. 93 657.
65. .0 69<*7 .2289 . 0725 318.1* 561.5 26.751 6 . 91* 11*. 11* 683 .

70. .0 76 95 .2588 .061*3 361. 7 631. 0 27.781 7.15 13. 71 705 .

75. .Oe<»15 .2871* . 0 576 1*01* . 6 699.1 28.720 7 .1*2 13.51* 721*

.

80. .09115 .311*8 . 0521* i*i*7. 7 766. 7 29.593 7. 71* 13.51* 71.2.

90. . 10't72 . 3672 .01*1*7 537. 0 9 0 3.5 31. 2Q1* 8.51 13.67 771*.

100. .11788 .1*172 . 0390 632.3 1 0 1*1* . 9 32. 693 9.35 11*. 1*3 802.
110. . 130 73 .1*651 . 0 31*7 735 . 3 1192.8 31*. 10 0 10 . 20 15 . C 7 829 .

120. . l'*339 .5120 • 0313 81*1*.

5

131*6.1* 35 . 1*37 10 .91 15.61* 857.
130. . 15590 • 5580 . 0286 959 .

5

15 05.1 36. 707 1 1 . '7 16.10 885.

1<»0. .16830 .6032 .0263 1 0 78 . 8 1667.

9

37.913 11.88 16.1*3 913.
160. .19285 .6921 • 0 227 132'*.9 1999.9 1*0 . 1 29 12.26 16.70 971

.

180. .21716 .7791* • 0200 1573.1 2333.2 1*2.093 12.23 16.59 10 28.
200. .2'»130 .8657 • 0179 1817.6 2662.

2

1*3. 825 11. 98 16.29 1085.
220. .26533 .9 512 • 0162 2055.8 2981*. 1* 1*5.361 11.66 15.91* 111*0.

2<»a. .28927 1.0361 .011*8 2287.3 3299.7 1*6.733 11. 36 15.50 1193.
260. . 3131'* 1.1206 • 0 136 2512.9 3608.9 1*7.970 11.10 15 .32 121*1*.

280

.

, 33697 1 . 20 1*8 • 0 126 2 73 3.

6

3913.

0

1*9 . 0 98 10.90 15.10 1292.
300. . 360 79 1. 2892 • 0 118 2951 .

2

1* 211*. 0 50.136 10.71* 11*. 93 1339.
350. .<«20a9 1 .1*979 .0101 31*83.5 1*953.8 52 . 1*16 10. 52 11*. 69 11*1*6.

<»oa. .1*7926 1.7058 .0086 1*008.

1

5685.5 5i*.371 10 . i*"* l"*. 59 1 51*1*.

<>50. .53837 1.91 32 . 0078 1*529.5 61*13. 8 56.0 88 10.1*1 11*. 56 1636.
50B. • 5971*2 2.1203 .0 070 5050.7 71 1*1 • 7 5 7.621 10 . 1*1 11* . 55 1722 .

550. .656'«'> 2. 3272 .0 061* 5571.1* 7868.

9

59.007 1 0 .1*1 11*. 55 1303.
600. .7151*1* 2.5339 .0058 6092.9 8596.9 60.272 10.1*3 11*. 56 1881.
700. .83339 2.91*70 .0050 7138.5 10055.1* 62.522 10.1*8 11*. 61 2027.
800. .95131 3. 3600 .001*1* 8191.5 11521.

1

61*. 1*78 10 .57 11*. 70 2161.
900. 1.06920 3.7727 . 0039 9255.2 12997.1* 66.215 10. 70 11*. 83 2286.

1000. 1.18707 l».185i* .0035 10332.7 11*1*87.5 67.787 10.86 11*. 99 21*03.
1200. l.'*2280 5.0106 . 0029 1251*3.3 17523.1 70.51*2 11.21* 15. 37 2617.

li>00. 1.65850 5.8356 .0025 11*836.1 2061*0.9 72.91*8 11.68 15.80 2810.
1600. 1.89<*20 6.6606 .0022 17215.1 2381*1*.

8

75.065 12.10 16.23 2988.
1800. 2.1299'* 7.1*855 .0019 19682.1* 27137.2 76.966 12.51 16.61* 3155.
2000. 2.36588 8.3101* .0018 2221*7.1* 30528.

0

78.818 13.01 17.15 3310.
2200. 2.602<«8 9.1353 .0016 21*927.8 31*036.5 81.162 13.70 17.88 3h52.
2(t00. 2.81*075 9.9601 .0015 27787.

3

37729.9 83.811* 11*. 78 19. 01* 3581.
2600. 3.08263 10.7850 .0013 30929.6 1*1718.8 86.713 16.1*7 20.99 3698.
2800. 3.33131 11.6099 .0012 31*509.9 1*6169.5 89.758 19. 00 23. 72 3806.
3000. 3.59160 12.1*31*7 .0012 38736.

3

51306.9 92.829 22.59 27.82 3910.
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

3.50 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU H

V<DH/DV)p V(OP/DU(y -VCDP/DV)^

KJ/KG MPA-CU M/KJ MPA
X 102

(DV/DTl/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M
X 10^

KG/M-S SQ M/HR

l't.927 78.8975 738.1* .2<t927 109.8930 .00361* 36. 07 276. 50 .00062 1. 25820 2. 01*99

15. 78.8<tl>0 7<*1.3 .2'«69a 1D9.99'»9 .00861* 86.68 273.88 .00062 1.25802 2. 021*2

16. 78.1391* 7i»0.2 .2lf329 103.U356 .00926 93.71* 21*3. 10 .00063 1. 25553 1.7771
17. 77.3997 738.6 .23732 97.01*66 . 00986 98. 70 218.1*2 .00063 1. 25292 1. 6121
18. 76,61'f9 736.0 .23117 90. 7901 .0101*7 102.1*2 198.10 .00062 1.25016 1.1*905
19. 75.791.3 735.1 .22i»39 85.070'. . 01101 101*. 90 181. 21 . 00 062 1. 21*728 1.3987
20. 7<f.9«f28 730.5 .218'«2 79.268<» .01161* 107. 22 167.01 .00061 1.21*1*29 1.321*6
21. 7I».052<» 72<..8 .21303 73. 71*26 .01231 109.86 151*. 81* . 00060 1.21*118 1. 2571
22. 73.1206 717.8 .20806 68.1*215 . 01302 111. 77 11* I*. 27 .00059 1. 23792 1.2063
23. 72.1i»77 708.8 .20339 63.1956 . 01381 113. 01* 131*. 99 .00 058 1. 231*52 1. 1687
21*. 71.1269 697.9 . 19890 58. a(*i»i .011*69 113. 76 126.73 .00056 1.23097 1.11*20

25. 70.0562 635.1 .191*53 52.9691 01568 113.99 119. 3D .00055 1.22725 1.121.1*

26. 68.9286 671.0 .19016 1*8. 0622 01679 113. 73 112.51. .00053 1. 22333 1.111.6
27. 67.7393 655.9 .18568 1*3.31*70 01802 113. 08 106.33 .00051 1. 21922 1.1111
28. 66.1*831 639.0 .18105 38.71*1*5 0191*1* 112.07 100.56 . 00 01*9 1.211.88 1.111.5
29. 65.1537 621.7 .17629 31*. 1*31*2 * 02100 110.73 95. 18 . 00 01*7 1. 2ia 30 1.1223
30. 63,71*1*1* 601*.

0

. 1711*3 30. 1*265 02273 109.09 90.10 ,0001*5 1.2J51.5 1.131.0

31. bZ. 21*92 531*.

1

.16625 26.5052 021*85 106. 77 85.30 . 00 01*3 1. 20 0 33 1. 1593
32. 60.61*66 563.1 . 16071* 22. 820 3 02733 101*. 19 80.69 . 00 01.0 1.191*85 1.1917
33. 58.9267 51*1.1* .15500 19.1*132 03025 101. 38 76. 21* .00038 1.18899 1.2311.
31*. 57.0736 518.1* .11*897 16.21*75 03382 98. 37 71. 93 .00035 1. 13270 1.2818

36. 52.8698 1*72.8 .13606 10.9631* . 01*232 91. 89 63. 65 .00031 1. 16858 1.1.023
38. 1*7.9855 1*2 9.5 . 12258 7.1055 . 051*87 86. 1*7 55.87 .00028 1. 15217 1.5228
<»a. 1*2.1*1*30 396.0 .10991 i*.6658 . 06730 80. 55 1*8.93 .00026 1. 13382 1. 619 2

1*2. 36.8051* 379.0 .09996 3.1*086 . 07362 71*. 55 1*3. 1.1* .00026 1. 11536 1.6258
1*1*. 31.81*37 379.1* .0931*8 2.9211 .06968 69.12 39.67 .00030 1. 09929 1. 5170
1*6. 27.9523 392.7 .08907 2.6131* .0601*0 61*. 98 37. 31 .00035 1. 06680 1. 3616
1*8. 25.0017 1*12.5 .08611* 2.8385 . 05150 62.26 35.85 . 00 01.2 1. 07739 1.2230
50. 22. 7238 1*35.8 .06386 2. 9033 . 01*1*37 60 . 62 31*. 97 .00050 1. 070 17 1.1152
52, 20.9139 1*60.8 .08192 2.9720 .03869 59.71 31*. 1*8 .00057 1, 061.1.5 1.031.8
56. 18.1991* 511*.

3

.07859 3.0997 . 03120 59.27 31*. 26 .30073 1, 05593 .9276

60. 16.2361 569.7 .07582 3.1993 .02621 59. 96 31*. 61. ,30089 1

,

01.979 .8627
65. H*.39'*3 61.3.0 . 0721*8 3.2950 . 02199 61.98 35. 51. .00110 1. 01*1,05 .8137
70. 12.9961 720.1. .06895 3.361*0 . 01901* 61*. 1*8 36.68 .3013C 1. 03971 . 783 2

75. 11.8836 80 3.2 .06533 3.1.150 . 01686 66.68 37.95 .3011.9 1. 03627 .7705
80. 10.9709 892.3 .06171 3.1*537 .01517 69.83 39.27 .00169 1. 0331.5 . 7615
90. 9.51*97 1089.1 .051*91* 3. 5061* . 01273 78. 82 1*1.99 . 0 0 211. 1. 0290 7 . 7339

100. 8.1*835 130 7.7 .01*923 3.5390 .01103 87.99 1*1*. 72 .00259 1. 02580 . 7333
110. 7.61*96 151.1*.!* . 01*1*5 0 3.5582 . 00976 97. 08 1*6. 21* ,00303 1

.

02321. .7177
120. 6.971*0 1782.2 .01*119 3.5710 .00877 107.07 1*8.83 ,00353 1. 02117 .7132
130. 6.1*11*2 2015.7 .03885 3.5791 . 00799 116. 57 51.1.0 ,001.06 1. OL 91.6 . 7C 98

11*0. 5.91*17 2238.7 .03726 3.581*2 . 00731* 125.06 53.92 ,001*61 1. 01802 . 7081.

160. 5.185«* 2638.1 . 03573 3.5868 . 00633 133. 93 53.87 .00578 1. 01571 . 7075
160. 4.6050 2975.3 . 03551* 3.5892 .00558 11.9.60 63.66 ,00705 1. 01391. . 7059
200. I*. 11*42 3265.2 . 03605 3.5676 . 031*99 158. 31. 68.30 . 3a8i.i* 1. 01251. . 70 27
220. 3.7689 3526.7 .03665 3.5650 . 001*52 166. 05 72.81 .00995 1. 0111.0 .6933
21*0. 3.1*570 3776.2 .03769 3.5619 . 001*13 173. 31 77. 20 .01157 1. 010 1*5 .6950
260. 3. 1931* 1*021*. <* . 0361*1* 3.5787 . 0036

1

160. 1.2 81.1.8 .01327 1. 00965 .6920
280. 2.9676 1*276.5 .03905 3.5751* .00353 187.55 85.66 .01506 1. 00897 .6898
300 . 2.7717 1*536.5 .03951 3.5733 . 00329 191.. 76 89. 75 . 01691* 1. 00 833 . 6881
350. 2.3805 5210.5 .01*013 3.5657 .00282 213. 19 99.62 .02191* 1, 00 719 . 6865

1*00. 2.0865 5913.1 .01*033 3.5592 . 0021*7 231. 97 109.01. . 0271.3 1. 00630 .6859
<»50. 1.8575 6631*.

7

.01*032 3.5537 .00219 250. 73 118.10 .33337 1. 00561 .6859
500. 1.6739 7360.9 .01*027 3.51*90 . 00193 269.25 126.81. .03981 1. 00 505 .6653
550. 1.5231* 3093.7 . 01*018 3.51*51 . 00130 267. 1*6 135. 30 .01.668 1. 001*60 .681*9

600. 1.3977 8831.6 . 01*007 3.51*17 .00165 305. 35 li>3.51 .051.0 0 1. 001*22 .681.5
700. 1.1999 10328.0 .03978 3.5362 .0011*2 31*0.1*1* 159. 31 .36989 1. 00 362 . 6839
800. 1.0512 11863.7 .03936 3.5319 .00121* 375. 09 171.. i,2 .08737 1. 03 317 .6837
900. .9353 131*1*9.1* .03887 3.5285 .00110 1*09.30 183.95 . 1 063 8 1. 00 282 . 6837

1000. .81*21* 15092.9 .03827 3.5258 .00099 1*1*1*. 86 203.00 .12686 1. Ou 251* .6838
1200. .7023 18551*.

3

.03691 3.5216 .00083 511.13 229.91 . 17 031. 1. 00 212 .6913

11*00. .6030 2221*2.5 .03550 3.5186 .00071 563. 36 255.53 .22038 1. 00132 .6923
1600. .5279 26082.6 .031*21* 3.5163 .00062 655. 81* 26G. 08 .27561 1. 00159 . 6930
1800. .1*695 30079.1 .03310 3.511*1* . 00055 729. 81* 303.69 . 33626 1. 00 11*2 .6925
2000. .1*227 31*1*16.8 .03163 3.5126 . 00050 812.1*0 326.1.5 .1*0 35 3 1. 00127 .6890
2200. .381*2 391*1*1.1. .03022 3.5102 .0 001*5 916.91 31.1.. 92 . 1*8056 1. 00116 . 6721.

2<*00. .3520 1*5766.0 .02803 3.5062 . 0001*2 1066. 51* 366.31. .57299 1. 00106 .6533
2600. .321*1* 51*285.9 . 02520 3.1*986 . 00033 1291*. 89 387. 1.1* ,68798 1. 00098 .6250
2800. .3002 66131*.

2

.02192 3.1*651 .00036 161*1*. 32 1.08.1*6 .33131. 1. 0 J 0 9 3 .5892
3 000 . .2 78'( 82563.1 .01855 3.1.622 . 0C331* 2161. 83 1.29. 75 i.:ci.6S 1. 03 081. .5531

jj
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

I*. 00 HPA ISOBAR

TEMPERATURE VOLUME I S OT H E R M ISOCHORE INT ERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KS CU M-MPA/KG HPA/K KJ/K3-K KJ/KG KJ/KG-< KJ / KG-K M/S

15.080 .01263 1.4112 .9524 -306.9 -256.4 5.059 4.85 6.39 1364.
16. .0127<> 1.3667 .9608 -301.3 -250.3 5.448 5.33 6.78 1358.
17. .01286 1.2950 .9624 -294.7 -243.3 5.873 5.20 7.21 1340 .

18. .01298 1.2281 .9572 -287.8 -235.9 6.297 5.36 7.52 1322.
19. .01312 1.1684 .9466 -280.5 -228.

1

6.720 5.50 8.01 1304.
ZO. .01326 1.1021 .9333 -272.9 -219.9 7.140 5.63 8.41 1283.
21. .OlSi*! 1.0393 .9185 -264.9 -211.3 7.560 5.74 8.81 1263.
22. .01358 .9617 .9023 -256.6 -202.2 7.979 5.85 9.21 1244.
23. .01375 .9227 .8848 -247.8 -192.

3

8.398 5.94 9.63 1223.
.01391* .8638 .8656 -2 38.7 -183.0 8.817 6.02 10. 07 1202.

25. .01<4l(f .8051 .8443 -229.3 -172.7 9.237 6. 09 10.52 1179.

26. .01'»36 .7467 .8221 -219.4 -161.9 9.660 6.15 11.01 1156.
27. . 01460 .6877 . 7975 -209.1 -150.

7

10.085 6.21 11.53 1130.
28. . 01486 .6334 . 7712 -198.

3

-138.9 10.513 6.26 12.06 1105.
29. .01514 .5804 .7431 -187.

1

-126.5 10.946 6.30 12. 62 1078.
30 . .01545 .5290 .7135 -175.4 -113.6 11. 384 6.33 13.22 1051.
31. .01578 .4784 .6827 -163.2 -100.1 11.828 6. 37 13.89 10 22.
32. • 0 1616 .4311 .650 4 -150 » 4 -85.3 12.281 6.40 14.6 0 992 .

33. .01657 .3833 .6169 -137.1 -70.8 12.742 6.43 15.43 959.
3<». .01704 .3410 .5822 -123.2 -55.0 13.215 6.46 16.27 927.
36. .01817 .2623 .5102 -93.1 -20.5 14.201 6.51 18.31 859.

38. .01965 .1993 .4371 -60.1 18.5 15.253 6.58 20.64 791.
<>0. .02161 .1532 .3666 -24.3 62.1 16.372 6.64 23.02 729.
<»2. .02413 .1259 .3 036 13.4 110.0 17.539 6.71 24.62 680 .

i>4. .02719 .1135 .2519 51.0 159.8 18.698 6.76 24. 95 647.
<»6. .0 30 60 .1131 . 2117 85. 8 208.3 19.774 6. 81 23. 87 630.
i»8. .03412 .1204 .1813 117.7 254.2 20.753 6.31 22. G6 625.
50. .03759 .1314 • 1 586 146. 3 296. 6 21.619 6.79 20.33 6 27.

52. .04095 .1439 . 1413 172.0 335.8 22.387 6.79 18.88 633.
56. .04730 .1702 .1168 217.9 407.1 23.710 6.30 16. 83 649.
60. .05325 .1967 .1003 258. 7 471. 7 24. 824 6.34 15.54 663 .

65. . 36027 .2283 . 0859 305.7 546.7 26.026 6.97 14.59 691.
70. .06699 .2590 .0754 350.6 618.5 27.090 7.17 14.07 713.
75. .07341 .2880 .0675 394.6 688.2 28.051 7. 44 13. 83 732.

80. .07964 . 3159 .0612 438.6 757.2 28.942 7.76 13.78 749.
90. .0 9168 .3692 .0519 529.3 896. 0 30.577 8.52 14. 04 780 .

100. .10333 .4200 .0452 625.6 1038.9 32.082 9.36 14.56 808.

110. .11467 .4685 .0401 729.5 1188.1 33. 502 10.21 15.18 834.
120. .12584 .5160 .0361 839.3 1342.7 34.847 10.92 15. 73 862.
130. .13686 .5624 .0329 954.8 1502.2 36.123 11.43 16. 17 393.
1<»0. . 14777 .6080 . 0303 1 0 74 . 5 1665.6 37. 334 11.89 16.49 918.

160. .16935 .6975 .0 261 1321.3 1998.7 39.557 12.27 16.74 9 76.

180. .19069 .7854 .0 230 15 70.0 2332.8 41.526 12.23 16.53 1033.
200. .21138 .8721 .0205 1814.9 26 6 2.4 43.261 11.99 16. 32 1090.
220. .23295 .9579 .0186 2053.4 2935.2 44.800 11.67 15. 96 1145.
2<»D. .25394 1.0431 .0169 2285.2 3300.9 46.174 11.36 15.62 1198.
2&0. .27486 1.1278 .0156 2511.0 3610.

4

47.413 11. ID 15. 34 1248.
280. . 295 74 1.2122 .0144 2 732.0 3914.

9

* 0 • Hi in Q

n

300. .31662 1.2969 .0135 2949.

8

4216. 3 49.581 10.74 14.94 1343.
350. .36854 1.5058 .0115 3 48 2.4 4956.6 51.862 10.53 14.70 1450.
i»00. .42035 1.7139 .0100 4007.2 5638.6 53.819 10.44 14.60 1548.

1)50. .47209 1.9215 .0039 4528.8 6417.2 55.536 10.42 14.56 1639.
500. .52378 2.1287 . 0 080 5050.1 7145.2 57.069 10.41 14.55 1725.

550. .57543 2.3356 .0 073 5570.9 7872.6 58.455 10.41 14.55 1807.
6 00. .62706 2.5424 .0 067 6 0 92 . 4 8600.

7

59. 721 10.43 14. 57 1884.
700, .73029 2.9556 . 0057 7138.2 10059.4 61.971 10.48 14.62 2030.

800. .83347 3.3686 . 0 050 8191.

3

11525.2 63.927 10.57 14.70 2164.
900. .93663 3.7814 .0044 9255.0 13001.6 65.664 10.70 14.83 2289.

1000. 1.03977 4.1941 . 0040 10332.6 14 491.

6

67.237 10.86 14.99 2406.
1200. 1.24604 5.0193 . 0 033 12543.2 17527.3 69.991 11.24 15.37 2619.
140a. 1.45228 5.8443 . 0029 14836.

1

20 645.2 72. 398 11.68 13. 30 2812.

1600. 1.65852 6.6693 .0 025 17215.0 23849.

1

74.514 12.10 16.23 2990.
1800. 1.86479 7.4942 . 0 022 19681.9 27141.1 76.415 12.51 16.64 3157.
2000. 2.07123 8.3192 . 0 020 22245.5 30530.4 78.266 12.99 17. 13 3312.
2200. 2.27820 9.1440 .0018 24921.1 34033.9 80.607 13.66 17. 84 3455.
2(»oa. 2.48654 9.9689 .0017 27768.4 37714.5 83.254 14.69 13.94 3585.
2600 . 2.69784 10.7938 .0015 30884.

0

41675.4 86.142 16.29 20.69 3702.
2800. 2.91471 11.6186 .0014 34412.8 46071.7 89.167 18.68 23.36 3811.
3000. 3.14109 12.4435 .0013 38549.

3

51113.

7

92.205 22.36 27.21 3915.

• THO-PHASE BOUNDARY
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TABLE Z

THERMOOYNAHIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

k.OO MPA ISOBAR

TEMPERATURE DENSITY VCOH/DV)- V<OP/DU)y -V(DP/0«) <DV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
V I p CONDUCTH/ITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K M/K-M KG/M-S SQ M/HR

15.080 79.1<»77 750.0 .21*825 111. 6967 . 00853 87. 81 279. 60 .30062 1. 25909 2.0363
16. 78.5151 757.3 .21*339 10 7.3080 .00895 91*. 35 253 . 1*9 . 00061. 1. 25686 1.8331
17. 77.7893 755.0 .23771* 100. 71*00 . 00955 99.1*3 221.. 78 . 00 061* 1.251.30 1.6305
IS. 77.0297 753.5 .23179 91*. 5996 .01012 103.29 203.80 .00063 1.25162 1. 501.1.

19. 76.2330 753.7 .22567 89. 0699 . 01063 105. 88 186. 36 .30062 1.21.682 1.1.097
20. 75. '072 71*8.8 . 21981* 83. 1052 . 01123 108. 33 171.72 .03 061 1. 21.592 1.3330
21. 7l».5i»39 71*3.3 .211* 1*9 77.1*730 . 01186 111. 09 159.18 . BCC61 1.21.290 1.2627
22. 73.61*12 73 8.1 .20952 72.2903 .0121*8 113.11 11.8. 31 .00060 1. 23971. 1 . 2 G 'J 0

23. 72.7031 730 .2 .201*92 67. 0801 .01319 111*. 51 138.81 .03059 1. 23646 1.1676
2<f. 71.721<* 720.6 . 2001*7 61.9555 . 01397 115. 35 130. 37 .00058 1. 23301. 1.1378
25. 70.6965 709.1 .19619 56. 9160 . 011*81* 115. 72 122.82 .00056 1.2291.7 1. 1170

26. 69.6206 696.1 .19190 51.9873 .01581 115.60 115.96 .00051* 1.22573 1.101*1
2 7. 68.1*918 681.1 .18756 1*7.101*7 .01693 115. 10 109.69 .00052 1. 22182 1.0989
28. 67. 30<*8 666.8 .18310 1*2.6332 . 01809 111*. 26 103. 90 .00051 1.21771 1,0968
29. 66.0553 651.3 .17857 38.31*06 .01938 113.10 98.51 . 30 01.9 1. 2131*0 1.0995
30. 61*. 7*13 631*.

6

. 171*00 3i*.2l«91 . 02083 111.67 93.1.7 . 0 0 01.7 1.20898 1.1067
31. 63.3553 616.7 .16921* 30.3107 .02252 109.56 88.72 . 00 01.5 1.231*12 1.121.7

32. 61.8867 598.8 . 161*25 26.6805 .021*38 107.21* 81*. 19 . 00 01.3 1. 19909 1.11.59
33. 60.3319 578.1* . 15908 23.1270 .02667 101*. 73 79.88 .0001.1 1.19378 1.1766
31*. 58.67<*0 559.2 . 15369 20.0072 . 02910 102.05 75. 72 .00038 1.13813 1.2073
36. 55.0251* 518.1 . 11*231* 11*. 1*332 .03535 96. 17 67.85 .00031. 1.17577 1.2920

38. 50.8851* 1*79.0 .13059 10.11*27 . 01*309 90. 72 60.55 .00031 1. 16186 1.3777
(>0. 1*6.2851 1*1*5.2 .11926 7.0906 .05170 85.51* 53.96 .00029 1. 11*652 1.1.520
<»2. <>l.i»i«30 <»23.fl .10917 5.2171* . 05819 80.22 1*8.39 .30028 1. 13353 1.1.850
>*i*. 36.7771 1*13.5 . 10127 4.1750 .06031* 75.26 1*1*. 10 .00030 1. 11527 1.1.621
<>6. 32.67«*7 1*16.9 .09513 3.6962 . 05727 70. 99 1*1.0 7 .30033 1. 10197 1. 3812
<*8. 29.30<>6 1*29.5 .09090 3.5296 . 05137 67.69 39.07 . 00038 1. 09113 1.2733
50. 26.6002 1*1*7.8 .08777 3.1*91*0 . 01*51*0 65.1*1 37. 76 . 0 0 31*1* 1. 0821*8 1.1731.

52. 21*. 1*207 1*69.6 .08527 3.511*3 .01*020 63.91* 36.91 .00050 1.07551* 1.0930
56. 21.11*07 518.8 .08121* 3.5988 .0321*1* 62.65 36.13 .00063 1. 06517 .9707
60. 18.7786 572.1* .07805 3.6932 . 02715 62. 78 36. 10 .00077 1. 05771* .8938

65. 16.5932 61*3.9 . 071*23 3.7886 . 02266 61*. 35 36.67 . 00096 1. 05090 .8315
70. 11*. 9280 721.3 .070<*2 3.8661 .01950 66.52 37.59 .00111* 1.01*571 .791.9

75. 13.6221 801*.

0

.06663 3.923<* . 01721 68.1*2 38. 70 .30131 1. 31*165 . 7826
80. 12.556 7 892.8 .06286 3.9672 . 0151*1* 71. 1*1 39.92 .0011*9 1. 03835 .7736
90. 10.9079 1089.6 .05583 i*.027i* .01289 80.20 1*2.51 .00188 1.03326 . 71.1.'*

100. 9.6782 1308.5 .01*993 1*. 061*6 . 01113 89.23 1*5. 15 .00228 1.0291.7 .7368
110. 6.7207 151*6.1* .01*503 i».0861 .00981 98.05 1*6.60 .00267 1.02652 .7213
120. 7.91*69 1781*.

9

.01*163 '*.100i* . 00881 107. 91 1*9. 13 .00311 1. 021*15 .7160
130. 7.3068 2019.2 .03923 i>.1093 .00801 117.29 51.61* .00357 1. 02219 .7121
1<»0. 6.7673 221*3.1 . 03760 1*. 111*7 . 00735 125.68 51*. 11* .001*05 1. 02051. .7133

160. 5.9050 26<»i».2 .03600 i*.1190 .00633 139.1*0 59.0 3 .00508 1. 01791 .7090
180. 5.2<»<»0 2983.0 .03578 i*.1185 . 00557 11*9. 98 63. 79 .00619 1. 01589 .7071
200. i».7197 3271*.

1

.03626 i*.1158 .001*98 158.61* 68.1.1 . 00 71*1 1. 011*29 .7037
220. l*.2927 3536.6 . 03705 <*.112G . 001*51 166. 30 72.90 .00871* 1.01299 .6996
2<»0. 3.9379 3786.8 .03788 i*.1077 .001*13 173.52 77.28 .01015 1. 01192 .6957
260. 3.6382 1*035.

6

.03861 <*.1033 . 00380 180.60 81.55 .01165 1. 01100 .6926
280. 3.3811* 1*288.2 .03921 i*.0989 .00353 187.71 85.72 .01322 1. 01023 .6901*
300. 3.1581* 1*51*8.9 .03965 '*.0961 . 00329 191*. 90 89.61 .01487 1. 00955 .6886
350. 2.7131* 5223.7 .01*026 l*.0859 .00281 213.30 99.66 .01925 1. 00820 . 6868
>iOO. 2 . 3790 5926.7 .01*01*1* 1*. 0771* . 0021*6 232.05 109.08 .021*06 1. 00719 .6862

<>50. 2.1183 661*8.7 .01*01*1 i*.0702 . 00219 250.80 118.13 .02926 1. 3061*0 . 6860
500. 1.9092 7375.2 .01*035 1*. 061*1 .0019 7 269. 31 126.86 .031*90 1.00576 .6851*
550. 1.7378 8108.2 .01*025 i*.0589 .00179 287.51 13S. 32 .31*392 1.03525 . 6850
600. 1.59*7 881*6.2 .01*011* 1*. 051*1* . 03165 305. 1*0 11*3. 53 .01.733 1. 001.81 . 681.5

700. 1.3693 1031*3.0 .03981* 1*. 01*72 .0011*1 31*0.1*8 159.33 .06121. 1. 031.13
800. 1.1998 11878.9 . 0391*3 1*. 01*17 . 00121* 375.12 171*. 1.3 .07655 1. 00 362 .6837
900. 1.0677 131*61*.

9

.03892 i*.0372 .00110 1*09.83 188.96 .09319 1.00322 .6837
1000. .9617 15108.6 .03831 l*.0336 . 00099 1*1.1*. 90 203.01 .11112 1. 0029C .6839
1200. .8025 18570.5 .03695 i*. 0282 .00083 511.13 229.92 .11.918 1. 03 21.2 .6911.
11*00. .6886 22259.1 .03553 1*. 021*2 . 00071 583. 36 255.51. .19297 1.00238 .6923

1600. .6029 26098.7 .031*27 i*.0212 .00062 655.79 280 . 08 .21.131 1.00182 .69 30
1800. .5363 30090 .2 .03312 l*.0188 . 00055 729.58 303.70 . 291.36 1. 03162 .6926
2000. .1*828 31*1*0 7.7 .03188 l*.0165 .00050 811. 35 326.1.6 .35310 1.0011.6 .6891.
2200. .1*389 39371*.

3

. 03031 l*.0137 . 0001*5 913. 62 31.1*. 92 .1*2010 1.00132 .6731.
2<*00. .1*022 <»5563.0 .02820 i*.0091 .0001*2 1058.09 366.33 .50005 1.00121 .6558
2600. .3707 53811.5 . 0251*8 1*. 0009 . 00038 1276.19 387.1*1 .59901 1.03112 .6281
2800. .31*31 65182.1 .02229 3.9862 .00036 1607.61. 1*08.39 .72211. 1.00103 .5931*
3000. .3181* 80853.3 .01699 3.9615 . 00031* 2096.71 1*29.59 .87127 1.00096 .5576

• THO-PHASE BOUNDARY
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TABLE 2

THERM0DYN4MIC PROPERTIES OF PARAHYOROGEN IISOBARS, SI UNITS)

5.00 MPA ISOBftR

TEHPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

15.382 .01256 1.1*71*6 .9589 -3 06.2 -21*3.1* 5.081 i*.38 6. <*0 1390.
16. .01262 l.i^Mg .9656 -3 02.5 -239.1* 5. 338 5.iil 6.66 1381*.
17. .01273 1.3771 .9705 -296.2 -232.5 5.751* 5.19 7. D7 1370.
18. .01285 1.3108 . 9690 -289.5 -225.2 6.170 5.35 7.1*8 1351*.

19 * • 01296 1 • 2 'tS 0 • 9 62 3 ~28 2*5 "21 7 •

6

6 • 5 85 5 . 1* 9 7.37 17 7 7

20. .01311 1.1937 .9511. -275.1 -209.5 6.998 5.62 8.22 1322.
21. .01325 1.1291 .9383 -267.1* -201.1 7.1*08 5.73 8.3l 1302.
22. .ai3if0 1.0703 .9233 -259.3 -192.

3

7.818 5.31* 8. 98 1281*.

23. .01356 1.0116 .9071 -250.9 -183.1 8.225 5.93 9.37 1261*.
2i». .01373 .951*2 .8895 -21*2.2 -173.6 8.632 6.01 9. 76 121.5.

25. .01391 .8976 . 8703 -233.

2

-163.6 9.0 39 6.38 10.17 1225.

26. .Olltll .81*09 .81*97 -223.

8

-153.2 9.1*1*6 6.15 10.59 1201*.

27. .01<t32 .7852 .8271* -211*.

0

-11*2.1* 9.851* 6.21 11. 03 1181.
28. .01'»5i» .7307 .8035 -203.9 -1 31.2 10.261* 6.26 11 . 1*9 1158.
29 . . 0 1 78 • 6 7 82 . 7782 -19 3.3 -119. 1* 10.6 75 6.31 11.97 1131*.

30. .Q150i» .6262 .7516 -182.1* -107.2 11.089 6.31* 12.1*7 1109.
31. .01533 .5775 . 7238 -171.1 -91*.

5

11.506 6.38 12.98 1081*.
32. .01563 .5319 .6951 -159.1* -81.3 11.927 6.1*1 13.51 1059.
33. .01597 .1*873 .6657 -11*7. 3 -67.1* 12. 352 6.1*1* 11*. 09 1033.
Zk, .01633 .1*1*31* .6355 -131*.

7

-53.1 12.781 6.<*& 11*. 72 1005.
36. .01717 .361*5 .5731 -1 08.2 -22. 3 13.659 6.51 16.07 9<*9.

38. .01620 .2981 .5095 -79.7 11.2 11*. 566 6.55 17.51 893.
kO. .019i»5 .21*1*3 . 1*1*70 -1*9.5 1*7.7 15.502 6.58 18.96 839.
kZ. .02098 .201*1 .3883 -17.9 87.0 16.1*61 6.62 20.28 791.

• .02 281 • 1 771 . 3356 11* . 6 1 2 8. 6 17. 1*2 8 6.66 21.22 751.
itb. .021*91 .1615 .2903 1*6.5 171.0 18.370 6.73 21.33 720.
if8. .02721* .1555 .2525 77.9 211*.

1

19.287 6.78 21. 39 701.
50. .02970 .1565 .2217 107.7 256. 2 20. 11*7 6.30 20.56 689.
52. .03222 .1620 .1967 135.5 296.6 20.939 6. 32 19.71 681*.

56. .03721 .1808 . 1601* 185.9 371.9 22.335 6.35 17. 38 687.
60. .0'*202 .2035 .1358 230.1* 1*1*0.5 23.518 6.39 16.50 698.

65. .01*776 .2333 . 111*7 281.

1

519.9 21*. 789 7.01 15.37 715.
70. .05325 .2631 .0997 328.7 591*.

9

25.902 7.21 11*. 72 733.
75. .05853 .2918 . 0836 3 71*. 9 667.5 26.901* 7.1*7 11.. 38 71.9.
a no U • • 0 63 65 T 9 n 1.• 0 £ U H n 7 QQ He U • 0 TZQ n

r J 7 • U 77 A ? 7 7 7 Q 1 ^ • 2 5 765 •

90. .07355 .3752 . 0670 511*.

2

882. 0 29.511 8.55 11.. 37 791*.

100. .08306 .1*271 .0580 612.5 1027.8 31.01*6 9.38 11.. 81 821.
110. .09227 .1*766 .0511 718.1 1179.5 32.1*90 10.21. 15.38 81*6.

120. .10133 .521*9 • 0'»59 829.2 1335.8 33.851 10.91* 15.90 373.
130. .11025 .5720 .01*17 91*5.6 11*96.9 35.11*0 11.50 16. 31 901.
li»0. .11907 .6181* .0383 1066.2 1661.6 36.360 11.91 16.51 929.

160. .1361*8 .7090 .0329 1311*. 3 1996.7 38.597 12.28 16.93 986.
180. .15367 .7977 . 0289 1561*.

0

2332.1* 1*13 .571* 12.25 16.70 101*3.
200. .170 71 .8851 .0258 1809.7 2663.2 1*2. 317 12. 00 16. 38 1099.
220 . 1376** . 9 716 .0233 2 0 'tS • 6 29 8 7 •

0

^43 • 8 6 0 1 1 • 5 9 16 • 0 1 1151*.

2i»0. .201*1*9 1.0573 .0213 2281.1 3303.

5

1*5.237 11.37 15 .66 1207.
260. .22128 1.11*21* .0196 2507.3 3613.7 1*6.1*79 11.11 15.37 1257.
280. .23802 1.2271 .0181 2728.7 3918.

8

1*7.610 10.91 15. 11* 1305.
300. .251*78 1. 3121* .0169 291*7. 0 1*220.9 1*8.651 10.75 11*. 97 1352.
350. .29639 1.5219 .011*1* 31*80.2 1*962. 1 50.936 10.53 11.. 72 11*58.

>»00. .33788 1. 7303 .0126 't005.5 5691*.

9

52.891* 10 .1*1. 11.. bl 1556.

<t50. .3 793 0 1.9381 .0112 1*527.1* 61*23. 9 51*. 612 10.1*2 11.. 57 161*6.

500. .1*2067 2.11*55 . 0 100 501*9. 0 7152.3 56.11*6 10.1*1 11.. 56 1732.
550. .1*6201 2.3525 . 0091 5569.9 7380.0 57.533 10.1*2 11.. 56 1813.
600. .50333 2.5591* .0083 6091.6 8608.3 58.799 10.1*3 11.. 57 1391.
700. .58593 2.9728 . 0072 7137.6 10067.3 61.01*9 10.1*9 11.. 52 20 36.

800. .6681*9 3.3858 .0063 8190.8 11533.3 63.006 10. 58 11.. 71 2170.
900. .75103 3.7987 . 0 056 9251*. 7 13009.8 6i»c 71*3 10.70 11.. 33 2291*.

1000. .83355 . 0 050 10332. 3 11*5 00.0 66. 316 10.36 11.. 99 21*11.

1200. .99857 5.0367 .001*2 1251*3. 0 17535.9 69.070 11.21. 15. 37 2621*.

i<«aa. 1.16357 5.8618 . 0 036 11*835.9 20653.

8

71.1*77 11. 68 15. 81 2816.

1600. 1.32856 6.6867 . 0031 17211*.

8

23857. 6 73.5 93 12.10 16. 23 2991*.

1800. 1.1*9358 7.5117 . 0028 19681.2 2711*9. 1 75.1*91* 12.51 16. i3 3161,
2000. 1.65871 8.3366 . 0 025 2221*2.5 30536.1 77. 31*1* 12.97 17.11 3316.
2200. 1.821*23 9.1615 . 0023 21*910.9 31*032.0 79.682 13.61 17.78 31*59.
2<»00. 1.99073 9.9861* . 0 021 27739.5 37693.1 82.320 11*. 56 18.80 3590.
2600. 2.15931* 10.8112 .0019 30811*.

3

1*1611.0 85.191 16.0 2 20. 39 3709.
2800. 2.33195 11.6361 .0013 31*261*.

5

1*5921*.

3

88.185 18.19 22.51 3819.
3000. 2.51137 12.1*609 .0017 38263.1* 50820.

3

91.173 21.21* 26. 28 3921*.

THO-PHASE BOUNDARY
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TABLE 2

THERMOOYMftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

5.00 HPA ISOBAR

MPERATURE OEMS n V V ( OH/ OV»p V ( OP/OU)y -V(OP/OV)^

K KG/CU M KJ/KG MPA-CU M/KJ HPA
X 10^

15.382 79. 6358 783.3 . 21*651* 117. 1*329

16. 79.226<» 787.3 .21*31*3 lli*.2398
17. 78.5it08 788.2 .23816 10 6.1565
18

.

77. 8155 787.1 .23283 101. 9981
19. 77. 0622 736.1 . 2271*0 96. 1733
20. 76.2761 787.1 .22203 91.01*77

21. 75.'»6i»6 781 .7 .21690 85. 2096
22. 7't.61l«6 777.

D

.21201* 79. 8570
23. 73.736<» 770.1* .20750 71*. 5881*

Zk, 72.8222 762.8 .20319 69.1*869
25. 71.8716 753.7 . 19901* 61*. 5102

26. 70. 8805 71*3. Q .191*95 59.6057
27. 69.8i»96 731.3 . 19081 51*. 81*71*

28. 68.7720 718.7 .16661 50.2511
29. 67.6l»77 705.1* .18239 1*5. 6798
30. 66.'* 752 690.6 . 17822 1*1. 6295
31. 65.2 50 3 676.0 . 17391 3 7. 6892
32. 63.9697 661.5 • 16952 31*. 0273
33. 62.6315 61*5.9 .16512 30.5202
3<«. 61.23'»9 629.0 .16060 27.1527
36. 58.2355 595. I* .15119 21. 2278

38. 51*. 95<*i» 562.9 . 11*151* 16.3795
'tO . 5 l.<»071 532. 7 .13215 12.5591*
1*2. 1*7.6583 507.9 .12317 9.7251
1*1*. 't3.8<»20 1*90 .8 .111*95 7.7629
l*b. i* 0.137 0 1*83.0 . 1071*3 6.1*812
<fS . 36. 707 8 1*8 3 . 1* .10151 5.70 89
50. 33.66lf 7 1*90 .9 . 09677 5.2660
52. 31. 0 368 50 3.9 . 09293 5. 0278
56. 26.8763 51*1.6 .06712 1*. 8563
60. 23.7978 588.2 .08283 1*. 81*35

65. 20.9367 651*. 7 .07812 1*. 881*1

70. 16.7801 72 8. 8 .07363 1*. 91*02

75. 17.0856 80 9.5 .06937 lt.98&a
80. 15.7118 897.8 .06521* 5.031*2
90. 13.5961 1091*.

5

.05763 5. 1010
100. 12.0 i»01 131 3.1* . 051 36 5. 11*26

110 . 10.8375 1553.3 .01*603 5.161*9
120. 9. 8668 1792.

9

. 01*252 5.1798
130. 9. Q 702 202 8.6 .0 3999 5.1886
t'»0. 8. 398<> 2251*.

0

.03826 5.1932

160. 7. 3272 265 8.1 .03655 5. 191*9

180. 6.5075 2999.5 .03625 5.1912
200. 5.8579 3292.8 .03669 5.1850
220. 5. 3293 355 7.

0

.0371*1* 5.1778
2l>0. i».8902 3808.5 .03621* 5.1703
260. i*.St<31 1*058 .5 . 03895 5. 1623
280 . l«.2013 1*312.0 .03952 5. 1556
300. 3.92'»9 1*571*.

3

.03991* 5.1512
350. 3.37i»0 5250.3 .01*051 5. 131*8

<»00. 2.9596 5951*.

2

. 0 1*0 66 5.1212

ksa. 2.6365 6676.8 .01*060 5.1097
500. 2.3 772 71*0 3 • 8 . 0 1*0 52 5.1001
550. Z.lbki* 8137.

3

.attoi*! 5.0919
600. 1.9868 8875.6 .01*026 5. 081*9

700. 1.7067 10372.9 .03996 5.0736
800. 1.4959 11909.3 .03953 5. 061*9

900. 1. 3 315 131*95.8 .03901 5. 05 8 0

IGDO. 1.1997 1511*0.3 .03839 5.0521*
1200. 1.001<« 18 602.9 .03701 5.01*39
litOO. .859'» 22292.3 .03558 5.0377

1600. .752 7 26131.1* .031*31 5. 0331
1800. .6695 30115.3 .03313 5.0293
2000. .6029 31*1*02.1* .03196 5.0259
2200. .51*82 39230 .1* .0301*6 5.0221
2<»00. .5023 1*5261.1* . 0281*8 5. 0161*

2600. .1*631 53095.1 . 02592 5.0067
2800. .1*288 63731*. 1* . 02290 i*.9896
3000. .3982 7821*3.2 .01970 I*. 9618

THO-PHASE BOUNDARY

<OV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
" CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1 /V H/K~H KG/M-S SQ M/HR
X 10^ X 10^

.00817 91.17 285 .79 * 0 0 0 &i* 1 . 26081 2,0050

. 0 0 61*5 95.52 2 65 . 1*2 • 0 0 0 65 1.25937 1 . 61.9 3

.00 897 10 0.86 2 37.88 .00065 1. 25695 1. 6680

.00950 101*. 95 215.35 .00065 1. 251*39 1. 531*5

.01001 107.77 196.75 . 00061* 1.25171* 1.1*359

. 0101*5 110. 1*2 181. 10 • 0 0 0 6 3 1 . 2 1* 8 9 7 1 . 31*9 0

. 01101 11 3. 1*2 167. 81* .00063 1 . 21,61

2

1. 2736
.01156 115.66 156. 35 .00 062 1. 21*311* 1 . 21 1.5

. 01216 117.26 11*6. 37 . 00061 1. 21*0 0 7 1 .1691*

• 0 1 28 0 118 . 35 1 37. 55 .00060 1.23688 1 . 1 3 1* 8

, 0 1349 113. 95 1 29 • 69 .00 059 1.23 356 1.10 8 7

. 011*25 119.08 122. 61 .00057 1.23011 1.0906

. 01509 118. 61* 116. 19 .00 0 56 1. 22653 1.0 786

. 01599 118.27 110.29 . 00 051* 1.22279 1.0717

. 01696 117.1*1 101*. 81, .00052 1.21690 1.0681*

. 01805 116. 30 99. 76 .00051 1. 211*85 1.0697

.01920 111*. 51 95. 05 . 00 01*9 1. 21063 1.0 776

. 0201*3 112.55 90 . 59 . 0 0 01*7 1.20 623 1. 0877

. 02161 110 . 1*3 66.38 . 00 01*5 1.20161* 1.1019

. 0 231*1 10 8.22 62, 39 . 00 01*3 1. 19686 1.120 6

. 02700 103. 1*1 71* . 91* . 00 01*0 1. 16661* 1.161*8

. 03110 98 .22 68. 11* . 00 037 1.17551* 1.211*5

. 03559 93 . 1*5 61.98 .00035 1. 16360 1,25 73

. 03993 69. 06 56. 55 .00033 1. 15109 1.2677

.01*323 81*. 77 51.91* .00033 1.1381*1* 1.3002
• 01*1*79 60 . 81* 1* 8 . 21* . 00 031* 1. 12625 1.2908
. 01*1*21* 77. 38 1*7 . 39 • 00 035 1 . 115 01* 1. 251*5

• 01*203 71*. 53 1*3. 31 .00 0 39 1.10517 1 . 20 01*

. 03912 72.32 1*1 . 81* • 00 01,3 1.096 69 1 . 11.0 1*

. 03301 69. 61 1*0. 11 .00 052 1. 08336 1.03 01

. 023 01* 68 . 61* 39. 37 .00063 1.07357 . 91*5 1

. 0231*8 69, 25 39. 21* .00077 1. 061*53 ,8711

. 0 20 19 70. 78 39.67 .00092 1.05775 . 821.8

. 01776 7 2. O'l 1*0. 1*3 .00106 1.0521*1. .8069

.01587 71*. 67 1*1.39 .30120 1. 01*815 .7897

.01313 8 3.01 1*3. 63 . 0 C 15 3 1. 01.1 57 . 7551.

. 01128 91« 71* 1*6 . 0 7 .00185 1.03675 . 71*39

.00990 10 0.13 1* 7 . 1* 1 .00216 • 72 81*

. 00887 109. 69 1*9 . 78 • 0 0 25 2 1. 030 05 ,7215

. n Q A 0 1* 118.82 52. 19 • 0 C 2 8 9 1.02763 .7166

. 00 737 127.01 51*. 61 . 0 C 328 1. 02551. . 71 1.2

• 0 063 3 1 1*0 . 1*1 59.39 . 0 041

0

1 . 02225 .7120
. 00557 150. 77 61* . 07 .0 050 0 1.01975 .7095
.001*97 159. 28 63.61* .00598 1.01776 . 7057
.001*50 166. 63 73. 10 . 0 0 701* 1. 01615 .7013
a 0 01*11 173. 96 77 . 1*5 .00618 1 . 0 1 1* 8

1

.6972
. 00379 180. 98 81 . 70 . 0 0 93 6 1.01 368 .69 39

.00351 16 6.01* 85.66 • 0 1 0 6 1* 1 . 012 72 .6915

. 00 327 195. 19 89.93 • 0 1 1 9 6 1 . 0118 8 • 6895

. 00260 213.52 99 . 76 . 0 151* 8 1.010 20 .6875

. 0021*5 232 • 23 109.16 .01931* 1. 006 95 • 686 7

.0 0213 250. 95 118.20 . 02351 1.00797 .6861*

.00197 269. 1*1* 126.92 . 0 280 3 1. 00713 .6857

. 00179 287.62 135.37 .03286 1. 00651* .6852

.00161. 305.50 11*3.57 .03799 1. 00600 .681*7

.0011*1 31*0. 56 159.36 . 01*911* 1.00515 .681*1

.00123 375.19 171*. 1,6 .0511*0 1. 001*51 .6838

. 00110 1*09. 89 168. 99 .071.73 1. 001*02 .6838

. 00099 1*1*1*. 95 203.03 .06909 1. 00 362 .6839

. 00083 511.13 229.91* .11955 1.00302 .6911*

.00071 583.35 255.55 . 151*61 1.00259 .6921*

. 00062 655. 72 260. 10 .19329 1.00227 .6931

. 00055 729. 19 303.71 .23572 1.00202 .6928

. 00050 809.75 326.1,7 .28256 1. 00182 .6899

. 0001*5 908.60 31*1*. 91 .33568 1. 00165 .671*8

. 0001*2 101*5.16 366. 31 . 3981*9 1. 00151 . 6566

.00038 121*7.57 387.36 .1*7555 1. 0011.0 .6332

. 00036 1551.1*9 1*08. 27 .57106 1.00129 .6002

. 00031* 1996.91 1*29.31* .69695 1. 00120 .5651
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

6.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-HPA/KG MPA/K KJ/KG-K K J/KG KJ/KG-K KJ / KG-K M/S

" 15.678 .012<»8 1.5352 .9665 -3 05.5 -230.6 5.103 <>.92 6.l>0 It*!!*,

16. .01252 1.518'» .9702 -303.6 -228.5 5.235 It. 98 6. 5lf 11*11,

17. .01262 l.'»52l .9773 -297.1* -221.

7

5.6i«<> 5.17 6.95 1397.
IS. .01273 1.3891 .9781. -291.

0

-21'».6 6.052 5.33 7. 3i» 1383.
19. .01285 1.3 2 75 .9 7it6 -28i».l -207.

1

6.<»59 5.<ta 7.72 1368.
20. .01297 1.2678 .9665 -277.0 -199.1 6.865 5 . 61 8. 09 1 352.
21. .01310 1.2171 .9551 -269.5 -190.9 7.268 5.72 8. '<3 1339.
22. .0132i> 1.15i»8 .9'»21 -261.7 -182.3 7.668 5.83 8.79 1320.
23. .01339 1.0975 .9270 -253.6 -173.3 8.068 5.92 9.15 1302.
24. .01355 1.0'tO't .9107 -2i»5.2 -16<t. 0 8.'»6l» 6.00 9.52 128<>.

25. • 013 71 .98<>7 .8930 -236.5 -i5U, 3 8. 860 6.08 9. 89 1265.

26. .01389 .9301 .87(tO -227.5 -l<f'».2 9.256 6.15 10. 26 12'»6.

27. • 01<»07 .8757 . 8 536 -218.2 -133.7 9.650 6.21 10.66 1226.
28.

'

.01'»27 .8223 .8318 -208.5 -122.9 10.0'«5 6.26 11.06 1205.
29. .ai<»<*9 .7702 . 8086 -198.5 -111.6 10.'»'»0 6. 31 11. l»8 1183.
30. . 0 1(>71 . 7202 .78l»2 -188.2 -99.9 10.837 6.35 11.90 1161

.

31. .01<«96 .6722 . 7588 -177.6 -87. 8 11.23<» 6.39 12.33 1139.
32. .01522 .6260 .7325 -166.6 -75.2 11.633 6.1*2 12.78 1116.
33. .01550 .5802 .7055 -155.2 -62.2 12.033 6.'t5 13.25 1092.
3(». .01580 .5386 .6782 -l<f3.6 -if8.7 12.<»36 6.W8 13.73 1068.
36. .016<>8 .<t609 .6222 -119.2 -20.3 13.2'»9 6.52 1<».7<» 1020.

38. .01728 .3915 .5651 -93. «» 10.3 l'».07i» 6.56 15.81 972.
<»0. .01822 .3333 .5082 -66.3 i»2.9 1^.912 6.58 16. 96 92<».

42. .01931 .2862 .<»536 -38.2 77. 7 15.760 6.&0 17.66 880.
44. .02058 .250<> .<»027 -9.2 11<».3 16.611 6.63 18.70 8<«1.

46. .0220<> .2252 .3568 19.6 151.9 17.i«i»6 6.70 19.33 306.
48. .02366 .2085 .3165 i»8.9 190.9 18.276 6.75 19.65 779.
50. .025«.2 .2003 .2818 77.7 230.2 19.078 6.79 19.60 760.
52. .02728 .1977 .2523 105. <» 269.1 19.8<.2 6.82 19.29 71*7.

56. .03116 .20<>9 .2063 157.5 3'»<».'f 21.237 6.38 18.17 736.
60. .03505 .2211 .1733 20<«.<» <»1'».7 22.l»5n 6.93 17.00 737.

65. .03981 .21*60 .1456 257.9 496. 8 23. 764 7.05 15.92 745.
70. .0'«<*i*2 .2737 .1256 307.9 574.4 24.916 7.24 15.21 758.
75. .0'»887 .3015 .1109 356.1 649.3 25.949 7.50 14.81 771.
80. .05321 .3291 .0994 403.6 722.8 26.898 7.82 14. 62 785.
90. .0 6156 .3831* .0829 499.5 868.9 28.619 8.57 14.68 810.

100. .06965 .1*362 .0713 599.8 1017.7 3 0.186 9.40 15.05 836.
110. .07743 .1*861 .0 625 707.1 1171.

6

31.652 10.27 15.57 859.
120. .08506 .5350 .0560 819.3 1329.7 33.027 10.97 16.05 885.
130. .09257 .5828 .0507 936.8 1492.2 34.328 11.53 16.44 912.
i<*a. .09999 .6296 .0 464 1058.1 1658.1 35.556 11.93 16.72 939.

160. .111*60 .7212 .0398 1307.5 1995.1 37.806 12.30 16.92 996.
180. .12901 .8107 .0349 15 58.

1

2332.2 39.793 12.26 16.76 1053.
200. .11*326 .8987 .0311 1804.6 2664.3 41.541 12.01 16.43 1109.
220. .1571*5 .9356 .0281 2044.

3

2989.0 43.089 11.69 16.05 1163.
21*0. . 1 71 51* 1.0718 . 0256 2277.1 3306.3 44.470 11. 38 15. 70 1216.
260. .18557 1.1573 .0235 2503.8 3617.2 45.714 11.12 15.!*0 1266.
280. .19955 1.21*23 .0218 2725.5 3922.8 46.847 10.91 15.17 1314.
300. .21357 1.3282 .0203 2944.

2

4225.

7

47.891 10.76 14.99 1360.
350. .21*829 1.5381 .0173 3478.1 4967.8 50.178 10.54 14.73 1466.
i*oa. .28290 1. 71*69 .0151 4003.8 5701.2 52.138 10.45 14.52 1564.

450. .31744 1.9548 .0134 4526.0 6430.

7

53.857 10.42 14.58 1654.
500. .35194 2.1623 .0120 5047.8 7159.5 55. 392 10.41 14.56 1739.
550. .38640 2.3695 .0109 5569.0 7887.4 56.780 10.42 14.56 1820.
600. .42085 2.5765 .0100 60 90.8 8615.9 58.046 10.43 14.57 1397.
700. .48969 2.9900 .0 086 7137.0 10075.

2

60.297 10.49 14.52 2042.
800. .55850 3.40 31 . 0075 8190.4 11541.4 62.253 10.58 14. 71 2175.
900. .62729 3.8160 .0067 9254.4 13013.1 63.991 10.70 14. 83 2300.

1000. .69606 4.2287 .0063 10332.

0

14503.4 65.564 10 .36 14.99 2416.
1200. .83359 5.0540 . 0 050 12542.9 17544.4 68.318 11.21* 15.37 2628.
14D0. .97109 5.8791 .0043 14835.8 20662.4 70.725 11.68 15. 81 2821.

1600. 1.10859 6.7041 .0038 17214.7 23866.2 72.341 12.10 16.22 2998.
1800. 1. 24610 7.5290 .0033 19680.8 27157.4 74.741 12.50 16.53 3165.
2000. 1.38370 8.3539 . 0030 22240.3 30542.5 76.591 12.96 17.10 3320.
2200. 1.52160 9.1788 .0027 24903.3 34032.9 78.926 13.57 17.73 3463.
2400. 1.66024 10.0037 .0025 27718.

2

37679.6 81.558 14.47 18.69 3595.
2600. 1.80049 10.8286 .0023 30762.9 41565.9 84.417 15.32 20. 17 3715.
2800. 1.943 79 11.6534 . 0021 34155.0 45817.7 87.388 17.82 22.40 3826.
3000. 2.09227 12.4783 .0020 38052.4 50606.0 90.339 20.64 25.59 3932.

• THO-PHASE BOUNDARY
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TABLE 2

THERMODYNftMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

6.00 HPA ISOBAR

TEKPERATURE DENSITY

KG/CU M

V(DH/DV)p V<DP/DU)y -V(DP/DV)^ <DV/OT^/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL

KJ/KG MPA-CU M/KJ
X 10^

MPA 1/K

CONDUCTIVITY
H/K-M
X 10^

KG/M-S
X 10'

DIFFUSIVITY CONSTANT
SQ H/HR

NUMBER

15.678 80.108<» 815.0 .2«f531 122.9816 .00786 91.. 38 291.98 .00066 1. 2621.8 1.9813
16. 79.9026 817.1* .2<t368 121.3251. .00800 96.62 280.92 .00067 1. 261 76 1 .9001.

17. 79.2<»68 818.3 .23857 115. 071.1. . 0081.9 102. 22 251.31 .00067 1. 2591.1. 1. 7037
18. 78.5592 819.2 .233«»7 109.1289 .00897 106.51. 227.21. .00066 1.25701 1.5666
19. 77.8398 819.0 .2281.6 1C3. 331.6 .0091.3 109.56 207.31. .00066 1. 251.1.7 1.1.619
20. 77.0922 818 .0 .22351 97.7383 .00989 112.1.1 190 .68 .00065 1.25181. 1. 3721
21. 76.31<»'. 819. If .21868 92. e8i.9 .01028 115. 60 176.53 .00065 1. 21.911 1.2867
22. 75.5170 813.9 .211.07 67.201.7 .01080 118.06 161.. 1.5 . 00 061. 1.21.631 1.221.7
23. 7'».682 7 809.0 .20961. 81.9628 . 01131 119. 87 153.88 .00063 1.21.338 1. 171.6

2i». 73.8252 80 2.5 .2051.3 76.8050 .01186 121.15 11.1.. 65 .00062 1.21.038 1.1361
25. 72.93'»5 795.0 .201<.l 71.8211 . 0121.3 121.95 136.1.5 .00061 1.23727 1.1061

26. 72.0101 78 6.6 .1971.6 66.971.1 .01305 122.28 129.09 . 03060 1. 231.0". 1.0836
27. 71.0541 776.9 . 19351 62.2238 .01372 122. 26 122.1.5 .00038 1.23072 1.0675
28. 70.0607 766.3 .18952 57.6127 .011.1.1. 121.91 116.1.0 .00057 1. 22726 1.0561.

29. 69.0 310 751..

8

.18553 53.1673 . 01521 121. 28 110.81. .00055 1. 22369 1.01.92
30. 67.9619 71*2,7 .18162 1.8.91.1.1 . 01602 120.1.1 105.70 . 03051. 1.21999 1. 01.1.7

31. 66.8519 73 0.1. .17759 1.1.. 9390 . 01688 118.86 100.92 .00052 1. 21615 1.01.70

32. 65.7011. 717.5 .17353 1.1.1263 . 01781 117.16 96.1.5 .00030 1.21218 1.0521
33. 61.. 5097 703.3 .1691.7 37.1.312 . 01885 115. 32 92. 27 .0301.9 1.20806 1.3635
3(». 63.2733 690.0 . 1651.5 31..0776 . 01990 113. 39 88.31 .0 001.7 1.20381. 1.0691.

36. 60.661.3 662.1. .15723 27. 9606 .02225 109.25 81.02 . 00 01.1. 1. 191.91 1. 0931

38. 57.8698 631..

0

.11.889 22.651.6 .021.91. 101.. 80 71.. 1.3 . 0001.1 1. 1851.0 1.1231
1.0. 51.. 8979 607.1 . 11.075 18.2961. .02778 100.19 68. 1.9 .03039 1.17531. 1. 1527
1.2. 51.7818 583.5 .13275 11.. 8206 . 03061 95.96 63.18 .03037 1. 161.86 1.1757
I.I.. 1.8.5797 565.0 .12507 12.1657 . 03310 92. 17 58.53 .00037 1. 151.15 1. 1877
1.6. 1.5.3752 553 .1. .1171.3 10.2169 .031.92 88.57 51*. 57 .00036 1.11.351 1.1908
1.8. 1.2.2687 51.7.3 .11097 8.811.3 . 03591 85.29 51.32 .00037 1. 13325 1.1825
50. 39. 3388 51.8.0 .1051.9 7. 8782 .03577 82. 37 1.8. 71 .00038 1. 12363 1. 1591
52. 36.6521 553.9 .10085 7.21.1.6 . 031.82 79. 91 1.6.70 . 0001.1 1. 111.86 1.1272
56. 32.0953 579.2 . 0931.6 6.5765 . 03137 76.36 1.1.. 08 . 00 01.7 1. 10010 1.01.6&
60. 28.5293 616.9 .08797 6.3073 .02756 71.. 52 1.2.71 .03035 1.08861. .971.1.

65. 25.1191. 675.9 . 08223 6.1603 . 02355 74. 27 42.01 .00067 1.07776 .93 03
70. 22.511.1. 71.5.7 .07708 6.1615 . 02039 75.12 41. 98 .00079 1.06951 .8497
75. 20.1.609 823.7 . 07224 6.1681 .01797 75.78 42.37 .00090 1. 06303 .8279
80. 18.791.8 909.6 . 06768 6.1862 .01608 78.02 43.05 .03102 1. 05779 .3066
90. 16.21.35 IIJ 3.5 .05951 6.2279 . 01331 85.91 44. 69 .00130 1. 04981 . 7673

100. 11.. 3578 1322.2 .05282 6.2622 . 01138 94.29 47.07 .00157 1. 04394 .7513
110. 12.9156 1564.0 . 04713 6.2787 . 00996 102. 37 48. 33 .00163 1.03946 .7352
120. 11.7562 1804.3 .04339 6.2901 . 00390 111.60 53.53 .00213 1. 03586 .7268
130. 10.8023 2040.9 .04074 6.2955 . 00806 120. 46 52. 82 .00244 1. 03293 .7210
11.0. 10.0012 2267.5 .03893 6.2970 .00737 128. 42 55. 14 .00276 1. 03046 .7179

160. 8.7257 2674.1 . 03709 6.2927 . 00633 141.49 59.79 .0C345 1.02654 .7149
180. 7.7511 3017.7 .03673 6.2834 .00555 151.61 64.39 .00420 1. 02355 .7119
200. 6.9792 3312.6 .03711 6.2720 . 03496 159. 96 68.91 .00502 1.02119 .7077
220. 6.3512 3578.4 .03782 6.2600 .00449 167. 39 73.32 .00591 1.01927 .7030
21.0. 5.8296 3831.0 .03859 6.2480 .00410 174.43 77. 64 .00666 1.01768 .6987
260. 5.3888 4081.9 .03928 6,2364 . 00377 181. 38 81.87 .00767 1.01633 .6952
280. 5.0112 4336.2 .03983 6.2255 .00350 188.38 86. 01 .00692 1.01518 .6926
300. i..6823 460 3.2 .04023 6.2192 . 00326 195. 49 93.06 . OlOC 3 1. 01418 . 6905
350. I..0 275 5277.2 .04075 6.1949 .00279 213. 75 99.86 .01297 1. 01219 .6882
<»00. 3.531.8 5981.9 .04087 6.1748 . 00244 232.41 109.24 .31619 1.01069 .6872

1.50. 3.1502 6705.2 .04079 6.15 81 . 00217 251. 10 118. 27 .01968 1. 00952 .6868
500. 2. 81.11. 7432.6 - ,069 6.1441 .00196 269.57 126. 98 .02345 1.03859 .6860
550. 2.5880 8166.5 . 040 56 6.1323 .00178 287. 73 135.42 .02748 1.00782 .6854
600. 2.3762 8905.1 .04041 6.1222 . 00164 305. 60 143.62 .03177 1. 03 718 .6849
700. 2.01.21 10 402.9 .04007 6. 1058 . 00141 340.64 159.40 .04107 1.00617 .6842
800. 1.7905 11939.7 .03963 6.0932 . 00123 375.26 174.49 .05130 1. 03541 .6639
900. 1.591.2 13526.6 . 03909 6.0833 .00110 409.95 189.01 .06242 1. 30481 .6838

1000. 1.1.367 15171.3 .03847 6.0752 .00099 445.00 203. 06 .07440 1.03434 .6839
1200. 1.1996 1 8 63 5 . 1 .03707 6.0630 .00062 511. 13 229.96 .09979 1. 03 362 .6915
11.00. 1.0298 22325.5 .03563 6.0541 . 00071 583.34 255.57 .12903 1. 00311 .6924

1600. .9020 2616 4.3 .03436 6.0474 . 00062 655. 67 280 .11 .15128 1.03272 .6931
18 00. .8025 30142.9 .03322 6.0421 .00055 728.90 303. 72 .19663 1.00242 .6929
2000. .7227 3440 7.7 . 0 321 I 6.0374 . 00050 808. 56 326.47 .23538 1.03216 .6933
2200. .6572 39220.6 .03056 6.0324 .00045 904. 90 344. 91 .27935 1. 03196 .6738
21.00. .6023 45048.6 .02869 6. 0255 .03041 1035.61 366. 30 .33117 1.03132 .6611
2600. .5551. 52576.1 .02626 6.0142 . 00036 1226.43 367. 32 .39406 1.03167 .6371
280'0. .511.5 62675.1 .02337 5. 9952 .00036 1510. 00 408.18 .47169 1.03 135 .6l35
3000. .1.780 76323.3 .02028 5.9640 .00034 1923.06 429. 15 .56595 1.03144 .5712

» THO-PHASE BOUNDARY

6-71



TftBLE 2

• ' THERMODYNAMIC PROPERTIES OF PftRAHYDROGEN (ISOBARS, SI UNITS)

7.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KS CU M-MPA/KG MPA/K K J/KG-K K J/KG KJ/KG-K K J / KG-K M/S

* 15*9&3 • 0 12'*! 1. 592't . 9 71*1* -3 01* . 7 -217.8 5.125 1*. 95 6. 1*2 11*37.

16a • 012<»2 1.5910 .971* 6 - 3 01* . 5 -217.6 5.137 1* . 96 6. 1* 3 11*37 .

ITm .01251 1.5 282 • 9 83 8 "298 .5 -210.9 5 . 51*0 5.15 6.81* 1 1*21*.

18* • 0 1 2 62 1 . 't&'i2 . 9 869 •292.

2

-20 3.9 5 . 9 1*2 5 . 32 7.22 11*10

.

19 • • 0 12 73 1. <«0 27 .9850 -285 .6 -196.5 6.31*2 5 .1*7 7.60 1396.
20* .012 8'* 1 . 3 5 0 « 9792 -276.6 -133.7 6. 71*0 5 . 60 7.95 1382.
21« . 0 1297 1.287^ . 9699 -271 . 1* -130.6 7.137 5.72 6.30 1367.
22. .01310 1.2395 .9560 -263.6 -172.1 7.531 5.82 a. 62 1351*.
23. .01323 1.1791* .91*1*9 -256.0 -163.

3

7.921 5.91 8.96 1337.
• 0 13 36 1 . 1 2 1*0 .92 97 —2 1*7 . 8 - 1 51* . 2 6.310 6.00 9.3 0 1320

.

. 01353 1.0683 .9131* — 239.1* -1 1*1* . 7 8.697 6 . Q 8 9.65 1303.

CD* • 0 1369 1 . 0 1 H3 -230.7 -1 31*. 9 9.0 82 6.15 10.00 12 85.
27« . 0 1386 .9616 . 8768 -221.

8

-121*. 7 9.1*66 6.21 10.36 1267.
9ACO* - • 0 !'« 0 If . 9 0 9'» . 8568 -212 . 5 -1 11*. 2 9.850 6.2 7 10.72 121*7

.

90 . 0 1'ftZ

3

. 8 5 8*» . 8 355 -202.9 — 1 J 3 . 3 10.2 32 6.32 11.10 1226 .

30 • .8083 . 8129 -193.1 -92.0 10.615 6.36 11 . 1*7 120 7.

Ol • .01^ 65 .76 0** .7 891* -182.9 -80.3 10.997 6 . 1*0 11.66 1187.
32. .OlttSS .711*7 .7650 -172.5 -68.3 11.379 6.1*1* 12.21* 1166.
33. .01513 .6708 .71*00 -161.8 -55.9 11.762 6.1*7 12.63 111*1*.

3^. • 0 15 39 . 6287 . 7 11*1* -150.7 -1*3 . 0 12 . 1 1*5 6.50 13.03 1123 .

36. . 01596 .5 506 . 6628 -127.9 -16.

1

12.911* 6.51* 13.86 1060.

30. • 0 1662 .'*80u .6101* -1 03 . 9 12.1* 13.686 6.58 11*. 72 1037.
iiO. .01737 • '*19i» .5579 -78 .9 1*2. 7 11*. 1*63 6.59 15.55 995 .

<i2. .01823 .3681 .5 067 -53.0 71*. 6 15.21*1 6.61 16. 31* 951*.
kitt . 0 1920 . 3261 .1*561 -26.1* 10 8.1 16.019 6.63 17.07 916.
kbt • 0 20 30 .2 935 .1*130 . 2 11*2. 3 16. 7 79 6.59 17.71 881.
<»8. .02152 .27 06 . 3721 27.5 178. 2 17. 51*2 6.71* 18.11 853

.

St. .02285 .25<»i* .3357 51*. 8 211*.

7

18.287 6.79 16.31* 829.
52. .021*27 .2<*i*2 .3036 81.5 251.1* 19.008 6.83 18.39 811.
56. • 0 2731 . 2 398 • 2516 133.3 321*. 5 20. 362 6.90 17.92 789 »

DO. .0 30 'td .2^*80 .2127 181 . 3 391*. 6 21.5 72 6.96 17.12 781

.

65. . 0 S'f'tS . 2 667 . 1 776 236.6 1* 77 . 8 22.9 01* 7.06 16.20 781

.

VII
/ u • .0 38 36 .29 01 .15 26 288 . 5 557. 0 2 1* . 0 7 8 7.27 15.51* 7 8 6.

75. . . 0(t218 .3157 . 1 31*1 338. 3 633. 6 25.135 7.53 15.13 79 7 .

80. . 0'»592 . 3 <*20 • 1 1 98 387. 2 708.6 26.101* 7.81* 11* . 9 2 80 7.

90 . . 05315 . 3 9^*9 .0 992 1*85 . 1* 857.5 27.8 57 8.59 11* • 9 3 828 .

100. . 060 13 .'*'»69 • 0 650 567.1* 10 03.3 29 . 1* 1*6 9 . 1*2 15.27 851 .

110. .06689 .'»971 .0 71*6 696.1* 1161*.

6

30.931* 10.30 15. 60 873.
120. .0 7350 .5'*6'« .0662 309.8 1321*.

3

32.321* 11.00 16. 20 897.
130. . 0 7999 . 591*5 . 0 599 928.

1

1 1*8 8 .

1

3 3 . 6 35 11 .55 16.57 921*

.

1<>0. . 0 86<«0 .61*18 . 0 51*7 1050.3 1655.

1

31*. 872 11.95 16 . 8 3 951.

160. • 09901 . 7 31*0 • 0 1*66 1300.

6

1 993.

9

37.131* 12. 31 17.00 1006.
180. .111<>3 .821*1 . 01*10 1552.1* 2 332 . 1* 39.128 12.27 16. 82 1063.
200 . . 1 23 71 .9126 .0365 1799.6 2665 .

5

1*0 . 6 6 2 12.0 2 16.^8 1119 .

220. . 1 3590 1.0000 .0 329 2039.9 2991.2 1*2.1*35 11.70 16.09 1173.
2<»0. • 1<«S01 1.0 865 . 0 300 22 73.

2

3309.

2

1*3. 819 11. 39 15.73 1225.
260 . . 160 0 7 1.1721* .0 275 250 0.3 362 0.7 1*5 . 0 66 11.13 15 . 1*3 12 75.
280. .17208 1.2577 . 0255 2722.3 3926.9 1*6.200 10.92 15.20 1323.
300. .ia<»i<» 1.31*1*3 .0237 291*1.5 1*230.5 1*7.21*7 10.77 15.01 1369.
350. .21391* 1 . 551*5 . 0202 31*76. 0 1*9 73 • 6 1*9 . 5 37 10.51* 1 1* . 75 1 1*75

.

ifOO . . 2'*363 1. 76 35 . 0 176 1*00 2. 2 570 7.

6

51 . 1*98 10 * 1*5 11* . 6 3 15 71.

*fr50 . . 273 26 1.9 716 • 0 156 1*521*. 7 61*37. 5 53.219 1 0 . 1*2 11* . 5 9 1661.
500 . . 3028I» 2.1793 . 0 11*1 501*6 . 8 7166.6 51*. 751* 1 0 . 1*1 11* • 5 7 1 71*6 .

550. .33239 2.3865 .0126 5568.0 7891*. 8 56. 1 1*2 10 . 1*2 11*. 5 7 1827.
60 0. • 36192 2. 5936 .0117 60 90 « 0 8 623 . 5 5 7. 1* 09 10 .1*3 11* . 5 8 190 3.
ruu. .'20 95 3.0071 • 0 10 0 7136. 5 10083.1 59. 660 1 0 . 1*9 1 1* . 6 2 2 0 1*8 .

800. .<»7993 3.1*203 .0038 6190.

0

1151*9.5 61.617 10.58 11*. 71 2181.
900. .53890 3.8332 . 0 0 78 9251*. 0 13026.1* 63.355 10.70 11*. 93 2305.

1000. .59785 1*. 21*60 . 0 070 10331.

8

11*516. 8 61*. 928 10. 66 11*. 99 21*21.

1200. .71571* 5.0713 . 0058 1251*2.7 17552.9 67.682 11.21* 15. 37 2633.
11*00. .83360 5.e9&i* .0050 11*835.

8

20671.0 70.089 11.68 15.51 2825.

1600. .9 51'»6 6.7213 . 0 Oi|i* 17211*.

6

23871*. 8 72.205 12.10 16.22 3002.
ISOO. 1.36933 7.51*63 . 0 039 19680.1* 27165.

7

71*. 105 12.50 16.5 3 3163.
2000. 1.18726 8.3712 .0C35 22238.7 3051*9.5 75.951* 12.95 17. 09 3323.
2200. 1.3fl5'.3 9.1961 . 0032 21*897.5 31*035.5 78.237 13.51* 17.70 31*67.
2^oa. l.'«2'*20 10.0209 .0 029 27701.6 37671.0 30.915 11*. 39 18.51 3600.
2600. 1,51*1*21* 10.81*58 . 0027 30 723.0 1*1532.7 83.763 15.57 20.00 3720.
2S00. 1.66670 11.6706 .0025 31*069.9 1*5736.9 86.716 17.51* 22. C8 3832.
3000. 1.79328 12.1*955 . 0023 37888.1* 501*1*1.1* 89.639 20.17 25. 06 3938.

' TWO-PHASE BOUNDARY
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TABLE 2

THERMODYMAHIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

7.00 HPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(DH/OV)„

KJ/KG

V«DP/DUI„ -V(OP/OV), <DV/DTMV THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY OIFFUSIVITY CONSTANT

HPA-CU M/KJ
X 10^

MPA 1/K H/K-M
X 10^

KG/M-S
X 10^

SQ M/HR

PRANOTL
NUMBER

15.96S 80.5666 8(«<«.9 .2'«<»30 128.2933 .00760 97.1.6 298.16 .00068 1. 261.11 1.9633
16. 80.5<»75 8i>5.3 .2'«'»13 128.1501. . 00761 97.68 297.03 .00068 1.251.01. 1.9553
4 71 r . 79. 91'*3 S't 8« 5 1 £ Ic 91 n (1 0 n c 1 U J • 9 1 265 • 12 .00068 1.26180 1 . 75 0 7

18. 79.2588 81*9.

&

.231*10 116.01.39 . 00350 108. 05 239.1.0 .00068 1. 2591.8 1. 60 0 8

19. 78.5724 850.1 .22921. 110.2150 .00891. 111. 26 218.17 .00067 1.25706 1.1.898
20. 77.8601 850. ii .22<.59 101.. 7199 .00935 111.. 31 201). 1.5 .030&& 1. 251.55 1. 391.5

21. 77.116C 8i>9.3 .22001 99.2809 . 00977 117.69 185. 39 .00066 1. 25193 1 .3069
22. 76.3500 851.1 .21557 91.. 6381 .01012 120. 32 172.53 .00066 1. 21.923 1. 2351.

23. 75.5655 8<»5.5 . 2111.1 89.1232 . 01060 122. 33 161.1.6 .00065 1. 2'.6i.8 1.1931
2(«. 7l».7itBl 8<*0.7 .20730 81.. 011.9 .01107 123.78 151.72 .00061. 1.21.361 1. 11.31.

25. 73.9086 83'».2 .20338 78.9602 .01157 121.. 76 11.3.11. .00063 1. 21.067 1.1072

26. 73.0392 827.1 .19956 71.. 0861 .01209 125.27 135.1.7 .00062 1. 23761. 1.3811.
9 7era O 1 7 • 7 • 1 y 5 * 5 CO T fl ft fl

• 0 1 Zb't I C9 • H t 1 3 8 • 5 8 0 0 0 6 0 1 • 23^51 1.3617
28. 71.2161 810.7 • igigi. 61.. 761.1 .01323 125.26 122.32 .00059 1.23128 1.31.73

29. 70.2596 831.1 .18816 60. 3127 . 01385 121.. 82 116.61 .00058 1. 22795 1.0366
30. 69.2709 790. 3 .18<*<.5 55.9936 .011.52 121.. 11. 111.36 .00056 1.221.52 1.0292
31. 68.2<»93 779.5 .18061. 51. 6953 . 01521 122. 79 106.1.9 .00055 1.22098 1.0283
32. 67.1955 768.5 .17681 1.8.021.9 .01593 121.28 101.97 .00053 1.21731. 1.0293
33. 66.109<« 757.1 .17302 1.1.. 31.1.8 .01669 119.65 97. 75 .00052 1.21359 1 . 0 321
3<». 6>».9888 7<»5.3 .16922 1.0.8590 . 0171.9 117. 91. 93.78 .00050 1.23973 1.3363
36. 62.647I* 721. If .16171 31.. 1. 91.9 . 01921 111.. 25 86.51 . 0 0 01.7 1. 20169 1.01.96

38. 60.1709 696.7 . 151.23 28.8802 .02113 110.31 80.00 . 00 01.5 1.19323 1.0679
<>0. 57.5659 673.0 .11.699 2i>. 11.1.8 . 02311 106.21 71., 11. . 03 01.3 1.191.37 1.0856
<»2. 5'«.8551 651. i» .13975 20. 1923 .02509 102. 06 68.90 . 0001.1 1.17520 1.1033
(><». 52.0711 633.0 .13262 16. 9828 . 02697 98. 31 61.. 2". . 00 01.0 1.16583 1.1157
<»6. '•9.258<» 620.

1

.12523 11.. 1.590 .02856 95.01 63.18 .30039 1.1561.2 1.1217
<t8. <t6.(t718 612.2 .11872 12.5758 .02958 91.89 55.70 .30339 1.11.711. 1.1176
50. '13.7729 60 8.7 .11296 11.1370 . 03 011. 89. 06 53.79 . 0 0 01.0 1. 13821 1. lOdO
52. <>1.2091 60 9.5 .10789 10. 0635 .03017 96.56 51.1.1 . 00 01.1 1. 12976 1. J921.
56. 36.6163 62 5.5 . 09960 8.7809 . 02865 82.62 1.8.02 .OOOkS 1.111.75 1. 01.18

60. 32.8099 65 5.1 .09319 8.1382 . 02613 30.18 1.6.02 .00051 1. 1021.1 .9826

65. 29.0283 706.2 .0861.5 7.71.21 . 02291. 79. 23 1.1.. 77 .03061 1. 090 21. .9156
70. 26.0692 770.1 .08055 7.5635 .02018 79.1.8 1.1.. 3>. .00071 1. 09 0 79 . 8671
75. 23.7060 8'»<f.3 . 07516 7.1.838 .01792 79.59 I.1..1.2 .30030 1. 07 328 .8i.ii5

80. 21.7779 92 7.7 .07016 7.1.1.91 .01609 81.1.1. I.I..82 .03090 1. 05718 ,8211.

90. 18.8139 1118.3 .06137 7.I.3Q14 . 01336 88. 81. 1.6.26 .00111. 1. 05795 , 7776
100. 16.6298 133i«.& .051.29 7.1.325 .0111.1. 96.88 1.8.17 .00137 1.05132 .7591
110. li».9503 1575.2 .01.81.2 7.1.318 .01003 Ifli.. 71. 1.9.31. .30160 1. 31.578 .71.1.5

120. 13.6060 1818.5 .01.1.26 7.1.31.3 .00891 113.62 51.35 .30186 1. 01.160 .7321
130. 12.5013 2055.9 .01.11.9 7.1.327 .00806 122.20 53. 50 .30212 1.03818 .7251.
1<»0. 11.5 71.5 2283. (> .03958 7.1.281 . 00737 129. 92 55.72 . 0021.0 1. 03531 .7216

160. 10.1003 2691.9 .03763
180. 8.971.6 3037.3 .03719
200. 8.0831. 3333.9 .03753
220. 7.3585 3600.6 .03321
21.0. 6.7563 3851..

2

. 03895
260. 6.21.71. 1.105.8 .03961
260. 5.8112 1.360.3 .01.013
300. 5.1.307 1.626.5 . 01.051
350. 1.. 671.3 5301..

5

.01.100

>.0D. 1.. 101.6 6009.9 .01.108

<>50. 3.6596 6733.7 .01.098
500. 3.3021 71.61.6 .01.086
550. 3.0085 8195.7 .01.071
600. 2.763 0 8931..

7

.01.055

700. 2.3756 101.32.9 .01.019
800. 2.0836 11970.1 .03971.
900. 1.8556 13557.1. .03918

1000. 1.6726 15202.5 . 03851.
1200. 1.3972 18667.3 .03711.
11.00. 1.1996 22358.6 .03569

1600. 1.0510 26197.5 .031.1.0

1800. .9352 30172.1 .03327
2000. .81.23 31.1.19.8 .03209
2200. .766 0 39182.2 .03068
21.00. .7022 1.1.891.5 .02886
2600. .61.76 52181.2 .02653
2800. .6000 61860.1 .02375
3000. .5576 71.837.9 . 02075

• TKO- PHASE BOUNDARY

7.1.137 . 00631 11.2. 61. 60.21. .30299 1. C3077 .7178
7.3960 . 00551. 152.51 6".. 75 .30364 1.02730 .7142
7.3773 . 001.91. 160.68 69. 20 .30431. 1.02457 .7097
7. 3588 . 001.1.7 167,98 73.57 .00511 1.02235 .7047
7.31.10 . 001.08 171.. 92 77. 85 .30592 1.32351 .7002
7.321.3 .00376 191.80 82.05 .30679 1.01895 .6965
7.3087 . 0031.8 18 8. 75 86. 17 .30769 1.31762 .6938
7. 3002 . 00321. 195. 81 90. 20 .00865 1.01646 .6915
7.2663 . 00278 213.99 99.97 .31118 1. 01415 .6899
7.2381. . 0021.3 232.60 109. 33 .01394 1. 01242 .6977

7.2151. . 00217 251.25 118. 31. .01694 1. 01137 .6872
7.1961 . 00195 269. 70 127. CI. .32018 1.30999 .6863
7.1799 .00178 287.85 135.1.8 .32364 1. 00939 .6856
7.1661 .00163 305.70 11.3. 67 . 02732 1.00835 .6851
7.11.37 . 0011.0 31.0. 72 159.1.1. .03531 1. OJ 719 .6843
7.1266 .03123 375. 32 171.. 53 .34409 1. 00629 .6840
7.1130 . 00109 1.10. 01 189.01. . 05363 1.03560 .6839
7. 1020 . 00099 1.1.5.06 203.09 .36390 1.00505 .6840
7.0851. .00082 511. 13 229.97 .38568 1.00422 .6916
7.0733 . 03371 583. 31. 255.59 .11076 1. 03 362 .6925

7. 061.3 . 00062 655.63 280.12 .13841 1. 03317 .6932
7.0570 .00055 728.67 303.73 . 16871 1. 00282 .6930
7.0508 .00050 807.61. 326.1.8 .20235 1. 30254 .6937
7.01.1.5 . 0001.5 902. 02 31.1.. 93 .23954 1.00231 .6767
7.0362 .0001.1 1028.19 366.29 .26331 1.03212 .6629
7. 0231. . 00038 1210. 00 387.29 .33631 1.30195 .6402
7.0022 .00036 11.77.71 1.03.11 .40148 1.00181 .6099
6. %79 . 00033 1865.56 1.29.01 .48061 1. 00168 .5763
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T4BLE Z

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

S.OO HPA ISOBAR

ERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY cv CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

16.253 .0123i» 1.61*20 1. 010 -303.9 -205.1 5.11*2 i*.99 6.53 11*65.

17. .0121>1 1.6009 .9901 -299.1* -200.1 5.1*1*2 5.13 6.73 11*50.
16. .01251 1.51*00 .991*9 -293.3 -193.2 5.838 5.30 7.11 11*37.
19. .01262 1.1*780 .991*7 -286.8 -185.9 6.232 5 .1*6 7.1*8 11.21*.

20. .01273 1.1*176 .9901* -280.1 -178.3 6.621* 5.59 7.83 11*09.

21. .0128i« 1.3626 .9829 -273.0 -170.

3

7.011. 5.71 8.16 1396.
22. .01296 1.3371* .9726 -265.7 -161.9 7.1*02 5. 82 8. 1*9 1382.
23. .01309 1.2612 .9603 -258.0 -153.3 7.786 5.91 8.79 1370.
2i». .01323 1.201*8 .91*69 -250.1 -11*1*.

3

8.168 6.00 9.12 1351*.
25. .01337 1.11*97 .9317 -21*2.0 -135.0 8.51.7 6.07 9. 1*5 1337.
26. .01352 1.0 957 .9153 -233.6 -125.1* 8.921* 6.11* 9.78 1320.

27. .01367 1.01*31* .8978 -221*.

9

-115.5 9.299 6.21 10.11 1303.
28. .0138l» .9929 .8791 -2 15.9 -105.2 9.672 6.27 10. I* I* 1286.
29. .OlifOl .91*23 .8593 -206.7 -91*.

6

10. 01*5 6. 33 10. 79 1268.
30. .01420 .8935 .8385 -197.2 -83.7 10.1*16 6.37 11.13 121.9.

31. .01<»39 .81*53 .8166 -187.5 -72.1* 10.7 86 6.1*1 11 .1*8 1230.
32. .ai<>60 .7993 .7939 -177.5 -60.7 11.156 6 .1*5 11.83 1210.
33. .Cl>»81 .7555 .7701* -167.2 -1*8.7 11.525 6.1*8 12.17 1191

.

3<>. . 01501* .7131* . 71*65 -156.7 -36.1* 11.893 6.51 12.52 1171.
36. .0155i» .631*5 .6978 -135.0 -10.7 12.628 6.56 13. ?i. 1131.
38. .01611 .561*1* .61*89 -112.3 16.5 13. 363 6.60 13.95 1092.

1*0. .01671* .5021* .5998 -88.8 1*5.1 11*. 097 6.62 lU. 61. 1051*.
<*2. .0171.5 .1*1*71* .5516 -61*.

5

75.1 11*. 828 6.63 15.33 1017.
1*1*. .01821* .1*026 .5050 -39.6 106. 1* 15.555 6.65 15. 93 982.
1*6. .01912 .361*7 .1*611 -11*.

7

138.3 16.263 6.71 16.51 91*7.
1*8. .02009 .3360 .1*206 11.1 171.7 16.976 6.76 16. 95 918.
50. .02111* .3135 .3 835 36.9 206. 0 17.675 6. 80 17.28 893.
52. .02227 .2963 .3503 62.6 21*0.7 18.356 6. 81. 17. 1.5 872.
56. ,02«*71 .2821* .291*3 113.2 310.9 19.655 6.92 17.1.1 81.3.

60. .02732 .2619 .2508 161.2 379.8 20.81*1* 6.98 16.98 828.
65. .03066 .291*1 .2100 217.5 1*62.9 22.176 7.11 16. 28 821.

70. .031*03 .3128 .1602 270.6 51*2.8 23.360 7.30 15.71 821.
75. .03731* .331*8 .1580 321.7 620.3 21*. 1.30 7.55 15.35 825.
SO. .01*059 .3590 .11*08 371.7 696.5 25.1*13 7.87 15.15 831.
90. .01*691* .1*096 .1160 1*72.0 81*7,5 27. 191 8.62 15.11. 81.8.

100. .05309 .1*605 .0991 575.5 1000.2 28.800 9.I.I. 15.1.1. 868.
110. .05908 .5107 . 0 666 685. 8 1158.5 30.307 10 .32 15.96 889.
120. .061*91* .5601* .0771 800 .5 1320.1 31.711* 11.02 16.39 913.
130. .07059 .6072 .0692 919.8 11*81*. 6 33.030 11.57 16. 59 936.
11*0. .07623 .651*7 . 0632 101*2.7 1652.6 31*. 2 75 11.97 16.92 962.
160. .03733 .71*75 .0539 1291*. 1* 1993.

0

36.51*8 12.33 17. 07 1017.

160. .09625 .8360 .01*71 151*6.9 2332.9 38.550 12.29 16.88 1073.
200. .10901* .9270 .01*19 1791*. 7 2667.1 1.0.310 12.03 16. 53 1128.
220. .11971* 1.011*8 . 0 377 2035.6 2993.5 1.1. 866 11.71 16. 13 1182.
21*0. .13037 1.1016 .031*3 2269.1. 3312.

3

1.3.253 11.1*0 15.76 1231..

260. .11*095 1.1877 .0315 21.96.9 3621.. I* 1.I..503 11.13 15.1.6 1281..
280. .1511*8 1.2733 .0292 2719.3 3931.1 1.5.639 10.93 15.22 1 332.
300. .16207 1.3605 .0271 2938.9 1*235. 5 1.6.688 10. 77 15 .0 3 1378.
350. .18816 1.5711 .0231 31.71..

0

1*979.1* 1.8. 983 10.55 11.. 76 11.83.
<*00. .211*18 1.7803 . 0202 1.0 00 .5 5711*.

0

50.91.1. 10.1*5 11.. 61. 1579.
1*50. .21*012 1.9885 .0179 1*5 23.1* 61*1*1*. 1* 52.665 10.1*3 11*. 60 1668 .

500. .26602 2.1963 .0161 501.5.7 7173.8 54.201 10.42 14.58 1753.
550. .29188 2.1*036 .011.6 5567.2 7902.2 55.590 10.42 14.57 1833.
600. .31773 2.6107 .0131. 6089.3 8631.2 56.857 10.44 14.58 1910.
700 . .36939 3.021*3 .0111. 7136.0 10091.0 59.108 10.49 14. 63 2054.
803. .1*2101 3.1*375 .0100 8189.6 11557.7 61.0 65 10.58 14. 71 2186.
900. .1*72 61 3.8501* .0089 9253.8 13034.6 62.803 10.70 14.63 2310.

1000. .521*19 1..2632 . 0 080 10331.

6

14525.

1

64. 3 77 10 .86 14.99 2426.
1200. .62735 5.0885 .0067 1251.2.6 17561.4 67.131 11.25 15.37 2637.
11*00. .7301*6 5.9135 . 0057 11.835.7 20679.6 69.538 11.68 15. 81 2829.
1600. .83361 6.7385 .0050 17214.

6

23883.4 71.655 12.10 16.22 3006.

1600. .93671* 7.5634 . 001.1* 19680.1 27174.1 73.554 12.50 16.62 3172.
2000. 1.03993 8.3883 .001*0 22237.3 30556.

8

75.402 12.94 17.08 3327.
2200. 1.11*331 9.2132 . 0 036 24892.

8

34039.

3

77.734 13.51 17.67 3471.
21*00. 1.21*718 10.0380 . 0 033 27668.4 37665.8 80. 358 14.33 18.54 3604.
2600. 1.35210 10.8629 .0031 30690.9 41507.6 83.198 15.54 19. 86 3725.
2600. 1.1*5699 11.68 77 .0 029 34001.4 45673.4 86. 1 37 17.31 21.83 3838 .

3000. 1.56927 12.5126 .0 027 37756.2 50310.4 69.037 19.79 24. 63 3944.
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TftBLE 2

8.00 MPA ISOBAR

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

TEMPERATURE DENSITY V<OH/Dtf>p

K KG/CU M KJ/KG

tflOP/DU)y -V(OP/Dtf)^

MPA-CU M/KJ MPA
X 102

(OV/DTLyV THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY DIFFUSIVITY CONSTANT

1/K

16. 253 81.0262 860.5 .21.956 133.0'»7i« .00759
17. 80.5578 876.8 .23972 128.96i«9 . 00768
18. 79.9223 879.9 .23i«80 123.081'* .00808
19. 79.2669 880 .9 .2300<« 117. 1587 . 0031*9
20. 78.5812 880.8 . 225<t7 111.391*2 .00889
21. 77.8729 881 .It .22110 106.1125 . 00926
22. 77.1386 88 0. i> .21681 100.81*83 . 00961*
23. 76.3826 882.0 .21271 96.3300 .00997
2<i. 75.60'»9 877. If .20886 91.0901 .0101*0

25. 7i».8a90 872.1 .20506 86. 010<* . 01033
26. 73.9871 865.9 .2013't 81.0675 .01129

H/K-M
X 10^

100. l*<*

101*. 76
109.1*9

112. 90
116. 11
119. 69
122.1*9
121*. 65
126. 26
127. 1*0

128. 07

PRANDTL
NUMBER

KG/M-S SQ M/HR
X 10'

301*. 73 .00068 1. 26573 1.9811
279.55 .00070 1.261*07 1. 7963
251.89 .00069 1. 25133 1.6363
229.28 .00069 1. 25951 1. 5190
210.37 .00068 1. 25709 1.1*188
191*. 1*2 .30 068 1. 251*59 1.3262
180.78 .00067 1. 25201 1.2531
169.02 .00067 1. 21.935 1.1922
158.77 .30066 1. 21*662 1 .11.70

1<*9. 79 .00065 1. 21*383 1.1107
11*1.79 .00061* 1. 21*095 1.0823

2 7. 73.1'>0 3 859.3 .19765 76,3177 . 01176 128. 38 131*. 61 .00063 1. 23799 1.0599
28. 72.2675 852.1* .19397 71. 71*71* .01225 128.38 128. 13 .00061 1.231*91* 1.01.21.

29. 71.3703 81*'*.

2

. 19035 67.2527 . 01278 128.11 122.23 .30060 1.23182 1.0292
30. 70. I* 1*57 835.3 .18681* 62.91*21* .01332 127.59 116.83 .00059 1.22860 1.0189
31. 69.it9l>6 825.

S

.18323 58.71*36 . 01390 126. 39 111. 85 .00057 1.22530 1.0156
32. 68.516'* 815.8 .17958 51*. 761*1 . 011*50 125. 01* 107.23 .00056 1.22191 1.011.2

33. 67.511'* 805.9 .17598 51.0066 .01510 123.57 102.91* . 00051* 1. 2181*3 1.011.0
31*. 66.1*798 795.6 .17238 1*7.1*290 .01571* 122.03 98.93 .00053 1.211*87 1.0152
36. 61*. 3373 771*. 1. . 16521* 1.0.8199 . 01709 118. 70 91.62 .30050 1.2371*9 1.0217
38. 6 2.0887 753.6 .15835 35.01*56 . 01852 115.12 85. 10 . 00 01*6 1. 19978 1. 0315

1*0. 59.7'*29 732.7 30.0121 .01999 111.1*0 79.26 . 00 01.6 1. 19177 1. 01.18

1*2. 57.311*0 712.5 .11*512 25. 61*29 .02151 107.61 71*. 03 . 00 01.1. 1.18352 1.051.3
1*1*. 51*. 821*7 696.1 .1381*8 22.0737 .02288 103.88 69.35 . 00 01*3 1. 17510 1.0632
1*6. 52.3052 683.1 .13138 19.0751* .021*18 100. 51* 65. 22 . 30 01*2 1. 16662 1. 0711.

1*8. 1*9. 7865 671*.

2

.12502 16.7280 .02511* 97.60 61.61 . 0001*2 1.15818 1.0701
50. 1*7.3102 668.3 .11920 l'*.831l* . 02586 91*. 88 58.51 . 00 01*2 1. 11*993 1. 0658
52. 1*1*. 9111 667.3 .11397 13.3977 .02611* 92.38 55.38 . 00 31*2 1.11*197 1.0552
56. i*0.'*657 676.0 . 10512 11.1*269 . 02576 88. 30 51. 91 . 0 0 0 1*5 1. 12732 1.0237
60. 36.5979 698.5 .09812 10.3163 .021*31 85.51 1*9.31* .00050 1. 111*69 .9797
65. 32.5995 71*3.2 .09062 9.5875 .02190 81*. 01 1*7.52 . 00057 1. 10173 .92u7

70. 29.3897 801.5 .081*03 9. 1931* • 01960 83. 75 1.6.69 .00065 1.0911.0 .8759
75. 26.781*3 871.1 .07810 8.9679 01762 83.1*1 1.6.1.8 .00073 1.08307 .8550
80. 2<*.6339 951.3 .07266 8.61*30 • 01592 81*. 88 1*6. 61* .30082 1. 07622 . 8322
90. 21.3028 1138.0 .06323 3.721*8 01330 91.80 1*7.70 .03102 1.06568 .7865

100. 18.83<*'> 1352.2 .05572 8.6726 0111*2 99.1.9 1*9. 33 .00123 1.05792 .7658
110. 16.9251* 1592.

7

.01*960 8.6>»'*3 • 01002 107. 20 50. 1*3 . 0C11.3 1. 05191* .7SL7
120. 15.3987 1831*.

1

.01*51*5 8.6301 00893 115. 72 52.21* .00165 1.01*718 .7397
130. 11*. 1658 2072.8 .01*225 8.6019 008 05 121.. 01 51*. 21* .00189 1.01*331* .7298
11*0. 13.1171* 2301.3 .01*023 8.5880 00735 131.50 56.35 .00213 1.01*009 .7253
160. ll.'*50<» 2711.1* .03817 8.5589 00630 11.3. 81. 63.71 .00265 1. 031*93 . 7206

160. 10.1779 3058.2 .03766 8.5295 .00552 153.1*5 65.13 . 0C321 1. 03101 . 7166
200. 9.1706 3355.9 .03795 8.5012 .0 31*92 161. 1*3 69.51 .00383 1.02791 .7117
220. 8.3512 3623.6 .03859 8.1*71*5 . 001*1*5 168.59 73.83 .001*51 1.02539 .7061*

2<>0. 7.6703 3878.0 .03930 8.1*1*96 . 00<»a7 175. 1*1. 78.08 .00522 1.02330 .7016
260. 7.091*8 1*130. 3 .03993 8.1*266 .00371* 182.21* 82.25 .30598 1. 02151. .6978
260. 6.6015 1*385.8 . 01*01*1* 8.1*053 . 0031*7 189. 12 86.31* .00678 1.02003 .691.9

300. 6.1701 1*653.2 .01*080 8.391*1* .00323 196.11* 90.35 .00761 1.01872 .6925
350. 5. 311*1 5332.0 .01*121* 8.31*90 . 00277 211*. zit 103.09 .30983 1. 01610 .6896
1*00. <*.6690 6038.0 .01*129 8. 3119 . 00 21*2 232. 79 109.1.3 .01226 1. 011*11* .6682
1*50. 1*. 161*6 6762.3 .01*116 8.2815 .00216 251.1*1 118.1*2 .011.89 1. 01260 .6876

500. 3.7592 71*90.6 .01*102 8.2561 .00195 269.83 127. 11 .01773 1.01137 .6866
550. 3.1*260 8225.1 .31*086 8.231*8 . 00177 287. 96 135.51* .02076 1. 010 36 .6859
600. 3.11*73 8961*. 3 .01*069 8.2166 . 00163 305.80 11.3.72 .02399 1.00951 .6853
700. 2.7072 101*62.9 .01*030 8.1873 . 0011*0 31.0. 30 159. 1.8 . 03099 1. 0;818 .681*1.

800. 2.3753 12000.5 .03983 8.161*9 .00123 375. 39 171*. 56 .03868 1.03717 .681.1
900. 2.1159 13588.2 .03927 8.11*71 .00109 1*10. 06 169. 07 . 01*73 3 1. 03639 . 681*0

1000. 1.9077 15233.3 .03862 8.1328 . 00096 1*1*5. 11 203.11 . 0560 3 1. 00576 .681*0

1200. 1.59<«0 18699.5 .03720 3.1111 .00082 511.13 229.99 .07510 1. 031*81 .6917
11*00. 1.3 69 0 22391.6 . 03571* 8. 0951* .00071 583.31* 255.60 .09705 1. 001*13 .6926
1600. 1.1996 26230.7 .031*1*5 8.0836 . 00062 655.60 280.11* .12127 1.00362 .6933

1800. 1.0675 30202.3 .03331 8.071*2 . 00055 728.1*9 303. 71* .11*778 1.00322 .6931
2000. .9616 31*1*36.3 .03211* 8.0662 .00050 806.90 326.1.9 .17691 1. 00290 .6909
2200. . 871*7 39158.2 .03077 8.0583 . 0001*5 899.69 31.1.. 90 .20958 1. 00 261* .6773
Zi*00. .8018 1*1*772.0 .02901 8.01*86 . 0001*1 1022.21 366.28 .21.751* 1. 0S2i»2 .661.3
2600. .7396 51870.2 .02676 8. 031*1 . 03038 1196. 75 387. 27 .29326 1. 00223 .61.28

2600. .6851* 61210.3 .021*07 8.0108 . 00036 11*51.67 1.08.05 .31*929 1. 03207 .6136
3000. .6372 7361*7.0 . 02115 7. 9735 . 00033 1819. 11* 1*28. 89 .1*1728 1. 00192 .5607
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

9. DO MPA ISOBAR

TEMPERATURE VOLUME I S OT H ERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 16.532 .01228 1.6961 1.017 -3 03.0 -192.5 5.162 5.04 6.55 1486.
17. .01232 1.6692 1.016 -300.3 -189.4 5.347 5.12 6.71 litSO .

18. .01241 1.6121 1.002 -294.2 -182.5 5.739 5.28 7.01 1463.
19. .01251 1.5533 1.004 -287.9 -175.3 6.126 5.44 7.37 1451.
20. .01262 1.4930 1.001 -281.3 -167.8 6.514 5.58 7.71 1437.
21. .01272 1.4335 .9948 -274.4 -159.9 6.899 5.70 8.05 1423.
22. .01284 1.3811 .9660 -267.3 -151.7 7.280 5.81 8.36 1410.
23. • 0 1 2S6 1 . 32 75 .9747 -259.

8

-143.

2

7.659 5.91 8.67 1 396.
2i>. .01309 1.2824 .9620 -252.1 -134.4 8.035 5.99 8.96 1365.
2S. .01322 1.2282 . 9464 -244.2 -125.2 8.407 6.07 9.27 1369.
26. .01336 1.1751 .9332 -236.0 -115.8 8.777 6.14 9.58 1354.

27. .01350 1.1227 .9166 -227.6 -106.1 9.144 6.21 9. 90 1337.
28. .01365 1.0720 .6 993 -216.9 -96.0 9.510 6.27 10.21 1321.
29. .01361 1.0233 .8806 -210.0 -65.7 9.673 6.33 10.53 1304.
30. .01396 .9744 .8614 -200.8 -75.0 10.235 6.38 10. Bi. 1287.
31. .01416 .9290 .6410 -191.4 -64.0 10.596 6.42 11.15 1270.
32. .01435 .8838 .8197 -181.8 -52.7 10.955 6.<to 11.47 1252.
33. • 0 1454 . 63 97 .7978 -171.9 -41. 0 11.313 6.50 11.79 1234.
34. .01475 .7976 .7752 -161.8 -29.1 11.670 6.53 12.10 1216.
36. .01519 .7185 .7291 -141.0 -4.3 12.379 6.58 12.73 1179.
38. .01569 .6459 .6626 -1 19.4 21. 6 13.065 6.62 13. 37 1142.

<iO. .01624 .5822 .6363 -96.9 49.2 13.7 86 6.64 13. 97 1107.
42. .01664 .5245 .5904 -73.8 77.7 14.'>82 6.66 14.57 1072.
44. .01751 .4773 .5459 -50.2 107.4 15.173 6.68 15.10 1039.
46. .01625 .4369 .5033 -26.6 137.6 15.843 6.73 15. 61 1006.
48. .01905 .4034 .4633 -2.1 169.3 16.518 6.78 16.05 977.
50. .01991 .3 760 .4263 22.5 201. 7 17.160 6.32 16.41 951.
52. . 0 2064 • 3 556 . 3 925 47.2 234. 6 17.826 6.36 16. 54 929

.

56. .02286 .3306 .3341 96.4 302.1 19.0 76 6.94 16. 83 895.
60. .02505 .3212 .2873 143.6 369.2 20.233 7.01 16.68 874.
65. .02791 .3256 .2419 200.5 451. 6 21.552 7.14, 16.23 861.

70. .03081 .3399 .2079 254.3 531.6 22.736 7.33 15.77 855.
75. .03370 .3565 .1821 306.3 609.6 23.314 7.58 15.46 855.
80. .03657 .3799 .1621 357.3 686.4 2<».606 7.39 15.29 858.
90. .04220 .4268 .1332 459.2 839.0 26.603 8.64 15. 30 869.

100. .04769 .4760 .1133 564.1 993.3 28.228 9.46 15.59 886.
IID. .05303 .5257 .0969 675.6 1152.9 29.7i»8 10.3(» 16. 09 9C5.
X c u • n c;a ?7 . 5 749 . U O ( o 791 . 3 1. O X 7 • f 3 1 • 1 65 11 • 0 16. 5 0 927.
130. .0 63 42 .6233 .0791 911.6 1482.4 32.499 11.59 16.84 952.
140. .0 66 36 .&68'« .0720 1035.3 1650.5 33.7<«5 11.99 17.06 975.
160. .07627 .7615 .0610 1288.1 1992.6 36.029 12.35 17. ll» 1028.

160. .08802 .8524 .0533 1541.5 2333.6 38.038 12.30 16.94 1084.
200. .09765 .9417 .0473 1790.0 2666. 8 39.803 12.04 16.57 1138.
220. .10719 1.0296 .0426 2031.4 2996.1 41.363 11.72 16.17 1192.
240. .11666 1.1169 .0368 2265.6 3315.6 42.753 11.40 15. 80 1244.
260. .12608 1.2033 .0356 2493.5 3628.

3

44.005 11.14 15.l»9 1293.
280. .13546 1.2890 .0329 2716.3 3935.4 45.143 10.93 15.24 1341.
300 • .14491 1.3 769 • 0 306 2936.3 4 240.5 46.194 10.76 15 . 05 1387.
350. .16814 1.5876 .0260 3472.0 4985.3 4B.489 10.55 14.77 1491.
400. .19126 1.7971 .0227 3999.0 5720.

5

50.454 10.46 li».65 1587.
450. .21435 2.0055 .0201 4522.1 6451.3 52.177 10.43 14.60 1676.

500. .23737 2.2133 .0181 5044.7 7131.0 53.713 10.if2 14.58 1760.
550. .26038 2.4207 .0164 5566.3 7909.7 55.102 10.42 14.58 1340.
600. .26336 2.6278 .0150 6 0 86.6 8638.8 56.370 10.44 li».58 1916.
700. .32926 3.0414 .0129 7135.5 10099.0 58.622 10.49 114.63 2059.
800. .37517 3.4546 .0113 6189.3 11565.6 60.579 10. %S lit. 71 2192.
900. .42104 3.3676 .0100 9253.5 13042.9 62.317 10.70 14.84 2315.

1000. .46690 4.2603 .0090 10331.4 l'f533.5 63.890 10.86 14.99 2430.
1200. .55859 5.1056 . 0075 12542.6 17569.9 66.645 11.25 15.37 2642.
1400. .65027 5.9306 . 0064 l'»835.7 20686.1 69.0 53 11.68 15. 81 2833 .

1600. .74194 6.7556 .0056 17214.6 23692.0 71.169 12.10 16.22 3010.

1800. .83361 7.5605 .0050 19679.9 27182.5 73.066 12.50 16. 62 3176.
2000. .92534 8.4054 .0045 22236.3 30564.3 74.916 12.93 17.07 3330.
2200. 1.01722 9.2302 . 0041 24889.0 3404<».0 77.246 13.1.9 17.65 3475.
2400. 1.10951 10.0551 .0037 2 76 77.<t 37663.0 79.866 14.28 18.49 3608.
2600. 1.20266 10.8799 . 0035 30664.3 41488.4 82.701 15. 44 19. 75 3730.
2600. 1.29751 11.7047 . 00 32 33944.7 45622.3 85.628 17.13 21.62 3843.
3000. 1.39517 12.5295 . 0030 37646.6 50203.3 63.506 19.47 2'».27 3950.
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TftBLE 2

THERMOOYNAHIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

9.00 HPA ISOBAR

'ERATURE DENSITY V (OH/OV)p V<OP/OU)y -V(OP/Otf)y (DV/OTy V THERMAL VISCOSITY THERMAL OIELEiTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG HPA-CU M/KJ MPA 1/K H/K-M KG/M-S SO M/HR
X 102 X 10^ X 10'

16.532 81.'»55<« 89 0.6 .21*789 138.1552 . 00736 103.29 310.83 .00070 1.26725 1.9726
17. 81.1730 895.3 .21*1*53 135.1*970 .00750 105.96 291*. 51 .00070 1. 26625 1. 8651.

16. 80.5602 90 S.it .23555 129.8708 . 00772 110. 89 261*. 86 .00071 1.261.08 1.671.8

19. 79.9262 911.5 .23085 12i*.li»92 .00809 111.. 1.6 21*0 .66 .00070 1. 26181. 1. 51.95

20. 79.2690 912.1 .22638 118.31*60 . 0081.6 117.86 220.56 .00069 1.25952 1.1.1.37

21. 78.5863 911. .22206 112.6518 .00883 121.60 203.59 .30069 1.25 711 1. 31.71.

22. 77.88i»9 912.3 .21792 107.561*2 . 00917 121.. 58 189.18 .00069 1. 251.63 1.2698
23. 77.1580 911.2 . 21391 102.1.278 .00952 126.89 176. 72 .00063 1.25207 1.2077
Zk. 76.1»138 912.7 .21005 97.9929 . 00982 128. 61. 165. 92 .00 068 1.21.91.6 1.1556
25. 75.&<,8I» 908.3 .2061*7 92.9139 .01021 129.92 155.1*1. .00087 1.21.677 1. 1161.

26. 7lt.8671 90 3.3 .20287 87. 971.1. . 01061 130. 73 11.8.08 .00 066 1.21.1*33 1.0853

27. 71*. 0636 897.6 .19929 83.151*2 .01103 131. 19 11*0.60 . 00061* 1. 21.122 1. 0657
28. 73.2363 891.6 .19571 78.5108 . 0111*5 131. 32 133.86 .00063 1.23832 1. 01.10

29. 72.3871* 885.2 .19222 71*. 0713 .01189 131.19 127.75 .00062 1.23536 1.0251
30. 71.5159 877.3 .18886 69.6865 .01236 130. 81 122.17 .00061 1. 23232 1.0128
31. 70.6190 870.2 .1851*1 65.6080 . 01282 129.71* 117.01* .00059 1.22920 1.0063
32. 69.7035 862.1 .18191* 61.6012 .01331 128.52 112.31 .00058 1.22602 1.0^25
33. 68.7655 853.2 .17852 57.71.51. .01382 127. 19 107.93 .00056 1.22277 1.0303
3<». 67.8035 8i«l*.2 .17509 51.. 0768 .011.33 125. 78 103.81* .00055 1. 2191.1. .9991
36. 65.8160 825.8 .16828 1.7.2891. . 0151*2 122, 73 96. 1*1* .00053 1. 21258 l.OOCi.

38. 63.71*1.8 80 6.1* .16169 1.1.171.8 .01658 119. 1.1. 89.88 .00050 1. 2051.5 1.0059

1*0. 61.5921* 78 7.5 .15556 35.8566 .01775 116.00 81*. 01 . 00 01*9 1.19808 1.0120
1*2. 59.3733 76 8.8 .11*938 31. 11.32 . 01896 112. 1.9 78. 75 . 0 0 0 1.7 1.19051 1.02C3
!*». 57.1032 751*.

0

. 11*317 27.2551 . 02003 ir9. 01 71*. 01* . 0001.6 1.18280 1.0257
1*6. 51*. 801*8 71*2.8 .13637 23. 91.35 .02102 105.61. 69.85 . 00 01.1. 1. 17533 1.0323
1*8. 52.5005 733.5 .13018 21.1785 .02188 102.63 66.11. . 00 01.1. 1.15727 1. 031.1

50. 50.2172 726.6 .121*1*5 18.8815 .02258 100.02 62.90 . 00 01.1. 1.15962 1.0318
52. 1*7.9789 723.9 .11919 17.0716 . 02299 97.58 60.10 . 0 0 01.1. 1. 15215 1.0250
56. 1*3.71*02 728.2 .11003 11.. 1.600 . 02311 93.1*5 55.69 . 00 01.6 1.13810 1.0029
60. 39.9253 71*1*.

7

. 10261 12.8221* . 0221.0 90. 1*6 52. 65 . 00 01.9 1.12555 .9710
65. 35.8352 783.1* .091*56 11. 6755 .02072 88.58 50.28 .00055 1. 11221 .9213

70. 32.1*579 837.2 . 0871.2 11. 031*0

75. 29.6713 903.0 .08098 10. 6361*

60. 27.31*27 979.8 .07513 10.3866
90. 23.6951 1161.6 .06508 10.1123

100. 20.9705 1373.1* .05715 9.9825
110. 18. 8557 1613.1 .05073 9.9125
120. 17.1611* 1851*.

0

.01*637 9.8667
130. 15.7685 2091.9 .01*329 9.8278
11*0. 11*. 6292 2317.2 .01*101* 9. 7779
160. 12.7759 2732.3 .03870 9.7290

ISO. 11.3611 3030.3 . 03812 9.681.6
200. 10.21*09 3378.9 .03836 9.61.1*2

220. 9.3295 361*7.1* .03896 9.6075
21*0. 8.5719 3902.3 .03965 9.5739
260. 7.9313 1*155.2 .01*026 9.51*31*

280. 7.3821 1.1.11.2 .01.071. 9.5155
300. 6.9007 1*630 .3 .01*108 9,5020
350. 5.91*73 5359.9 .01.11.8 9.1*1*31

1*00. 5.2280 6066.1* .01*150 9.3951.

fSO. I*. 6651* 6791.2 .01*135 9.3561*

500. I*. 2127 7519.8 .01*119 9.321*1
550. 3.81*06 8251*.

5

.01*101 9.2969
600. 3.5291 8993.9 . 01*082 9.2738
700. 3.0369 101*93.0 .01.01.2 9.2366
800. 2.6651* 12030.9 .03993 9.2081
900. 2.3751 13619.0 .03936 9. 1857

1000. 2.11*18 15261*.

9

.03370 9.1675
1200. 1.7902 18731.6 .03726 9.11*01
11*00. 1.5378 221.21*.

6

.03579 9.1203
1600. 1.31.78 26261*.

0

.031.1.9 9.1053

.01881* 87.90 1.9. 01. .00062 1. 10127 . 8800

.01712 87. 19 1.8.52 .00068 1. 09230 .86J1.

.01560 88. 31 1.8.1*6 .00076 1. 081.85 .8390

.01317 91.. 76 1.9.17 . 00 091. 1. C7 321. .7938

.01135 102. 10 50.51. . 0C112 1. 051.63 . 7719

.00998 109. 71. 51.58 .00130 1. 05798 . 7553

. 00890 117. 90 53.18 .0C150 1.05268 . 71.1.11

.00805 125. 89 55.03 .0C171 1. 01.833 .7361

. 00736 133. 13 57.02 .03192 1. 01.1.78 .7336

. 00627 11.5. 09 61.23 .00238 1. 03903 .7231.

.03550 151*. 1.3 65.53 .00289 1. 031*66 .7138

.001*91 162.21 69.81. . 0 0 31.1. 1. 03120 .7135

. 001.1.3 169.23 71.. 11 . 001.01. 1. 0281.G . 70 31

.001.05 175.97 78.32 .001.68 1. 02607 . 7031

. 03373 182. 69 82.1.6 .00535 1. 021.10 .6991

. 0031.6 189.51 86.53 .00606 1. 0221.2 .6960

.00322 196. 1.8 90.52 .00681 1. 020 95 .6935

. 00276 211*. 1.9 100.22 .00379 1. 01803 .690 3

. 0021*1 232. 99 109.51. .01095 1. 01581. . 6387

.00215 251.57 118.51 .01329 1. 011.13 .5380

.00191. 269.97 127.19 .31582 1. 01275 .5369

.00177 288. 08 135.60 .01852 1. 01162 .5851

. 03162 305.93 11*3.78 .0211.0 1. 01057 .6655

.00139 31.0.83 159.53 .02762 1. 00 918 .581.6

.00122 375. 1.6 171*. 60 . 0 31.1.7 1. 00 80 5 .68'.2

. 00139 1.10. 12 189.10 .01.190 1. 00 717 .58'.0

. 00098 1.1.5.16 203. 13 .01.991 1. 00 61.7 .581.1

. 00082 511. 13 230.02 .06666 1. 0051.0 .5918

.00070 583. 33 255.61 .38639 1. 001.51. .5925

. 00062 655.58 280.15 .10793 1. 001.07 .5933

1800. 1.1996 30233.2 .03335 9.0935 .00055 728.31* 303.75 .13150 1. 00352 .6932
2000. 1.0807 31*1*5 6.0 .03219 9.0836 .00350 805. 29 326.50 .15737 1. 00 325 .6911
2200. .9831 3911*1*.

5

.03081* 9.071*0 . 0001*5 897.77 31.1.. 90 .18631 1.00297 .6779
21*00. .9013 1*1*679. 3 .02913 9.0626 . 0001*1 1017. 26 366. 27 . 21980 1.00272 .6656
2600. .8315 51619.0 .02696 9. 01*61* . 00038 1185. 77 387.25 .25996 1. 00251 . 61.53

2800. .7707 60678.6 . 021.35 9. 0209 .00036 11.30. 09 1.03. 01 .30900 1.00232 .6163
3000. .7168 72666.6 .0211*9 8.9806 . 00033 1780.65 1.28.79 .3631*8 1. 00216 .581.5

THO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARftHYDROGEN (ISOBARS, SI UNITS)

10.00 MPA ISOBAR

r ur\H 1 u V/ni HHP r c fiT MPPM1 o u 1 nc r^n
Tc nr HfiPFX3 ULr nur^c T NTPP KlAl PMTMAI DV PMTPn DV U V r o

Lf r

DERIVATIVE DERIVATIVE ENERGY OF SOUND
K CU M/KG CU M-rtPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

16.808 .01221 1.71.91 1.021. -3 02.1 -179.9 5.181 5.07 6.58 1506.
17. .01223 1.7383 1.021. -301.0 -178.6 5.256 5. 11 6. 61* 1503.
18. .01232 1.6821 1.021 -295.1 -171.8 5.61.5 5.27 6.97 11.91.
19. .012<«1 1.621*3 1. 012 -288.9 -161*.

7

6. 029 5.1.2 7.27 11.76.

20. .01251 1.5672 1.011 -282.1* -157.3 6.1.11 5.57 7.51 11*61*.

21. .01262 1.5088 1.006 -2 75.7 -11*9.5 6.790 5.69 7.93 1450.
22. .01272 1.1*503 .9983 -268.7 -11*1.1. 7.166 5. 80 8. 25 11*36.

23. . 0 128i» 1.3 999 .9681* -2 61 . 1* —13 3.1 7.539 5.90 6.55 11*21*.

2"*. .01296 1.31.81 .9761* -253.9 •»12l»,i. 7.909 5.99 8.81. 11*10.

25. .01308 1. 3031* .9632 -21*6.2 -115.1. 8.276 6.07 9.12 1399.
26. .01321 1.2515 .91*95 -238.2 -106.1 8.61.0 6.11. 9. !.l 1385.

27. .01335 1.2002 .931.2 -230.0 -96.5 9.000 6.21 9. 71 1370.
28. . OlSitg 1.11.9'* .9179 -221.6 -86.7 9.359 6.28 10.01 1351*.
29. .01361* 1.1003 .9005 -212.9 -76.5 9.715 6.31* 10.31 1338.
30. .01379 1.0532 .8822 -201*.

0

-66.

1

10.070 6. 38 10. 60 1322.
31, .01396 1.0079 .8630 -191*.

9

-55.3 10.1*22 6.1*3 10. 39 1307.
32. .011*13 .9630 .81.31 -185.5 -1*1*.

3

10.773 6.1*7 11.19 1290.
33. .011*31 .9196 .8225 -176.0 -32.9 11.121 6.51 11.1*8 1273.
3i>. .aii*<*9 .8772 .8012 -166.

3

-21.3 11.1*68 6.51* 11.77 1256.
36. .011*90 .7978 .7571. -11*6.2 2.8 12.157 6.60 12.31. 1221.
38. .01531. .7251. .7129 -125.3 28. 0 12.81*0 6.61* 12. 90 1187.

(»a. .01582 .6588 .6686 -1 03.8 51*. 1* 13.516 6.66 13.1.6 1153.
it2. .01635 .6011* .621.9 -81.7 81.8 11*. 185 6.68 13.98 1121.
kU, .01693 .5501 .5821 -59.1 110.3 11.. 81.7 6.70 11*. 1.7 1090.
i»6. .01757 .5076 .51*08 -36.5 139.2 15.1.89 6.76 11.. 91. 1059.
l>8. .01825 .1*709 .5016 -13.0 169.5 16.133 6.81 15.35 1031.
50. .01899 .1*1.05 .1*61*9 10.7 200.5 16.767 6.85 15.69 1005.
52. .01977 .1.159 .1*308 31*.

5

232.2 17. 388 6.39 15.96 982.
56. .0211.8 .3825 .3711 82.2 297.0 18.589 6.97 16.27 91*5.

60. .02331. .3655 .3218 128.9 362.3 19.711. 7.01* 16.30 920.
65. .02580 .3615 . 2729 185.3 1*1.3. 3 21.012 7.17 16. 09 901.

70. .02835 .3702 .2352 239.6 523.0 22.193 7.36 15.76 891.
75. .03090 .3855 . 2062 292.2 601.2 23.272 7.61 15.50 886.
80. .0331.5 .1.039 .1835 31*3.8 678.3 21.. 267 7.91 15.38 886.
90. .0 381*8 .1.1*68 .1505 1*1*7.1 831.9 26.077 8.66 15.1.1 892.

100. .01.31.2 .1*938 .1278 553.2 987.1* 27.711. 9.1.8 15.71 905.
110. .01.821. .51*22 .1113 665.8 111.8.2 29.21.6 10.35 16.20 921.
120. .05297 .5907 .0987 782.1* 1312.1 30.672 11.35 16.51 91.2.

130. .05763 .6389 .0888 903.5 11.79.7 32.011. 11.61 16.93 965.
11*0. .06221 .6861 .0807 1028.0 1650.

1

3 3.2 76 12.00 17. 15 990 .

160. .07101. .7761 .0682 1282.0 1992.1. 35.562 12.36 17.21 1039.

180. .07985 .8673 .0595 1536.2 2331..

7

37.578 12.31 16.99 1091*.

200. .08851. .9568 .0528 1785.1* 2670.

8

39.31.8 12.05 16.52 111*8.

220. .09715 1.01*51 .01*75 2 027.

3

2998.8 1.0.912 11.73 16.21 1202.
21*0. .10570 1.1321. .01*32 2262.0 3319.

0

1.2.305 11.1.1 15. 83 1253.
260. .111.19 1.2190 .0396 21*90.3 3632.2 1.3.559 11.15 15.51 1302.
280. .12265 1.301.9 .0366 2713.3 3939.9 1.1. .699 10.91. 15.27 131*9.

300. .13119 1.3936 .0 31*0 2933.

8

1*21*5.7 1.5. 752 10.79 15. 07 1395.
350. .15212 1.601*6 .0290 31*70.0 1*991.2 1.8.050 10.56 11.. 79 11*99.
<*00. .17295 1.811*1 .0252 3997.5 5727.

0

50.016 10.1.6 11*. 56 1591*.

1*50. .19373 2.0226 .0221. 1*520.9 61.58.2 51.71.0 10.1.3 11.. 61 1683.

500. .211.1.6 2.2301* .0201 501.3.7 7188.

3

53.277 10.1.2 11.. 59 1767.
550. .23517 2.1.378 .0182 5565.5 7917.2 51.. 666 10.1.3 11.. 58 181.6.

600. .25586 2.61.1.9 .0167 6087.9 861*6.5 55.931* 10.1.14 11*. 59 1922.
700. .29720 3.0586 .011.3 7135.0 10106.9 58.187 10.1.9 11.. 53 2065.
800. .33850 3.1.718 .0125 8188.9 11573.9 6 0.11.1* 10.58 11*. 71 2197.
900. .37979 3.881.7 .0111 9253.3 13051.2 61.882 10.71 11.. SI. 2320.

1000. .1.2106 1..2971. .0103 10331.2 11*51*1.9 63.1.56 10. 86 11.. 99 21.35.

1200. .50359 5.1227 .0083 1251.2.5 17578.1* 66.211 11.25 15.57 261.6.

11.00. ,58610 5.91.77 .0071 11*835.7 20696.7 68.618 11.68 15. 61 2837.
1 600. .66860 6.7726 .0062 17211*.

6

23900.

6

70. 731. 12.10 16.22 3011*.

1800. .75111 7.5975 . 0056 19679.

8

27190.9 72.634 12.1.9 16.62 3179.
2000. .83366 8.1.223 . 0 053 22235.5 30572.0 71.. 1.81 12.93 17.06 3331*.

2200. .91631* 9.21.71 .001.5 21*885.8 31*01.9.2 76. 810 13.1.7 17. 53 31*78.

21.00. .99937 10.0720 .001.2 27668.

2

37661.9 79.1.27 11.. 21. 18. 1*1* 3612.
2600. 1.08316 10.8968 .0038 3061.1.9 1.11.73.1. 82.256 15.35 19.65 3731*.

2800. 1.16836 11. 7216 .0036 33896.

7

1.5580.1. 85.171. 16.97 21.1*1. 381*8.

3000. 1.25599 12.51.61* .0033 37551..

2

50111..

1

88.037 19.21 23.97 3955.

• THO-PHASE BOUNDARY
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

10.00 HPA ISOBAR

MPERATURE DENSITY W(DH/OV)„
P

V«OP/OU),, -
V

V(OP/DV)-
1

VN KG/CU n KJ/KG nrA"Lu n/l\J MP A

X 10

16« 80 8 81. 872 9 91 9. 9 . 21*61*5 1<*3. 20 0 3

17« 81. 7600 92 2.0 . 21*5 10 11*2. 1202
18* 8 1 . 162

1

9 31.5 . 23860 136.521*1

19* 80.5558 93 9.9 .23167 130.61*63
20 • 79. 921

8

91*2. 6 .22727 125.251*2
21* 79 • 2 66'* 9'*3. 0 . 223 01* 11

22. 78.5887 9<*1.9 .21893 113.9783
23. 77.8936 91*2.9 .21502 lOg.O^fS/
2'>. 77.1 767 91*1 • 9 . 21121 1 Oh. 0 381*

25. 76. i»'»28 91*2. 9 .20758 99.6355
26. 75.6908 939.1 . 20<»18 91*. 7233

27. 7l».9239 931*.

7

•20070 89.921*9
28. 7<».1366 929. 1* . 19723 85.2159
29. 73. 3292 923.7 . 19381* 80.6839
30. 72. 5015 91 7. 6 .19059 7 6. 3571*

31. 71.6 523 911.6 . 18727 72.2213
32. 70.7876 901*.

6

.18397 68.1673
33. 69.9026 897.2 . 18070 61*. 2839
3'». 66. 9968 889.2 . 1 771*3 60.5268
36. 67.1359 87 2.9 .17091 53.5620
38. 65.2037 856.2 . 161*57 1*7.2967

hO . 63. 205 6 838.2 . 158 71 1*1 .6392
'•2. 61.1<>98 822 .5 . 15292 36. 7751
'•'». 59. 0530 807.9 . l'*703 32.'»879
46 . 5 6. 9271 798 . 2 . l'*0 50 9 fl a Q L nC 0 . 0 7<* 0

<»6. 5't. 79'»2 789.5 . 1 31* 51 25. 80'*9

50. 52.6712 783.0 .12889 23.2021
52. 50.5770 779.2 .12366 21.0339
56. <»6.5526 78 D .7 . 111*39 17. 80 52
60. '*2 . 8'*56 79 3 . 3 . 1 0 669 15. 6610
65. 38. 7532 825. 8 . 0 9822 1 ** . 0 1 U**

70. 35. 279'» 875.2 . 09063 13.061'*
rd . 32 .3603 938.1 . 083 76 12. '759
80. 29. 8978 1011.8 . 0 7755 1 2. 0 7'* 8

90. 25. 9853 1189.0 .06691 11 . 60 98
100 . 2 3. 0 33 0 1398.1 . 05867 11.3739
110. 20.729'* 1636.3 .05186 11.21*03
120. 18.8773 1876.1 .01*731 11.1500
130. 17. 3533 211<t. 6 . 0 1*1*0 7 1 1. 0865
I<t0. 16.0 75'* 23<*3.2 . 01*183 It. 0295
160. 1'*.0 768 2751*.

6

. 0 3922 10. 921*5

ISO. 12. 52'>2 310 3.

3

. 0 3857 10 . 8616
200. 11. 29'*'* 31*02 • 7 .038 77 10.8066
220. 1 0 . 293'* 3671.7 . 03931* 10. 75 78
2<»0 . 9.'*610 3927.2 .03999 10 . 711*1

260 . 8. 7570 1*189 .5 . 0 1*0 58 10 . 671*7

280. 8.1531 1*1*36.9 .01*101* 10. 6392
300. 7.6226 1*707.8 .01*136 10.6229
350. 6. 573 8 5387 .9 • 01*1 72 10. 51*66

((OO • 5 . 7819 6095.0 .01*171 10. 1*889

<»50. 5 .161 9 662D.1 . 01*153 10.1*1*03

cnn9U u . '*. 662 8 751*9. 0 . 01*135 10 . '*D 0 0

550 . <».2523 8281*.

0

. 01*115 10 . 3662
600. 3.908'* 902 3.6 • 0 1*0 95 10.33 75
700. 3.36<>8 10523.1 .01*053 10.2915
800. 2.95'*2 12Q61.3 .01*003 10.2563
900. 2.6330 1361*9.8 .0391*1* 10.2286

1000. 2.37«*9 15296.1 .03877 10.2062
1200. 1.9857 1 8 76 3 . 6 .03732 10.1723
1(»00. 1.7062 221*57.5 .03561* 10.11*79
1600. l.'*957 26297.3 .031*53 10.1295

1800. 1.331<* 30261*.

6

.03339 10.1150
2000. 1.1995 31*1*78.0 . 03221* 10.1029
2200. 1.0913 39138.3 .03091 10.0911*
2<»00. 1.0006 1*1*60 6.5 .02921* 10.0783
2600. .9232 511*12.3 .02713 10.0602
2800. .8559 60231*.

6

.021*59 10.0325
3000. .7962 7181*2.6 .02179 9.9893

• THO-PHASE BOUNDARY

«DV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
" CONOUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1 1vl/K H / K " M KG^M~S
X 10 X 10

• 0 07 15 106. 0 3 316.91 • 0 0 0 71 1.26 8 71* 1 . 9661
• 00 720 10 7. 12 3 09.91* • 0 0 071 1 . 268 31* 1.9216
• 0 0 7'*8 112. 22 2 78.08 * 0 0 0 71 1 . 26621 1 . 72 62
• 00 77t» 115.98 252. 38 • 0 0 0 71 1. 261*0 7 1 • 5825
.00607 119.53 230.97 .00071 1. 26182 1.1*701
.008i»l 123. 1*5 212.99 .00071 1. 25951 1.3687
• 00676 126.57 197 . 68 • 00 0 7 0 1.25711 1.2631*
• 0 0 90 6 129.01* 1 81* . 5 0 .00070 1 . 2 5 1* 66 1.2223
• 0 0 93 9 130.93 173. 15 .00069 1 . 25 211* 1 . 169

1

• 0 0 96 7 132. 31* 163.18 • 00 0 6

8

1 . 21* 956 1 . 12 1* 0

• 010 0 2 13 3. 2 7 151* • 3 8 .00067 1 . 21* 69 2 1.0901*

• 01039 1 33 . 85 1 1*6 . 5 7 • 0 0 0 66 1. 21* 1*23 1.0633
• 010 77 131*. 11 139.55 .00065 1. 21*1 1*7 1 . 0 1*1

7

• 01116 131*. 10 133.20 . J J 0 6 4 1.238 65 1. 0 2 1*1

. 01155 133.85 127.1*3 . 00063 1.23576 1.0093
•01195 132.88 122.13 .00061 1.23280 1.0011
• 01237 131. 78 117,27 .00060 1 . 22 9 79 • 995 6

•0 1279 13 0.55 112.77 • 00 05 9 1.22671 . 9915
• 0132'» 129. 26 108.59 •00057 1. 22 3 58 .983 8

• 0 lU 126. If** 101.05 • 0 0 0 3 5 1.21713 . 9861*

• 0 150 7 12 3. 38 91*. 1*0 • 0 0 0 5 3 1 . 2 1 0 1* 7 .9871*

• 01606 120.18 8 8. 1*6 « 0 0 051 1.20360 . 99u 8

• 01699 116. 88 83.17 n n n 1. ci
• 0 u 0 4 y 1 . 19 65 7 . 99 1* 5

n 1 7 Q 7 X 1 . 0 u 7 fl 1.

9

fi n n f. A
* u u U H 0 1 . 18 9 1*2 Q Q Q *

. 01872 110.1*1 7tt.lD .OOO"*? 1. 18221 1.0034

. 0191*1* 107. 36 70. 37 .aoai«& 1.171*99 1.0G56
• 020 0 1 0 1* . 61* 67.02 . 0 0 0 1* 6 1 . 16 785 1 . 0 0 4 8

• O20'f8 10 2. 27 6*» • 0 9 . 0 0 Qi*

6

1 . 16 0 8 2 1.0001
• 0 20 d'l' 98. 15 59 • 3 1» . 0 0 0 1* 7 1 . 1 1*7 1*1 .9836
• 0 20 55 55.91 n n n f. Q

. U U U 4 7 1 . 13515 Qc a ft

• 0 19'»d 92. 92 53.06 .00051* 1.121 72 .9186

• U 10 U

1

Q 4 on 5 1 • *tl .00059 1 . 11 0 1* 0 .3618
• 01653 90.69 5 0.57 .00065 1 . X 0 0 9 5 .8627
• 01520 9 1 . 69 50.28 • 0 0 0 7 2 1. 09303 . 84 31
.01296 97. 71 50.65 .00088 1. 08052 .7991
• 0112'* 101*. 71 51.78 .OOlQi* 1. 07115 . 7770
• 00990 112. 33 52.78 .00120 1.06 387 • 761 4
• 0 0 8 85 120.12 S**. 1

7

.00138 1 • 05305 . 749 0

• 0 03 01 127.81 55. 86 .00157 1. 05328 • 74 0 0

• 00 73 2 131*. 81 57.73 .0 0176 1. 01*929 .7345
. 0 0625 11*6 . 38 61.77 .00218 1 . 01* 3 3 6 • 7 2 6

1

• 005^*8 155. 1*5 65. 96 .00263 1 . 0 38 25 .7211
• 0 0 'td 8 16 3. 03 70.20 . 00313 1 . 0 3 1*1*5 .7155
• 0 0 1 169.90 7 41 • 0 0 367 1.03136 .7097
. 00^103 176.53 78.57 .00'«2'* 1.02880 .7045
.00371 183.16 32.68 .001*85 1. 02661* . 7003
« 00 3^1* 189. 92 66.72 . 00 51*9 1 . 02 1* 78 • 69 72
• O0320 196. 83 93.70 . 0 0 617 1. 02 316 . 6945
• 00 27*t 211*. 75 100.36 .00795 1.01995 • 69 1 0

• 0 02^*1 233.2 0 10 9.65 . U G 99 U 1.01753 • 6 8 93
• 00214 251. 71* 118.60 .01202 1.01561* .6864

nn 1 Q

1

• UU 1? ^ c / U . 1

1

12 7. 27 . 0 1 1*3 0 1 . 0 1 1* 1

2

. DC f J

. 00176 288.20 135 .67 .01673 1.01287 .6861*

. 00162 306. 00 11*3. 81* .01932 1. 01183 .6357

. 00139 31*0. 96 159.58 .021*93 1.01017 .681*7

.00122 375.53 171*. 61* .03110 1. 02893 .681*3

. 00109 <*10. 18 189.11* . 03780 1.00796 .68'*1

. 00098 1* 1*5. 21 203.1b .01.501 1.0j717 . 681*1

. 00082 511.13 230. 01* .06028 1. 0060Q .6919

. 00070 583.33 255.63 . 07787 1. Ou515 .6927

. 00062 655.56 280.16 .09726 1. 001*51 .6931*

. 00055 728.21 303.77 .1181*7 1. 001*02 .6933

. 0001*9 805. 77 326. 51 . 11*171* 1. 00362 .6913

. 0001*5 896.11* 3'*'*. 90 . 16772 1. 03 329 .6781*

. 0001*1 1013. 06 366.26 .19767 1. 00302 .6666

.00038 1176.1*8 387.23 .2331*3 1.00278 . 61*69

.00036 11*11. 82 1*07.97 .27698 1. 00258 . 6195

.00033 171*8. 06 1*23. 71 .32975 1. 0321*0 .5379
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

12.00 MPA ISOBAR

PERATJRE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

17. 3i»6 .01210 1.8521 1.038 -300.1 -151*.

9

5. 220 5.15 6.33 151.1..

18. .01 15 1.8168 1.037 -296.3 -150.5 5.1*69 5.25 6.83 1537.
19. . 0122'> 1. 7629 1.035 -290.1* -11*3. 6 5.81*7 5 .1*1 7.13 1525.
20. .01233 1.7091 1. 031 -281*.

2

-136.3 6.220 5.51* 7.1*3 1511*.

21. .012>t2 1.6510 1.027 -277.7 -128.

7

6.588 5.67 7. 71* 1501.
22. .01252 1.5973 1. 021 -271.0 -120.9 6.955 5.79 8.01* 11*89.
23. .01262 1. 51*26 1.013 -261*.

1

-112. 7 7.319 5.89 3.3 3 11*77.

2'». .01272 l.'»962 1.003 -256.9 -101*.

2

7.679 5 .93 8.61 11.63 .

25. .oi2ei» l.it391 .9916 -21*9.5 -95.5 3.036 6. 37 8.88 11*51.

26. .01295 1.3900 .9786 -21*1. 9 -86.1* 8. 390 6.11* 9.15 11*39.

27. .01307 1. 31*51* .961*7 -231*.

0

-77.2 8.71*0 6. 21 9. 1*1 11*27.

28 . .01320 1.2977 .9507 -2 26.

0

-67.6 9.087 6.26 9.68 11*11*.

29. .01333 1.2500 .9353 -217.7 -57. 8 9.1*31 6.31* 9.95 11*00 .

30. .013(»6 1. 2023 .9191 -209.

3

-1*7. 7 9.773 6.1.0 10.22 1386.
31. .01360 1.1560 .9019 -200.6 -37.1* 10.112 6.1*5 10 . 1*8 1371.
32. .01375 1.1136 .881*0 -191.8 -26.8 10.1*1*9 6.1*9 10.71* 1357.
33. .01391 1.0707 .8655 -182.8 -15.9 10.781* 6.53 11.00 1 31*3

.

3<». . ai'f06 1.0 288 . 81*65 -173.5 -1*. 8 11.116 6.57 11.25 1327.
36. .OlUitS .91*95 .8 069 -151*.

6

13.2 11.773 6.63 11.75 1297.
38. .01«»77 .8776 . 7660 -135.

0

1*2.2 12.1*21 6.68 12.22 1267.
1*0. .01517 .3101 .721*9 -111*.

9

67.1 13.060 6.71 12.68 1237.

«»2. .01559 . 71.70 ,681.1 -91*.

2

92. 9 13.689 6.73 13. 13 1207.
'«<«. .01606 .6919 .61*1*1 -73.1 119.6 11*. 309 6.76 13.56 1178.
<«6. .01655 .61*57 .6052 -52.1 11*6.6 11*. 909 6.82 13.96 1150.
1*9. .01708 .601*2 .5677 -30.1 171*.

9

15.511 6.86 11*. 33 1121*.

50. .01765 .5690 .5319 -7.9 203.9 16.103 6.90 11*. 65 1099.
52. .01825 .5385 .1.982 11*.

5

233.5 16.683 6.91* 11*. 93 10 76.
56. .01955 .1*916 .1.373 59.8 291*.

3

17.811 7.02 15.35 1036.
60. .02096 .1*623 .3851 101*.

7

356.2 13.877 7.10 15.55 1007.
65. .02285 .1*1*35 .3313 159.9 1*31*.

2

20.127 7.23 ?5.63 979.
70. .02485 .1*390 .2881 211*.

1

512. 3 21.281* 7.1*2 15.59 961.

75. .0 2689 .i*'.58 ,2537 267,3 589.9 22.355 7.67 15.1*9 91*9.

80. .02895 .1*593 ,2260 319,8 667.2 23.353 7.97 15.1.2 91*3.

90. .03307 .i*9i*2 ,1853 1.25,0 321.3 25.173 8. 70 15.51* 939.
100. .0 3711. .5351 ,1571 533,0 978.7 26.826 9.51 15.88 91*5.

110. .01*115 .5 301 .1365 61.7.3 111*1.2 28.371. 10.39 16. 38 956.
120. . 01*511 .6260 .1208 765.5 1306.8 29.815 11.09 16.78 973.
130. . 01.901 .6731 .1081* 888.0 11*76.1 31.170 11.61* 17.09 991*.

11*0. .05285 ,7197 .0981. 1013.8 161*8.0 32.1*1*3 12. 01* 17,30 1017.
160. . 0 601*0 .8125 . 0832 12 70.3 1995.0 31*. 760 12.1.0 17.36 1067.
180. .06761 ,8983 . 0 723 1526.1 2337.1* 36.773 12.31. 17.13 1116.

200. .071*90 .9879 .0638 1776.5 2675.3 38.558 12.08 16.70 1169.
220. .03211 1.0 765 .0573 2019.5 3D0I*. 8 1*0.123 11. 75 16.27 1221,
21*0. .0 8926 1.161*2 .0521 2255.0 3326.1 1*1.527 11.1.3 15.89 1272,
260. .09637 1.2510 .01.77 21.81.. 0 361*0. 1* 1*2.785 11.17 15.57 1321.
280. .1031*1* 1.3372 .01.1.1 2707.7 391*9.0 1*3.928 10.96 15.31 1367.
300. .11061 1.1*275 . 01.09 2928.9 1.256.2 1*1*. 985 10.80 15.11 11*13.

350. .12809 1.6383 .031.8 31.66. 3 5003.3 1*7.288 10.57 11*. 81 1516.
1*00. .11*51*7 1.31*81* . 0303 39S1..5 571.0.2 1*9,257 10.1.7 11*. 68 1610.
1*50. .16280 2.0569 .0269 1.518.6 61.72.2 50.983 10 .1*1* 11*. 6 2 1697.
500. .180 09 2.261*8 .021.1 501*1.8 7202.9 52.521 10 .1*3 11*. 60 1780.

550. .19736 2.1.722 .0219 5561*. 0 7932.3 53.911 10.1*3 11*. 59 1859.
600. .211*61 2.6793 .0201 6 0 86.

7

8661.

9

55.180 10.1*1. 11*. 59 1935.
700. .21*906 3.0929 .0172 7131*.

1

10122.9 57,1*33 10 .1*9 11.. 63 2077.
800 . .2831*9 3.5060 .0150 8188.

3

11590.2 59,391 10.58 11*. 72 2208,
900. .31790 3.9188 ,0133 9252.9 13067.7 61.130 10.71 11*. 61* 23; ,

1000. .3 52 3 0 1..3315 ,0120 10331.

0

11.558.6 62.703 10. 87 11*. 99 21*1*5,

1200. .1*2107 5.1566 .0100 1251*2.5 17595.1. 65.1*58 11.25 15.37 2655.
11*00. .1*8983 5.9815 .0086 11*835.8 20 713.

8

67. 866 11.68 15.81 281*5.

1600. .55859 6.8063 .0075 17211*.

8

23917. 8 69.982 12.10 16.22 3021,
1800. .62731* 7,6311 .0067 19679.7 27207.

8

71.881 12.1*9 16.62 3186,

2000. .69613 8.1*559 .0060 22231*.

2

30587.7 73.728 12.92 17.05 331*1,
2200. .76502 9.2807 . 0 055 21*880.3 31.061.0 76.0 55 13.1*1* 17. 59 31*85,
21*00. .8 31*17 10,1055 . 0050 27653.1* 37663.

5

73.663 11*. 17 18.36 3619.
2600. .90390 10.9302 .001.6 30605.8 1.11.52. 7 81.1*88 15.21 19.50 371*2.

2800. .971*71 11,7550 .001*3 33819.7 1.5516.2 31*. 389 16.71 21.15 3357.
3000. 1.01*737 12.5793 .001.0 371*05.3 1.9973.8 37.227 18.78 23. 1.3 3965.

• THO-PHASE BOUNDARY
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TABLE 2

THERMOOYNAMIC PROPERTIES OF PARAHYOROGEN <ISOBARS, SI UNITS)

12.00 HPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(OH/Dtf)„

KJ/KG

V(OP/OU)y -V(DP/OV»y

MPA-CU M/KJ
X 1d2

MPA

(OV/OTI/V THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY DIFFUSIVITY CONSTANT

1/K W/K-M
X 10^

KG/M-S
X 10^

SQ M/HR

PRANDTL
NUMBER

17. SffS 82 . 6 75 6 977.1 .21*393 15 3.1232 .00678 111. 38 329.05 .00073 1.27159 1.9572
18. 82.3055 981*.

2

.23990 11*9.5335 .00691* 111*. 78 306.11 , 00071* 1.27027 1.8211
19. 81.7261. 993.1 .231*28 11*1*. 0750 . 00718 118. 83 276.63 .00073 1. 26822 1. 6609
20. 81.1312 999.7 .22926 138.6583 .0071*1* 122. 63 252. 39 .00073 1. 26611 1. 5293
21. 80.5315 1001.9 . 221*88 132. 9611 .00772 126.91* 232.38 .00073 1. 26398 1.1*161

22. 79.9020 ioa<*.2 .22092 127.6311 .00800 130.37 215.25 .00073 1.25175 1.3267
23. 79.253'* iaQ<*.6 .21711 122.2533 . 00829 133.10 203.58 .00073 1. 2591*6 1.251*7
2(*. 78.5871* 1002.3 . 21339 116. 7973 .00859 135. 25 187.90 .00072 1. 25711 1.1966
25. 77.9077 1001*.

0

.20981* 112. 1185 . 00881* 136.90 176.88 . 00071 1.251*71 1.11*72

26. 77.2091* 1003.1 .20637 107.321*3 .00912 138.06 167.16 .00070 1.25225 1.1075
27. 76.1*976 1003. <* .20295 102.9186 .00937 138.85 158.57 .00069 1. 21.975 1. 071*2

26. 75.7721* 1001.0 . 19973 98.3287 .00967 139.32 150.91 .00068 1.21*720 1.01*83
29. 75.0316 997.5 .19651* 93. 7886 . 00997 139.52 11*1*. 03 .00067 1.21*1*61 1.0269
30. 71*. 2761 992.6 .1931*8 89.301*1* .01029 139.1*8 137.80 .00066 1.21*196 1.0093
31. 73.501*1 987.7 .19035 81*. 9711 . 01061 138. 71 132.13 .00065 1.23926 .9987
32. 72.7171 983.8 . 18725 80.9801 . 01092 137. 78 126.91* .OOO&i* 1.23651 .9691*

33. 71.9150 978.1* .181*22 77.0019 . 01121* 136.73 122. 16 .00062 1.23371 .9826
31*. 71.1002 972.5 .18122 73.11*53 .01157 135.62 117.75 .00061 1.23088 .9771
36. 69.1*279 960.2 .17523 65. 9168 .01221* 133.15 109.61* .00059 1.22507 .9696
38. 67.701*5 91*8.1 .16936 59.1*181* .01289 130. 1*1* 102.93 .00057 1. 21910 .961*5

<>0. 65.9366 931*.

Q

.16391 53.1*161 . 01357 127.60 96.83 .30055 1. 21299 .9619

<»2. 61*. 1275 919.3 .15852 1*7.9026 .011*28 121*. 63 91.39 .00053 1.20677 .9627
kk. 62.2808 907.0 .15309 1*3.0902 .011*95 121.65 66.50 .00052 1. 23 01*1* .961*0
<*6. 60.1*123 900.1 .11*699 39. 0098 . 01551 118.72 82. 11 .03051 1.191*05 .9658
<»8. 56.5352 893.0 .11.137 35.3675 . 01605 115.90 78. 17 .00050 1. 13 766 .9668
50. 56.6572 887.8 .13601 32.21*00 .01650 113.21 71*. 61* . 00 01*9 1. 18129 .9658
62. 51*. 7950 881*.

0

.13096 29.5076 .01688 110.69 71.1*9 . 00 01*9 1. 17500 .961*1
56. 51.1592 862.6 .12172 25.1500 . 01739 106. 1*9 66. 21* . 00 01*9 1. 15277 .951*6

60. 1*7.7096 890.7 .11377 22.0559 .0171*6 103.29 62.21 .00050 1. 15126 .9369
65. 1*3.7550 915.6 .101*73 19.1*053 . 01707 100.88 58.59 .00053 1. 13815 .9078
70. 1*0. 21*75 956.0 .09651 17.6700 .01631 99.1*2 56.20 .00057 1.12661 .8813

75. 37.1910 1012.6 .08698 16.5807 . 01530 98.00 51*. 71* .00061 1. 11662 .6652
80. 3(*. 51*29 1082.7 .08212 15. 8651 .011*25 98.23 53.93 . 00 066 1. 10801 .81*69

90. 30.21*33 1253.2 . 0701*3 11*. 91*67 .0121*0 103.1*9 53.61 .00079 1. 091*11* .80ii8

100. 26.9263 11*55.9 .06135 11*. 1*081* .01091 109.67 51*. 26 .00093 1. 08352 .781*2

110. 21*. 2990 1690.6 .051*07 11*. 0951 . 00969 117.55 55. 28 .00106 1. 07516 .7700
120. 22.1672 1927.9 .01*913 13. 8769 .00870 1211.61* 56.21* .00121 1. 0681*1 .7571
130. 20.1*01*9 2165.7 . 01*563 13. 731*9 . 00789 131. 77 57. 62 .00136 1. 06285 .71*73
11*0. 18.9211* 2391*.

3

.01*319 13.6180 .00722 138.28 59.21* .00152 1. 05819 .71*11

160. 16.5567 2608.8 .01*053 13.1*531 .00618 11*9.10 62.93 .00187 1. 05079 .7329
180. m.7907 311*7.2 .03960 13.2823 . 0051*1* 157.60 66.69 .00221* 1. 01*526 .7269

200. 13.3517 3<*52.3 .03957 13.1900 . 001*84 161*. 76 70.96 .00266 1. 01*081 .7192
220. 12.1790 3722.1 .01*007 13.1110 .001*37 171. 32 75.05 .00311 1. 03718 .7129
21*0. 11.2029 3978.2 .01*067 13.01*22 . 00399 177. 71 79.12 .00359 1. 031*17 .7073
260. 10.3766 1*232.1 .om2i 12. 9811* . 00368 181*. 16 83.16 .001*10 1. 03162 .7029
280. 9.6672 1*1*89.2 .01*163 12.9272 .0031*1 190.77 67.11* .OQit&i* 1.0291*3 .6991*
300. 9.01*07 1*763.9 .01*191 12.9053 . 00317 197.57 91.07 .00521 1. 02751 .6961*

350. 7.6071 51*1*1*.

9

.01*219 12. 791*0 . 00272 215. 30 103.65 .00670 1. 02372 .6925
1*00. 6.671*1 6152.6 .01*212 12. 7058 .00239 233.62 109.86 .00831* 1.02087 .6901*
1*50. 6.1i*2<* 6878.1* .01*169 12.631*3 . 00213 252. 08 116. 60 .01010 1. 01663 .6692
500. 5.5527 7607.9 .01*167 12.5755 . 00192 270. 39 127.1*3 .01201 1.01633 .6679

550. 5.0669 831*3.3 .01*11*1* 12.5261* . 00175 268.1*1* 135.61 .011*05 1. 01535 .6869
600. I*. 6597 9083.2 .01*122 12.1*81*7 .00161 306.22 11*3.97 .01621 1.011*11 .6861
700. i>.0150 10583.3 . 01*075 12.1*160 . 00138 31*1. 13 159.68 .02090 1. 01215 .6650
800. 3.5275 12122.1 .01*022 12.3672 . 00121 375.67 171*. 72 .02605 1.01067 .681*5

900. 3.11*56 13711.2 .03961 12.3272 . 00106 1*10. 30 189. 21 .03165 1. 00951 .681.3

1000. 2.8385 15358.3 .03692 12.2950 . 00096 1*1*5. 31 203. 22 .03767 1.0u858 .681*3

1200. 2.371*9 1882 7.1* .0371*1* 12.21*63 . 00082 511. 13 233. 08 . 0501*0 1. 00717 .6920
1400. 2.01*15 22523.1 .03593 12.2113 . 00070 583. 33 255.67 .06507 1. 00616 .6928
1600. 1.7902 26363.8 .031*62 12.181*9 . 00062 655.52 260.20 .08125 1. 03 51*0 .6935
1800. 1.591*0 30 328.2 .0331*7 12.161*2 .00055 728.00 303.79 . 0989'* 1.031*61 .6931.

2000.
2200.
2<»00.
2600.
2800.
3000.

1.1*365
1.3072
1.1988
1.1063
1.0259
.951*8

31*526.8
3911*2.1
1*1*503.2
51093.7
59533.9
70529.5

.03232

.03103

.0291*3

.0271*1

.021*99

. 02231

12.11*71
12.1313
12.111*3
12. 0923
12.0599
12.0106

, 0001*9
,0001*5

.0001*1
, 00038
.00036
, 00033

601*. 93
893.52

1006. 31
1161.51
1382.36
1695.1*9

326. 51*

31*1*. 69
366.26
387. 21
1*07.91
1*28.57

,11831
.13966
.161*56
. 19366
.22933
.27223

1. 001*33
1. 03391*

1. 00 362
1. 00 331*

1. 00309
1. 00288

.6917

.6791

.66 81*

.6500

.6241

.5936

• THO-PHASE BOUNDARY
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T4BLE 2

THERMODVNftMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

1<».00 HPA ISOBAR

TEHPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 17.669 .01198 1.9517 1.052 -298.

0

-130.2 5.258 5.21 6.57 1560.
18. .01199 1.9449 1.052 -297.2 -129.3 5.307 5.24 6,71 1579.
19. .01207 1.8929 1. 051 -291.5 -122.5 5.678 5.39 7.00 1569.
20. .01216 1.8408 1. 0 49 -285.5 -115.3 6.045 5.53 7. 29 1559.
21. .01224 1.7869 1. 045 -279.

3

-107.9 6.407 5»65 7.57 1548.
22. .01233 1.7372 1.0 39 -272.6 -100.2 6. 766 5.77 7. 85 1537.
23. .01242 1.6804 1. 036 -266.1 -92.2 7.119 5.87 8.14 1526.
Z<». .01252 1.6297 1.027 -259.2 -83 .9 7.471 5.97 8. 41 1515.
25. .01262 1.5784 1.017 -252.1 -75.4 7.820 6.03 8.67 1503,
26. .01273 1.5244 1.006 -24i».8 -66.6 3.165 6.14 8. 93 1489,
27. .01263 1.4799 . 9933 -237.

2

-57.6 8.506 6.21 9.13 1479,

28. .01295 1.4333 .9 796 -229.5 -48.3 8.845 6.28 9.43 1466,
29. .01306 1.3879 .9652 -221.6 -38. 7 9.180 6. 35 9.57 1454.
30. .01318 1.3439 .9509 -213.5 -26.9 9.512 6.40 9.91 1442.
31. .01331 1.2995 .9355 -205.2 -16.9 9.841 6.46 10.16 1430.
32. .01344 1.2548 .9194 -196.8 -8.6 10.167 6.51 10.40 1416.
33. .01357 1.2134 .9025 -188.1 1.9 10.491 6.55 10. 53 1403.
3*1. . C 1 3 71 1.1721 . 6651 -1 79 . 3 12.7 10.812 6.59 10.86 13 90.
36. .01401 1.0925 18 490 -161.3 34.9 11.446 6.66 11.32 1363.
38. .01432 1.0212 .6114 -142.6 57.9 12.069 6.71 11.71* 1336.
40. .01466 .9529 .7731 -1 23.5 81. 8 12.682 6.74 12.14 1310.

<>2. .01502 .6909 .7347 -103.9 106.4 13.283 6.77 12.51 1263.
i»t>. .01541 .8333 .6969 -83.8 131.8 13.874 6.80 12.89 1257.
46. .01582 .7799 .6596 -63.9 157.5 14.443 6.86 13.29 1229.
48. .01625 .7351 .6238 -43.1 184.4 15.016 6.91 13. 62 1204.
5D; .01671 .6957 .5891 -22.0 212.0 15.579 6.96 13.92 1180.
52. .01720 .6606 .5560 -.7 240.1 16.130 7. OQ 14.20 1158.
56. .01824 .6055 .4951 42.7 296.1 17.204 7.08 14.62 1118 .

60. .01937 .5657 .4416 85.9 357.2 13.223 7.15 14. 91 1086.
65. .02069 .5344 .3847 139.9 432.4 19.427 7, 29 15, 14 1054,
70. .02250 .5198 .3378 193.3 508.4 20 .554 7.1*7 15, 26 1030,

75. .0 2418 .5164 . 2992 246.4 584.9 21.609 7.72 15,32 1012.
80. .02589 .5221 .2676 299. 2 661.6 22.600 8.02 15, 37 100 J

.

90* .02933 .5479 . 2199 405.6 816. 2 24.421 6. 75 15, 58 983.
100. .03278 .5633 .1665 514. 9 973 .8 26.081 9.55 15. 96 987.
110. .03620 .6234 .1619 630 .5 1137.3 27.637 10.43 16. l»9 993.
120. .03958 .6666 .1431 750.0 1304.1 29.039 11.12 16.90 1006.
130. .04292 .7113 .1282 873. 7 1474.

6

30.453 11.67 17. 21 1024.
140. .04623 .7567 .1163 1000.5 1647.7 31.736 12.07 17.42 1045.
160. .05272 .6476 .0960 1258.9 1997.

0

34.068 12.43 17. !»7 1092 .

180. .05909 .9381 .0649 1516.5 2343.6 36.112 12.37 17.20 1142 .

200. .0 65 37 1.027<. .0 749 17 68.3 2683.4 37.900 12.10 16.77 1193.
220. .07138 1.1069 .0672 2012.

0

3011.3 39.463 11.77 16.34 1241.
240. .07753 1.1967 .0610 2246.

3

3333.3 40.866 11.45 15.54 1291

.

260. .06365 1.2637 .0559 24 78.0 3649.1 42.128 11. 18 15.51 1339.
280. .06973 1.3701 .0516 2702.

3

3958.

5

43.275 10.97 15.35 1385.
308. .09592 1.4620 .0 479 2924.

2

4267.1 44.336 10.82 15.14 1431.
350. .110 93 1.6 734 .0407 3462.

7

5015.

7

46 . 643 10. 58 14.84 1532.
400. .12585 1.66 30 . 0 354 3991.7 5 75 3.6 48.615 10.48 14 .70 1625 .

450. .14071 2.0915 .0314 4516.4 6486.4 50.342 10.45 14.64 1712.
500. .15554 2.2593 . 0282 5040.

0

7217. 6 51. 882 10.43 14. 61 1794,

550. .170 35 2.5067 . 0256 5562.

5

7947.

4

53.2 73 10. 44 14. 60 1872 ,

600. .18514 2.7137 .0234 60 65.5 8677.4 54.542 10 .45 14.50 1947.
700. .21468 3.1271 .0200 7133.4 10138.9 56.796 10.50 14. 64 2088.
8110. .2 441 9 3.5401 .0175 6187.9 11606.

5

58.754 10.59 14. 72 2219.
900. .2 73 69 3.9526 .0156 9252.6 13084.3 60.493 10.71 14, 84 2340.
lOOQ. .30317 4.3654 .0140 10330.9 14575.3 62.067 10.87 15.00 2454.
1200. .36213 5.1903 .0117 12542.5 17612.3 64.822 11.25 15.37 2663.
1400. .42106 6.0150 .0100 14636.

0

20730.9 67, 230 11. 68 15.81 2853.
160G. .47999 6.8397 .0 087 17215.0 23934.9 69.346 12.10 16.22 3028.
1800. .53893 7. 6644 .0078 19679.6 2722i«.8 71.245 12.49 16.62 3193.

2000. •5 97 88 8.4691 .ao7j 22233.4 30603.8 73.091 12.91 17.04 3347.
2200. .65692 9.3138 .0064 24877.

1

34074.0 75.417 13.42 17.57 3492.
2400. .71617 10.1385 .0 058 27642.2 37668.6 78.027 14.12 18.50 3626.
2600. .77566 10.9632 .0054 30578.0 41440.

3

80.840 15.11 19.38 3750 .

2800. .83645 11.7660 .0 050 33759.9 45470.2 83.729 16.51 20 .93 3865.
3000 . . 89849 12.6127 .0047 37269.

7

49868.

5

86. 546 16.44 23. 11 3973.

• THO-PHASE BOUNDARY
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T4BLE 2

THERMOOrNftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

llt.OO MPA ISOBAR

MPERATURE DENSITY V(OH/DV)_
P

V<OP/OU),, -

V
V (OP/Oif»^

T

K KG/CU M K J/ KG MPA-CU M/KJ MPA
X 10^

17. 869 83.4399 1032.3 •24187 162.8525
IB . 8 3.3689 1033.9 .24110 lb 2» jy
19 . 10 44.6 . 2 3561 1 5 6» 76 8 2

20. 82.2581 1052.9 .230 71 15 !• 'fS

21

.

61.6813 105 9.2 .22626 Ik 6« 1222
22. HI fl o fl T0 1 . u9U o 106 3.9 . 22214
23. 80.4940 1063.1 .21902 135,2625
21*. 79.8708 1065.2 .21544 130. 1661
25. 7 9.2334 1065 . 7 .21197
26. 78.5 812 1063.8 .20656 119 . 79 1

0

27. 7 7.9182 1065.5 • 20518 115.3118

26. 77 .2394 1065.2 .20165 110. 7064
29. 76.5489 1064.

3

.19865 10 6.2418
30 . 75.848 7 1062.5 . 19578 101.9367
31. 75.1 334 10 59.9 .192 84 97. 6386
32. 74.4075 1056.

2

.18990 93.3669
33. 73.6681 1C53.1 .18703 69.3676
3<>. 72.9201 1049.1 .18418 85.4730
36. 71.3 871 103 9.8 • 17859 7 7 . 98 6 9

38. 69. 814 5 10 31.4 . 17 314 71 . 2911
68.2067 1020.3 .1660 3 64. 9973

66.5 71

6

1010.1 e 16 3 01 59. 30 71

64.910 0 1000.2 . 15 7 67 54. 0908
6. 63 • 2267 99 3.

1

. 152 0 2 49. 3116
f. AHO . 987.9 . 1 4665 4 5. 23 51
50 . 59. 8340 963 .

9

• 1415 3 41 . 62 79
52* 58.1427 980.7 . 13664 38.4099
56. 54.8188 930.3 . 12761 33. 1922
60. 51 . 61 76 986.1 .11963 29.1990
65. 47. 8611 100 6.8 .110 34 25 . 5765
f u . 1043.3 . 10169 9 1 nan.

75 . 41.3 62 5 1093.

6

. 09368 21. 360 8
A ft 36.6 32

1

115 8 .9 . 08 634 2 0.1711
90 . 34. 090 0 1323.5 .07375 18. 6790

100. 30 .5056 152 2.9 .0 63 96 17.7952
110. 27. 6264 1753.6 . 0 56 21 17. 2212
120. 25.2655 1988.9 .05092 16. 8430
130t 23.2970 2224.1 .04715 16.5703
I'^O. 21.6318 2452 .

0

. 04452 16.3678
160 . 18.9 674 2865.

2

.3 4159 16. 0775
163 . 1 6. 9222 3217.

1

0 40 54 15 . 8753

200. 15. 2983 351 9 .1 . 04045 15. 7172
220 . 14.0 096 3774.3 .0 40 79 15.5346
240 . 12. 8974 40 3 0 .7 .0 4134 15. 4341
260 . 11. 9548 4284 .

9

. 04163 15.3 466
2 80. 11. 1448 4542 • 4 • 04221 15.2 694
300 . 10.4251 4821.1 .04246 15.2420
350. 9.014 9 5502.6 .04265 15.0854
400 . 7 « 9461 6210.9 . 04252 14. 9625
450 . 7.1067 6937.2 .04224 14. 8637
500 . 6.4291 7667 .

1

. 04198 14. 7826

5 . 8 70 4 840 2 • 8 .0 4172 14.7150
f\ n nD U li . 914 3.0 . 0 414 7 14. 65 79
700. 4.6581 10643.5 . 04097 14.5667
800. 4.0951 12182.9 . 04041 14.4973
900. 3.6536 13772.6 .03977 14. 4428

1000. 3.2984 15420.

3

.03906 14. 3990
1200. 2.7615 18891.0 .03755 14.3326
1400. 2 . 3 74 9 22588.4 .03603 14.2853
1600. 2.0834 26430.1 .03470 14.2496
1800. 1.8555 30392.7 .03355 14.2216

2000. 1.6726 34580.1 . 03240 14.1966
2200. 1.5223 39160.7 . 03113 14.1760
2400. 1.3963 44438.9 .02958 14.1565
2600. 1.2889 50862.

3

.02765 14. 1301
2800. 1.1955 59005.9 .02532 14.0929
3000. 1.1130 69525.3 .02273 14.0377

TMO-PHASE BOUNDARY

(D«/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
" CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1 IV
1 /K H/K-M KG/M-S bU n/MK

A 1 u X 10

« 0 06't6 116* 5 2 341* 17 • 0 0 0 75 1,274 31 1.95 31
• 0 0 6** 9 117. 20 3 36.21 .00075 1 , 2 7 4 3 5 1.9250
• 00671 121. 54 30 2. 66 . 0 0 0 75 1 , 27210 1 . 74 4 5

• 00 693 125. 67 2 75.26 • 0 0 0 7 5 1,27310 1 . 5972
. 00 715 130.19 252.51 .00076 1, 26806 1.4687
•00736 133. 89 233.37 .00076 1.26596 1.3678
.00 766 1 36. 91 217.21 .03075 1.26385 1 , 2913
. 00 739 139.29 2 0 3.13 . 0 0 0 75 1 . 2b 1 64 1,2261
. 0 OB 1 141. 16 190. 92 . 0 0 0 7 1» 1 . 25939 1,172 5

• 0 06 'tO 142. 53 180.21 .00073 1.25709 1 • 1295
. 00661 143. 51 170.79 • 0 0 0 7 2 1 . 25475 1 , 092 2

•00665 14 4.16 162. 39 . 0 0 0 71 1.25236 1, 3617
. u uy u y 144.53 154. 8 8 • 0 0 0 7 0 1 . 249 93 1,3362
• 00 93 3 144. 66 1 48 • 1 1. • 0 G 0 6 9 1 . 24 74 7 1,3150
. 0Q956 144.03 142, 01 .00068 1. 24496 1,3313
•00985 143.25 136.44 .00067 1.24242 . 9936
« 01 0 10 142. 34 131, 33 . 0 0 0 65 1.23983 .9810
• 010 36 141 . 3 7 1 26 . 64 . 0 0 0 6 '4' 1.23722 .9732
. 01089 139.17 118.26 . 0 0 0 6 2 1 • 2 318 7 .9619
• 01138 1 36. 72 111. 01 . 0 0 0 60 1,22641 .9532
• 01169 134. 12 104.65 ,00058 1 , 22084 .947 0

• 0 12 3 9 131.39 99.00 . 0 C 0 5 7 1.21516 .9429
. 012 88 12 8. 64 93,96 • 0 0 0 5 5 1. 239 46 .9412
. 013 38 1 c 7 . ^1 A3 Ii?0 3 . He . 0 0 0 5 U 1 7 n 7 c a

i. . c u 0 D 0 . 7 H 0 0

.01379 123.25 85.33 ,00053 1. 19786 .9432

.01415 120. 69 81.64 .00052 1.19208 .9419

. 0 1448 118. 26 • 0 0 0 5 2 1.13 6 3 3 .9432

. 01492 113.87 ,00031 1.175 0 6 .9333

. 01512 110.52 68. 21 ,00052 1. 16431 .9234

. 01504 10 7. 99 6 5.98 , 00 05 4 1.15176 .8973

. 0 1462 1 3 6 * 25 60.93 • 0 G 0 5 6 1 H y. n /. n1 . 1 4 U . 8757

. 0 1 40

1

10 4. 65 5 8.97 ,00059 1.13 3 2 7 .3634
• 31 327 10 4. 45 5 7.67 , 3 0 3 6 3 1,1213 2 .8489
.01177 109.0 7 56.60 ,00074 1,13 655 .8365
. 01048 114. 91 56, 76 .00085 1. 09498 . 7882
. 00940 122. 74 57. 83 .00097 1. 09575 .7768
. 00850 129. 18 53.40 ,30109 1. 37823 , 7639
. 00774 135. 79 59,47 ,00122 1.37198 ,7538
.0 0 710 141. 86 60,85 ,00 136 1. 05672 .747 0

.0 0610 151,94 64, 17 ,0 0165 1.05 8 33 .7380

. 0 0535 159. 37 67. 89 ,0 0198 1.05193 • 73 0 4

.00476 166.61 71,78 ,00234 1.046 36 .72 24

.03433 17 2. 84 75,75 ,0 0 272 1 , 0 4 2 36 .7160

. 00 395 178.97 79. 72 ,00313 1 , 0 3 9 41 .710 0

.30364 185.23 83.68 .0C357 1, 03649 . 7053

. 00336 191.69 87.60 ,30403 1,03399 .7016

.00314 198.37 91.48 ,00452 1,03177 .6934

. 00 270 21 5. 88 10 0.97 ,00581 1,02 743 • 6940
• 00 23 7 2 34.0 7 110.14 •00722 1, 02415 .6915
. 03211 252. 44 119.01 ,30874 1.02158 .6931
.0 0191 270 • 69 12 7.61 ,01036 1. 01951 .6086

. 0Q174 268. 73 135.97 ,01213 1. 01780 .6875

. 00160 306. 44 144.10 ,01399 1, 01637 .6866

.30138 341. 30 159.79 .01602 1, 01411 .6853

. 00121 375.81 174.61 .32244 1.01239 .6847

.00133 410.42 189. 28 .32725 1.01105 . 6844

.00097 445.42 203.29 .03242 1.00 997 .6344

. 00061 511. 13 233.13 . 34334 1,30834 .6922

.00070 583. 33 255.71 .05594 1.00717 .6933

. 00061 655. 49 260.23 .06982 1. 0C629 .6936

. 00055 727. 84 303. 82 .08499 1.00560 .6936

. 00049 804. 28 326,56 ,10158 1. 005 35 .6519

.00045 891.49 344,89 .11999 1. 30459 .6798

. 30041 1001. 06 366, 25 ,14100 1, 03421 .6697

. 00038 1149. 87 367,19 .16576 1, 03389 .6524

.00035 1359.49 407, 66 ,19561 1. 00361 .6279

.00033 1654.59 428,47 ,23163 1. 00 336 .5983
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARflHYDROGEN (ISOBARS, SI UNITS)

16.00 MPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL
OERIVATIVE DERIVATIVE ENERGY

1^ u n # ^ kj CU M-HPA/KG MPA/K

18. 378 .01188 2 , jj 1,81, 1.066 -295.

7

19 . . 01193 2.0171 1.066 -292.

3

20 . .012 0 0 la 9667 1 . 065 -286 . 1*

21

.

.0 1208 1.9163 1.062 -280 .1*

c c • . 0 12 17 1 .8 661 1.056 - 2 71* . 2

23. . 01225 1 . 8161 1. 052 -267.

7

Zi*. .01231. 1.7661* 1.01*5 -261.0
25. .012'»3 1.7119 1. 01*1 -251*.

1

26. •01253 1.661*2 1.031 -21*7, 1

27. . 012 62 1 • 61 58 1.020 -239.8
28. . 0 12 73 1 5 6i*<* 1.007 -232.3

29. . 01283 1.5218 .9937 -2 21*. 7

30 . . 0 129't 1 . 1* 775 . 9796 -216.9
31

.

. U A ^ w u 1 . 1* 31

3

.9650 -2 08.9
32. • 01317 1.3906 .9501* -2 00 .8

33 . • 01329 1 . 3 1*92 .9 351 -192 • 1*

• 013i»2 1.3072 .9192 -181*.

0

36. •01368 1.2299 .8857 -166.6
3 8. • 0 13 96 1 . 1571 . 8503 -11*8. 7

1,0 , 1.0890 . 8 151 -130.3
1,2, • Ql**5b 1.0265 .7789 -1 11 .

5

• 0 1 't9 0 • 9 6 76 . 7 1*29 -92. 1*

• 0 1525 .91 1*1* .70 75 -73.3
l,g , • 0 15 62 .8633 .6729 —53 . 1*

50. • 0 16 0

1

.8176 .6391 — 33.1
52 . • 0 IB**! . 7 821* .6068 — 12.6
56. .01729 .7195 .51*63 29. 2

60 . •01823 .6719 .1*922 71.0
65. • 0 19'*9 .6301 .1*336 123.6
70 . .6056 . 3 81*0 176.2
75

.

• 0 22 2'» . 5 91*3 . 31*25 228.8

60 . u c o o o .5913 .3 076 281.6
90 . • 02663 .6071 .2539 388.5

100. • 0 2959 .6 361 .2155 1,98 , 7

110. • 0 3255 .6715 .18 72 615. 3

120. • 0 35 50 • 7 1 05 . 1 651* 735.7
130. • Q38tt2 . 7528 .11*82 860 .3

lifO. .Oi»131 .7966 .131*2 988.1
160. • 0 '70 0 . 8856 .1130 1 2 1*8 .

1

180. • 05259 • 9 71*1* . 0 977 1507.

3

2 00. . n 1 n• U 70 X U 1 n ^»77 .0861 17 60.3

220 . • 06353 1.1501* .0770 2005.3
2^0. • 0 68 75 1.2 299 * 0 7 0 J 221*2. 0

260 • • 0 7*tll 1 . 3170 . 0 61* 1 21* 72 . 2

2 80. • 0 79'*5 1. 1*0 35 . 0 592 2697.

1

7 (ino u u . n Ail. o 1 1 i» a 7 7 . 0 51* 8 7Q 1 q A

350. .09806 1.7065 .01*66 31*59. 3

i>00. . 11113 1.9181) .01*05 3989.

1

H p u . • A C H 1. 7 C . 1 £ oH n 7 c Q. u 0 7 7 iiC; 1 1* 7

n n7 u u

.

. 1. 0 f iO 9 7 7 li 1c . 0 0 ** 1 . 0 322 50 38.1*

550 • • 150 09 2.5 1*13 .0 292 5561.2

600

.

. 16303 2. 71*82 • 0 268 60 61* • 5

700. .18889 3.1611* . 0229 7132.

7

800. .211*71 3.571*2 .0200 8187.5
900. .21*052 3.9867 .0178 9252.1*

1000. .26632 i*.3991 .0160 10330.8
1200. .31791 5.2237 .0133 1251*2.7
1<«00. .369<»8 6.01*83 .0111* 11*836.3
1600. .i>210'« 6.8728 .0100 17215.3
1800. .<*7261 7.697^ .0 089 1968 0.0
20GD. .52i»19 8.5219 . 0 080 22232.9

2200. .5758«» 9.31*65 . 0073 21*871*.

3

21*00. .62767 10.1712 .0067 27633.2
2600. .67987 10.9958 . 0 062 30555. 8

2800. .73278 11.8205 .0 057 33711.9
3000 . .78689 12.61*51 . 0053 37196.8

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ /KG KJ/KG-K K J / KG-K M/S

• 1 U t> • f 5.2 95 5.28 6.71 1 1 cXD X 9 •

— 1 D 1 • 5.522 5.37 6.89 1 c n Q1 bU 7 .

~ 9'» • A A7 c; CI 7 17 X D u u •

• A7 10 » • J. 0 . c a 7 5.61* 7 . 1* 1* 1591.
-79.5 6.591 5.75 7.70 1581.
-71. 7 6.91*0 5.86 7.96 1571.
•63 • 6 7 9 All.f • C OH 9 • 90 8.22 15 61.
— c^R 755 • 0 7 9 fi

» . 0 c H D . U 9 ft I* Q0 • H 9 1550 .

'»6 • 7 7.961 6.13 8.74 1 5 40 *

" 37 • 8 8 • 2 96 6 • 21 8*98 15 2 8.
• 1 0 • » 8 • 6 2 7 6.28 Q 9 9 X 9 X V .

* 1 Q £i~ 1 *J • * 8.954 6.35 9 • H 9 X 9 u 9 *

" 9 • 8 9.278 6*41 9 . B 7 1 49 3

.

~ • 0 ^ . 9 0 . H D 7 . 9 u X H 0 X .

10.0 9.917 6.52 10.12 11*70.

20.2 10.232 6.56 10.31* 11*58.
30.7 1 U . 5 6.61 X U « 9 D 1 4 4 6 •

7c . c C ft in Q AX U • 9 0 1 ii 7

1

X H c X .

"7/. C.r»*t fa 11. 76** 6*74 11.37 1397*
Jfmf 19 7 Cfc c 7 AD* f 0 11 7 7X 1 * r -3

17 7 7

X c 1 • 7 19 Q 77 6 • 81 19 0 7 1 71.QX OH? •

1 H D« U X 0 • 9 u 0 D . OH 19 [.1Xc • 4 X 1 7 9 CX Oc 9 .

4 70 m • U 9H C 31b • 7X 19 7

1

17 0 01 >j u u *

196.5 14. 6 04 6.96 13.10 1275*
223.0 15,144 7*01 13.40 1251.
250.0 15.675 7.05 13.64 1230.
30 5 • 7 16. 708 7,13 14.07 1192.
? ? 7 17 K. Q n 7 9 n X H . 3 9 1 1 c;qX X 9 7 .

* 0 V . 5 1 A A c; c1 0 • 0 9 9 7 71. 11. 7 0IH . r U 1124.
5 0 9.6 1 9 • 95 3 7*53 14.93 10 96.
A ^5 0 » • 0 9 n Q ft Ac u . 9 0 0 7 7 flf • f 0 IK noX 9 • U 7 1 n 7iiX U r H •

660*5 21. 967 3 • 0 8 15.25 10 57 .

97 7 A 1CO. f OX 8*79 15.57 10 7 7

Q 7 9 9 9 K Z» /. 7t 9 » H H J Q CO9.99 1 C Q o1 9 • 7 7 1 0 70

1136.1 27.001* 10.1*6 16.55 1030.
1303.7 28.1*61 11.16 16.98 101*0.
1 L. 7C n 9Q ft 7 7c 9 . 0 3 0 11 71X X . r X 17 7 0X ' • 3 U 1 n c:X U 9 9 .

1 6*t9 . 0 31*122 12 .10 17.51 10 73.
p ft n n ?u u u . c 33.4 66 1 2 • 46 17.56 1117.
9 7 /• A A 7 K c 9 nJ 9 . 9 £ U 12 . 41 17 9 flX / . c 0 X X D 9 .

2 689.

9

3 7 • 3 1

7

12.14 16.84 1215*

"10 91 7J U c 1 . f
"7 ft ft QQ0 0 • 0 7 9 11 7 3X 1 . r 3 16.37 1 9 Ail

i. £ 0 H .

3 S^tl • 9 40 » 292 11.47 15.98 130 9.
3658.

0

41.558 11.20 15.66 13 5 7.

3968.2 1*2.707 10.98 15.39 11*02.

1*278.1* 1*3.772 10.83 15.18 11*1*8.
c n 9 A9 U & 0 . iS 4 6 • 0 6 3 10.59 11. fl (kX H . 0 D 1 5 1* 8 .

C 7 C 7 9 4 8*058 10*49 14.71 1 61*0 .

6500.6 49 • 7 87 10.45 14.65 1726.
7 2 3 2 . 5 1 * 328 10 . 44 14.52 180 8 .

7 96 2.6 5 2 * 72 0 10*44 14.60 18 85.

8693.0 53.989 10.1*5 14.61 1960.
10151*. 9 56. 21*1* 10.50 14.64 2100.
11622.9 58.203 10.59 14.72 2229.
13100.8 59.91*2 10.71 14. 84 2350 .

11*592. 0 61.516 10.37 15.00 21*61*.

17629.2 61*. 271 11.25 15.38 2672.
2071*8.0 66.679 11.68 15.91 2860.
23952.0 68.795 12.10 16.22 3036.
2721*1.8 70.695 12.1*9 16. 61 3200.
30620.0 72.51*0 12.91 17*04 3351*.

31*087.8 71*. 865 13.1*0 17.55 31*98.
37676.0 77.1*72 11*. 07 18. 26 3632.
1*11*33.7 8 0. 2 79 15. 02 19. 28 3757.
1*51*36.1* 83.158 16.35 20.75 3872.
1*9787. 0 85.959 18.18 22.50 3981.

TWO-PHASE BOUNDARY
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T»BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

16. DO MPA ISOBAR

MPERATURE DENSITY V(DH/0 V)p V<DP/DU)y -V(DP/D V)y

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 102

18.378 8<t.l703 1085.8 .21*011* 172.1*170
19. 83. 8<t38 1093.2 . 23686 169.1201*
20. 83. 3088 1103.2 .23201* 163.8i*3<t

21. 82. 7610 1111.2 .22767 158.5978
22. 82.2006 1117.5 . 22362 153. 3933
23. 81.6276 1122.

3

.21989 11*8.21*02

Zkt 81. Q'«22 1125.

8

. 21637 l'*3, 1502
25. 80.<»'»88 1123.8 .21388 137,7178
26. 79.6365 1126.0 .21059 132.8603
27. 79.2100 1127.0 .20728 127.9866
28. 78.572 8 1125.7 .201*01 122.9176

29. 77.925<» 1127.5 .20081* 118.5883
30. 77.2670 1127.1 .19786 11 1). 161*1

31. 76.5983 1125.0 .191*88 109.6379
32. 75.9211 1121*.

5

. 19209 105. 5769
33. 75.2309 1122.6 .18937 101.1*992
3<». 7<f.533<» 1119.6 .18667 97.1*322

36. 73.110'* 111'*.'* .18132 89.9185
38. 71.65<>2 1108.0 .17618 82.9097
ua. 70.169«» 1099.9 . 1711*1* 76.1*173
1*2, 68.660'* 1092.3 . 16666 70. '•625

itk. 67.1339 108'*.

9

.16182 61*. 9599
<t6. 65.5916 1081.6 .15618 59.9771
»8. 61*. 0397 1076.0 . 15100 55.281*5
50. 62.'»792 1071.1* . 11*602 51. 0822
52. 60.9229 1071.7 . l'*129 1*7.6678
56. 57.81*66 1072.1 .132'*'* 1*1. 6200
60. 5<*.8590 1077.9 . 121*55 36. 8625
65. 51.30<*0 1096.1* .11516 32.3268
70. 1*7.9986 1129.9 .10628 29.0695
75. '»'*.9729 1177.9 .09793 26. 7252

80. 1*2.2333 1238.

2

.090 21 2'*. 9716
90. 37.5586 1398.2 . 07687 22. 8006

100. 33.7906 1591*. 7 .0661*8 21.1*951
110. 30.7187 1823.2 .05821* 20.6272
120. 28.1711 2051*.

6

.05263 20.0151*
130. 26.0308 2288.1 .01*863 19.5956
litO. 2<».2a91 2515.'* .01*581 19.2857
160. 21.2755 2927.2 .01*263 16.81*05
180. 19.011*1 3277.5 .01*1 1*2 18.5275
200. 17. 2120 3580 .3 . 01*121 18.3010

220. 15.7'*0 8 381*9.9 .01*11*8 18.1087
2<»0. li*.5't60 1*086.3 .01*195 17. 8896
260. 13. '(930 1*338.7 .01*21*1* 17.7700
280. 12.5871 1*596.3 .01*278 17.6655
300. 11.7769 1*879.1* . 01*300 17.6331*
350. 10.1977 5561.1 .01*311 17.1*229
>»00. 8.9985 6269.8 .01*291 17. 259 0

<»50. 8.0551 6996.

5

. 01*259 17. 1280
500. 7.292'* 7726.6 .01*229 17.0209
550. 6.6628 81*62.5 .01*200 16. 9319

600. 6.1338 9203.0 .01*173 16. 8566
700. 5. 291*2 10703.9 .01*118 16.7372
800. l*.657(> 1221*3. 7 . 01*059 16. 61*61*

900. '».1576 13833.9 .03993 16.5752
1000. 3.751*8 151*82.3 .03920 16.5179
1200. 3.11*56 18951*. 1* .03766 16.1*316
1<»00. 2.7065 22653.1* .03612 16.3698
1600. 2.3751 261*96.2 .031*78 16.3233
1800. 2.1159 301.57.5 .03362 16.2870
2000. 1.9077 31*636.1 .0321*8 16.2573

2200. 1. 7366 39189.0 . 03123 16.2310
2i>00. 1.5932 1*1*1*00.7 .02972 16.201*7
2600. 1.1*709 50689.8 .02785 16.1731*
2800. 1.36(*7 58591*.

6

.02560 16.1310
3000. 1.2708 68730.0 .02308 16.0698

TWO-PHASE BOUNDARY

(DV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
" CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S SQ M/HR
X lO' X 10'

.00618 121.39 353.33 .00077 1. 27691 1.951.3

. 00630 121*. 11 330.57 .00077 1. 27571. 1.8357

.00650 126.51 299.59 .00077 1. 27381. 1. 6711.

. 00670 133.30 273.99 .00078 1. 27189 1.5293

.00689 137.21* 252.55 .00078 1.26990 1.1.178
• 00710 11*0 . 1*7 2 31.. 38 .00078 1. 26787 1.3287
.00730 11*3. 06 215.82 .00077 1.26579 1.2567
. 00756 11*5. 17 205.1.1 .00076 1.26369 1.2016
. 00776 11*6. 73 193.63 .00076 1.26152 1.1529
.00797 11*7. 88 183.25 .00075 1.25931 1.1125
. 00819 l'«8.69 171.. 06 . 00071. 1.25706 1.0796

. 00636 11*9.22 165.88 .00073 1.251.78 1. 050 3

.00658 11*9.50 158.51. .00072 1.2521*6 1.0257

.00680 11*8.99 151.91 .00071 1. 25011 1.0096

.00900 11.8. 33 11.5.91 .00069 1.21*773 .9958

. 0 0921 11*7. 53 11.0 . 1.1 .00 068 1. 21*530 « 981.3

. 0091*3 11.6. 67 135. 39 .00067 1. 21*286 .9750

. 00985 11.1.. 69 126.1.8 .00065 1. 23788 .9596

.01026 11.2. 1.3 118.81 .00063 1. 23280 .91.85

.01067 11.0.01 112.12 .00061 1.22761. .9391.

. 01105 137. 1.6 106.22 .00060 1.2221.0 .9329

.011i>i> 131.. 87 100.98 .00058 1.21712 .9290

. 01160 132. 29 96.27 .00057 1. 21180 .9285

.01217 129. 77 92.03 .00056 1. 2061.7 .9289

.01251 127. 31 88.13 .00055 1.2C112 .9286

.01273 121.. 96 81.. 72 . 00051. 1.19580 . 921.9

.01313 120. 65 78. 75 .00053 1. 18532 .9135

.01335 117.10 73.92 .00053 1.17521 .9085

. 0131*1 lll..^O 69.21 . 00055 1. 16326 .8896

. 01321 112.50 65.71 .00057 1.15222 .8718

.01281 110.83 63.20 .00059 1.11.217 . 8607

. 01232 110. 30 61.1.7 .00062 1.13313 .850 0

. 01111* 111.. 1.3 59.66 .00070 1.11782 .6118

.01003 119. 79 59.30 .00030 1.10558 .7915

.00907 127. 79 6Q. 36 .00091 1. 09567 .7815

. 008 26 13 3.65 60 .59 .00101 1.03 750 . 7698

.00756 139.81 61.37 .00112 1. 08066 .7596

.00696 11.5. 1.9 62.52 .00121. 1.071.87 .7522

.00600 151.. 89 65.1*8 .0011.9 1. 06559 .71.21.

.0 0527 162.27 68. 95 . OD 178 1.058'»3 .731.1.

.001*70 166.56 72.66 .00209 1.05283 .7260

.001*25 171.. 1.5 76.1.9 . 0021.1. 1. 01.821. .7179

.00391 180. 32 80. 35 .00279 1. 01.1.52 .7123

. 00361 186. 37 81.. 21. .00318 1. 01.125 .7076

.00335 192.66 89. ID .00358 1. 0381.5 . 7037

.00311 199. 21 91.92 . OCbl 1. 03591. . 70 0 3

. 00267 216.1.9 101.31 . 00511. 1.03107 .6951.

.00235 231.. 5i> ilO . . 00638 1.02738 . 6926

.00209 252.82 119.2'. .0C771 1. 021. 1.8 .6910

. 00189 271. 00 127. 81 .00915 1.02215 .6393

. 00173 288.96 136.11. .01069 1. 02022 .6380

.00159 306.66 11.1.. 25 .01232 1. 01860 .6870

. 00137 31.1.1.8 159.90 .01586 1.01601. .6856

. 00120 375. 95 171.. 91 .01971. 1. 011.10 .681.9

.00107 1.10. 51. 189.36 .02395 1.01253 .631.6

. 00097 1.1.5. 52 203. 36 . 0281.8 1. 01136 .681.5

.00081 511.13 230.19 .03805 1. 00951 .6921.

. 00070 583.32 255.75 .01.908 1.00818 .6931

.00061 655.1.7 280.26 .0&121. 1.00717 .6937

. 00055 727. 71 303. 85 .071.52 1.006 39 .6937

. 0001*9 603.76 326.58 .08901. 1.00576 .6922

. 0001*5 889.61. 31*1.. 89 .10511 1. 00521. .6802

. 0001*1 996. 83 366.21. .12337 1. 001.81 .6706

. 00038 111.0 . 1.9 387. 17 .11.1.80 1. 001. 1.1. . 651.1.

. 00035 131.1. 02 1.07.82 . 17051 1.001.12 .6309

. 00033 1621. 58 1.28. 38 .2011.7 1.00383 .6023
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TABLE 2

THERMODYNAMIC PROPERTIES OF PftRAHYOROGEN (ISOBARS, SI UNITS)

18.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

K CU M/KG CU M-MPft/KG MPA/K KJ/K6-K KJ/KG KJ/KG-K KJ / KG-K M/S

16.87<t .01178 2.1426 1. 080 -293.4 -81.3 5.332 5.33 6. 76 1648.
19. .01179 2.1364 1.080 -292.7 -80.5 5.377 5.35 6.79 1647.
20. .01186 2.0875 1.080 -287.1 -73.5 5.732 5.49 7.06 1639.
21. .01194 2.0 386 1.078 -281.2 -66. 3 6.083 5.62 7. 32 1630 .

22. .01201 1.9897 1.075 -275.1 -58.9 6.430 5.71* 7.58 1621.
23. . C 12 0 9 1. 9409 1. 073 -268 .

9

-51.2 6.772 5.85 7.83 1612 .

2<>. .01217 1.8923 1. 064 -262.4 -43.2 7.111 5.95 8.07 1603.
25. .01226 1.8441 1. 057 -255.

7

-35.0 7.445 6. 01* 8.31 1593.
26. .01235 1. 7964 1. 0 49 -248.9 -26.6 7.776 6.12 8.55 1584.
27. .01244 1.7451 1.043 -241.8 -17.9 8.103 6.20 8. 81 1574.
28. .01253 1.7001 1.032 -234.6 -9.0 8.427 6.28 9.04 1564.

29. .01263 1.6542 1.020 -227.2 .1 8.749 6.35 9.26 1553.
30. .01273 1.6057 1. 007 -219.6 9.5 9. 0 66 6.41 9. •S 1541.
31. .01283 1.5650 .9933 -211.9 19.1 9.380 6.47 9.69 1531.
32. .0129<» 1.5226 .9789 -2 04.0 28.9 9.691 6.52 9.90 1520.
33. « 0 13 03 1.4806 . 9642 -196.0 38.9 9.999 6.57 10.10 150 8.

34. .01316 1.4380 .9496 -187.8 49.

1

10. 303 6.62 10.31 1497.
36. .01339 1.3617 . 9186 -171.0 70.1 10.904 6.70 10.70 1475.
38. .01364 1.2873 . 8859 -153.7 91.9 11.493 6.76 11.08 1452.
40. .01391 1.2192 .8523 -136.0 114.4 12.070 6. SO 11.41 1430.
42. .01419 1.1548 .8181 -117.

8

137.5 12.634 6. 34 11.74 11*08.

44. .01448 1.0969 .7838 -99.3 161.3 13.187 6.87 12. 04 1386.
46. .01478 1.0427 .7499 -81.0 185.2 13.718 6.94 12.37 1363.
48. .01511 .9914 .7165 -61.7 210.2 14.250 7.00 12.67 1340 .

50. .01544 .9454 .6840 -42.2 235.8 14. 773 7.05 12. 95 1318.
.015 80 .9019 • 6 5 2 3 ~ 22 • 4 26 2 • Q 1? • 2 36 7 . J 9 13*22 12 96*

56. .01655 .8327 .5924 18.1 316. 0 16.287 7.18 13.64 1258.
60. .01735 .7794 .5381 58.9 371.3 17.240 7.25 13.97 1225.
65. .01843 .7289 .4784 110.2 442.0 18. 373 7.39 14.32 1189.
70. .01958 .6962 .4270 161.9 514. 3 19.444 7.58 14.61 1158.
75. .020 78 .6762 .3832 214.0 588.0 20.460 7. 82 14.86 1133.

80. .02202 .6677 .3459 266.5 662.8 21.426 8.12 15.07 1113.
90. .02457 .6711 .2872 373.5 815.8 23.228 8.84 15.52 1085.

100. .02717 .6927 .2442 484. 3 973.3 24.887 9.64 15.99 1072.
110. .02977 .7235 .2122 601.5 1137.4 26.450 10.50 16.57 1069.
120. .0323 7 .75 87 . 1876 722. 7 1 305 . 3 27.910 11.19 17.02 10 74.
138. .03495 .7979 .1681 848.0 1477.1 29.286 11.71* 17. 36 1086.
140. .03751 .8391 . 1523 976.6 1651.

8

30.580 12. 11* 17. 58 1102.
160. .04258 .9252 .1281 1238.1 2004.5 32.934 12.49 17.64 1143.
180. .04756 1.0128 . 1106 1498.5 2354.6 34.997 12.41* 17.35 1189.
200. .05246 1.1000 .0974 1752.8 2697.1 36.801 12.17 16.91 1236.

220. .05730 1.1874 . 0870 1998.

8

3030.2 38.389 11.83 16.1.3 1284.
240. .06208 1.2728 .0786 2236.6 3354.1 39.798 11.50 15.99 1331.
260. .06670 1.3507 .0720 2467.0 3667.6 41.054 11.22 15.66 1373.
280. .07145 1.4373 .0667 2692.1 3978.3 i»2.205 11.00 15.43 1420.
300 . • 0 7635 1. 5 332 .3618 2915.5 42 89.9 43 . 2 7^ 10. 35 15. 21 1466.
350. .08806 1.7441 .0524 3456.1 5041.1 45.589 10.60 14.88 1565.
400. .09968 1.9533 . 0456 3986.6 5780.

9

47.566 10.50 14. 7 3 1655 .

450. .11126 2.1615 .0404 4512.4 6515.0 49.297 10.46 14.66 1740.
500. .12281 2.3690 . 0 362 5036,

8

7247.3 50.839 10.1*5 14.62 1821.
550. .13433 2.5760 . 0 329 5560.0 7977.9 52.231 10.45 14.61 1893.

600. .14584 2.7827 . 0301 60 83.5 8708.6 53.501 10. 4S 14.61 1972.
700. .16882 3.1956 .0258 7132.2 10170.9 55.757 10.50 11*. 55 2111.
800. .19178 3.60 82 .0225 8187.2 11639.2 57.716 10.59 11*. 72 2240.
900. .21472 1..0205 . 0 200 9252.3 13117.4 59.456 10 .71 11*. 94 2360.

1000. .23766 4.4327 .0180 10330.9 14608.

7

61.030 10.87 15. 00 2473 .

1200. .28351 5.2570 .0150 12543.0 17646.1 63.785 11.25 15 .38 2680
1400. .32935 6.0812 .0128 14836.7 20765.0 66.193 11.69 15.81 2868.
1600. .3 7518 6.9056 .0112 17215.8 23969.1 68. 309 12.10 16.22 3043.
1800 . .42102 7.7300 .0100 19680.4 27258.7 70.209 12.49 16.61 3207.
2000. .46687 8.5541* . 0090 22232.7 30636.3 72.054 12.90 17.03 3360.

2200. .51278 9.3789 . 0082 24872.1 34102.1 74. 378 13.39 17.53 3504.
2400. .55883 10.2034 .0075 27626.

1

37685.0 76.982 14.01* 18.22 3639.
2600. .60520 11.0280 .0069 30537.6 41431.1 79.785 14.95 19.20 3763.
2800. .65216 11.8525 .0064 33672.4 45411.

3

82.655 16.22 20.60 3879.
3000. .70014 12.6772 .0060 37119.9 49722.1. 85.443 17.95 22.55 3989.

• TMO-PHASE BOUNDARY
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TABLE 2

THERMODYNftMIC PROPERTIES OF PflRAHYOROGEN (ISOBARS, SI UNITS)

la.OD MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

««OH/OV),.

KJ/KG

«(OP/DU)y -VtOP/OV)^

HPA-CU H/KJ MPA
X 102

<OV/OT)VV THERMAL VISCOSITY THERMAL DIELECTRIC
P COMOUCTIVITY DIFEUSIVITY CONSTANT

1/K KG/M-S SQ 1/HR
X 10'

PRANDTL
NUMBER

i8.a7i» 8i*.870'» 113 7.7 . 23871 181.81*03 . 00591* 126.03 365.1.1. .00079 1.2791.0 1.9595
19. 8(«.8070 1139. i» .23807 181. 1831* . 00596 126.57 360.52 .00079 1. 27916 1.931.7
20. 8'».2955 1151.0 .23330 175.9681* .00611* 131.23 325.55 .00079 1.27735 1. 75 2 0

21. 83.7725 1160.

5

.22897 170.7761* . 00631 136. 27 296. 78 . OQoeo 1.2751.9 1.5953
22. 83.2381 1168.1* . 221.97 165.6158 . 0061*9 11*0. 1*5 272.79 .00060 1.27359 1.1.725
23. 82.692'* 1171*.

6

.22129 160.1*961. .00667 11.3. 88 252. 51. .00080 1. 27165 1. 371*1.

Zk. 82.1357 1179.6 .21783 155.1*285 .00685 11.6.69 235. 26 .00060 1.26967 1.2951
25. 81.5680 1133.3 .211*58 150.1*231 .00703 11.8.95 220.37 .00079 1. 26765 1.2300
26. 80.9895 1186.2 .2111.5 11*5.1*917 . 00721 150. 69 207. 1.2 .00076 1. 26560 1. 1769
27. eO.ttOOl 1181*.

7

.20915 11.0. 301.0 .0071*1* 152.01 196.07 .00077 1.26352 1.1362
28. 79.7998 1187.5 .20598 135.661*7 . 00761 152.98 186. 01* .00076 1.26139 1.0988

29. 79.181*8 1188.9 .20288 130.9868 .00779 153.61* 177.07 .00075 1. 25922 1.0670
30. 78.5637 1187.5 . 19997 126.11*67 . 00798 151.. 05 169.09 . 00071. 1.25703 1. 01.05

31. 77.931*5 1189.1. . 19701 121.9677 . 00811. 153.66 161.92 .00073 1.251.81 1.0207
32. 77.291*1 1189.6 . 191*13 117.6901* . 00832 153.09 155.1.1 .00072 1. 25255 1.001*5
33. 76.61*65 1188.8 .19138 113.1*830 .00850 152. 39 11.9.50 .00071 1.25027 .99J9
31*. 75.9926 1136.6 .18878 109.2805 .00869 151. 63 11.1.. 12 .00070 1. 21.798 .9600
36. 71*. 6560 1181*.

3

.18368 101. 6578 . 00901. 11.9. 82 131.. 59 .00066 1. 21.329 . 9611.

38. 73.2918 1179.5 .17871* 91*. 31*67 .00939 11.7.72 126. 1.5 .00066 1.23852 .91.80
1*0. 71.9051 1173.9 .171*23 87.6682 . 00972 11.5. 1.5 119.39 . 00061. 1.23368 .9367
kZ. 70.1*961 1167.8 .16972 81.1*092 .01005 11.3. 03 113.19 .00062 1.22877 .9287

1.1*. 69.0 72 9 1163.7 .16510 75.7670 .01035 11.0.56 107. 70 .00061 1. 22383 .9225
<t6. 67.6380 1163.0 .15967 70.5258 . 01063 138. 09 102.80 .00059 1. 21887 .9205
1*8. 66.1961* 116 0.5 .151*68 65.6252 .01092 135.66 98.39 .00 058 1. 21 389 .9190
50. 61*. 7501* 1158.9 .11*988 61.2150 .01117 133. 30 91.. 1.1 .00057 1. 20891 .9171
52. 63. 3028 1156.

6

.11*521* 57.091*6 .0111.2 131. 01 93.79 .00056 1.20391* .9158
56. 60.1*295 1158.8 . 13655 50.3192 . 01177 126. 78 81.. 53 . 00055 1. 191.11 .9096
60. 57.6211* 1165.7 .12873 I.1..9032 .01198 123.23 79.38 .00055 1. 181.56 .8998
65. 5^.251l* 1183.9 .11935 39.51.50 . 01210 120. 30 71,. 26 .00056 1.17316 .861.0

70. 51.0762 1216.2 . 11033 35.5587 . 01201 118. 25 70.31. .00057 1.16250 .8689
75. 1*8.1267 1261.7 .10175 32.51.26 . 01177 116.58 67. 1.1 .00059 1. 1526^ .8591

SO. 1.5.1*163 1321.5 .09375 30.3250 .0111*1 115.80 65.26 .00061 1. 11*361* .81*97
90. 1*0.691*1* 11*75.8 .07982 27.3081* . 01052 119.55 62. 78 .00068 1.12807 .8151

100. 36.a0i*(* 1669.1* .06887 25.1*928 .00958 121*. 51 61.89 .00076 1.11536 .7950
110. 33.5890 1897.3 .06018 21*. 3021 . 00873 132. 66 62. 81* .00066 1. 101*92 .781*9

120. 30.8955 2126.8 .051*27 23.1*1*07 .03800 138.01 62.77 . 00 09 1* 1.09621* .771*3

130. 28.6125 2358.2 .05005 22.8313 .00736 11*3.79 63.29 .OSlQi* 1. 08891 .761*3
1<>0. 26.6567 2582.5 .01*707 22.3661 . 00681 11*9. 13 61*. 22 . 0D115 1. 08266 .7570
160. 23.1*862 2992.0 .01*366 21. 7295 .00590 157.92 66.81* . 0C137 1. 07258 .71.66

160. 21.0273 331*1.9 . 01*229 21.2970 .00519 161*. 76 70.06 .00163 1. 061.81 .7380
200. 19.0621 361*2.5 .01*197 20.9689 .001*61* 170.62 73.59 . 0C191 1. 05863 .7291*

220. 17.1*520 3911*.

2

.01*211* 20.7219 . 001*20 176. 16 77.28 .00221 1.053 59 .720 9

2(f0. 16.1070 1*169.2 .01*21*6 20.5002 .00381* 181.75 81. 01* . 00251* 1. 01*938 .7132
260. 11*. 9925 i>i*Oi*.l .01*280 20.2510 . 00355 187.58 81*. 83 .00288 1. 01.591 .7380
280. 13.9953 (.650.3 .01*331* 20.111.7 .00332 193. 70 83.62 .00323 1. 01.281 . 7058
300. 13.0969 1*938.7 .01*353 20. 0796 .00308 200. 11 92. 39 .00362 1.01.002 . 70 21
350. 11.3563 5620.

3

.01*356 19.8062 . 00265 217.11. 101.67 .001*63 1. 031.61. .6968
1*00. 10.0318 6329.1 . 01.330 19.5952 . 00233 235. 01* 110.71 • 0C573 1. 03056 .6937
<*50. 8.9880 7056.1 .01.293 19.1.272 .00208 253.21 119.1.8 .00692 1.02735 .6918
500. 8.11*30 7786.1* .01.260 19.2901. . 00138 271. 33 128.01 .00820 1. 021.75 .6900
550. 7.1*1*1*5 8522.5 .01.227 19.1769 . 00171 289. 23 136.31 .00957 1.02261 .6686

600. 6.8570 9263.1 .01.197 19. 0812 . 00158 306.90 11.1.. 1.0 . 01103 1. 02081 .6875
700. 5.9231* 10761*.

3

.01.139 18.9292 .00136 31*1.66 163.03 .011*18 1.01796 .6860
800. 5.21<*3 1230 1*.

5

.01*0 77 18.811*1 . 00120 376.10 175.01 .01763 1. 01580 .6852
900. i*.6572 13895.1 . 01*009 18. 7239 .00107 1*10.66 189.1.5 .02139 1. 011.10 .681.8

1000. i*.2077 1551* I*.

1

.03931* 18.6515 . 00096 1*1*5. 63 203. 1.3 . 0251*2 1. 01271. .681.6
1200. 3.5272 19017.6 .03777 13.51*25 . 00081 511. 13 230 .21. .03393 1.01067 .6926
t<>00. 3.0363 22718.2 .03621 18.1*61*5 .00070 583. 32 255.80 .01*375 1.00918 .6932
1600. 2.6651* 26562.1 .031*85 18.1.059 . 00061 655.1*5 280. 30 .051.57 1.00605 .6938
laoo. 2.3752 30522.5 .03369 18.3602 . 00051* 727.61 303.88 . 0&&3d 1. 00717 .6938
2000. 2.11*19 31*691*,

0

.03255 18.3229 . 0001*9 803. 32 326.61 .07928 1. 0061*7 .6921.

2200. 1.9502 39221*.

2

.0 3131 18.2901. . 0001*5 888.1*8 31.1.. 89 .09351. 1.00589 .6806
2(>00. 1.7895 1*1*381.1 . 02983 18.2585 . 0001*1 993. 32 366.21* .10969 1. 0051*0 .6717
2600. 1.6521* 50559.1 .02802 18.2221 . 00038 1132. 71 387.16 .12855 1. 001*99 .6562
2800. 1.5331* 58266.3 .02581. 18.171.3 .00035 1325. 72 1.07.79 .15111 1.001.63 .6336
3000. 1.1*283 68083.8 .02339 18. 1067 .00033 1594.22 1*28. 31 .17820 1.001*31 .6058

• THO-PHASE BOUNDARY
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TftSLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

20.00 MPA ISOBAR

VOLUME pur u A 1 pvCPt 1 n H L n T
rMT pnpv U V TP v/Fi nr TT

V

V C L i. 1 T

DERIVATIVE DERIVATIVE ENERGY OF SOUND
K CU M/KG CU M-MPA/KG MPA/K K J/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 19.360 .01169 2.231*1* 1.091* -291.0 -57.2 5.367 5.38 6. BO 1680.
20. .01173 2.201*0 1.091* -287.1* -52.8 5.591 5.1*7 6.97 1675.
21. .01180 2.1561* 1.093 -281.7 -1*5.7 5.937 5.60 7.22 1667.
22. .01187 2.1087 1.090 -2 75.8 -38.3 6.279 5.72 7. !*7 1659.
23. .01195 2.0611 1. 087 -269.7 -30.7 6.616 5.83 7.71 1651.
Zk. .01203 2.0136 1.082 -263.1* -22.9 6.950 5.93 7.95 16<*2.

25. .01210 1.9661* 1.075 -256.9 -11*.

8

7.279 6.03 8.18 1631*.

CO. • 11 Xc 1? la y 1 75 i n A • t T) U m C ~o • 5 ( • O U H 1 £^ 7 C

27. .01227 1.8731 1. 060 -21*3.1* 2. 0 7.926 6.20 8.63 1615.
2d. .01236 1.9271* 1. 051 -236.1. 10.7 9.21*1. 6.28 8.86 1606.
29. .012<»5 1.7797 1.01*1* -229.2 19.7 8.560 6. 35 9.10 1597.

30. .0125i» 1.7369 1.032 -221.8 28.9 8.872 6.1*1 9.30 1588.
31. .01263 1.6937 1. 019 -211*.

3

38.3 9.180 6.1*7 9.51 1577.
32. .01273 1.61*80 1.006 -2 06.7 1*7.9 9.1*85 6.53 9.71 1566.
33. .01283 1.6088 .9921 -198.8 57. 8 9.787 6.58 9.90 1556.
3it. .01293 1.5685 .9777 -190.9 67. 7 10.085 6.63 10.09 151*6.

36. .01315 1.1*861 .91*83 -171*.

6

88.3 10.673 6.71 10.1*8 1523.
38. .01337 X • *t 1, H O .9177 -157.8 109.6 1 1 • 2 '9 6.78 10.33 150 3

.

i*a. .01361 1.31* 1*1* ".8859 -11*0.6 131. 6 11.813 6.83 11.15 11*82.
1*2. .01386 1.2803 .8533 -123.0 151*.

2

12.361* 6. 36 11.1.5 11*62.

kk. .01<»12 1.2210 .8206 -105.1 177.1* 12.901* 6.90 11.71* 11*1*1.

(>6. .01'»<ta 1.161*9 .7880 -87.3 200.7 13.1*21 6.98 12.06 11*19.

ki. .01<»68 1.111*5 .7558 -68.6 225.1 13.91*0 7.03 12. 31* 1398.
50. .01<«98 1.0671 .721*2 -1*9.6 250. 0 11*. 1*1*9 7. 09 12. SO 1378.
52. .01529 1.0229 .6935 -30.1* 275.5 11*. 91*8 7.13 12. 35 1358.
56. .01595 .91*63 .631*6 9.0 328.1 15.923 7.22 13.29 1319.
60. .01666 .8863 .5803 1*8.8 381.9 16.851 7.30 13.53 1286.
65 • • U 1 f ou • 3 298 . V 1 ^ '

ucn nH^l • u 17 qe; 7if • 7 5 f 7 • 13 #99 X t •

70. .01860 .7893 .1*671 11*9.9 521.8 19.006 7.62 11*. 52 1217.
75. .0196(» .7626 .1*216 201.3 591*.

1

20. 001* 7.87 11.. 62 1190.
60. .02073 . 7<*61 .3823 253.1* 667.9 20.956 8.17 11*. 90 1167.

90. .02297 .7396 . 3195 360.2 819.6 22.71*2 8.89 15. 1*1* 1131*.

100. .02527 .7532 .2725 1*71.3 976.7 21*. 397 9.58 15.97 1115.
110. .02758 .7787 .2370 589.1 111*0. 7 25.959 10.51* 16.57 1107.
120. .02990 .8101 .2096 710.7 1308.7 27.1*21 11.22 17.01* 1109.
130. .03221 .81*51 .1879 836.7 11*80.9 28.799 11.77 17.1*0 1118.
1<«0. .03'»51 .381*2 .1702 965.9 1656.0 30.096 12.17 17.63 1132.
160. . 0 39 06 .9669 • 1 1*32 1228 .

6

o n f\ Q a2009.8 32 . 1*53 12. 52 17.70 1169.
180. .0'»355 1.0521 .1235 11*90.2 2 361.1 31*. 528 12.1*7 17.1*2 1212.
200. .0'»796 1.1390 .1087 171*5.6 2701*.

9

36.339 12.20 16.97 1259.
220. .05233 1.221*5 .0970 1992.7 3039.

2

37.932 11.36 16. 1.9 1305.

2ita. .05661* 1.3105 .0 876 2231.1* 3361*.

3

39.31*7 11.53 16. 05 1350.
260. . 0 60 91 1.3950 .0800 21*62.8 3631.0 1*0.615 11.25 15 .67 1391*.
280. .a651'» 1.1*793 .0735 2688.2 3991.0 1.1.761* 11.02 15.36 11*36.
300. .06951 1.5696 .0688 2911.1* 1*301.6 1*2.828 10.86 15. 21. 11*81*.

350. .08005 1.7800 .0583 31*53.0 5051*.

1

1*5.11*7 10.61 11*. 90 1581.
(*00. .09053 1.9889 . 0507 3981*.

2

5791*.

8

1*7.126 10.51 11.. 71. 1671.
^SQ • « 1 U U ^9 t • 1 y DO • 0 9 Hi? 1 u • 5 c. c 9 a c i> A A C A 1 0 • If/ 1 ^ • & 7 1 7 K CX r 5 5 •

500. .11135 2.1*01*0 .01*0 3 50 35.1* 7262.

3

50.1*01 10.1*5 11*. 63 1835.
550. .12172 2.6108 .0365 5558.9 7993.3 51.795 10.1*5 11.. 52 1911.
600. .13208 2.8173 .0331* 6082.7 8721*. 2 53.065 10.1*6 11.. 62 1981*.

700. .15277 3.2299 .0286 7131.7 10187.0 55.321 10.51 11.. 65 2122.
800. .1 73<»3 3.6i*2i] .0250 8187.

0

11655.6 57.281 10.59 11.. 73 2250.
900. .19'»08 1*. 051*1 .0 222 9252.3 13133.9 59.021 10 .72 11.. 35 2370.

1000. .211.72 1*. 1*660 . 0200 10331.

0

11*625.1* 60.595 10.87 15.00 21.82.
1200. .25599 5.2899 .0167 1251*3.3 17663.0 63.351 11.25 15.38 2668.
1<»00. .29721* 6.1139 .011*3 11*837.2 20781.9 65. 758 11.69 15.81 2876.
1600. .3381*9 6.9380 .0125 17216.

3

23986.1 67.875 12.10 16.2 2 3050.
1800. .37971* 7.7622 .0111 19680.9 27275.7 69. 771* 12.1*9 16.61 3213.
2000. .1*2100 8.5865 .0100 22232.7 30652.7 71.619 12.90 17.02 3367.
2200. .1*6231 9.1*108 . 0091 21*870.5 31*116.7 73.91*2 13.38 17.52 3511.

2(«00. .50375 10.2352 . 0 083 27620.2 37695.2 76.51*5 11*. 01 18.19 361.5.
2600. .51*51*6 11.0597 . 0077 30522.3 1*11*31.5 79.31*3 11*. 88 19.13 3770.
2800. .58767 11.881*2 . 0 071 33639.2 1*5392.7 32.207 16.10 20.1*7 3866.
3000. .630 76 12.7087 .0067 37055.1 1*9670.3 81*. 983 17.77 22.33 3996.

• THO-PHASE BOUNDARY
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TABLE 2

THERMOOrNftHIC PROPERTIES OF PARflHYOROGEN (ISOBARS, SI UNITS)

20.00 MPfl ISOBAR

MOCDA TllDC n FM T VU Lrt oX 1 T
If r nu/ n lit

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 10

19 • 360 6 5 • S'f 3 3 118 8*'* * 23748 191* 14 15
9ncQ •

AC 9 9 "7 T 1 X 9 0 • 9 9 1 C 9
. C 0 H 9 C 1 A 7 ft£i 1 nXO/ .OHXU

Zl • 8 • 7262 120 7 . 5 9 7 0 91 1 A 9 70 n i.

ZZm S** • 2l'f2 121 6.9 * 2 262 4 177*5827
?3 •

At 1^09-1 * 99 L. &1 C t * . D 9 9 9 K A* c c ^ !> 0 Xft*H9fU
2k • 8 3 .1599 1231.

0

• 2 1 9 1

6

16 7*45 2 7

ZS» 82.6179 1236.0 • 21 594 1 C 9 f. C Q Q1 bt • 49 9 0

26. 82. 0662 1240 .2 *21286 157.5289
27. 81.5050 12'»3o8 • 20984 152. 6707
26 • S 0 • 9 3^6 1 24 6.8 • 2 068 7 1 7 A Q /.XH f •O9DH

an 7 cn

1

1246*2 • 2 0 4 69 142*9995

T n 7Q yen 1 124 8 * b .20186 138*5345
7 401. 7Q 1 fe< 7'7.x OX f

4 9 cn 7X C 9U * o * 198 99 134. 0749
32 • r O • 3 35

7

1249 * 9 * 1 96 1

7

1 7Q ii.c; AC,XC9* H900
33. 7 7. 9'»2 2 1 9 C 1 71 ^ 9 X . / • 19 3 44 1 9 C "ZQCxUXcv. O9DH
3'*

.

7 7. 322 0 125 2.1 * 1 90 7 3 121. 2815
JO* r O . U OX 3 1249.0 • 1 85 74 117 n 7 7fiXXO* UO fO

38. 7l».7739 121*7.9 .18099 105. 7719
73.1*653 121*3.3 .17665 98.761*5

•
7 9 1 70 A 1 9 7 Q AX ^ 0 9 . 0 1 7 9 7 9

* X ' ^ 0 C Q 9 7 C 7 99 t . 0 9 » c

7 0.8 01

1

1237.

3

* 167 88 6 6* 4488

^6

.

O 9 • *T 7 X O 1238 * 2 * 16263 fl n - on 770 U • 9U r f

if 6 .
to n QT n 123 9*0 .15780 75. 89 7 0

7 u • DO. r O 7 9 1239* 3 • X 9 o X O 71 71 0 Ar X * c X 9 0
c:9!>c •

C C 7 A 9 Q 123 9.6 . 14 8 63 6 6 * 88 21
56. £9 C B9 Q 1242.1 * 1 40 1

5

5 9* 3154
60 .

c n fl 7 A 7D U . U £ O C i 9 u a t&X C H 9 • H 1 7 ? ill* X O c H X c 7 9 n K 79 0 • t u 9 *

65. 56.8213 1269.0 .12301 47.1485
70. 53,773*» 1300.

9

.11393 42.4454
75 • 5 0. 91 0 3 1345.9 . X U 9 £ X 7 A - A 7 7 £*0 0 * 0 c t H
60. 8 • 2'f79 140 3.2 n QC, QQ. U 9D 9 9 7c, n n n 10 0 * u U U X

90 » **3. 5 352 1 55 6 * G .08259 3 2 * 20 01
100 • 3 9 • 5 7'f 2 1747 * 1 .07116 7 0 A n A flC 9 * 0 U 0 U

1 1 u •
» £ 9 c-» 70 D • £ 9o r X 9 f * . 0 n c,9 n

. U D c U H 9 A 7 7 1 Q£ 0 . C J X 9

120 • 33«'f <f77 220 2.9 . 055 84 2 7 * 0964
130* 71 n ZtA 7 9 /. 7 n 7C HO U.I . U 9X HX 7 e. 7 L.n 7£ 0 * £ HU c

1 *f u •
9 A Q 7Q 7 9 c c; (. n£ 0 9 H . U ft /. A 9 7 9C £7 7 7C 9 . D £ 0 f

160. 25.6015 3060*1 •04465 21*. 7531
180. 22.961*7 3407*2 .04314 21*. 1615
9 n nc U U • 9 n A /. A c 3 708*7 * 04272 2 3. 745 8

2 20 . X 9 • X X U O 7 07 R 1O 9 ( 0 . X
n /. 9 7Q

. U Ht f 9 77 L. n 1 nc 0 . H U X u

2 hO • 17. 65*f 9 423 5.6 • 0 43 0 5 2 3. 1 363
260 • 1 6 • 17 5 fi.Zi.ft Q nHHO 9 * U n Z*7 9 ft• U H J c 0 97 Q n 1

0

C Cm 9 u X 9
9 A nc 0 u • 15*3509 4746 • 1 . 0 43 44 22* 70 79

300. 1 ^ « 3 86 2 4998 a 7 . 0 4 4 0 5 2 2*5603
350 • 12* ^91

^

c; c A fl n9 oo u . u n ji n fl
. U HH U U 97 9 7 c 7£ £ • £ 0 9 0

11.0 '(65 63 88.9 * 04366 9 1 Q 7 n A£l • 9 r U 0

9.9058 7116.0 *04326 21* 7611
500. 8.9811 7846*4 .04289 21. 59Q7
9 7U • 6.2 15 7 653 2*7 • 0 4 25 4 21 • 4496
& n nbuu • 7.5 713 932 3.4 a 0 42 2 2 21*3309

700 • e, _ cue. n X U OC H . 0 n fx 1 n. U H X o u 71.1 ti.7 f>£ X • X H£ 0
800. 5.7660 12365.2 .01*091* 21.0002
900. 5.1525 13956.3 .01*021* 20.8688

1000. 1..6572 15605.7 . 0391*8 20. 7991*

1200. 3.9065 19080.6 .03788 20.6651
litOO. 3.3 61*3 2 2 78 2 .6 .03630 20. 5690
1600. 2.951*3 2 6 62 7 .7 .031*93 20. 1*971

1800 . 2.6331* 30587.5 .03 3 75 20.1*1*09
2000. 2.3753 31*753.2 .03261 20.3953
2200. 2.1630 39261*.

3

.03139 20 .3559

2<»oa. 1.9851 1*1*375.0 .02991* 20.3180
2600. 1.8333 501*59.1* .32817 20.2759
2800. 1.7016 57999.7 .02605 20. 2221*
3000. 1.5851* 6751*8 .1* .02365 20. 11*81*

• THO-PHASE BOUNDARY

i

(DV/DT>/V THERMAL VISCOSITY THERMAL QIELECTRIC PRANOTL
P COMOUCTIVITY OIFFUSIVITY CONSTANT NUMBER

1 /V
I /N W/K- M KG/ M "

S

X 10 A X u

.00572 130* 46 3 7 7 • 62 • 0 0 0 61 1. 28131 1.9560
n n i; A 7

a u u 9 0 £ 17 7 A 7X 0 0 • 0 0 7 c 7 790 9 0a 0 £ • 0 0 0 61 1. 23 0 68 1.8393
. 00598 139. 12 321*04 • 00 0 6 2 1. 27889 1.6666
• 0 0 6 14 14 3* 52 2 94*22 • J U U 0 £ 1. 27706 1.5318
n n £ 7 n 1 (. 7 1 £1 H * • X 0 7 7 1 £ 7£ f 1 • D r

n n n fl 9
• U U U 0 £ 1. 27520 1 . 1.2 1.

1

. 0061*6 150.15 252.50 .00082 1. 27331 1.3370

.00662 152.58 236. 03 .00081 1. 27138 1.2657
n n £7 fl

• u u 0 f 0 154. 47 2 21* 76 • 3 0 0 3

1

1. 2691*2 1 9 r 7 7X • £ U f £

« 00694 1 55 a 94 2 0 9 a 29 • u u u 0 u 1. 2671*3 1 • 15 3 9
n n 7 1 n* U U r XU 1 c 7 n £X -> / • U 0 193 •32 • 3 0 0 7 9 1. 2651*1 1 • 1X65

• 00 730 1 5 7 a 84 1 8 8a 54 a 0 0 0 7 8 1. 26331. 1 • 0 8 6 8

* 0 0 745 158a 37 17 9a 85 a 0 0 0 7 7 1. 26125 1 • 0 5 64
« 00 760 15 8*07 17 2a 0 5 • 0 0 0 76 1. 25911* 1 • 0 3 4 8

* 0 0 77 7 15 7*59 1 65 •02 • 0 0 0 7 4 1.25700 1 • 0 1 7 2

• 0 0 791 156a 98 1 5 8 a 66 n r, n 7 7
• u L u / 0 1. 25I.8I. 1 « 0 C C 9

*00dO6 156. 30 152.86 .00072 1. 25265 . 9671
a 00839 151*. 61* 11*2. 68 .30070 1. 21*822 .9567
• 00 868 1 C 9 £ ftX9 £ • DO 1 7 fx n n1 OH • u U • 0 0 0 6 6 1. 21*370 .950 3

.00697 1 c n C7
X 9 u • 9 0 126*52 ii n n £• u u u 0 D 1. 23912 a 93 74

• 00 9 24 148* 21 119* 99 a 0 0 0 65 1. 231*50 * 9 2 7 4
n n Q /. o• U U 9H

9

1 45 * 83 1 1 ». 771 1 H • £0 • 0 0 0 6 3 22981* • 92 0 0

* 0 0 974 14 3 • 45 1 09 • 1

0

• 0 0 0 6 2 1.22515 .9172
a 00 996 141a 0 9 1 0 4 • 5 P a 0 0 0 5 0 1. 220 1*5 * 9 1 3 9
n 1 n 1 7. U X U X r 1 7 A 7QX 0 0 a f 9 inn 7ciX u u . 0 9 n n n c Q

a u u u 9 9 1. 21576 Ql 1 7
a 91 X 0

a 0 1 0 3 7 1 36 • 56 96.59 T r fl c Q
• J u u 9 9 1. 21109 Q n Q

1

a 9 U 9 X

. 01070 132.39 9a^06 • 00 05 7 1. 20181 .9040
•01091 128. 85 84^63 •00Q57 1. 19271* a 8950
.01102 125*90 79 •IS . 0 0 0 5 7 1. 18185 * 8 7 9 5

* 0110 0 1 2 3 * 59 74 •87 « 0 0 0 5 3 1. 17155 * 86 7 3

• 010 86 1 2 1 • 93 71 c; 7 • 0 0 0 5 9 1. 15191* * 35 3 0

* 0 10 62 12 0*97 6 9 a 0 3 • 0 0 0 b 1 1. 15 305 * 85 1

0

• 00 99 2 124a 43 65a 95 .00067 1. 1371*2 * 816 2

* 0 0914 129*05 64a 54 • 3 0 07 3 1. 121*1*0 * 79 8

8

n r. A n* U U 0 Hu 1 77 7 910' . 0 £ 65.24 1 n n A 7
• J u u 0 £ 1. 11357 * 7 8 7 4

• 0 0 774 14 2. 23 64 • 92 • 0 0 0 9 0 1. 101. 1*7 * 7 7 7 9

. 00716 11*7. 70 65.21 .00098 1. 09673 a7&d4
*00664 152.76 65.91* .00108 1. 09 0 08 *7609
a 00578 101.. u u 63.24 . u u 1 c 0 1. 07930 a 75 0 1

* 0 0511 16 7. 35 7 1 • 2

1

.00151 1. 07093 * 74 1 3

.00458 17 2. 78 74^ 56 .03176 1. 051*25 * 7 3 2 3
n n fx 1 c;

. U U H X9 177 AIf*. 7ft in
f 0 • X u n n pn T

. u u c u 0 1. 05878 • 7 2 3 7

. OC 3 7

9

18 3. 27 81*76 . 0 G 2 3 3 1.051*22 a 7 1 9 8
n n 7 Q. u u 0 H 9 * A A A 71 0 0 . 0 r

ft (x £0 9 HD n n 5 e. /.• u u c 0 H 1. 05 0 35 7 n Q

1

• r U 9 X
n n 7 7 /*

. u u 0 £ H 1 Q An 89 • 1 7 1 n 7 Q 7 1

.

01*703 • 7 C 3 3

a 0 0 305 201. 06 92.89 .00330 1. 01*1*03 • 7 0 3 8

•00262 217. 83 102. Od .001*21 1. 038 15 .6982
• 00231 235.56 111^02 .00521 1. 03368 .6948
* 00206 2 53.63 1 19 • 74 .00628 1

.

030 1 7 • 692 7

a 00186 2 71. 66 12 8a 23 .0071+1* 1. 02732 • 6 9 3 7

.00170 28 9. 51 1 36 • 5 0 a 0 0 8 & 8 1. 021*97 • 6 8 9 2

a 0 D 1 5 7 30 7. 11* 144.57 • 0 G 999 1. 02300 £ A fl n
• D 0 0 u

•00135 31*1.85 160.16 .01283 1. 01985 .6863
. 00119 376. 25 175. 11 .01595 1. 0171*8 .6851*

• 00106 1*10.79 139.51* .01933 1. 01561 .6850
* 00096 1*1*5.71* 203.50 .02297 1. 011.10 .681.8

*00061 511.13 230.30 .03063 1. 01182 .6928
. 0C069 583. 32 255. 81* . 0391*8 1. 010 17 .6931.

• 00061 655.1*1* 2 80 . 31* .01*923 1. 00 893 .6939
a 00054 727. 51 303.91 .05987 1.00796 .6939
* 00049 802. 95 326.61. .0711.8 1. 00 717 .6926
. 00045 887. 33 31*1*. 89 .061.29 1. 00 653 .6810

•00041 990.35 366. 23 .09876 1. 00599 .6725
• G0036 1126. 11* 387.15 .11560 1. 00553 .6576
-00035 1312. 77 1*07. 76 .13567 1. 00511. .6359
. 00033 1571. 05 1*28. 25 .15972 1.001*78 .6088
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TSBLE 2

THERMODYNAMIC PROPERTIES OF PflRAHYDROGEN <ISOBARS, SI UNITS)

22.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CP VELOCITY
OF SOUND

K CU M/KG CU M-MPA/KG MPA/K K J/KG-K KJ/KG KJ/KG-K KJ / KG-K H/S

19.835 .01160 2.321*3 1. 107 -288.5 -33.2 5,1.01 5.1*3 6.81* 1711.
20. .01161 2.3167 1.107 -287.6 -32.1 5.1.58 5.1*5 6.88 1710.
21. .01168 2.2703 1. 107 -282.0 -25.1 5. 600 5.59 7.13 1702.
22. .01175 2.2233 1.105 -276.2 -17.8 6.138 5.71 7.37 1695,
23. .01182 2.1773 1.102 -270.3 -10,3 6.1.71 5.32 7.61 1587.
2<». .01189 2.1 308 1.096 -251*. 1 -2.6 6. 799 5.92 7.81* 1660 .

25. .01196 2.0 81*6 1.093 -257.8 5.1* 7.121* 6.02 8,07 1672.
26. .01201* 2.0385 1. 086 -251.3 13.5 7.1*1.5 6.11 8.29 1663.
27. .01212 1.9928 1. 079 -21*1*. 6 21.9 7.762 6. 19 8.50 1655.
28. .01220 1.91*76 1. 070 -237.6 30.5 8.0 75 6,27 8.72 16'»&.

29. .01226 1.9030 1.061 -230.8 39.1* 6, 381* 6. 31* 8, 93 1637.

30. .01236 1.8591 1.051 -223,6 1*8.1* 8.691 6,1*1 9.11* 1623.
31. .012<»5 1.8157 1. 01*3 -216.3 57.7 8.995 6.1*7 9.35 1620.
32. .0125i» 1.771*8 1. 031 -208.8 67.1 9,295 6.53 9.55 1611.
33. .0126<» 1.7338 1.018 -201.2 76. 8 9.592 6.58 9,73 1601.
3'«. • 0 12 73 1.6 912 lo 0 0 1* -193 .5 66.6 9.885 6,63 9,92 1590 .

36. .01293 1.6150 .9760 -177,6 136. 8 10.1*62 6,72 10.27 1571.
3S. .ai31i« 1.5350 .91*68 -161.

3

127,7 11.027 6.30 10.62 151*9.

itO. .01335 1.1*676 .9167 -11*1*.

5

11*9,2 11,580 6.35 10.93 1531.
1*2. .01358 l.<*033 . 8856 -127.1. 171.1* 12. 120 6,39 11.22 1512.

.01382 1.31*06 .851*2 -109.9 191*.

1

12,61*9 6. 93 11.50 11*92.

i>6. .01<»07 1.281*8 .8227 -92.6 216.9 13.151* 7,01 11.80 11*71.
i»8. .Oi'»33 1.2332 .7915 -71*. 1* 21*0. 8 13,663 7.07 12.07 11*51.

50. .011*59 1.1839 .7609 -55.9 265. 2 11*. 161 7. 12 12.33 11*32.
52. .01'»87 1.1391* .7309 -37.2 290.1 11., 61*9 7.17 12.56 11.13.

56. . 0 15'»5 1.0601 . 6 731* 1.3 31*1 • 5 15,6 01 7.26 12.99 1377.
60. .01609 .9927 .6193 1*0.2 391*.

1

16.509 7.31* 13.31* 131*3.
65. .01692 .9299 .5583 89.5 1*61.8 17.592 7. 1*8 13.72 1306.
70. .01780 .8831 .501*6 139.5 531.2 13,621 7.67 lif.07 1273.
75. .01873 .81*98 .1*577 190. 3 602. 1* 19.603 7. 92 11*. 1*0 121*3.
80. .01969 .9 291 .1*170 21*2.0 675.2 20.51*2 8.21 11*. 72 1219.

90. .02168 .8110 .3506 31*6. I* 825.5 22, 312 8.93 15.31* 1161.
100. .02371* .8163 .3 002 1*59.6 981.9 23.959 9.72 15.91* 1157.
110. .02582 .8367 . 2616 577, 7 111*5.7 25.520 10.57 16.57 111*5.

120. .02790 .361*3 .2311* 699.9 1313.7 26.982 11.26 17.05 111*1*.

130. •02999 .8960 .20 75 826, 3 11* 86 .

0

28. 360 11,30 17. 1*2 1150.
140. .03207 .9309 .1880 955, 9 1661.1* 29.660 12,20 17.66 1161

.

160. .0 362 0 1.0099 .1582 1219,7 2016.0 32.028 12,55 17.75 1195.
180. . Ot»028 1.0936 .1365 11*62.1* 2368.5 31*. 101. 12,50 17.1.7 1236.
200. .Oiti«30 1.1781* .1200 1738.8 2713.3 35.920 12.23 17.0 3 1281.
220. .0't827 1.2638 .1071 1986.9 301*8.7 37.519 11,89 16. 51. 1326.

2<fO. .05219 1.31*83 . 0966 2226.5 3371*, 8 38.936 11.56 16. 09 1370 .

260. .05608 1. 1*326 .0681 21*58.8 3692.5 1*0.209 11,26 15.72 11*12.
260. .05993 1.5155 .0610 26 81*. 9 1* 0 0 3. 3 1.1.362 11.06 15. 1.1 11*53.
300. .06392 1.6065 .0 75 8 2907.5 1*313. 7 1.2.1.23 10.38 15. 26 1501.
350 . .0 7351 1.616<* . 0 61*2 31*50 .

1

5067.3 1*1*. 71*6 1 0,53 11.. 92 1597

.

<»0Q. .06303 2.021*8 .0553 3982.0 5808.8 1*6.728 10. 5^ 11*. 76 1586.
'»50. .09252 2.2323 .01*91* 1*5 0 6.6 651*1*.

2

1*8.1*61 10.1*6 11*. 56 1769.
500. .10197 2.1*392 .0 1*1*3 50 3i*.l 7277.1* 50.005 10.1*6 11*. 61* 181*8.
550. .111<»0 2.61*57 .01*0 2 5557.9 8008.7 51.399 10.1*6 11*. 62 1923.
600. .12082 2.8520 .0368 60 81.9 871*0. 0 52.670 10.1*7 11*, 62 1996.

700. .13963 3.261*1 .0315 7131.3 10203.1 5i*o927 10.51 11*. 65 2133.
800. .1581*1 3.6759 .0275 8186.9 11672.0 56. 887 10,50 11*, 73 2260.
900. .17718 i*.0 876 .02'»i» 9252.1* 13150.5 58.627 10,72 11*. 85 2379.

1000. .19595 1*. 1*993 . 0220 10331.

3

11*61.2.

1

60.231 10 .88 15.00 21*91.
1200. .2331*6 5.3227 .0183 1251*3.7 17679.9 62.957 11. 26 15.38 2697.
lUOO. .27096 6.11*63 .0157 11*837.7 20798.9 65. 365 11,69 15. 81 2883.
1 600. .306i*& 6.9702 .0137 17217.

0

21.003.1 67.1*82 12,10 16.22 3057.
1800. .31*596 7.791*1 .0122 19681.5 27292.6 69.361 12,1*9 16.61 3220.
2000. , 3831*7 6.6182 .0110 22232.9 30669.2 71.226 12.39 17.02 3373 .

2200. .1*2102 9.1*1*2'* .0100 21*869.3 31.131 .7 73.51*6 13.37 17.51 3517.

2(»00. .1*5868 10.2667 . 0 092 27615.

3

37706.3 7 6.11*9 13.98 13.16 3651.
2600. .1*9658 11.0910 . 0 085 30509. 1* 1.11.31..

2

78. 91*1* 11*. 83 19. 07 3776.
2800. .531*92 11.9151* . 0079 33610.7 1*5378.9 81.802 16.01 20.35 3893 .

3000. .571.01 12.7398 .0 073 36999.6 1.9627. 8 61*. 567 17.60 22.15 I.J03.
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

22.00 HPA ISOBAR

TEMPERATURE DENSITY W(DH/OV)p V(DP/OU)y -VIDP/OV)^ (DW/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
^

'
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUM8£R

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10'

19.835 36.1915 123 7.7 .236ii6 200.3367 . 00553 135. 33 389.32 .00083 1.28412 1.9701
20. 86.1126 12<t0.0 .23571 199.1*935 .00555 136.31* 383.11 .00083 1. 28381* 1.9336
21. 85.6298 1252.5 . 231<«1 191*. 1*029 . 00569 11*1. 86 31*6. 91 . 00 081* 1. 23211 1. 71*39

22. 85.1375 1263.3 .2271*5 189.3277 .00581* 11*6.1*7 316.97 . 00 081* 1.28036 1.5959
23. 8'..6359 1272.1* .22380 1814.2761 . 00598 150.31 291.88 . 00081* 1.27357 1.1*779
2t». d'».1251 1230.1 .22039 179.2570 . 00613 153.1*7 270.62 . 00 031* 1.27675 1.3826
25. 6S.605'« 1286.5 .21719 17i*.2797 .00627 156. 07 252. 1*3 .00083 1.271*89 1.301*5
26. 83.0769 1291.9 .21'«1'» 169.3539 . 0061*1 158.10 236.71 .00083 1.27301 1.21*05
2 7. 82.5398 1296.7 .21115 161*. 1*893 . 00656 159. 71 223.02 .00082 1. 27110 1. 1875
28. dl.99<»3 1300.9 .20822 159.6962 .00670 160.95 211. 00 .00081 1.26917 1.11*32
29. Sl.l«i>07 1304.3 .205'«3 151*. 981*8 .00685 161.87 200. 38 .30080 1. 26720 1.1C57

30. 80.8791 130 6.6 .20282 150.3556 .00699 162.51 190.91* .00079 1.26521 1.0731*
31. 80.301

7

1307.3 .20073 11*5.8000 . 00716 162. 27 182.1*1 .00078 1.26317 1.0515
32. 79.7230 1310.3 .19798 11*1.1*922 .00729 161. 88 174.79 .00077 1.26112 1.0308
33. 79.1392 1312.1 .19531* 137.211*3 . 0071*2 161. 31* 167.92 .00075 1. 25906 1.01 31
3<». 78.5't91 1312.2 .19275 132. 8393 . 00756 160. 73 161. 68 . 00 071* 1.25697 .9981
36. 77.3507 131't.7 .18769 121*. 9211* .00781 159.20 150.76 . 00 072 1. 25275 .9723
36. 76.1310 1311. It .18300 116.8606 .00310 157. 37 11*1.53 .00070 1.2'»8i«6 .9556
<>a. 7I..889'* 1310.3 .17882 109.9089 .00831* 155. 31 133.59 .00068 1. 21* 1*11 .91*00
'»2. 73.631 6 130 3.6 .171*63 103.3082 .00357 153. 08 126.68 .00067 1.23970 .9281*

1*1*. 72.3632 1336.5 .17031 97.0078 .00881 150. 78 120 .62 .00065 1. 23528 . 9203

1*6. 71.0858 1310.2 . 16518 91.3281* .00901 11*8. 1*6 115.2^ . 00 O&i* 1.23083 .9162
(*8. 69.8029 1312.7 .1601*9 86.0786 . 00920 11*6.15 110.1*3 .00062 1. 22637 .9120
50. 68.5179 1311*.

3

. 15598 81.1197 . 00938 11*3. 89 106.10 .00061 1.22191 .9090
52. 67.2339 1316.7 .15163 76.6029 .00951* 11*1. 70 102. 18 .00060 1.2171*7 .9060
56. 6<*.6783 1322.5 .14336 68.5652 .00982 137.58 95.38 .00059 1.20866 .9301*
60. 62.1590 1329.5 .13569 61. 7071 .010 01* 131*. 07 89.70 .00358 1. 20002 .8928
65. 59.0971 1350.3 .12630 51*. 9559 .01016 131. 10 83.93 .00058 1. 13957 . 8779
70. 56.1677 1382.7 .11713 1*9.6016 .01017 128.72 79.30 .00059 1.17961. .3665
75, 53.3927 11*27.6 , 10831 1*5.371*1 . 01009 126. 91* 75.67 .00059 1.17027 . 3585
80. 50.7897 11*36.2 .09996 1*2. 1081 .00990 125.83 72.66 .30061 1.16151* .8522

90. 1*6.1163 1636.5
100. <>2.12<»6 1825.7
110. 36.7330 2053.0
120. 35.8380 2231.6
130. 33.3i*d<» 2508.6
l'>0. 31.1839 2727.2
160. 27.6265 3130.0
160. 24.8290 31*76.2

200. 22.5752 3775.1
220. 20.7183 <»ai*5.6

21*0. 19.1592 1*301.9
260. 17.8323 <*556,1
280. 16.6866 1*611.3
300. 15.61*57 5059.5
350. 13.6037 571*0.3
1*00. 12.01*31 61*1*9.1

1*50. 10.8069 7176.2
500. 9.6070 7906.7
550. 8.9766 86i*3.0

! 600. 8.2769 9383.8

700. 7.1619 10885.3
800. 6. 3126 121*26.0
900. 5.61*38 11*017.1*

1000. 5.1031* 15667.3
1200. 1..2B31* 1911*3.1*
1<»00. 3.6905 2281*6.9
1600. 3.21*19 26693.0
1800. 2.8905 30652.5
2000. 2.6078 31*813.3

j

2200. 2.3752 39308.2

I
2<*0a. 2.1602 1*1*379.3

1 2600. 2.0138 50333.3

I
2800. 1.3691* 57780.2

I 3000. 1.71*21 67097.7

.08516 37.3939 . 00937 129. 07

.07335 3l*.3878 .00873 133. 42

.06387 32.1*091 .00807 141.77

.05737 30.9735 .00747 146.29

.05272 29.8813 . 03694 151.51

. 0t*9i*3 29.0236 .00648 156. 34

.0<*562 27. 8988 . 00567 164. 13

.01*397 27.1517 . 00503 170.02

.01*31*5 26.6016 .00451 175. 03

.01*31*5 26.1833 . 00409 179. 86

.01*362 25. 8330 . 00374 184. 87

.01*379 25.51*61. .00345 190.23

.01*389 25.2890 . 00320 195. 97

.01*1*56 25.1355 . 00302 20 2. 08

. Oi«i»i*i» 21*. 7099 .00260 218. 57

.01*1*06 24.3855 .00229 236. 12

.01*359 21*. 1293 . 00205 254. 06

.01*319 23.9216 . 00185 272. 02

.01*281 23.71*98 . 00169 239.31

.01*21*6 23. 6056 . 00156 307.39

.01*180 23.3771 .00135 342. 04

.01*112 23. 2041* . 03119 376. 41

.01*039 23. 0696 .00106 410.92

.03961 22.9615 . 00096 445.85

.03799 22. 7992 .00030 511.13

.03639 22.6834 . 00069 583. 32

.03500 22.5966 . 00061 655.42

. 03382 22.5290 .00054 727.44

.03268 22.4743 .00049 302.64

.0311*6 22.4273 .00045 886. 34

. 03001* 22.3829 . 00041 987.80

.02330 22.3348 .00038 1120. 48

.02623 22.2752 .00035 1301. 62

.02389 22.1945 . 00033 1551.11

69. 13 .00066 1. 14596 .8218
67.23 .00072 1. 13277 .8032
67.55 .00380 1.12165 .7891.

67.01 .30036 1. 11222 .7313
67.11 .00094 1. 13415 .7716
67.66 .00102 1. 09716 .7644
69.65 .00120 1. 03575 .7533
72.39 .00141 1. 07684 .7440
75.5b .00164 1. 06970 .7350
73. 96 .33189 1. 06384 .7262

82.50 .00216 1.05894 .7182
36. 11 .00244 1. 05478 .7114
89. 75 .00274 1. 05119 .7057
93.40 .00305 1. 04795 .7055

102. 46 .33388 1. 34160 .6995
111.34 .00478 1. 03676 .6959
120. 01 .00576 1.03295 .6936
128. 46 .03682 1. 02986 . 6914
136.70 .00795 1. 02731 .6693
144. 74 .30914 1. 02516 .6885

160.29 .31173 1. 02175 .6367
175. 22 .01457 1.01915 .6357
189.63 .01765 1. 01711 .6852
203.58 .02097 1.01546 .6849
233.36 .02794 1. 01297 .6930
255.89 .33599 1. 01116 .6935
283. 38 .34486 1. 00980 .6943
303.95 . 35454 1. 00874 .6940
326.67 . 06510 1. 0C788 .6927
344. 89 .07673 1. 00 717 .6313

366.23 . 08983 1. 03658 .6732
387.14 .10504 1. 00608 .6539
437.73 .12309 1. 03 564 .6379
423. 20 . 14470 1. 00526 .6115
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARflHYDROGEN (ISOBARS, SI UNITS)

2'«.0a MPA ISOBAR

TPM PPP& Ttl uni HHPV u i> u n c CMTU A 1 PY TNT Pn PY Ctf CP
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/K6 MPA/K K J/KG-K K J/KG KJ/KG-K KJ / KG-K M/S

• 20.300 .01152 2.4124 1. 120 -285.9 -9.4 5.435 5.48 6.88 1741.
21. .01156 2.3807 1.120 -282.0 -4.5 5.671 5.57 7. 05 1736.
22. .01163 2.3354 1. 119 -276.4 2.6 6. 004 5.69 7.29 1729.
23. .01169 2.2899 1.117 -270.6 10.0 6.333 5.81 7.52 1722.
2i». .01176 2.2445 1. 113 -264.6 17.7 6.658 5.91 7.74 1715.
25. .01163 2.1991 1.109 -258.4 25.5 6.979 6.01 7.96 1707.
26. .01190 2.1539 1.103 -252.0 33.6 7.295 6, 10 8.18 1700 .

7 7 . 0 1197 2.10 89 1. C96 -245 .5 41.9 7.608 6,18 8.39 16 92.
28. .01205 2.0643 1. 089 -236.

8

50. 4 7.917 6.26 8.60 1683 .

29. .01213 2.0202 1.080 -2 32.0 59.1 S.222 6.34 8.60 1675.
30. .01221 1.9767 1. 071 -225.0 68. 0 8.524 6.41 9.00 1666.

31. .01229 1. 9338 1.061 -217.9 77.1 8.822 6.47 9.20 1658.
32. .01237 1.8918 1. 051 -210.6 86.4 9.117 6.53 9.39 1649.
33. .012'«6 1.8526 1.042 -203.1 95.9 9.411 6.59 9.59 1642.
3l». .01255 1.8136 1.029 -195.6 105.6 9.700 6. 64 9. 76 1633.
36. .01273 1.7350 1.002 -180.1 125,5 10.263 6.73 10.11 1614.
38. .01292 1.6620 .9740 -164.

2

146. 0 10. 823 6. 81 10. 43 1596.
4fl . .01312 1. 5646 . 9451 -147.8 16 7.2 1 1 . 366 6.36 10,74 1 5 75 .

i»2. .01333 1.5207 .9154 -131.1 188.9 11.897 6.91 11.02 1558.
.01355 1.4602 . 8853 -114.

0

211.2 12.416 6.95 11.29 1540.
<«6. .01378 1.4025 .8548 -97.1 233.6 12.912 7. 03 11.58 1520.

i»8. .Ol'tOl 1.3475 .8245 -79.3 257.0 13.411 7.09 11.65 1500 .

50. .01<»26 1.2986 .7946 -61.2 281.0 13.900 7.15 12.09 1482.
52. .01'«51 1.2533 .7653 -42,9 305.4 14.379 7.20 12,32 1464.
56. .ai50(» 1.1701 .7089 -5.2 355.8 15.312 7.30 12,74 1429.
60. .01561 1.1015 .6558 32.9 407.5 16.203 7.38 13.09 1398.
65. .01636 1.0314 .5943 81.3 473.9 17.267 7.52 13.48 1359.
7n' u . .9787 .5398 1 30 • 6 542.2 18. 279 7.71 13. 64 1325.
75. .01798 .9401 .4919 180.8 612.3 19.245 7.96 14.20 1295.
80. .oias't .9126 .4499 232.1 684.1 20 .173 8.26 14.55 1268.
90. .02063 .8860 . 3806 338.0 833.0 21.926 8.97 15.23 1227.

100. .a22t»8 . 8836 .3273 449.1 988.7 23.565 9. 76 15.88 1199.
110. .02437 .8972 .2857 567.4 1152.2 25.123 10.61 16.55 1183.
120. .02626 .9203 .2531 689.9 1320.1 26.584 11.29 17.05 1179.
130. .02816 .9492 .2270 816.7 1492.5 27.963 11.83 17.43 1182.
litO. .0 3005 .9814 .2057 946.7 1667.9 29.263 12. 23 17.58 1191.
160. .03382 1.0549 . 1732 1211.4 2023.2 31.635 12.58 17.79 1221.
180. . 0 3756 1.1359 • 1494 1 75 • 0 2 3 76« 5 3 3. 716 ^ 9 tit 1 f • 5 t J. c D U •

200. .0 4125 1.2194 .1313 1732.4 2722.3 35.533 12.26 17.07 1303.
220. .04489 1.3032 .1171 1981.3 3058.6 37.141 11.92 16.59 1346.
2'»a. .04849 1.3873 .1057 2221.8 3385.6 38,564 11.60 16.14 1389.

260. .05206 1.4706 .0963 2454.

9

3704.2 39.839 11.32 15.76 1431.
280. .05559 1.5537 .0885 2681.8 4015.9 40.994 11.09 15.45 1471.
300. .05925 1.6440 .0 828 2903.8 4325.9 42.0 54 10. 39 15.29 1519.
350. .06806 1.8531 . 0701 3447.3 5080.9 44.380 10.64 14.94 1613.
i»00. .07679 2.0610 . 0609 3979.9 5822.9 46.364 10.53 14.77 1701.
(•50. .08549 2.2661 .0539 45 0 7.2 6558.9 48.099 10.49 14.69 1783.
5 00. . 0 9415 2.4 746 .0483 50 32.9 7292,

6

49.6 44 10.47 14. 55 1861

.

550. . 10280 2.6808 .0438 5557.0 8024.2 51.039 10.46 14.63 1936.
600. .11143 2.8867 . 0401 6081.3 8 755.7 52.310 10.47 14.63 2008.
700. .12868 3.2983 .0343 7131.1 10219.3 54.567 10.52 14.66 2144.

SOO. .14589 3. 7096 .0 303 8186.9 11688.4 56.528 10.60 14.73 2270.
900. .16310 4.1209 .0266 9252.6 13167.0 58.268 10.72 14.85 2369.

1000 . .18030 4.5323 . 0240 10331.6 14658.8 59.842 10 .88 15.00 2500.
1200. .21468 5.3553 .0200 12544.3 17696.7 62.598 11.26 15.38 2705.
i<>oa. .24906 6.1785 .0171 14838.4 20 815. 8 65.006 11.69 15.81 2690 .

1600. .28343 7.0020 .0150 17217.7 24020.

0

67.123 12.10 16.22 3063.
1800. .31780 7.8257 .0133 19662.2 27309.5 69.022 12.49 16.61 3226.
2000. .35219 8.6496 .0120 22233.2 30685.7 70.866 12.39 17.02 3379.
2200. .38661 9.4736 .0109 24868.4 34146.

9

73.188 13.36 17.50 3522.
2i«oa. .42112 10.2977 .0100 27611.

3

37718.2 75.788 13.96 18.13 3657.

2600. .45584 11.1219 . 0092 30498.4 41438.7 78.580 14.79 19. 02 3762.
2800. .49096 11.9462 . 0066 33566.2 45369.1 81.432 15.92 20.27 3899.
3000. .52673 12.7705 . 0 080 36951.3 49592.8 84.189 17.46 21.99 4009.
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

2it.00 MPA ISOBAR

MPERATURE DENSITY V(OH/0V)p V<OP/DU>y -V<DP/OV)j (OV/DTyV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
COMDUCTI VI TY 0 IFFUS I V IT Y CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU H/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10'

20.300 86.8172 1285.9 .23558 209.1*391* . 00535 11*0.60 1*02. 08 .00085 1.28636 1.9669
21. 8&.ite99 1295.6 .23260 205. 9105 . 0051*1* 11*1*. 52 371*. 57 .00085 1.28519 1.8271
22. 86.0150 1307.8 .22862 200. 8776 .00557 11*9.33 31*1. 16 . 00066 1. 2831*5 1. 661*9

23. d5.531<» 1318.2 .22'»97 195.8609 . 00570 153. 35 313. 28 .00086 1.23176 1.5359
Z<>. 63. 0391* 1327.3 .22156 190.8687 .00583 156.68 289.73 .00086 1.28001 1.'*318
25. 8<«.5393 .21837 185.9097 .00596 159.1*3 269. 61* .00085 1. 27822 1. 31.65

26. 8lf.0 311 13<»1.6 .21532 180.9929 . 00609 161.61 252. 31* .00085 1. 2761*1 1.2766
27. 83.5151 13<« 7.6 . 21235 176. 1271* . 00622 163. 31* 23 7.31 • 0 0 0 3 1* 1. 27 1*57 1.2187
26. 82.9915 1352.9 .209't'» 171.3226 . 00635 161*. 70 221*. 16 .00083 1.27271 1. 1702
29. 82.'f60'» 13'i7.l» .20668 166.5879 . 3061*9 165. 72 212.57 .00082 1. 270 82 1.1291
30. 81.9220 1360.7 .20'«11 161.9329 . 00662 166. 1*7 202, 29 .00081 1.26891 1.0933

31. 81.3766 1363.9 .20153 157.3672 . 00671* 166.31* 193.11 .00030 1.26698 1.0679
32. 80.82it5 1366.7 . 19900 152. 900 7 .00687 166.02 131*. 88 .00079 1.26502 1.0<.60
33. 80.2552 1368.7 .19700 11*8.6825 . 00 701 165. 51 177.35 .00077 1.26300 1.0275
3<». 79.6883 1371.6 . 19'»'t7 11*1*. 5215 . 00712 161*. 95 170 .61 .00076 1.26100 1.0130
36. 78.5i«50 137<».6 .18957 136.2770 .30735 163. 51* 158.91 . 00 071* 1. 25696 .9821*
38. 77.3810 1377.2 .18'.90 128.6050 .00757 161.81 11*9.05 . 00072 1.25236 .9638

. f O . C U U J 1372.7 . 180 78 120 . 71*71* • 0 0 783 15 9.85 11*0 . 62 .00070 1 . 21*3 71 . 9'. 52
<»2. 75.0009 1373.2 .17671 111*. 0513 . 0080 3 157. 69 133. 31 . 00069 1. 21*1*50 .9318
(><t. 73.7929 137i».3 .17251 107.751*7 .00822 155. 1*5 126.92 .00067 1.21*027 .9218
kf>. 72.5767 1379.2 . 167i»7 101. 7880 . ao8<»o 153.18 121.26 .00066 1. 23602 .9169

<>a. 71.3536 1382.0 .16287 96.11*75 ,00858 150.92 116. 22 . 00061* 1. 231 76 .9127
50. 70.1 302 1386.1 .158'»5 91. 0690 . 00873 11*8.69 111,70 .00063 1.22750 .9035
52. 68.9070 1390.3 .15i»20 86.3606 . 00836 11*6.53 107.61 .00062 1. 22326 . 901.9

56. 6&.'»728 1398.0 . l'»612 77. 7819 .00911 11*2.1*1* 100.52 . 00061 1. 211*81* .8992
60. 6i».069<> li»08.5 .13866 70.571*9 .00929 138.93 91*. 60 .00060 1.23657 .8912
65. 61.1 381 1429.8 .12926 63.0573 . 0091*3 135.96 88.52 .00059 1. 19653 . 8771.

70. 58.3171 11,63 , 3 . 120 01* 57. 0761 0091*6 133.52 83,62 ,30060 1.13 692 .3667
75. 55.6308 1509.2 .11113 52.3013 .0091*1 131.66 79.71 . OOOoO 1.17782 .8591.
80. ^3.0883 1566.9 .10266 1*8. 1*1*71* «00929 130.1*2 76.60 .00061 1.16925 .351.7

90. t8.i»772 1 71 8 . 6 .08756 1*2.9526 00886 133. 51 72. 33 .00065 1. 15381 .8252

100. ' l».i»809 1907.3 .075<tl 39.3019 .00833 137.63 69.96 .00070 1. 11*055 . 8073
110. <«1.041t» 2133.1 .06562 36. 8211* ,00776 11*6.00 69.75 .00077 1.12921 .7908
120. 38.0809 2361.2 .05885 35.01*63 . 00722 150.18 S?. 01* . 00 OS 3 1.11952 .7833
130. 35.5171 2588.5 .051400 3 3. 7135 .00673 155. 20 63.97 .00090 1. 11117 . 771.5
li>0. 33.2795 280 6. i» .05056 32. 6598 .00630 159.88 69.37 .00098 1. 10392 .7670
160. 29.565 0 3203.1 . 0<*&56 31. 1885 . 00555 167. 29 71.08 .00115 1.09196 .7558
180 • 26.62<»0 35<«6.3 . Ol»<t79 30 . 21*20 . 0 01*91* 172. 76 '3.60 .0 0133 1. 08255 .71.63
200. 2i».2(>38 38i»'t.2 . 0<«if 16 29.5621* .001*1*1* 177. 37 7S. 58 ,00151* 1. 071*98 . 7371
220. 22.2769 <«112.8 . ait'»08 29.0318 . 001*03 181. 85 79.85 .00177 1.06876 .7283
ZkO. 20.6220 <i369.3 28.6092 . 00369 186.56 83.27 .00202 1. 06353 . 7231.

260. 19.210<» '»623.5 .a<«<«29 28.2515 . 0 031*1 191.67 86. /9 .00228 1. 05910 .7135
280. 17.9895 't881.2 .0i«'»33 27. «*99 . 00316 197.21 90.36 .00255 1. 05527 . 7078
300. 16.8763 5120.8 . 0U506 27. 71* 1*8 .00299 203.15 93. 91* .00283 1.05179 .7070
350. lit. 6938 5600.9 . Oifi»87 27.2296 . 00258 219. 31* 102. 88 . 3G3&0 1. 01*1*98 .7008
<>00. 13.0222 6509.5 .0<t't'»3 26. 8391 .00227 236. 70 111.69 .001*1*3 1.03979 .6969
^50. 11.6977 7236.7 .0'»392 26.5315 . 00203 251*. 52 120. 30 .00533 1. 03569 .691.5

500. 1 n . r\7-i n^ U . 0£ ^ U 7 9& 7 • 2 . O** 3'»7 26. 2827 . 0 0181* 272, 39 12 8. 70 , U U D 0 U 1.03237 .6922
550. 9.7276 8703.5 . 01*306 26.0771* .00168 290.12 136.91 .QC731. 1. 02962 . 6901.

600. 8.9739 9i«i>'».3 . Oi»269 25.9051 .00155 307.65 11*1*. 92 . 0C3<*'« 1.02730 .6890
700. 7.7715 109<«5.9 .01*199 25.6321* .00131* 3''2.2i» 160.1*1* .31032 1. 02361 .6870

800. 6.85<«2 12lf86.7 .01*128 25.1*266 . 00118 376. 57 175.31* .0131*3 1. 02031 .6859
900. 6.1311 l'»078.5 .01*053 25.2661 . 00105 1*11. 05 189. 73 .31625 1. 01360 .6851.

1000. 5. 51.63 15728.8 .03971* 25.1375 .00095 i*i*5. 96 203.67 .01930 1.01681 .6851
1200. i».65eO 19206.1 .03809 21*. 91*1*7 .00080 511.13 2 3 0 . 1*3 .32569 1. 011*11 .6933
i<»ao. <«.0151 22910.9 .0361*7 21*. 8072 . 00069 583. 32 255,91* .03308 1. 01215 ,6937
1600. 3.5282 26 75 8.1 .03507 21*. 701*3 . 00061 655.1*1 2 80.1.2 .01*122 1. 01067 .691.1

1800. 3.1<>66 30717. i» .03386 21*. 621*3 . 00051* 727.37 303.98 .05010 1.00951 .691.2

2000. 2.8 39U 3i»87i».l • 0 32 71* 21*. 5597 . 000<*9 302.36 326.70 .05978 1.00858 .6929
2200. 2.5866 3935i».9 .03153 21*. 501*5 . 0001*1* 58'5.i»8 31*1*, 89 . 0 70<*3 1,00782 .6815
2<toa. 2.37<»6 '•'»391.7 .03012 21*. 1*530 . 0001*1 985.58 366.23 . 0621*0 1.00717 .6738

2600. 2.1937 50325.7 . 0281*2 21*. 3985 .00038 1115.51* 387. 13 .09626 1. 00663 .660 0

2800. 2.0368 57597.7 .0261*0 21*. 3325 .00035 1291.90 1*07.71 .11266 1. 00615 .6396
3000. 1.8985 66713.6 .021*11 21*. 21*50 .00033 1533. 71 1*28.16 .13225 1. 00573 .6139
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TftBLE 2

THERMOOYMAMIC PROPERTIES OF PARAHYQROGEN (ISOBARSt SI UNITS)

26.30 MPfl ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU M/KG CU M-MPA/KG

« 20.756 .Oil't't 2.i«9S9

21e .011<>5 2.i»e82
22. .01151 2.if'»39

23. .01158 2.399if

2lf. .01i6i« 2.35<«9
25. .01171 2.310<«
26. ,01177 2.2660
27. .0118<» 2.2218
28. ,01191 2.1778
29. .01199 2.131*2

30. .01206 2.0911

31. .0121'» 2.0'»85

32. .01222 2.0066
33. ,01230 1.9655
Sff. .01238 1.9252
35. .012<«7 i.390<»
36. ,01255 1.8533
37. .0126(» 1.8160
38. .01273 1.779'*
39. ,01282 1.7f*i»i»

1*0. .01292 1.7093

i*2. .01311 1.63<*8
*<*. .01331 1.57<»0

WS. .01352 1.5171
1*6. .0137<* 1.1*625
50. .01396 1.1*113

52. .01<>20 1.3625
5<*. .aii»'»i* 1.3197
56. .01'*68 1.2797
58. .011*91* 1.21*22
60. . .01520 1,2077

65. .01588 1.1337
70. .01659 1,071.1
75. .01731* 1.0313
80. .01812 .9976
85. ,01892 .9759
90. .01975 .9621
95. .02058 .951*8

100. .0211*3 .9522
110. .02315 .9591*

120. .021*88 .9781

130. ,0 2662 1.0 01*2

140. .0 28 36 1.0328
160. ,03183 1.1016
180. .03527 1.1791*
200. .03867 1.2603
220. .01*201* 1.31*39
Zka. .01*536 1.1*261*

260. .01*866 1.5096
280. .05191 1.5918
300. .05531 1.6619

350. .063it(c 1.8902
«*00. .0 7151 2.0975
<»50. .07951* 2.301*0
500. .08751* 2.5101
550. .09552 2.7159
600. .1031*9 2.9215
700. .1191*1 3.3321*
800. .13530 3.71*33
900. .15118 I*. 151*2
1000. .16706 i«.5652

1200. .19879 5.3876
11*00. .23052 6.2101*
1600. .26225 7.0335
1800. .29397 7,8569
2000. .32571 8.6806
2200. .3571*8 9.50i*i*

21*00. .38933 10.3283
2600. .1*2137 11.1521*
2800. .1*5376 11.9766
3000. .1*8673 12.8008

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/KG-K KJ/KG

1,133 -283.2 11*.

2

1.133 -281.9 15.9
1.133 -276.1* 23.0
1.131 -270.7 30.3
1.128 -261*.

8

37.9
1. 121* -258.7 1*5.6

1. 119 -252.5 53.6
1.113 • 2 1*6 .

1

61.8
1.106 -239.6 70.2
1. 098 -232.9 78.7
1.090 -226.1 87.5

1.080 -219.1 96.5
1.071 -212.0 105.7
1.060 -2 01*. 7 115.0
1.01*9 -197.3 121*.

6

1.039 -189.8 131*. 1*

1. 026 -182.

2

11*1*. 2

1.013 -171*. i» 151*.

3

.9998 -166.5 161*.

5

.9858 -158.6 171*.

8

.9718 -150.5 185. 3

.91*33 -131*.

2

206.7
.911*1 -117.5 228.7
.881*8 -100.9 250.7
. 8553 -83.5 273.7
,8261 -65.6 297.3
, 7972 -1*7.8 321.3
. 7692 -29.6 31*5. 8

. 71*19 -10.9 370.9

.7153 7,8 396,1

.6895 26,6 1*21. 7

.6285 71*. 3 1*87.0
,5733 122.9 551*.

3

.521*3 172.5 623.1*

.1*812 223.3 691*.

5

.1*1*32 275.3 767.3

.1*096 328.6 81*2.0

.3798 38 3,1* 918.5

.3535 1(39.6 996.8

.3091* 558.0 1159.9

.271*1* 660.8 1327.7

.21*63 807.9 1500.0

.2233 938. 3 1675.6

.1881 1203.6 2031.1

.1623 11*68.1 2385.0

.11*26 1726.2 2731.8

.1271 19 76.0 3069.0

. 111*7 2217.

3

3396.7
.101*5 21*51.1 3716.2
.0959 2678.8 1*028.6
.0898 2900.3 1*338.1*

.0760 31* 1*1*.

6

5091*.

1

.0660 39 77.9 5837.1

.0581* 1*505.7 6573.7

.0523 5031.8 7307.8

.01*75 5556.2 8039.8

.01*35 6 0 80.7 8771.5

.0 372 7130.9 10235.1*

.0325 8187.0 11701*.

8

.0289 9252.9 13183.6

.0260 10'332.0 11*675,5

.0216 1251*1*.

9

17713.5
.0185 11*839.1 20832.

7

.0162 17218.5 21*037.0

.011*1* 19683.0 27326.3

.0 130 22233.7 30702.2

.0118 21*867.8 31*162.3

.0108 27607.9 37730.6

.0100 301*88.9 1*11*1*1*.

5

.0093 33561*. 7 1*5362.1*

.0087 36909.0 1*9563.9

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

5.1*67 5.52 6. 92 1769.
5.51*3 5.55 6.97 1768.
5.878 5.63 7.21 1762.
6. 201* 5.79 7,1*3 1755.
6.525 5,90 7,65 171*8.
6 . 81* 1 5 • 99 7,87 1 7 ^ 1. •

7.151* 6.09 8,C8 1731*.

7.1*63 6.17 8, 28 1727.
7. 768 6,26 8.1*9 1719.
8. 069 6. 33 8.69 1711.
8.367 6.1*0 8.88 1703.

8.662 6.1*7 9. 07 1695.
8,953 6.53 9,26 1687.
9.21*0 6.59 9,1*1* 1678,
9.525 6.61* 9.62 1670,
9.809 6.69 9,60 1 661*,

10,087 6. 71* 9, 96 1655,
10.363 6.73 10.12 161*7.

10.631* 6.82 10.28 1638.
10.901* 6.83 10.1*2 1629,
11 .169 6.87 10.56 1621.

11.691 6.92 10. 85 1601,
12,202 6.97 11.11 1581*.

12.690 7.06 11.1*0 1565.
13.180 7.12 11. 65 151*7.

13.661 7.18 11,39 1529.
11*.132 7.23 12.12 1511.
11*. 591* 7.28 12.33 11*95.

15.051 7, 33 12.52 11*73.

15.1*93 7.37 12.70 11*63.
15,927 7 .1*2 12.37 11*1*8.

16,973 7.56 13.27 11*11.
17.970 7.75 13.65 1375.
18,921* 8.0 0 11*. 01 131*1*.

19.81*0 8.29 11*. 39 1316.
0 • O 0 1 if • 7 6 1 P Q 5

i. £ 7 C •

21.578 9.01 15. 12 1271.
22.1*05 9,1*0 15.1*3 1251*.

23.208 9,79 15. 82 121*0.
21*. 761 10.61* 16.53 1220.
26. 221 11,32 17. 01* 1213.

27.600 11.86 17.1*3 1215.
28.901 12,26 17.69 1221.
31.271* 12.61 17.81 121*7,

33.360 12.56 17.56 1281*,
tc 1 a £J 7 e X 0 D 1 r . I £ 1 7 5 C

36.793 11.95 16.63 1367,
38.219 11.63 16 . 13 11*09,

39.1*98 11. 35 15. 80 11*50.
1*0.656 11,12 15.1*9 11*89.
1*1.711* 10.91 15.31 1537,

1*1*. 01*3 10.55 11*. 96 1629,
1*6,029 10 .51* 11*. 78 1716,
1*7.765 10.1*9 11*. 70 1797,
1*9.311 10.1*7 11*. 66 13 71*.

50.707 10.1*7 11* .51* 191*3 .

51.979 10.1*8 11*. 63 2020 .

51*, 236 10,52 11*. 66 2155.
56,197 10,60 11*. 73 2280 .

57.937 10.73 11*. 35 2398.
59,512 10.83 15.00 25C9.

62.268 11.26 15.38 2713.
61*. 676 11,69 15.81 2898.
66.792 12,11 16.22 3070 .

68.692 12.1*9 16.61 3232.
70.5 36 12. 39 17.01 3385 .

72.857 13.35 17.1*9 3528.
75.1*55 13.91* 18. 11 3663.
78.21*5 11*. 75 18.97 3788.
81. 093 15,85 20. 18 3905.
83.81*2 17.31* 21.85 1*015.
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS. SI UNITS)

26.00 NPA ISOBAR

MPERATURE DENSITY
P

V(DP/DU)y -V(DP/DV>^

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 102

20.756 87. 1.223 1333.3 .231*81 218.1*609
21. 87.3115 1336.9 .23377 217,21.1.6

22. 86.8520 1350.

5

.22978 212. 251.2

23. 86.3eif5 1362.3 .22612 207.2732
Zk. 85.9092 1372.7 .22269 202.3095
25. 85.'»26<« 1381.6 .2191*9 197.3713
2 6. 8<«.9362 1389.5 . 2161*1* 192.1.670
27 . 8i» . If 389 1396.6 . 2131*7 18 7. 6052
28. 83.93l»5 11*03.1 .21057 182. 791.6

29. 83.'»23't 11*08.7 .20762 178.01.1.0

30. 82.9055 11*13.0 . 20527 173.3623

31. 82.3812 11*17.1 .20272 168.7583
32. 81.8507 11*20.7 .20023 161*. 21*10

33. 81.31I»2 11*2 3. 7 .19786 159.8192
3't. 80.7719 11*26.2 .19555 155.5019
35. 80.2107 11*30 .0 .19356 151. 6293
36. 79.6580 11*33.1 .19121 11*7.6266

3 7 • 7 9.1022 11*3 5 . 3 . 18889
38. 78.5'*36 11*36.8 .18670 139. 7629
39. 77.9779 11*37.9 . 181*62 136. 0262
i»Q. 77.1»132 11*38.1 .18262 132.3252

1*2. 76.2690 1431*.

7

.17862 121*. 6851
Wt. 75.1118 11*37.1. .171*51 11 8.2239
(t6. 73.9'*73 11*1*5.0 .16957 112.1823
<*8. 72.7792 11*50.3 . 16503 106. 1*1*22

50. 71.6093 11.55.1 . 16063 101.061*9
52. 70.'»365 11*59.3 . 1561*8 95. 9713
5<>. 69.2688 11*65.1* . 1521*1* 91 . 1*121

56. 66.1060 11*71.1* . 11*657 87.1538
58. 66.9501 11*76.9 .11.1*92 8 3.1667
60. 65.8029 11*83.6 .11*126 79.1*700

65. 62.9868 1507.1. .13200 71.1*067
70. 60.2661 151*1. D . 12273 61.. 7321.

75. 57.6618 158 9.0 .11371 59.1.679
80. 55.1831* 161*6.5 .10511* 55.0509
85. 52.8lf31 1717.6 . 09713 51.5670
90. 50.6l»37 1799.2 . 08980 1.8.7231
95. 48.5853 1890 .2 .08320 1*6. 3870

100. 1*6.6621 1988.3 .07737 1*1*. 1*301

110. i»3.1971 221 3.6 .06729 1.1.1.1*32

120. 1*0.1885 21*1*1.5 .06030 39.3070

130. 37.5660 2669.6 .05526 37.7221*
1(»0. 35.2629 2885.5 .05166 36.1*196
160. 31.1*218 3278.5 .01*71.7 31*. 6155
180. 28.3535 3617.8 .01.558 33.1*1*09

200. 25.8571 3913.0 .01.1.87 32.6018
220. 23.7883 1*181.1* .01*1*71 31.9687
2'»0 . 22.0 1*1*2 1*1*3 6.1* . 0 1.1* 75 31. 1*1+1*9

260. 20.5527 1*691.6 .01*1*79 31. 0273
280. 19.2621* 1*91*9 .6 .01*1*77 30. 6617
300 . 18.0791 5182.7 .01*556 3 0. 1*0 7 7

350. 15.7621* 5862.0 .01*529 29.791*2
i»00. 13.981*1 6570.2 .01*1.79 29.3312
<»50. 12.5726 7297.3 .01*1*21* 28.9676
500. 11.1*235 8027.8 .01*376 28. 671*0

550. 10.1*688 8761*. 1 .01*332 26.1*319
600. 9.6626 9501*.

9

.01*292 28.2290
700. 8.371*7 11006.5 .01*216 27.9082
800 . 7.3910 1251*7.5 .01.11*5 2 7.6565
900. 6.611*5 11*13 9.5 .01*0 68 27.1*781

1000. 5. 9860 15790 .2 .03986 27.3273

1200 . 5.0303 19268.5 .03819 27. 1013
litOO. l*.338a 22971*.

7

.03655 26.91*01*

1600. 3.8132 26823.0 . 03511* 26.8201
1800. 3.1*017 30782.2 .03391* 26.7266
2000. 3.0702 31*935.3 .03280 26.6512
2200. 2.7971* 391*03.8 .03159 26.5872
2'tOa. 2.5685 1*1*1*10 . 1* .03020 26.5282
2600. 2.3732 50262.9 .02851* 26.1*668
2800. 2.2038 571*1*1*.

8

. 02655 26.391*2
3000. 2.051*5 66383.1 .021*30 26.2996

I • THO-PHASE BOUNDARY

(OV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFU5IVITY CONSTANT NUMBER

1/K W/K-M KG/M-S SQ M/HR
X 10^ X 10^

.00519 11.5. 73 1.1I..39 . J0 087 1. 23853 1.9666

.00522 11*7. 09 I.0I..17 .00087 1. 28813 1.9161.

.00531* 152. 10 366. 91* . 00 067 1. 2361.9 1.7390

. 0051*6 156. 30 335.97 .30088 1 .231.81 1.5982

.00558 159. 79 309.91 .30067 1.23311 1.1.81.6

. 0 057 0 162.69 2 8 7.75 .00067 1.28139 1.3917

. 00 581 161*. 99 268. 72 .00087 1.27961. 1.3156

.00593 166. 85 252. 21* .00086 1. 27786 1.2521.

.00605 168. 31 237.85 .00085 1.27607 1.1996

.00617 169.1*1. 225.21 . 00 061. 1. 27 1+25 1.151.8

. 00629 170.28 211*. 02 .00083 1. 2721+0 1.1162

. 0061*0 170.22 20<*. 06 .00062 1. 27051. 1.0676

.00652 169.97 195.11. .00061 1.26866 1.0633

.00663 169.56 187.11 .30079 1. 25675 1.01.22

. 00675 169. 07 179. 65 .00076 1. 261.83 1.0236
- n n AC*. U U O O 16 8 * 1.1 173. 15 .00077 1.26285 1.0377
.00695 167. 70 167. 11. .00076 1.26089 .9930
. 00705 166. 91 161.65 .30075 1. 25893 .9801.
. 00 715 166. 06 156. 61 . 00 071* 1.25696 .9693
.00725 165.13 151.91* . 00073 1.251+96 .9568
. 00731* 161.. 18 11.7. 61. . 00 072 1. 25297 .91+98

.00757 162. 09 139.91 .00070 1. 21+895 .9369

. 00 773 159.90 133. 16 .00069 1. 21+1+89 .9256

. 00789 157.67 127.21 .00067 1.21.061 .9195

. 00801* 155. 1*1* 121.92 . 00 066 1.23673 .911+0

. 0 0 817 153. 25 117.19 • 0 0 0 65 1 . 23 2 65 . 9096

. 00831 151.09 112.92 . 30061. 1.22657 .9060

. 0081*1 11.9. 02 109.05 .00063 1.221.51 .9021+

. 00851 11.7.02 105. 53 .00062 1. 2201.9 .8990

.00860 11.5.12 102.32 .00061 1.2161.9 . 6955

. 03868 11.3. 51 99. 37 .00061 1.21253 .8912

.00880 11.0. 51. 93. OO .00061 1. 20286 . 6780

. 00866 138.06 87.81. . 0CO60 1.19355 .8681+

.00882 136.11 83.67 .00061 1.131.70 .8612

. 0 0 871* 131.. 78 83. 31 .00061 1. 17631 . 8576

. 00859 136. 15 77. 63 - 0 Q Q R 7• u u u o ^ 1 . 1 6 8 1.2 . 81*1 7

. 0081*1 137. 71. 75. 53 . 00065 1 .16 105 .8291+

.00819 139.57 73.92 .000o7 1.151.17 .8197

. 00796 11*1. 67 72. 71 .00069 1.11*777 . 8120

. 0071*7 150. 01* 71. 85 .00076 1. 13631 .7915

.00698 153.91 71. CI .00061 1. 1261*1 . 7861+

.00653 158. 79 70 .80 .30067 1. 11781. .7771

.00613 163. 31* 71.05 . 0 00 91* 1.11035 .7695

. 0051*3 170.1*7 72.52 .OCllO 1. 09793 .7579

.301*65 175. 57 71.. 82 .00127 1. 038 06 . 71.62

. 001*37 179. 80 77. 63 • 0 C 11+6 1.03011 .7390

.00398 183.93 60. 76 .00167 1. C7351. . 733 2

. 0G365 168. 31* 61.. 07 .00190 1. 06832 ,7223

. 00337 193. 19 87. 1*9 . 0G211* 1.06332 .7155

.00313 198.52 90 .98 . 0021*0 1.05926 .7097

. 00295 201*. 28 91.. 50 .03266 1.05555 .7081.

.00255 220.16 103.32 .00336 1. 01.831 .7020

. 00 225 237.32 112.01. . 001*1 3 1.01.278 .6960

.00201 255. 00 120.59 .001.97 1. 0381.0 .6953

.00183 272. 78 128. 95 .00587 1. 031.85 . 6929

.00167 290.1*1* 137.13 .00682 1.03190 .6910

. 00151* 307.93 11.5. 11 .00781. 1. 0291.2 . 6895

. 00133 31.2.1*5 160.59 .01001. 1.0251.6 .6671.

.00117 376. 73 175. 1.5 .3121.5 1. 0221.5 .6862

. 00105 1*11. 19 189. 83 .01507 1. 02007 .6856

. 00095 1*1*6. 07 203.76 .01788 1. 01815 .6853

.00080 511. 13 230 .1.9 .32379 1. 01521. .6935

.00 0 69 533. 32 256.00 .03062 1. 01 31

3

.6938
.00060 655. 1*0 280 .1.7 . 03811. 1. 01151. .691+3

. 00051* 727. 31 301*. C2 .01.631. 1. 01029 .691+3

. 0001*9 802.12 326.73 .05528 1. 00928 .693 0

. 00 01*1. 881..72 31*1*. 89 .36510 1 . 0 0 8 1+5 .6818

. 0 0 01.1 983.61 366. 22 .07612 1. 00776 .671+3

. 00038 1111.13 387.12 . 0B83I. 1.00717 . 661 0

. 00035 1283. 32 1*07.69 . 10386 1. 00666 .61.12

.00033 1518.35 1*23.12 . 12176 1. 30620 .6161
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

28.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERH/ATItfE

K CU M/KG CU M-MPA/KG

21.205 .01136 2.58<»0

22. .011<<1 2.5<«95
23. .011'»7 2.5061
2%. .01153 2. '625
25. .01159 2.i»ie9
26. .01166 2.3 753
27. .01172 2.3318
2S. .01179 2.2 8 8if

29. .01186 2.2'.5i»

30. .01193 2.2027
31. .01200 2.160<«

32. .01207 2.1188
33. .01215 2.0777
3'». . 01223 2.0371.
35. - .01231 1.9979
3 b. .01239 1.9591*
37 .012'.7 1.9290
38« .01256 1.8935
39. .ai26<» 1.8580
1*0. .01273 1.82't3
1*2. .01291 1.7570

<»<>. .01310 1.6857
46. .01329 1.6273
hi. .01350 1.5737
50. .01370 1.5221
52. .01392 1.1.731

54. .01<.1<» l.<»282
56. .01'»37 1.3862
58. .01<.60 1.31.65

60. .011.81. 1.3108
65. .015'.6 1.231.1.

70. .01612 1.1720
75. .01680 1.1230
80. .01751 1.0 81.8

85. .01821. 1.0576
90. .01900 1.Q395
95. .01976 1.0281.

100. .02051. 1.0229
lid. .02212 1.0237
120. .02371 1.0 378
130. .02531 1.0606

140. .02692 1.0366
160. .03012 1.11.97
180. .03331 1.2231.

ZOO. .03647 1.3033
220. .03960 1.3851
240. .01.269 1.1.673
260. .01.571. 1.51.89

280. .01.8 77 1.6 3 08

300. .05193 1.7203
350. .0591.9 1.9276

400. .06698 2.131.1
450. .071.1.1. 2.3 1.01

500. .08187 2.51.57
550. .08928 2.7511

' 600. .09668 2.9563
700. .1111.6 3.3666
800. .12622 3.7769
900. .11.096 1..1873

1000. .15570 1..5980
1200. .18517 5.1.197

1400. . 211.63 6.21.20
1600. .24409 7.061.8
1800. .27351. 7.8879
2000. .30301 8.7112
2200. .33251 9.531.8
21.00. . 362C8 10.3586
2600. .39182 11.1825
2800. .1.2187 12.0065
3000. .45245 12.8306

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/KG-K KJ/KG

1.11.6 -280.5 37.7
1.11*6 -276.2 1.3.3

1.11.5 -270.6 50.5
1.11.2 -261.. 8 58.0
1.139 -258.9 65.7
1. 131. -252. 8 73.6
1.129 -21.6.5 81.6
1.122 -21.0.1 89.9
1.115 -233.6 98.1.

1.107 -226.9 107.1
1.098 -220.0 116.0

1.089 -213.1 125.0
1.0 7 9 - 2 05 . 9 1 31..

3

1. 069 -198.7 11.3.7
1.058 -191.3 153.3
1.01.7 -183.9 163.0
1.036 -176.2 173.0
1.023 -168.5 183.1
1.010 -160.7 193.3
.9969 -152.8 203.6
.9693 -136.8 224.7

.91.13 -120.1. 21.6.1.

.9127 -101.. 2 268.0

.881.1 -87.1 290.8

.8556 -69. 7 311..0

.8273 -52.1 337.6

.7996 -31.. 2 361.7

.7726 -15.8 386.5

.71.63 2.6 1.11.1.

.7209 21.1 436.6

.6606 68.1 5S1.0

.6050 116.1 567.1.

.5553 165.2 635.7

.5112 215.6 705.9

.1.721 267.2 778.0

.I.371. 320.3 852.2

.1.065 371.. 9 928.2

.3790 1.31.0 1006.1

. 3326 51.9.5 1168.7

.2955 672.3 1336.3

.2651. 799.7 1508.5

.21.07 930.1. 1681..

1

.2029 1196.3 2039.8

.1751 11.61.5 2391..

3

.1539 1720.1. 271.1.6

.1372 1970.9 3079.6

. 1237 2213. 0 31.08.2

.1127 21.1.7.6 3728.1.

.1031. 2676. 0 1.01.1.6

.0968 2896.9 1.351.1

.0819 31.1.2.1 5107.7

.0711 3976.0 5851.5

.0629 1.501.. 3 6588.6

.0561. 5030. 8 7323.1

.0511 5555.5 8055.4

.01.68 6080.3 8787.1.

.01.00 7130.8 10251.6

.0353 8187.1 11721.2

.0311 9253.2 13200.2

.0279 10332.5 11.692.2

.0233 1251.5.6 17730.3

.0200 11.839.9 2081.9.6

.0175 17219.1. 21.053.9

.0155 19683.9 2731.3.1

.011.0 22231.. I. 30718.7

.0127 21.867.5 31.177.8

. 0116 27605.1 3771(3.1.

. 0108 301.80.6 1.11.51.6

.0100 3351.5.8 1.5358.2

.0093 36871.1. 1.951.0.0

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

5.1.99 5.56 6. 95 1797.
5.758 5.66 7.11. 1793.
6.080 5.78 7.36 1787.
6. 398 5.88 7.57 1780.
b.712 5.98 7.78 1771*.

7.021 6.08 7.99 1767.
7.326 6.17 8.19 1760.
7.628 6.25 8.39 1753.
7.926 6.33 8.59 171.5.
8.220 6.1.0 8.77 1738.
8.511 6.1.7 8.96 1730.

8.798 6.53 9. 11. 1722.
9.082 6.59 9.32 1711..

9.363 6.65 9.50 17C6.
9.641 6. 70 9.67 1698.
9.916 6. 71. 9. 81. 1690 .

10. 190 6.79 9.99 1685.
ID. 1.59 6.83 10.11. 1677.
10.721. 6.8o 10.28 1669.
10.986 6.89 10. 1.2 1661.
11.500 6.91. 10.68 161.5.

12.003 6. 99 10. 96 1626.
12.1.84 7.08 11.21* 1608.
12.968 7.11. 11.1.9 1591.
13.1.1.2 7.20 11.72 1571..
13.906 7.26 11. 91* 1556.
11.. 360 7.31 12.15 151.0.
11. . 8 11 7.36 12. 31* 1521..
15.21.7 7.1.0 12.52 1509.
15.671. 7.1.5 12.69 11.91..

16.706 7.59 13.09 11.53.

17.690 7.79 13.1*7 11.21..

18.632 8.03 13. 55 1391.
19.538 8.33 11*. 21* 1362.
20.1.13 3.67 11*. 63 1336.
21.260 9.01. 15.02 1311..

22.082 9.1.3 15.39 1295.
15*75 1 2 6 0 •

21.. 1.30 10,68 16.1.9 1257.
25.888 11.36 17.03 121.8.

2 7.2 66 11.90 17.1.3 121.7.

28.567 12.28 17.59 1251.
30.942 12.61. 17.83 1271..
33.030 12.58 17.59 1308.
31.. 859 12.32 17. 15 131.7.

36.1.71 11.98 16.67 1388.
37.901 11.66 16.22 11.29.
39.182 11.38 15 . 81. 1468

.

1.0.31.3 11.15 15.52 1506.
1.1.399 10.92 15.33 1551..
1.3.731 10.66 11.. 97 1645.

1.5.719 10.55 11*. 60 1730.
1.7.1.57 10.50 11*. 71 1811.
1.9.003 10 .1.8 11*. 66 1887.
50.399 10.1.8 11*. 61* 1961.
51.672 10.1.6 11*. 53 2032.
53.930 10.53 11*. 66 2165.
55.891 10.61 11*. 73 2290.
57.631 10.73 lit. 65 21.07.

59.206 10.88 15.00 2518.
61.962 11.26 15.38 2720.

61.. 370 11.69 15.61 2905 ,

66.1.87 12.11 16.22 3077.
68. 386 12.1.9 16.61 3238.
70.230 12.89 17.01 3391.
72.551 13. 35 17. 1*8 3531..

75.11.8 13.93 18.09 3668.
77.935 11.. 71 18.93 3791..
80.779 15.78 20.11 3911.
83.522 17.23 21. 72 1.021.

• TWO-PHASE BOUNDARY

I



TftBLE 2

THERMODYMftMIC PROPERTIES OF PARftHYDROGEN (ISOBARS, SI UNITS)

28.00 MPA ISOBAR

MPERATURE DENSITY V(DH/DV)p V«OP/OU»y -V<OP/OV)y

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 10^

21.205 88.0083 137 9.8 .231.12 227.1.110
22. 87.6531 1391.6 .23091. 223.1.755
23. 87.1999 l<tO<«.8 .22725 216.5311
2<i. 86.7396 litl6.i> .22379 213.5971.
25. 86.2722 l'»26.6 .22058 208.6821
26. 85.7981 1435.7 .21752 203.7931.

27. 85.317i» lit<«<t.O . 211.51. 198. 9393
28 • 1 1.7 . 21161. 1 Q 1 PA n

29. 8i«.3368 lif58.3 .20889 189.3677
30. 83.8372 1<»&3.6 . 20631. 181.. 6668
31. 83.3317 l't68.7 .20381 180.0335

32. 82.0205 l'»73.2 .20131. 175.1.760
33. 82.3037 11.76.9 ,19899 171. 0027
3'f. 81.7815 11.80.2 . 19671 166.6218
35. 81.25(>3 11.33.2 .191.1.9 162.31.12
36. 80.7222 1<.85.8 .19232 158.1692
37. 80.1708 11.91 .1. .1901.0 151.. 6531
38 • 79 . 630 9 11.9 1.. 2 -1 A a 9 c: 1 t>U « fOlLO

39. 79.0888 11.95.7 .18626 11.6.91.73
<»0. 78.5<»5«» 1497.1. .181.31. 11.3. 290i>

kZ, 77.<»«»71 11.99.6 .18039 136.0715

Itk, 76.3388 11.98.3 .17637 128.6811.
<»6. 75.2198 1507.2 .1711.7 122.1.022
kt. 7<».0969 1511..

9

.16702 116.601.1
50. 72.9730 1521.6 .16273 111. 0701.

52. 71.8<»91 1527.7 .15859 105. 8386
5<i. 70.7270 1531..

5

.151.57 101.0133
56 . 69. 6092 151. 1 • 2 .150 71. 96.1.91.8

5S. 68. It 956 151.7.0 .11.715 92.2291.
60. 67.3919 1551..

9

.11.357 88.31.01
65. 6i>.6769 1581.7 .131.1.9 79.8351

70. 62.0'»72 1618.6 .12520 72. 7208
75. 59.5203 1666.8 .11613 66. 81.17

80. 57.1053 1725.9 .1071.3 61.91.91
85. 5<».8122 1796.9 . 09932 57. 9683
90. 52.6t»«»i» 1879.1 .09188 51.. 7211.

95. 5C.6 0<»6 1970.7 .06516 52.01.29
100 . <*8.6892 2070.0 . 07920 i. 9. 60 &1.

110. '»5.21'»6 2295.2 .06889 1.6.2866

120. «»2.1725 2522.8 .06170 1.3.7660
130. 39.50'tl 2751.3 .0561.6 1.1.9000

1<»0. 37.1500 2967.2 .05275 1.0.3638
160. 33.1965 3355.3 .01.836 38.1655
180. 30.0178 3689.0 .01.636 36.7232
200. 27.i»181 3983.0 .01.556 35.7338
220. 25.25<»<» 1.250.6 .01.533 31.. 9799
2<»0. 23. 4260 1.506.1 .01.531 31..3718
COM • 2 1 • 8 60 7 1.75 9.9 . 0 1.5 2 9 33. 860 0

280. 20.5035 5018.8 .01.521 33.1.365
300. 19.25«»9 521.5.1 .01.601. 33.1238
350. 16.8102 5923.3 .01.570 32.1.031

(>oa. l't.929«t 6631.2 . 01.515 31.8611.
(»50 . 13.(»3<»0 7358.2 .01.1.55 31.1.371
500. 12.21«»7 8088.6 .01.1.01. 31.091.9
550. 11.2005 8821..

9

.01.357 30.8132
600. 10.3(>31 9565.6 . 01.315 30. 5772
700. 8.9719 11067.2 .01.237 30.201.5
800. 7.9229 12608.2 .01.161 29.9238
900. 7.09<»1 11.20 0.1. .01.082 29. 7053

1000. 6. '•225 15851.5 .03998 29.5305
120O. 5.<i005 19330.9 .03828 29.2688

It. 6592 23038.3 .03663 29.0827
1600. i».a969 26887.6 .03521 28.91.36
1800. 3.6557 3081.6.8 . 031.00 28.8357
2000. 3.3002 31.996.8 .03285 28.71.88
2200. 3.a07it 391.51..

5

.03165 28.6751.
2(«0Q. 2.7618 1.1.1.31..

3

.03028 28.6083
2600. 2.5522 50252.1 .02361. 28.5397
2800. 2.370i» 57316.1 . 02669 26.1.601
3000. 2.2102 66096.2 .021.1.8 28.3582

• THO-PHASE BOUNDARY

<OV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K M/K-M KG/M-S SQ M/HR
X 103 X 10^

. 00501. 150. 73 1.26. 76 .00089 1. 29063 1.9633

.00513 151.. 79 391.. 1.5 .0DD69 1. 28936 1. 8136

.00521. 159. 16 360.09 .00089 1. 28 773 1.661.9

. 00535 162. 81 331.27 .00089 1. 28608 1.51.13

.0051.6 165. 85 306. 63 .00069 1, 231. 1.1 1.1.1.32

. 00556 16 3.28 285. 92 . n n n A A• U U w U U 1, 28272 1.3571.

. 00567 170. 25 267.83 .00088 1. 28 100 1.2637

.00578 171.82 252.13 .00087 1, 27926 1.2313

. 00589 173. 05 238.31. .30 066 1

.

27750 1.1825
. 00599 173.97 226.17 .00085 1, 27572 1.11.36
. 00610 173.98 215.36 . 0008<« 1.27392 1.1391

.00621 173.79 205.70 .00033 1. 27210 1.0323

. 00631 173.1.1. 197.03 ,00061 1. 270 27 1.0591

.0061.2 172.99 189.21 ,00080 1, 2681.1 1.0388

. 00652 172. 1.3 1 32. 11 ,00079 1, 26651. 1.0212

. U li O C 171. 77 175.65 • 3 3 07 6 1. 261.66 1.0059

. 00670 170. 95 169. 63 .00077 1. 26270 .9916

. 00679 170.13 161.. 23 .00076 1. 26060 .9790

. 00687 169. 21. 159.27 .00075 1. 25883 .9676

. 00696 168. 32 151.. 69 , 00071. 1. 25696 .9571.

.00712 166. 28 11.6. 1.9 .00072 1. 25309 .91.11

.00731 161.. 15 139.37 ,00071 1. 21.919 .9306

. 0071.6 161. 95 133. ID .3C0&9 1. 21.527 .9236

. 00758 159.75 127.55 .00066 1. 21.133 .9171

. 00770 157.57 122.59 .00066 1.2371.0 .9119

. 00 782 155. I.I. 113.11. .0 0 065 1. 2331.8 .9376

.00792 153. 37 111.. 11 . 3C061. 1. 22958 .9337

. 00801 151. 38 110. 1.1. . OC063 1. 22569 .90 3 3

. 00809 11.9.1.7 107.09 .00063 1. 22183 . 8969

.00816 11.7. 86 101.. 02 .00062 1, 21302 .3926

. 00827 11.1.. 87 97.33 , 00062 1, 23366 . 8797

. 00832 11.2. 35 91.97 ,00061 1. 19961. . 37 0 1

.00831 11.0. 31. 87.5b ,30061 1, 19101 . 861.0

.00825 133.92 83. 96 ,30061 1. 13231 . 8607

. 00611. 11.0.26 81.05 ,00063 1, 17506 .61.57

.0 0799 11.1 . 79 78 • 73 ,0 0 065 1. 16776 . 631.

0

. 00781 11.3. 55 76. 89 .00 066 1. 16092 . 821.6

. 00761 11.5.56 75.1.8 .00068 1. 151.52 . 8168

. 00719 153.88 73. 66 . 00 071. 1. 11.297 .7917

. 00675 157.1.8 72.90 ,00079 1. 13293 .7835

.00633 162.26 72.58 ,00085 1. 121.17 . 7795

. 00596 166. 71. 72.71 ,00091 1. 1161.3 .7716

. 00532 173.66 73. 95 ,00106 1. 10365 .7595

.001.77 178.1.1. 76. 06 ,00122 1. 0931.1 .71.99

. 001.31 182. 32 78. 7C ,0011.0 1. 0853 9 .71.35

. 00 392 18 6. 0 9 31.69 .00159 1

.

07819 .7317
.00360 190.20 81.. 89 .30160 1. 07239 ,7239
. 00333 191.. 79 88.22 . 00 2G 3 1. 0671.1. .7172
.00309 199.90 91.63 .00226 1. 06 316 . 7115
.00292 20 5.1.8 95.08 .00251 1. 05921. .70 96

.00253 221. 02 103.78 ,00316 1, 05158 . 703 1

.00223 237. 97 112.1.1 ,00363 1, 01.572 .6989

.00200 255.51 120.90 .301.65 1, 01.137 .6961

. 00131 273. 19 129. 22 . 0051.9 1, 03729 .6936

.00166 290. 78 137. 35 .00638 1. 03'(:6 . 6916

. 00153 308.21 11.5. 31 .00733 1. 03152 .6900

.00132 31.2.66 160.71. .00938 1. 02730 .6877

.00117 376.93 175.59 .01162 1, 021.08 . 6865

.00105 1.11. 33 189.91. ,011.06 1, 02151. ,6858

. 00095 1.1.6. 19 203.65 ,01667 1, 0191.9 ,6851.

. 00080 511. 13 230.56 .02216 1. 01637 .6937

. 00069 583. 32 256. 05 .02851 1, 011.11 ,691.0

.00060 655. 39 260.51 ,03550 1. 0121.0 .691.1.

. 00051. 727. 26 301.. C6 .01.312 1. 01106 ,691.1.

. 0001.9 801.90 326.76 .0511.2 1. 00996 .6932

. 0001.1. 881.. 01. 31*1.. 88 . 06051. 1, 00 90 9 .6820

. 0001.1 981. 86 366. 22 ,07075 1, 00 8 35 ,671.8

.00038 1107. 30 367. 11 ,06250 1. 00771 .6619

.00035 1275.67 1.07,68 , 09631. 1, 00716 .61.27

. 00033 1501.. 66 1.28. 08 ,11262 1. 03 668 .6180
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T&BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN ilSOBARS, SI UNITS)

7 n n n0 U e u u MO A T n A t?

unt (IMP
J. 0 Ul n Cn n

n F R T u a T T y F

K CU M/KG GU M-MPfl/KG

21 e b^S « 01129 2,56 77
n -1 4 71« mx ox 7 ft. C 7 7

c 0 • • 01137 2 610 2
?ii -C *T • • 0 1142 2.5675
C3 • . 0 1

1

7 7 "
t • 7 C *T 1

CD* • 0 11 2 • S 1

9

27« • 0 1 1 61 2 • 4 3 91

28* n ^ 1 c. 7
c U 11 b f 2.3 964
« U 11 f H 7 7 C 7Q

30. .01180 2.3117
31. .01187 2.2699

• U 1

1

7 7 7 fl Rc * c c 0 7

<3'0 • • 0 12 0

1

7 1 n 7 c;.c . 1 o r O
"at - . U Ic u

^

7 1 l» 7 7c • 1 H f 0
7*5 -• • 0 1 2 16 2 • 10 78

36* .0122'* 2.0691
Of* n 1 9 7 9• U 1& o c 7 n 7 1 7c . U 0 10
38* • Q 1 2'f 0 1.99 44
d^* a 01248 1 • 9 6 8 ^

,01256 1.9328
<»z. .01273 1.8695

»•• e U 1 c ? 1 1*8048
If6 * • 0 1 3 0 9 1 • 7 3 69
f ti* rt ! 7 9 fl• U 1 o C D 1 . 6 8 0 6

9U * « 01347 1 • 6 3 0 0

?c * . 0 1367 1.7011
• 013 87 1.5 340

90 • • U IH u o 1 « 4913
58 • n 1 Zi 7 n 1 • 4 5 0 7

60* .01<»52 1.4139
65* .01510 1.3324

fa
r 0* • 0 15 70 1 « 2 6 9^
r 9* « 0 163

3

1 fl 2 140
8 0 • • U ID 7

O

1.1744
09* .01766 1.1411
an

• 0 16 35 1 • 1182
n ^ one. U l^U 7 1.10 33

10 0* . 0 1977 1.09 45
110* * 021 2

3

1.0897
120. .0 22 70 l.a 997
130. .02419 1.1187

1^0. . 0 25 6ft 1.14 25
jL o u • * 0 28 65 1.2008
J. 0 u • 1 • 2 699
2 00. • 0 3457 1 7 711 . O (f f J.

9 9 nc c U « • 0 3 749 1 • 4270
240. n (* n 77 1 K n 7 A1 . 7 U f 0

260 • • 0 432 2 1*5886
2 80 • • U 'D U 3 1 p. 7 n 11 D r U

1

300. .04901 1. 7590
350. .05606 1.9653

innM 0 U • • 0 630 6 2,1710
* 3 U • fl 7 fl fl ? 2.3 764
5 0 0* . 0 7695 2.5814
5 5 0 « . 03367 2.7 663
o u u • n Qn 7 ft 2.9911
70 0 • . 10457 3.4007
800 • . 1 18 3<» 3.8104
90 0* .13210 4. 2204

1000. .1<*586 4.6306
1200. .17336 5.4516

.20085 6.2734
1600. .22834 7.0957
1800. .25583 7.9185
2000. .28334 8.7415
2200. .31086 9.5649
2'tOO. .33846 10.3885
2600. .36621 11.2122
2600. .39424 12.0360
3000. .422 74 12 .8600

• TMO-PHASE BOUNDARY

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/KG-K KJ/KG

1.159 -277.7 51.0
1,159 -275.8 63.5
1,158 -270.3 70,7
1,156 -264.7 78.0
1.153 -258,9 85.7
1,149 -252.9 93.5
1.144 -246.7 101,5
1,133 -240,4 109.7
1.131 -234.0 118.1
1.123 -227.4 126,7
1.115 -220.7 135.4

1.107 -213.9 144,4
1,097 -206.9 153,5
1.088 -199.8 162.8
1,077 -192,6 172,3
1,067 -185,2 181,9
1.056 -177.6 191.7
1,044 -170.2 201.6
1.033 -162.5 211.8
1,020 -154,8 222.1
,9938 -139.0 242.9

.9657 -122,9 264.2

.9392 -107.0 285.6

.9112 -90.2 308.0
,8834 -73.1 331.0
.8557 -55.8 354.3
.8284 -38,1 378,1
,8017 -20,0 402.5
,7756 -2.0 427.1
.7504 16.3 451.9
.6905 62.7 515.6

.6352 110.1 581.2

.5848 158.8 648.7
,5399 208,7 718,2
.4998 260,0 789.7
,4642 312,8 863,3
,4323 367,2 938,8
,4038 423,2 1016.4
.3553 541.6 1178.4
,3162 664.6 1345,7
,2843 792,2 1517,9

,2580 923.0 1693,4
.2176 1189.5 2049.2
.1679 1455,3 2403.9
.1652 1714,9 2752,0
,1472 1966.1 3090.7
.1327 2208.9 3420,0
,1208 2444,2 3740,9
.1109 2673,3 4054.8
.1038 2893.7 4363.9
.0878 3439.7 5121.5

,0762 3974,2 5865,9
.0673 4503.0 6603.5
.0604 5029,8 7338,4
.0548 5554.9 8071.0
.0501 6079.9 8803.3
,0429 7130.7 10267.9
.0375 8187.3 11737.6
,0333 9253.6 13216.8
.0299 10333.1 14708.8
.0249 12546.3 17747.1

.0214 14840.8 20866.4

.0187 17220.4 24070.7

.0166 19684.9 27359.9

.0150 22235.1 30735,2

.0136 24867.4 34193.3

.0125 27602.6 37756.6

.0115 30473.3 41459.6

.0107 33529.0 45356.1

.0100 36837.9 49520,2

ENTROPY CV CP VELOCITY
ur i u uiN u

KJ / K G" K M /S

7 . 7 & 7 y a o u C Q Q 18 24.
5 * 644 5 . 65 7 n 7 18 23.
5 • 963 5 . 76 7*29 1817.
6.278 5,87 7*50 1 3 1 1 •

6*588 5 . 97 7*71 18 05.
o • ts y 7 C ~i 7D . J f 7.91 17 99*
7.197 6.16 8.11 1792.
7.495 6*24 8*30 1785.
7.790 6 • 32 8 • £*9 17 78 .

A n A -I0 * U tJ 1 7 Q ft t A 1 7 7 1 *

3*368 6 • 6 8. 86 1764 •

A CO0 * D 7 c 6*53 9*04 1756.
8.933 6*59 9*21 1 7 it 9 .

9*211 6.65 9 e 3 8 1 7 (+1 *

9*485 6.70 y • 7 7 1 f 0 0 .

Q 7 C 7 C. 7 CD * f 7 9*71 1 7 2 6 *

10,025 6.79 9.57 17 18.
10,290 6.83 10. C3 1710.
in c; K c;1 u * 7 7 7 A 7O * 0 f

in i1 u * 1 o 1 7 n e.1 / U D *

i U o 0 IM- in 7 o1 u * c ? ^ coo

11.322 6*95 10*55 1684.

11*319 7 1
/ • J 1 10.80 16 6 8.

12* 293 7 HQ 11 in1 1 * X u 1 A ii. Ai D H 0 .

12*770 7*16 11.34 16 31.
13*238 7.23 11.57 1615.
13.696 7*29 11*79 15 99.
14,145 7.34 11. 99 1583,
14,589 7,39 12.16 1567.
1 5 9 0 2 0 12*35 1 C 717 7 0.

15*4 41 7*48 12.52 1538.
16*460 7.63 12*93 1 50 3 *

17.43 3 7*82 13*31 1470.
18.364 8.37 13.71 1436.
19*2 61 8.37 14.10 14 06 *

20*128 8*71 1*+ • 5 1 1379*
20.9 69 9*08 14.92 1 355 •

21* 786 9.47 15*31 1336.
22.581 9.36 15.68 1319*
24*124 10*71 1 6 . tt 5 1294*
7 K c A nt 7 . 7 0 U I 1 7QI I 0 0 7 17 n 11 f c y 1 1 7 ft 7X ^ 0 c *

26*958 11.92 1 7 • 2 1 2 78 *

23.258 17 711 c * 0 1 17*69 12 81.
7 n e. 7 7o U * D 0 0 17 cke^ 17*64 1 7 n 11 0 U 1 *

7 7 7 7 7J c * f Co 17 Ci1 & . 0

1

17 !i 7 17 7 71 0 0 c •

3 • 5 5 6 17 7 K1 c . 0 7 17 1 Q1 ' . 1 7 1 7 P, Q1 0 O ^ *

36.171 12*01 16*71 140 9.
37.604 11*69 15.26 1448.
38.888 11.41 15. 67 1487.
4 0.052 11.19 15.56 1 524 ,

41.106 10*94 15 .36 15 71,
* o . * * 1 in fi.

7

1 U * O r 1 DO 1 •

45 . 430 10*56 14.61 1745 ,

47.1 69 10*51 Ik t 7 Z 18 24,
48.716 10 *49 14.57 19 0 0.
5 0.113 10*48 14.65 1973.
51 . 3 86 10*49 14,64 20 43.

53.645 10.53 14.56 2176,
55,606 10.61 14.74 2300 ,

57.347 10.73 14.85 2417.
58,921 10.89 15.00 2526.
61,678 11.26 15. 36 2728.

64,086 11.70 15. 81 2912.
66.202 12.11 16.22 3083.
68.101 12.49 16. 61 3245.
69.946 12*89 17 . C 1 3396.
72.266 13.3't 17.47 3539.
74.862 13.91 18. C7 367i,.

77.647 14.68 18. 90 3799.
80.487 15.73 20. C4 3916.
83.224 17.13 21.51 4027.
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TABLE 2

THERMOOYNAHIC PROPERTIES OF PARAHYDROGEN (ISOBARS. SI UNITS)

30.00 HPA ISOBAR

TEMPERATURE DENSITY V{DH/DV)p 7<0P/DU)„ -V(DP/Otf)^ (OV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
V I P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1 /K W/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

2i.6<»5 88.5767 11*25.6 .23351 236.2981 .001*90 155.60 1*39. 19 .00090 1. 29267 1.9730
22. 88.if220 l'*31.2 .23210 231*. 5561* .001*91* 157. 1*1 1*23.85 .00091 1. 29212 1.9038
23. 87.9818 1<*I«5.7 .22837 229.61*96 .00501* 161.95 385.75 .00091 1. 29051* 1. 7363
21*. 87.531*8 11*53.6 .221*89 221*. 71*72 . 00511* 165. 75 353 . 91 .00091 1. 23893 1.6018
25. 87.081<t 11*70.0 .22165 219.8570 . 00521* 168.92 326.99 .00091 1. 28 731 1.1*920
26. 86.6217 11*80.3 .21857 211*. 9865 .00531* 171. 1*8 301*. 01 .00090 1. 28566 1.1*022

27. 86.1559 11*89. 8 .21557 210.11*31* . 0051*1* 173. 55 281*. 22 .00089 1. 28399 1.3276
28. 85.68i»l 11*98.6 .21266 205.3357 .00551* 175.23 267.01* .00069 1. 26 231 1.2653
29. 85.2066 1506.3 .20990 2C0. 5710 .00561* 176.51* 252.01 .00086 1.24060 1.2123
30. 8i».723'» 1512.6 .20736 195.8572 . 00571* 177.55 238.78 .00087 1. 27888 1.1668
31. 8l».23'»7 1518.

7

.20<*82 191.2021 . 00583 177.62 227. 05 .00086 1. 27711* 1.1321*

32. 83.71.07 152i*.l .20236 186.6133 .00593 177. 1*9 216.60 . 00 081* 1.27538 1. 1030
33. 83.21*16 1528.7 .2Q0C3 182.0987 . 00603 177. 19 207.21* .00083 1.27360 1.0775
31*. 82.7375 1532.8 .19777 177.6659 .00612 176. 80 198. 81 .00082 1.27181 1.0551
35. 82.2286 1536.1* .19557 173. 3223 .00622 176. 28 191. 18 .00081 1.27000 1.0358
36. 81. 7153 1539.7 .1931.2 169.0756 . 00631 175.65 181*. 21* .00060 1.26618 1.0169
37. 81.1976 151*2.6 . 19131* 161*. 9329 . 0061*0 171*. 93 177.92 .00079 1. 26631. 1. 001*2

38. 80.6760 151*5.0 .18937 160.9016 . 0061*9 171*. 13 172.12 .00077 1.261.1*9 .9911
39. 80.131*7 1551.3 .18770 157. 731*8 . 00655 173. 21 166. 66 .00077 1. 26258 .9775
<*a. 79.6102 1552.7 .13561 153. 8691 . 00663 172. 31 161.81 .00076 1.26072 .9666
1*2. 78.5503 155 8.5 .18203 11*6.8531 . 00677 170. 32 153. 10 . 00 071* 1. 25698 .91*61

1*1*. 77.1*833 1562.5 .17806 139.81*30 .00691 168.22 11.5.57 .00072 1. 25322 .931.6

1*6. 76.1*083 1567.9 .17326 132. 7170 . 00708 166. 06 138.97 .00071 1. 21*91*1. .9286
1*8. 75. 3261 1576.0 . 16681* 126.5935 .00720 163.88 133.13 .00069 1. 21.561* .9216
50. 71*. 21*19 1585.1 .161*62 121. 0169 . 00730 161. 71 127. 93 .00 068 1.21.181. .9151.

52. 73.1587 1593.2 .16052 115.6721 . 0071*0 159.59 123.28 .00067 1.23805 .9101.
51*. 72.0 777 1600.5 .15655 110.5687 . 0071*9 157.52 119. 07 .00066 1. 231*28 .9061*
56. 70.9997 160 8.6 . 15275 1C5. 8852 . C0757 155.53 115. 25 .00065 1.23053 .9025
58. 69.9271* 1615.7 .11*919 101.1*1*25 . 00765 153.62 111.77 . 00 061* 1. 22680 .8988
60. 68.8615 1621*. 7 . 11*561* 97.3636 .00771 152. 00 108.57 .00063 1.22310 .891.1.

65. 66.2361* 1652.6 .13667 88.2558 .00782 11*9. 00 101.67 .00063 1. 211*03 .8822

70. 63.681.9 1 69 3 . 8 . 12750 80.81.16 . 00786 11*6.1.3 96.01 .00062 1.20525 .8726
75. 61.2321 171.2.2 .11831. 71.. 3388 . 00787 11*1*. 37 91.38 .00062 1. 19665 . 6675
80. 58.8765 1805.3 .10957 69.11.26 .00781 11*2.87 67.56 .00062 1.18382 .8639
85. 56.6333 1876.1 .10135 61*. 6270 .00773 11*1*. 19 81*. 1*1* . 00 063 1. 18121 .81.97

90. 51.. 5005 195 3.5 .09381 60.91*31* . 0Q762 11*5. 67 81.91 .00065 1. 171.00 . 6387
95. 52.1.837 2050 .6 .08700 57. 901*5 . 0071*7 11*7. 37 79.87 .00066 1. 16722 .8297

100. 50.5805 2150.6 . 08091* 55.3620 . 00729 11*9.31 78.26 .00068 1. 16081. .6221
110. 1.7.1078 2377.3 . 0701*1 51.331*5 .00692 157.51* 75.77 .00073 1. 1'»925 .7911*

120. I.I.. 01.1*1 2605 .9 . 06301* 1*8.1*31*1* . 00653 160.90 71*. 73 .00077 1. 13910 .7901
130. 1.1. 31.01 2833.9 .05767 1*6.21*79 . 00615 165.61 71.. 31 .00033 1.13019 .7816

11*0. 38.91.1.3 3050.7 .05381 1*1*. 1*929 .00580 170.07 71*. 31* .00039 1. 12231. .7733
160. 31.. 8991 31*36.6 .01.923 1*1.9073 .00519 176. 85 75.38 . 0 C 1 0 2 1.10917 .76u5
180. 31.621*2 3761*. 1* .01.712 1*0.1595 . 001*68 181. 37 77. 30 .0E117 1. 09858 .7508
200. 28.9273 1*051.. 6 .01.625 38.9666 . 001*21* 181*. 91 79.79 .00131* 1. 08992 . 71*16
220. 26.6772 1.319.7 . 01*595 38.0675 .00387 188. 35 82. 61* .00152 1.08272 .7330
21.0. 21*. 7712 1*571..

1

.01*586 37.31*95 .00355 192. 15 85.72 .00172 1.07666 .7253
260. 23.1356 1.823.2 .01*578 36.7531* . 00329 196. 1*6 88.96 .00193 1. 0711*7 . 7187
280. 21.7153 5088.1 .01*565 36. 2665 . 00306 201. 36 92.29 .00215 1. 06698 .7130
300. 20.1.01.6 5307.8 .01*652 35. 8926 .00289 206.75 95.68 . 0C238 1. 06285 .7106
350. 17.8377 5981..

9

.01*611 35.0560 .00250 221.91* 101.. 25 .00299 1.051*79 .701*1

1*00. 15.8585 6692.1. .01*551 31*. 1*295 . 00221 238.65 112. 80 .00366 1. 01*861 .6999
1*50. 11*. 2821 71.19.2 .01*1*86 33.9397 .00198 256. 01* 121.22 .001*38 1. 01*370 .6970
500. 12.991.3 811*9.5 . 01.1.31 33. 51*51* . 00180 273.61 129. 1*9 .00517 1.03971 .691*3
550. 11.9229 8885.7 .01.381 33.2209 . 00165 291. 13 137.58 .00600 1.03639 .6922
600. 11.0157 9626.1. .01*337 32.91*91* .00152 308. 51 11.5.51 .00669 1. 03359 . 6905
700. 9.5629 11127.9 .01*256 32.5208 . 00132 31.2. 88 160. 90 .00880 1.02911 .6881
800. 8.1*501 12669.0 .01*177 32.1981* .00116 377. 07 175. 72 .01090 1. 02569 .6868
900. 7.5698 11.261.3 .01*095 31.91.75 .00101. 1*11.1*7 190.05 .01318 1. 02300 .6860

1000. 6.8559 15912.7 .01*010 31. 71*70 . 00091. 1*1*6. 31 203.91* .01562 1.02081 .6656
1200. 5.7681* 19393.0 .03838 31.1.1*70 . 000 79 511.13 230. 63 . 02071. 1. 0171*9 .6939

11*00. l*.9788 23101.6 .03671 31.2338 . 00068 583.31 256. 11 .02668 1. 01508 .691*2
1600. l*.379i» 26952.0 .03527 31.071.8 . 00060 655. 38 26J.55 .03321 1. 01326 .69t5
1800 . 3.9088 30911.2 .031.06 30.9511. .00051. 727.21 301.. 10 .01.033 1. 01183 .691*5
20 00 . 3.5291* 35058.6 .03290 30. 8523 . 0001*9 8 01. 71 326. 80 .01*808 1. 01067 .6933
2200. 3.2168 39506.6 .03171 30.7688 . 0001*1. 863. 1.3 31.1.. 88 .05658 1. 00973 .6822
21*00. 2.951*5 1.1.1.62 .1. . 03035 30. 6932 . 0001.1 980.29 366.22 .06609 1. 00893 .6752
2600. 2.7 30 7 50231.1 .02873 30.6170 .00038 1103. 82 387.11 • 07701 1. 00 825 .6627
2800. 2.5366 57207.3 .02681 30. 5300 . 00035 1268. 80 1.07.66 .08985 1. 00 766 . 61*1.0

3000 . 2.3655 6581.5.1. .021.61. 3D. 1.206 . 00033 11.92.37 1*28.05 .10510 1. 00 715 .6198

S| • THO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAHIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

35.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / K6-K M/S

» 22.715 .01112 2.8 721 1.190 -270.6 118.6 5.603 5. 70 7.08 1889.
23. .01113 2. 8606 1. 190 -269.1 120.6 5.691 5.73 7.14 1888.
2<«. .01119 2.3201 1. 189 -263.6 127. 9 6. 0 00 5. 84 7.35 1883 .

25. . 0112<» 2.7791. 1. 186 -258.1 135. 3 6.304 5.94 7.54 1878.
26. .01129 2.7385 1.183 -252.3 143.0 6.603 6.04 7. 74 1873.
2 7. .01135 2.69 75 1 . 179 -246.

5

150. 8 6. 899 6.11. 7.93 1867.
23. • 011<»1 2.6561* 1.171* -240 .

4

158.8 7.191 6.22 8.11 1861.
29. . 011'f7 2.6151* 1. 168 -234.3 167.0 7.478 6.31 8.30 1855.
30. .01152 2.571*5 1.161 -227.9 175.4 7.763 6.38 8.47 1848.
31

.

.01159 2.5338 1.151. -221 .

5

184. 0 8.043 6.46 8.64 1842 .

32. .01165 2.1*933 1 . 11.7 -214.9 192 . 7 8.320 6 .52 8» 81 1835.

33 • .01171 2.1.531 1 . 133 -2 08. 2 20 1. 6 8.5 94 6.59 8.98 1828.
3<». .01177 2.1.133 1.130 -201.4 210.7 8 . 865 6. 65 9.14 1822.
35. . Oil SI* 2.371.0 1. 121 -194.

5

219.9 9. 1 32 6.70 9.30 1815.
36. •01191 2.3352 1.111 -187.5 229. 3 9. 396 6 . 76 9.45 1808 .

37. . 01197 2.2970 1. 101 -180 .3 238.8 9.657 6.81 9.61 1801.
38. . 0 120>* 2.2595 1 > 091 -173 .

1

248.5 9.915 6 . 85 9.75 1 794

.

39. .01211 2.2228 1.080 -165.7 258.3 10.170 6.88 9.89 1787.
i»0. .01219 2.1869 1.'069 -158.3 268.2 10.423 6.92 10.02 1780.
I»2. .01233 2.1179 1. 047 -143.2 288. 6 10.918 6. 98 10.28 1 767 .

1*1*. .012<»9 2.0695 1.023 -127.7 30 9.5 11.405 7.04 10.51 1758.

<»6. .01265 2.0 0 85 . 9981 -112.

4

330.2 11.866 7.13 10.78 1742

.

<>8. .01281 1. 951*8 .9725 -96.2 352.0 12.330 7.21 11.02 1729.
50. .01297 1.3968 .9466 -79. 7 374.3 12.784 7.26 11.25 1713.
52. .0131'> 1. 81*21* .9204 -63.0 397.0 13.229 7.34 11 . 47 1697.
SI*. .01332 1.7921* .8941 -46. 0 420.2 13.666 7. 40 11.67 1681.
56. .01350 1.71*90 .8682 -28.4 444.0 14.099 7.46 11. 85 1667.
58. .01368 1. 7066 . 8428 -11. 0 467.8 14.518 7.50 12.02 1654.
60. .01387 1.6653 .8179 6.7 492.0 14.928 7.55 12.19 1639.
65. .011*33 1.5755 . 7585 51.7 554. 0 15.919 7.70 12.59 1605.
70. .01<»86 1.5009 . 7037 98. 0 618.0 16.868 7.90 13.00 1571.

75. .01538 1.1*1*11* .6533 145.5 684.0 17.779 8.15 13.41 1540 .

80. .01593 1.3958 .6068 194.5 752.0 18.657 8.45 13.81 1510 .

85. .016<»9 1.3528 .5648 245.1 822.1 19.507 8. 79 14. 24 1480

.

90. .01706 1. 3226 .5269 297.2 894.4 20.333 9.16 14.66 1455.
95. .01765 1.2957 .4930 351.1 968. 8 21.137 9. 55 15.1 0 1431

.

100. .01825 1.2775 .4624 406. 7 1045.4 21.922 9.94 15.52 1412 .

110. .Ol9'»7 1.2593 .4096 524.7 1206.1 23.453 10.79 16. 34 1381.
120. .0 20 71 1.2580 .3662 647.7 1372.5 24.901 11.46 16.95 1364.
130. .02196 1.2677 .3303 775.6 1544.2 26.275 12.00 17.39 1356.
lUO. .02322 1.281*3 .3004 906.9 1719.5 27.574 12.38 17.58 1354.

160. .02571* 1.3330 . 2538 11 74.4 2075.

3

29.949 12.73 17. 85 1367.
180. .02826 1. 3923 .2195 1441.

3

2430.4 32.041 12.67 17.65 1392.
230. .03077 1.1*599 . 1932 1702.3 2779.4 33.879 12.41 17.25 1425 .

220. .03327 1.531*7 .1722 1 9 55 . 0 3119.5 35.501 12.08 16.78 1460 .

2110. .0 35 7<f 1.6127 .1553 2199.

4

3450.4 36.940 11.75 16. 34 1497.
260. . 0 3819 1.6921 . 141 3 2436.3 3773.0 38.231 11 .48 15 . 95 1533.
280. .O'>061 1.7709 . 1296 2667. 0 4088.5 39.401 11.26 15.64 1568.
300. .04316 1.8575 .1213 2886.3 4396.3 40.450 10.98 15.40 1614.
350. .04921 2.0607 .1025 3434.2 5156.5 42. 791 10. 71 15. 0 3 1701.
<»00. .05521 2. 261*2 .0889 3970. 2 5902.

5

44. 785 10. 58 14 . 83 1782.

<t50. .06117 2.1*677 .0785 450 0.1 6641.2 46.527 10.53 14.74 1858 .

500. .06712 2.6712 .0704 5027.9 7377.1 48.076 10.51 14.69 1932.
550. .07305 2.371*8 .0 638 5553.

7

8110.

4

49. 4 74 10.50 14.66 2003.
600. .07897 3. 0 781* . 0 584 6079.

2

8843.

1

50 .747 10.50 14.65 2072.
700 • .09078 3.1*860 .0499 7131. 0 10308.

5

53.008 10.54 14. 67 2202.
800. .10258 3.89<*0 .0436 8188.3 11778.7 54.970 10.62 14.74 2325.
900. .11438 i*.3025 .0388 9255.0 13258.2 56.711 10.74 14.85 2439.

1000. .12616 1*.7115 .0349 10334.8 14750.

5

5 8.2 85 10.90 15. 01 2547.
1200. .11.972 5.5305 .0291 12548.6 17789.0 61.042 11.27 15.38 2747.
1<»00. .17328 6.3507 .0249 14843.5 20908.4 63.450 11.70 15. SI 2929.

1600. .19681. 7.1718 .0218 17223.3 24112.7 65.567 12.11 16.22 3099.
1800. .2201*0 7.9936 .0194 19687.8 274Q1.8 67.466 12.49 16.61 3259.
2000. .21.397 8.8159 .0174 22237.6 30776.4 69.309 12.89 17. 00 3410.
2200. .26756 9.6385 .0159 24868.1 34232.6 71.629 13. 33 17.46 3553.
21*00. .29120 10.1*615 .0145 2 75 98.7 37790.8 74.223 13.88 16. 04 3687.
2600. .311.97 11.281*7 .0134 30458.9 41482.

7

77.004 14.61 18. 82 3812.
2800. .33896 12.1081 .0125 33494.4 45357.9 79.835 15.60 19.90 3930.
3000. .36333 12.9317 .011£> 36768.

0

49484.4 82.559 16.92 21.37 4041.

• THO-PHASE BOUNDARY

6-100



TftBLE 2

THERMOOYMftMIC PROPERTIES OF PflRAHYDROGEN (ISOBARS, SI UNITS)

35.00 HPA ISOBAR

fEMPERATURE DENSITY

K6/CU H

V(DH/OV)n

KJ/KG

V(DP/DUI„ -V(DP/OV),

MPA-CU M/KJ
X 102

MPA

(DV/DT»VV THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY DIFFUSIVITY CONSTANT

1/K H/K-M KG^M-S SO M/HR
X 10'

PRANDTL
NUMBER

22.715 89.928<t 1537.2 . 23225 258.2851 . 00>«61 167. 31 '»7a.59 .00095 1. 29753 1.9915
23. 89.8102 15l»1.8 .23123 256. 'ms . 00i>63 168. 63 i»57.5i« .00095 1. 29711 1.9371
Zk. 89.3915 1558.

D

.22764 252.0961 . a0'»71 172. 79 <«i6.ao .00095 1.29560 1.7717
25. 88.967i» 1572.5 .221*30 2'»7.2759 .QO'tSO 176.29 382.62 .00095 1. 29<»07 1. 6373
26. 88.5380 1585.7 .2211'» 2'«2.<«6a 8 . 00i«38 179.13 353.65 . 0009't 1. 29253 1. 5275
27. 88.1035 1598.2 .21807 237.6579 . 00'«96 181. <«6 328.86 . 0009't 1. 29097 l.'»366

28. 87.66<»1 1609.9 .21510 232. 87i»3 . 0050'» 183. 37 307. <«e . 00 093 1. 289'«0 1.3606
29. 87.2198 1620.3 .21229 228.1169 .00512 1S1».90 288.89 .00092 1. 23780 1.2962
30. 86.7710 1629.2 .20972 223.3927 . 00520 186.10 272.62 .00091 1. 28620 1.2'»Q 8

31. 86.3176 1637.7 .20716 218.7086 .00528 186. 31 258. 27 .00090 1. 29'»57 1.1982
32. 85.8598 16<t5.5 .20(>68 21'*. 0711. .00536 186.31 2it5. 56 .00089 1. 2a29i« 1.1617

33. 85.3978 1652.2 .20235 209.<»879 .0051.3 186. 12 231.. 22 .00087 1. 28 129 1.1300
3<». 8'».9317 1658.3 .20010 20'».96i»7 . 00 551 185. 81. 221.. 06 .00086 1.27962 1.1021
35. 8<».i«616 1663.9 .19791 200. 508i« . 0C559 185.1.1 211*. 92 .00035 1.27794 1.0779
36. 83.9876 1668.9 .19580 196.1255 . 00567 181.. 88 206. 61. .00034 1. 27626 1. 0568
37. 83.5100 1673.

U

.19376 191.8221 . 00571. 181.. 23 199. 13 .00063 1.27455 1.0383
38. 83.0289 1677.1 .19183 187. 601.6 .00581 183.51 192.28 .00082 1. 27284 1.021

8

39. 82.5<t<f5 1679.7 .19009 183. '789 . 00589 182. 71 186. 01 .00081 1. 27112 1.0068
(»0. 82.0570 1682.1 .18839 179.1.508 .00596 181. 81. 180 .25 .00080 1. 25939 .9935
<f2. 81.0737 1687.1 . 18i»99 171. 7099 . 00610 179.91 170. C .00078 1.26590 .9719

80.0660 1702.1 .18157 165.691.1. .00618 177.79 161.17 .00076 1.26233 .9529

i«6. 79.07'»<. 1715.5 .17698 158.8177 . 00628 175. 68 153. 61 .00074 1.25833 .9427
i»8. 78.0791 17Z9.1 .17280 152.6322 .00637 173.51. 11.6.99 .00073 1. 25532 . 9331
50. 77.0835 1738.0 .16875 11.6.2088 .0061.7 171.1.0 141. lU .00071 1.25181 .9265
52. 76.0855 17'»7.0 .16<*79 11.0.1801 . 00657 169. 29 135.92 .00070 1.24830 .9210
Sk. 75.0875 1757.0 .16090 131.. 5895 . 0 0661. 167. 21 131. 23 .00069 1. 24430 .9160
56. 7i».091'» 1768.9 .15718 129.5832 .00670 165. 20 126.99 .00068 1. 24131 .9110
58. 73.1007 1779.2 .15368 121.. 7533 . 00676 163. 26 123. 11. .00067 1. 23785 .9065
60. 72.1159 1789.5 .15016 120.0965 .00681 161.63 119.63 .00066 1.23441 .9019
65. 69.68i>8 1822.7 .1<«128 109.7901. .00691 158.59 112. 04 .00065 1. 22596 . 8897
70. 67.305i» 1866.5 . 13228 101.0215 . 00697 155. 92 105.81 .00064 1.21772 . 8824

75. 65.0001 1923.2 . 12326 93.6896 00697 153.70 100.64 .00063 1.20977 .3781
80. 62.7793 1993.9 .11435 87.6305 00692 152.05 96.33 .00063 1.20214 .8748
85. 60.6511 2068.8 .10591 82.0505 00688 153. 33 92. 74 .00064 1. 19437 . 8614
90. 58.6090 2156.9 .09813 77.5149 00680 154.73 89. 75 .00065 1. 18791 .8505
95. 56.6637 2248.7 .09111 73.4173 00672 156.32 87.27 .00066 1. 18131 .8430

100. 54.8072 2349.4 .08484 70.0140 00660 158. 13 85.22 .00067 1. 17504 .8362
110. 51.3711 2581.5 .07388 64.6923 00633 165.98 83.16 .00071 1.16348 . 7893
120. 48.2939 2811.9 . 06614 60. 7526 00603 168. 82 78.99 .00074 1.15320 .7931
130. 45.5384 3039.9 .06046 57.7299 00572 173.51 73.41 .00079 1. 14405 .7861
140. 43.0694 3256.5 .05633 55.3153 00543 173. 05 73.27 .00084 1.13599 . 7773

160. 38.8496 3642.1 .05133 51. 7872 . 00490 184. 81 78.90 .00096 1. 12203 .7620
180. 35. 3863 3960.6 .04896 49.2697 . 00446 188. 89 83.42 .00109 1. 11075 .7513
200. 32.4953 4236.2 . 04791 47.4392 . 00407 191. 73 82. 54 .00123 1. 10139 .7426
220. 30.0560 4494.6 .04746 46.1257 . 00373 194. 39 85. 07 .00139 1. 03354 . 7345
240. 27.9774 4747.6 .04722 45. 1204 . 00344 197. 43 87. 83 .00155 1. 08688 .7273
260. 26.1 84 7 5003.3 .04699 44. 3060 .00319 2C1. 06 90. 89 .0C173 1. 08115 .7211
280. 24.6224 5262.5 .04674 43.6041 .00297 205.34 94. 03 .00192 1. 07619 .7160
300. 23.1706 5466.

0

. 04768 43.0404 . 00282 210. 22 97.25 .00212 1. 07158 .7125
350. 20.3223 6139.9 .04710 41.8772 . 00245 224.45 105.49 . 0C265 1. 06259 .7062
400 . 18.1136 6846.0 .04636 41.0123 .00217 240. 53 113.81 .00322 1. 05566 .7019

450. 16.3468 7572.4 .04561 40.3390 . 00195 257.50 122. C6 .00385 1. 05013 .6933
500. 14.8989 8302.3 .04497 39.7984 . 0017 7 274.78 130.20 .00452 1. 04562 .6959
550. 13.6895 9038.2 . 04441 39.3544 .00162 292. 08 138. 20 .00524 1. 041 86 .6936
600. 12.6634 9778.7 .04390 38.9832 . 00150 309. 30 146. 06 .00600 1. 03363 .6917
700. 11.0151 11279.8 .04300 38.3982 . 00130 343.47 161.33 .00765 1. 03359 .6890
800. 9.7480 12820.8 .04215 37 . 55 8 9 . 00115 377.53 176.07 . 0C946 1. 02968 .6875
900. 8.7431 14413.5 .04128 37.6175 . 00103 411. 84 190.34 .01142 1. 02659 .6865

1000. 7.9264 16065.5 .04039 37.3450 . 00093 446. 62 204.19 .01352 1. 02409 .6860
1200. 6.6790 19547.9 . 03860 36. 9331 .00079 511.13 230.82 .01791 1. 02027 .6945
1400. 5.7709 23259.3 .03689 36.6497 .00068 583. 31 256.26 . 02302 1. 01 750 .6946

1600. 5.0803 27111.9 .03543 36.4349 .00060 655.37 280.68 .02863 01539 .6943
1800 . 4.5372 31071.5 .03419 36.2687 .00053 727. 11 304.20 .03474 1. 01 374 .6947
2000. 4. 0989 35213.4 .03303 36.1356 .00043 801.30 326.89 .04139 1. 01240 .6936
2200. 3.7375 39641.2 .03184 36. 0243 . 00044 882.14 344.88 .04867 1. 01131 .6825
2400. 3.4340 44546.7 .03051 35.9252 . 00040 976.97 366.21 .05678 1. oia 39 .6761
2600. 3.1749 50212.1 .02894 35. 8282 .00037 1096.45 387. 09 .06606 1. 03960 . 6644
2800. 2.9502 57003.1 .02709 35.7217 .00035 1254. 28 407.63 .07691 1.00892 .6468
3000. 2.7523 65341.6 . 02500 35.5924 . 00033 1466. 36 427. 98 .38974 1.00332 .6238

• TWO-PHASE BOUNOARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

<t0.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU H/KG CU M-MPA/KG

23. 7it6 .01097 3.0705
2<». . 01098 3.0607
25. .01103 3.0220
26. .01106 2.9829
27i .01113 2.9i»37

28. .01118 2.90't3
29^ .01123 2.86<»b

-30. • 01128 2.8253
31. .aii3i> 2.7858
32. .01139 2. 7<*bk

33. . 011'»5 2. 7071

3(1. .01151 2.6681
35. .01157 2.6293
36. .01163 2.5909
37.

"

.01169 2.5529
38. .01175 2.515'*
39. .01181 2.1»78'»

1*0, .01187 2.1,1,20

42. .01200 2.3712
i»<i. .0121(f 2.3036
<i6. .01228 2.2396

48. .012<t2 2.2010
50. .01257 2.1',1',

52. .01272 2.095<,
5<i. .01287 2.0'»72
56. .01303 1.9978
53. ,01319 1.9532
60. .01335 1.9092
65. .013 77 1.8163
70. .01<»20 1.7308
75. .01'«66 1.6626

80. .01513 1.6071,
85. .01561 1.5682
90. .01610 1.5299
95. .01660 1.1,911,

100. .01711 1.1,676
110. .01615 1.1,337

120. .01922 1.1,216
130. .02030 1.1*221
1<»0. .02139 1.1,312

160. .02357 1.1,693

180. .02576 1.5206
200. .02791, 1.5801,
220. .03012 1.61,72
2<>0. .03228 1. 7212
260. .031,1,2 1.7982
280. .0365<, 1.8760
300. .03877 1.9580
350. .Oi,<,07 2.1575
1*00. .01,932 2.3581,
<i5a. .05i,5i» 2.5599

500. .05971, 2.7616
550* .0 61,9 2 2.9637
600. .07010 3.1659
700. .oeoi,<. 3.5711
800. .09076 3.9772
900. . 10107 1*. 381*0

1000. .11137 i,.7915

1200. .13198 5.6082
11,00. .15259 6.1*267
1600. .17320 7.21*63

1800. .19380 8.0669
2000 . .21i»it2 8.8881
2200. .23505 9.7100
2'»00. .25571, 10.5322
2600. .27652 11.351*8
2800. .2971,8 12.1777
3000. .31876 13.0008

ISOCHORE INTERNAL ENTHALPY
ERIVATIVE ENER5Y

MPA/K KJ/KG-K KJ/KG

1.220 -263.2 175.1*

1.220 -261.9 177.3
1.218 -256.5 181*.

6

1.215 -251.0 192.1
1.212 -21*5.3 199.8
1.208 -239.5 207.6
1.202 -233.5 215.7
1.197 -227.1, 223.9
1.190 -221.2 232.3
1.183 -211,. 9 21,0.8

1.176 -206.1, 21,9.6

1.168 -201.9 258.1*

1.159 -195.2 267.5
1.151 -188.1, 276.6
1.11*2 -181.5 285.9
1.132 -171,. 5 295.1,
1.122 -167.1, 305.0
1.112 -160.2 311,.

7

1.091 -11,5.6 331,.

6

1.070 -130.7 351,.

9

1.01*7 -115.9 375.2

1.025 -100.2 396.7
1.001 -81*. 3 1*18.5

.9765 -68. 0 1,1*0.7

.9519 -51.5 1*63.3

.9271* -31*. 5 1*86.6

.9026 -17.5 510.0

.8783 -.3 533.7

.8195 1*3.6 59H.3

.761*6 88.9 657.0

.7139 135.5 721.8

.6672 183.7 788.7

.621*2 233.5 357.8

.581*8 285.1 929.0

. 51*91 338.5 1002.1,

.5167 393.7 1078.0

.1,605 511.1 1237.2

.1,137 633.9 11*02.7

. 371*1* 761,8 1573.8

.31*13 893.3 171,8.8

.2892 1161.6 2101*.

5

.2505 11*29.3 21*59.7

.2207 1691.3 2809.0

.1971 191,5.2 3150.0

.1778 2190.9 31*82.2

.1617 21*29.2 3806.1

. 11*82 2661.1* 1*123.2

.1386 2879.8 1,1*30.6

.1171 31*29.1* 5192.1

.1015 3966.8 5939.5

.0897 1*1*97.8 6679.3

. 0801* 5026.1, 71,16.0

.0729 5552.9 811,9.9

.0667 6079.1 8883.2

.0570 7131.8 1031*9.2

.01,96 8189.6 11819.9

.01*1,2 9256.9 13299.6

.0393 10337.1 11,792.1

.0 332 12551.1, 17830.7

.0281, 11,81,6.6 20950.2

.021*9 17226. 7 21*151*.

5

.0221 19691.2 271*1*3.1*

.0199 2221*0. 7 30817.5

. 0181 21,869.9 31,272.0

.0166 27696.7 37826.2

.0153 301*1,8.5 1*1509.2

. 011*2 331*67.7 1,5367.1

.0133 36712.9 i»9i*63.i*

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

5.672 5.78 7.16 1951.
5. 71*8 5.81 7,22 1950 .

6. 0 1*7 5.92 7. '*1 191*5.
6. 31*1 6.02 7.60 191*1.

6.6 31 6.11 7.78 1936.
6.917 6. 21 7. 96 1930.
7.200 6.29 8.11* 1925.
7.1*79 6.37 8.31 1919.
7.751* 6.1,5 8.1*7 1913.
8.025 6.52 8. 53 1907.
8.293 6.56 6.79 1901.

8.558 6.65 8.95 1895.
8.820 6. 71 9.10 1889.
9.078 6.76 9. 25 1862.
9.331* 6.81 9.39 1876.
9.586 6.86 9.53 1870.
9.835 6.90 9.66 1863.

10.081 6.93 9.79 1857.
10.565 7.00 10.01* 181,1*.

11.038 7.07 10.29 1831.
11. 1*89 7.16 10.56 1817.

11.91*7 7.21, 10.78 1610.
12.391 7.32 11.01 1795.
12. 827 7.39 11 .21 1761*.
13.251* 7.1*5 11.1*1 1771.
13.677 7.51 11.60 1757.
11*. 087 7.56 11.77 171,1,.

11*. 1*89 7.61 11 . 93 1730 .

15.1,60 7.77 12.33 1697.
16.388 7.98 12.75 1663.
17,282 8.23 13.17 1631.

18.11*6 8.53 13.60 1601.
18.983 8.87 11*. 01 1571,.

19. 797 9. 21* 11*. 1*5 151,7.

2C .591 9.63 11*. 92 1520 .

21.366 10.02 15.31, 11,99.

22.882 10.87 16.2 3 11*63.

21,. 322 11.51, 16.87 11*1*2.

25.691 12.07 17.35 11*30.

26.988 12.1,5 17.66 11,25.

29.363 12.79 17.85 11,32.

31.1,55 12.73 17.66 11,52.

33. 295 12.1,7 17.28 11,80

.

31,. 920 12.13 16. 81* 1512.
36.365 11.82 16.1,1 151,6.

37. 662 11 . 51, 16.0 2 1580.
38.837 11.33 15.71 1613.
39.881 11. 02 15 . 1,1, 1657.
1,2. 228 10.71, 15 .06 1739.
1,1,. 226 10 . 61 11,. 86 1 817.
1,5. 970 10. 56 11,. 76 1892 .

1,7. 521 10.53 11,. 70 1961,.
1,8 .920 10.52 11,. 67 2033 .

50.195 10.52 11*. 66 2100 .

52.1*56 10.56 11,. 68 2228.
51,. 1*18 10.63 11,. 71, 231,8.

56.160 10.75 11,. 86 21,61.
57.735 10.90 15.01 2568.
60.1.92 11.28 15. 38 2765.
62.900 11.71 15. Bl 291,6.
65.016 12.12 16.2 2 3111,.

66.915 12.50 16. 60 3271,.

68.759 12.89 17.00 31*21*.

71.077 13.32 17.1,5 3566.
73.669 13.86 18.01 3699.
76.1,1,7 11,. 56 18.76 3825.
79.272 15.50 19.79 391,2.

81.986 16.75 21.18 1,053.

• THO-PHASE BOUNDARY
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TABLE 2

THERMOOYNAHIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

<»a.aO MPA ISOBAR

MPERATURE DENSITY V«OH/OV)p VIDP/OU)y -V(OP/OV)^

K KS/CU M KJ/KG MPA-CU M/KJ MPA
X 10^

23. 7(>6 91.1935 1644.6 .23141 280.0107
2<». 91.0924 1649.4 .23046 278.8086
25. 90.6916 1667.0 .22700 274.0675
2 6. 90.2863 1683.3 .22373 269.3192
27. 89.8767 1698.7 .22056 264.5703
28. 89.(f630 1713.2 .21750 259.8275
29. 89.0<>52 1726.4 .21462 255.0973
30 • 8 6 • 623 6 1 r J f 9^
31. 88.1982 1748.9 .20936 245.7003
32. 87.7692 1759.2 .20684 241.0461
33. 87.3366 1768.2 .20447 236.4296

3i». 86.9007 1776.5 .20219 231.8569
35. 86.'»613 1784.1 .19999 227.3338
36. 86.0188 1791.0 .19787 222.8662
3 7. 85.5732 1797.3 .19582 218.4597
38. a5.12<»6 1802.6 .19390 214.1198
39. 8i».6731 1806.6 .19217 209.8520
<»0 . 8if . 2189 1810 .2 . 19049 205.6614
<»2. 83.3031 1817.2 .18715 197.5321
It's. 82.3785 1825.1 .18372 189.7700
<»6. 81.<t<i66 1839.6 .17941 182.4096

i»8. 80.4895 1863.4 .17577 177.1544
50. 79.5571* 1874.7 . 17189 170.3629
52. 78.6261 1891.9 .16816 164.7520
5<>. 77.6931 1906.3 .16446 159.0507
56. 76.76'»9 1918.1 . 16091 153.3596
58. 75.8377 1930.8 .15746 148. 1271
o u . 7W • 9 16

1

1 7 " o • t 1 ti n fl• 1 9 H U J IH O • U J C H

65. 72.6362 1984.5 .14518 131.9255
70. 70.<»0<»0 2031.5 .13615 121.8556
75. 68.2267 2092.6 .12713 113.4349

80. 66.1148 2166.3 .11828 106.2738
85. 6i».0771 2256.1 .10980 100.4830
90. 62.1255 2349.0 .10187 95, 0470
95. 60.2513 2441.3 .09466 89.8598

100. 58.l»5<»5 2547.7 .08821 85.7859
110. 55.0898 2783.1 .0 76 93 78.9795
X cU • 3017.0 .06891 7 3.9680
130. 49.2616 3246.2 .062 98 70.0549
1<»0. 46.7548 3462.8 .05864 66. 9139
160. 42.4196 3847.2 .05330 62.3257

180. 38.8206 4161.

3

.05069 59.0296
200. 35.7865 4427.5 .04948 56.5563
220. 33.2007 4673 .3 .04891 54.6870
2(>0. 30.9777 4921.5 .04856 53.3182
260. 29.0 50 8 5176.9 .04821 52.2382
280. 27.3648 5439.8 .04782 51.3371
T ft n 25 .7922 562 5.3 . 04880 50 . 50 22
350. 22.6935 6295.7 .04806 48.9622

20.2773 7000.3 .04719 47.8225
(>50. 18.3361 7726.0 .04633 46. 9380

500. 16.7397 8455.5 . 04561 46.2291
550. 15.4024 9191.1 .04498 45.6475
600. 14.2650 9931.3 .04442 45.1617
700. 12.4322 11431.9 .04343 44.3967
SCO. 11.0185 12972.7 .04251 43.8227
900. 9.8944 14565.5 .04159 43.3771

1000. 8.9787 16218.0 .04066 43.0218
1200. 7.5767 19702.1 .03882 42.4922
1<»00. 6.5536 23415.8 .03706 42.1174
1600. 5. 7738 27270.6 .03557 41.8388

1800. 5.1599 31230.6 .03431 41. 6238
2000. 4.6637 35368.3 .03315 41.4520
2200. 4.2543 39780.1 .03196 41.3093
2<>00. 3.9103 44645.3 . 03065 41.1838
2600. 3.6164 50227.9 .02912 41. 0636
2800. 3.3615 56870.1 .02733 40.9356
3000. 3.1371 64967.4 .02530 40.7851

• THO-PHASE BOUNDARY

(DV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^

.00436 178.41 502.49 .00096 1.30209 2.0180

.00437 179.48 490.21 . 00098 1.30173 1.9708

.00444 183.27 446.98 .00098 1.33028 1.8070

. 00451 186. 38 410.60 .00098 1. 29882 1.6736

.00458 188. 96 379.66 .00097 1. 29735 1,5635

. D0465 191. 07 353. 17 . 0 0 0 97 1.29586 1,4716

.00471 192. 80 330. 25 .00096 1.29435 1,3939

. 00478 194.17 310. 30 ,00095 1. 29284 1,3272

. 00484 194.51 292. 80 .00094 1.29131 1.2753

.00491 194.62 277.37 ,00092 1,28977 1.23C6

.00497 194.53 263.68 ,00091 1. 23822 1.1918

. 00504 194. 33 251,47 ,00090 1.28666 1. 1576

. 00510 193. 99 240.52 .00089 1.23509 1,1261

.00516 193.53 230.66 .00066 1.26350 1,1021

.00523 192.95 221,75 .00086 1.28191 1.0793

.0 052 9 192.28 213.65 .00065 1.28031 1,0590

. 00535 191.53 206, 27 .00084 1. 27870 1, 0405

.00541 190. 71 199,52 .00083 1.27708 1, 0242

. 00552 188.85 187,62 .00081 1,27332 ,99 74

.00564 186. 84 177.47 .00079 1.27053 .9771

.00574 184. 72 168.71 .00077 1.26722 .9643

.00579 182. 48 160.96 ,00076 1. 26383 , 9509

. 00587 180. 33 154.32 .00074 1.26054 ,9423

.00593 178.21 148.44 , 00073 1,25725 .9340

. 00596 176,11 143, 19 .00072 1, 25396 ,9276

. 00605 174. 0 8 13 6.46 .00070 1,23069 • 92 2 3

. 00609 172.10 134. 22 .00069 1. 24743 .9175

. 00614 170.44 130.34 .00069 1.24420 .9125
. 00621 167. 34 122. 02 .00067 1,23623 . 8989
. 00627 164.59 115.23 .00066 1.22645 .6924
.00629 162.24 109.56 .00065 1, 22090 .8894

. 00628 160.42 104.80 . 00064 1,21361 ,8885

.00621 161. 66 lOa ,78 .00065 1, 20660 . 8737

. 00615 163. 02 97.40 .00065 1.19991 .8635

. 00611 164. 54 94. 54 ,00066 1. 19350 .3572

. 00602 166 . 27 92. 13 ,00067 1 . 18 739 .8503

.00533 173.54 84.07 ,00070 1. 17599 . 7861

. 00559 175. 95 82, 87 ,00072 1.16569 .7947

. 00534 180.76 82 .22 .00076 1. 15643 ,7891

. 00510 185.58 81. 95 ,00061 1.14808 .7601

.00464 192. 70 82.32 ,00092 1. 13374 .7625

. 00424 196. 67 83.52 ,00103 1. 12194 .7498

.00390 199. 01 85, 32 ,00116 1, 11205 . 7408

.00360 200.98 87.56 ,00129 1.10367 .7337

.00333 203.28 90.12 ,00144 1, 09650 . 7274
3 003 10 20 6. 20 92, 90 ,0 0159 1, 090 31 ,7220
. 00289 209. 84 95, 85 ,00176 1. 03492 .7173
. 00275 214. 16 98,9 0 .00194 1.07990 .7131
=00239 227.31 103,81 .00239 1,07007 .7076
.90212 242.67 114,89 .00290 1. 06245 .7035
. 00191 259. 15 122.97 .00345 1,05635 .7004

.00174 276.08 130,97 .00404 1.05136 .6974

.30160 293. 15 138,87 .00467 1, 04719 ,6949

. 00148 310.19 146, 64 ,05534 1, 04365 ,6929
,00128 344.11 161. 79 ,00679 1,03797 ,690 0

. 00114 378. 03 176,44 ,00638 1.03360 .6882

. 00102 412.24 190 .65 ,01010 1.03013 .6671

. 00093 446.95 204,46 ,01194 1. 02732 ,6865

. 00078 511.13 231, 03 ,01579 1.02302 ,6952
^00068 583.31 256,42 .02027 1. 01939 ,6950
. 00059 655. 35 280.81 .02519 1. 01751 .6952

. 00053 727. 02 304.31 ,03055 1, 01563 .6950

. 0004S SOO. 96 326,98 .03637 1, 01412 .6939

. 00044 881, 10 344, 88 .04274 1, 01286 ,6828

.00040 974. 29 366, 21 . 04982 1. 01183 ,6768

.00037 1090.51 387, 08 .05787 1,01094 , 6656

. 00035 1242. 58 407.61 .05725 1, 01016 .6491

. 00033 1445.38 427.93 .07832 1, 00948 .6270
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TftSLE 2

THERMODVNftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

(>5.00 MPA ISOBAR

UPERATURE VOLUME I SOT HERM ISQCHORE INTERNAL
DERIVATIVE DERIVATIVE ENERGY

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K

2i».7<»2 .01082 3.26'»0 1.21*9 -255.6
25, .OlOSit 3.251*5 1.21*^ -251*. 3

26. .010 88 3.2173 1.21*7 -21*8.9

27. .01093 3.1798 1.21,1* -21,3.1*

28. .01097 3.1if2D 1.21*0 -237.8
29. .01102 3,10ifl 1.235 -232.1
30. .01107 3.0660 1. 230 -226.2
31. .01112 3.0278 1.221* -2 20 .

1

32. .01117 2.9896 1.217 -2 11* . 0

33. .01122 2.9511* 1.210 -207.7
3hm .01127 2.91 33 1. 203 -201.1,

35. .01133 2.8753 1.195 -191*.

9

36. .01138 2.8 3 75 1.187 -188.3
37. .ail'tk 2.8000 1.178 -181.6
38.

'

.aii<»9 2. 7628 1.170 -171*.

8

39. ,31155 2.7260 1. 160 -167.9
i»0. .01161 2.6896 1.151 -161.

0

<»2. .01172 2.6182 1.131 -11*6.8

.oiiei» 2.51*92 1.111 -132.3
<f6. .01197 2.1*829 1. 090 -118.

0

i»8. . 0 12 0 9 2.1*198 1.068 -102.8

50. .01222 2.3601 1.01*6 -87.3
52. .01236 2.301*2 1.023 -71.5
5^. .01250 2.2791, 1.002 -55.3
56. .0126i» 2.2290 .9786 -38.7
58. .01276 2.1913 .9551* -22.1
.60. .01292 2.1<*32 .9323 -5.3

. 65 . .01329 2.0 1*56 .871*9 37.7
70. .01368 1.9626 .8202 82.0
75. .01<»07 1. 3870 .7692 127.8
80. .ai'«<»8 1.8198 .7219 175.3

85. 1. 7672 .6782 221*.

5

90. .0153'> 1.7229 .6379 275.6
95* .01578 1.6938 .6010 328.5

100. .01622 1.6639 .5671 383.3
110. .01713 1.611*3 .5082 500.1
120. .01806 1.5871 .1*586 622.5
130. .01901 1.5796 .1*165 750 . 3

1<»0. .01997 1.5 8 23 .3806 881.9
160. .02190 1.6082 . 3236 1150.5
180* .02382 1.6518 . 2807 11*19. 1

200. .025 75 1. 7050 .21*77 1681 .8

220. .02768 1.7651, .2215 1936.6
240. .02959 1.8336 . 2000 2183.

3

260. .03150 1.9071 .1821 21*22.8

280. .03338 1.9838 . 1669 2656.3
300. .0 35 36 2.0602 .1559 28 7i*.0

350. • a<»o 06 2.2557 .1316 31*25. 3

4O0. .a'»<»73 2.1*537 .111,1 3961*. 0

450. .0<«937 2.6528 .1008 1*1*96. 0

600. .05399 2.8526 .0903 5025.5

550. ,05860 3.0 529 .0 818 5552.6
600. .06320 3.2536 .071*9 6079.1*

700. ,0 7238 3.6562 .061*0 7132.9
800. .08155 i*.a600 .0559 8191.5
900. .09071 1*. 1*61*9 .01,9 7 9259.2

1000. .09986 l*.S708 .01,1*7 10339.8
1200. .11817 5.681*9 .0373 12551*.

7

i<toa. .136<,8 6.5012 .0320 11*850. 3

1600. .151179 7.3191 .0280 17230.5
1800. .17310 8.1383 .021,9 19695.2

2000. ,191<i2 8.9581, .0221* 2221*1*.

5

2200. .20976 9.7793 .0201* 21*872.5
2t>00. .22811, 10.6007 .0187 27596.2
2600. ,2(«660 11.1,226 .0172 301*1*1.1
2800. .26521 12.21,1*8 .016C 331*1*6.9
3000. .28<>10 13.3671* .011*9 36668.5

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

231.5 5 .737 5.36 7.25 2009.
233.3 5. 812 5. 89 7.30 2008.
21*0.7 6.102 5.99 7.1*6 2001*.
21*8.3 6.387 6. 09 7.66 2000.
256.1 6.669 6.19 7.B1* 1995.
261*.

0

6.91*7 6.28 8.01 1990.
272.1 7.221 6.36 8.17 1985.
280.3 7.1*92 6.1*3 8.33 1980.
288.7 7. 759 6.51 8.1*9 1975.
297.3 8.022 6.58 8.61* 1969.
306.0 8.283 6. 61* 8. 79 1963.

31<».9 8.51*0 6. 70 8.93 1958.
323.9 8.793 6.76 9.08 1952.
333.0 9.01*1* 6.82 9.22 191*6.
31*2. 3 9.291 6.3a 9.35 191*0.

351. 7 9.536 6.91 9.1*6 1931*.
361. 2 9.777 6 .91, 9.60 1926.
380.7 10.251 7.32 9. 81* 1916.
1*00 .

6

10.715 7.09 10.03 1901*.
1*20. 5 11.156 7.19 10 . Ji* 1890 .

1*1*1.1* 11.602 7.28 10 . 59 1876.

1*62.8 12.039 7.35 10.82 1863.
1*81*. 7 12.1*67 7. 1*3 11. C 3 1850.
5 07.1 12.890 7.1*9 11.21 181*6.
530. 0 13.306 7.55 11.1*0 1331*.
552.9 13.709 7.61 11.55 1621*.

576. 2 11*. 101* 7,67 11.73 1811

.

635. 9 15.058 7.83 12. 13 1780 .

697.5 15.972 8.01* 12. 53 171*9.

761. 2 16.851 8 . 30 12.96 1716.
827.1 17.701 8.60 13.1*1 1681*.

895. 3 18.528 8.95 13.86 1655.
965.8 19.333 9. 32 11*. 32 1627.

1038.1* 20. 119 9.70 11*. 71* 1601*.

1113.3 20.887 10.03 15. 18 1582.
1271.0 22. 388 10.91* 16.10 151*2.

11*35.1* 23.319 11.61 16. PO 1515 .

1605.9 25.183 12.11* 17.30 1500 .

1780.5 26.1*77 12.52 17.53 11*93.

21 35.

9

28.850 12. 85 17. 65 11*91*.

21*91. 2 30.91*2 12.79 17.66 1510 .

281*0.6 32.783 12.52 17.29 1535.
3182.0 31*. 1*10 12.19 16.67 1563 .

3515.

0

35, 859 11.87 16. 1*6 1591*.

381*0.2 37.161 11.60 16.09 1626.
1*158.5 38.31*0 11. 39 15.77 1657.
1*1*65. 2 39.380 11 . 05 15 .1*8 1698.
5228.

2

1*1.732 10.77 15.09 1778.
5976.

9

1*3. 733 10.61* 11*. 88 1653 .

6717.7 1*5.1*79 10.58 11*. 78 1925.
71*55 .

1

1*7. 0 32 10.55 11*. 71 1995 .

8189.7 1*8.1*32 10.51* 11*. 68 2062.
8923.1* 1*9.707 10.51* 11*. 67 2128.

10390.1 51.970 10.57 11*. 68 2253.
11861.1 53.933 10.65 11*. 75 2371.
1331*1.1 55.671* 10.76 11*. 66 21,83.

11*833.6 57.21*9 10.91 15.01 2588.
17872.1* 60.006 11.29 15.36 2783.
20991.9 62.1*15 11.72 15.81 2962.
21*196.1 61*. 5 31 12.13 16.22 3129.
271*81*. 8 66. 1*30 12.50 16. 50 3287.

30858.5 63.273 12.89 16.99 31*37.
31*311.6 70.591 13.32 17.1*3 3578.
37862.3 73.1 81 13. 81* 17. 98 3711.
1*1537.9 75.956 11*. 52 16.71 3836.
1*5381.5 78.776 15.1*2 19. 59 3951*.

1*91*52. 7 81.1*81 16.61 21. D2 1*065.

• THO-PHASE BOUNDARY
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PAR4HYDR0GEN (ISOBARS, SI UNITS)

l»5.00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/OV)_ V<DP/OU)y -V(OP/OV)_ (DV/DT»/tf THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
V I p cONOUCTItflTY OIFFUSII/ITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SO M/HR
X 10' X io3 X lo''

92.3e'fO 17<»9.i» .23071 301.5396 .OO'tl't 188.97 531*. 95 .00102 1. 30639 2.0519
25. 92.2852 175i».5 .22960 300.3381 .00'>16 189.95 521.85 .00102 1. 30603 2. 00<t5

26. 91.8995 1773.8 .22639 295. 665'* .001(22 193.31 1*76.31 .00101 1.3Qi*6i* 1.81.31

27. 91.5102 1792.2 .22310 290.9811 . 001*27 196.11 1.37.86 .00101 1. 30 323 1. 7103
28. 91.1173 1809.6 . 21993 286.2917 .00<»33 198. i»3 'OS. 09 .00100 1.30182 1.5998
29. 90.7211 1625.6 .21695 281. 60 32 . 00<»39 200. 33 376. 93 . 00099 1.30039 1.5065
30. 90.3216 1839.6 .21<t23 276.9220 • OO't't't 2D1. 86 352.51* .00098 1.29895 1.1*267
31. 89.9189 1853.2 .2115I* 272.2539 .00't50 202. 31 331. 26 .00097 1. 29750 1. 361*0

32. 89.5132 1866.0 .20895 267.60<»7 . 001*55 202.52 312. 59 .00096 1.29601* 1.3102
33. 89.10<>5 1877. .20652 262.9603 .OO't&O 202.52 296.09 .00095 1.291*57 1.2633
34. 86.6930 1687.9 .20'»19 258.3862 .aoi»66 202. (»0 261.1*5 .00093 1.29309 1.2222

35. 88.2767 1697.6 .20195 253.8280 .001*71 202.13 268.38 .00092 1. 29160 1.1863
36. A7* ftFk1 7Of . o o X r 190 6.6 . 19979 ?i*Q- 71 1 nC**9. OXXU . 0 0 1*76 201. 72 256 . 65 . 00 091 1.29010 1*15^9
Of. 87. 1.1*22 * Q* f. A . 1 97 71 9f. f. Ai*n 7 . 0 0 1* 8

1

201. 2 0 21*6 .09 . u u u 9 u 4 9 ft A f. nX • c 0 0 D u 1 19 7 91 • 1 c ( C
^ A A 7 n 9n 1O f . U £11 1 .195 78 . u 0 * 0 0 20 0. 58 236. 51. * 0 C 0 8 9 1.28709 1 * 10 26
39 . 86.5955 192 7.6 . 191*03 77j=i. nC)Af^ . 001*92 199. 87 227. 86 . n n n A A. u u u 0 0 1.28557 1*080 3

'f 0 . O D . L o o r 1932 .

6

.192 35 9 71 . 7'i 7 7(9f 0 . 001*97 199. 09 219. 96 .00067 1 . 26 1* 0 1* 1*0604
He . O 7 . O U O O 19'*2 . 3 1 AQ n 1. A 0 9 u 1.

99 7 7 c: 7 1 . 0 0 507 197. 28 2 0 6.09 n n n A c;
• u u u 0 9 1 9 A n Q 7X . c 0 U 7 f

1 n 9 7 ft1 • u ^ 1 0
f^l^ . 8(.« 1*1*05 1952 . 1* . 18560 215.25 61 . 00 516 195.30 19 1* . 31* . n n n A 7. u u u 0 0 1.27787 1 * 0 C 27

O J • P f 1969 .2 . 18132 CU • .*40DU . 0 0525 19 3.20 181*. 27 n n n A n« u u u 0 u 1 . 27 1* 75 * 986

5

£lA . A 9 AAI^70 C . O 09 0 1 QA 7 71 70 0 . 0 .if f ** 9 9(1 n n77A£UU.U( fO . u u 9 0 1 Q 1 n f&X 7 X . U H 175.55 [1 n n 7 Q. U U U f 7 4 9 7 4 9X . c I X 0 £ <3 7 9 A* 9 r t 0

50. 81.8007 1997.0 .17381 193.051*8 . 0051*2 188. 86 167.91* .00077 1. 2681*8 .9619
an Q4 *!

c

C U 1 U • r
4 7 ft 1 0 O* HO OC * II U 9H 7 4 A 7XO 0 . 0 r XD 1 • Cc. n n n 7 c 1 • 26533 Q C 9 Q• 9 9 c 9

51*. W w • u u o u 20(f 0 •! • 16 7 12 * 0 Q 5*f9 181*. t^t^ 155*17 • 0 0 0 7 1*26213 • 9 '2 9

56 . 7 9 • 1 30

1

205 • 2 • 1 63 70 1 7Ft 7 AtL ( D* 00x0 • 00 555 182. 36 • 0 0 0 7 3 • 9 0 D 9

7 0. 7 ft 7r 0 • CDC

f

20 7 3 •

7

* 16 0 '6 171 U7 1

7

n ne; (57 18 0. 33 1 H9 • 15 n n fl 7 9 1 9 c; c; Q 7i • c 9 9 7 J Q 7 iT n* 9 <J U U

60 . 77« 382 2086*5 • 157 1

7

XD7* CtC? • 00562 178. 63 1 fl. n A71 4 U • 0 / n n fl 7

1

• U U U ( 1 1*25286 * 9 25 0

65 . 75 • 2269 213 3*5 • 1 'fd '9 X70* ODcH • 0 0 569 175. 1*6 1 1 7ti1 0 1 * f * n n n Q• U U U D 7 1 7 9 Q1 • c 49 1 3 Q 1 n A* 9 1 u 0

r U . £ 1.7 £ * 1 • 1 0 7 9 u i fa 7 i> A 7 1XHO*HOr X n n c; 7 9
• u u 9 r c 479 e^n 1 C 4 • 00 n n n A. A• U J u D 0 1 9 7 7 A Q1 • c 0 / 0 9 Q n 9 7

* 9 U c r

75. 7 1 • 0 'ffll 225 8*8 • 1 30 'f 2 XO*t* UO^D * 0057'f 170. 11* 118* 20 • 0 0 0 6 7 1 * 23 069 * 9 0 0 2

80. - n 77^ 233 * 1 • 12151 XC7* f • 0 05 75 169.20 11"? n1 1 0 • u 0 n n n f< R« U U U D 9 1*22371 • 9 0 1

2

85. 67.0851 2<ft23*i» .11299 118.551*3 .00572 169. 1*1 108.62 .00066 1*21696 .6838
Qfl - 65.1 99 7 2521.2 i n n 1. 1 u 9 u 1 11 9 7 7n n n n c: c a

. U U 9 0 0 1 7n 71X f U . f X 101*. 86 n n n A. u u U D 0 X . ^ I U ** D 6795
oc"J^ . o J . •} 0^9 2631*. 2 . 0 9770 4 fl 7 7t 7

9

lU r . r c.
n n c n 479 47 101.66 .00066 1. 20 1*21* .8707

100. 61. 61*72 2 71*5 . 7 . 09113 1 n9.R771XUc.9f JX . 00553 173. 82 98.93 .00067 4 4 Q ft 9 7X . X 7 0 c ' . 861*0

1 1 u • tifi T 77 A30.0 too 7QAC1 7c ^0 9 . f
Q U 9 7 n A7 H. c 0 U 0 . u u 9 0 7 inn 7e^Xu u . 00 87.55 n n n ^ Q. u U U D 9 1.19 711 7 A 1 7. r 0 X f

XcU • C C 7 C7

1

7 9 4 7 Qocl r .

9

n 7 4 77
. U f 1 0 r A 7 ftC ft flof. 09 0 0 n n e: 9 9 4 A 9 unX 0 c . HU ftf^ 7 A n n n 7 4

. (J u u f X 4 4 7 c Q nX . X f 0 7 u 7 Q C C
. f 7 9 9

130. 52. 5953 31*50 . 5 . 06521* 6 3. 060 2 .0 0501 18 7. 1*1* 85.73 • J 0 07 1* 1. 16759 .7911
1(*0. 50.0760 3669.5 . 06073 79.2331 . 001*60 192. 67 85.1*3 . 00079 1.15915 .7817
160. 1*5.6711* 1*050.6 .05513 73.1*1*78 .001*1*1 200.50 85.61 .00089 1. 11*1*1*9 .7620
180. 1*1.9732 1*361.9 .05231 69.3320 . 001*05 201*. 66 86.57 .00099 1.13228 .71*71

200. 36.8312 1*622.3 .05095 66.2089 .00371* 206.72 88.11 .00111 1.12197 .7371
220. 36.1318 1.859.2 .05029 63. 7886 . 0031*7 208. 12 90.10 .00123 1. 11317 .730 3

2<*0. 33.7920 5098.1 .0<.986 61.9605 .00323 209.72 92.1*2 .00136 1. 10558 .7253
260. 31.7500 531*9.7 .01*91*3 60. 5518 .00301 211.93 91*. 99 .0011*9 1.09899 .7211
260. 29.9569 5615.0 .01*892 59.1*287 . 00281 211*. 90 97.71* .30161* 1.09322 .7173
300. 28.2816 5785.2 .01*986 58.2661* . 00268 218. 61 100.62 .00180 1. 08785 .7121*

350. 2«*.9599 61*51.9 .01*896 56.302'* .00231* 230.56 108.20 .00220 1.07726 .7090
1*00. 22.3557 7155.0 .01*796 51*. 8531* .00208 21*5.10 116. 03 .00265 1.06900 .701.5
<*50. 20.251*7 7 68 0.0 .01*703 53. 7312 . 00188 261. 02 123. 93 .0C311* 1. 06238 .7017
500. 18.5211 8609.0 .01*622 52.8327 . 00171 277.56 131.79 .00367 1. 05693 .6987

550. 17.061*6 931*1*.

3

.01*552 52.0962 .00157 291*. 31* 139.58 .001*23 1.05237 .6961
600. 15.8228 lOOSit.l .01*1*91 51.1*811 . 0011*5 311.17 11*7.26 .0 01*8 3 1.01*850 .691.0
700. 13.8159 11581*.

2

.01.363 50. 5130 . 00127 31*1*. 82 162.26 .00612 1.01*225 .6909
800. 12.2628 13121*.

6

.01*285 1*9.7869 .00112 378.57 176.85 . 00751* 1. 0371*1. .6889
900. 11.02<*5 11*717.1* .01*186 1.9.2236 . 00101 1*12.67 190.99 .00907 1.03362 .6877
1000. 10.0136 16370.2 .0'*092 1*6.771*8 .00092 1*1*7. 31 20i*»7l* . 01072 1.03050 .6869
1200. 8.1*622 19855.7 .03901 1*8.1065 . 00077 511.13 231. 21* .011*11* 1. 02573 .6958
l(.0O. 7. 3271 23571.5 .03722 1*7.631*1. .00067 583. 31 256.59 .01813 1.02225 .6955
1600. 6.i*60<» 271*2 8.1 .03570 1*7.281*2 . 00059 655. 31* 280. 95 .02251 1.01960 .6955
1800. 5.7769 31366.6 .031*1*3 1*7.011*1* . 00053 726.96 301*. 1*3 .02728 1.01751 .6953

2000. 5.221*1 35522.9 .03325 1*6.7991* . 0001*8 800.69 327. 08 .0321*7 1. 01583 .691.2
2200. '*.767i* 39921.6 .03207 1*6.6216 .0001*1* 680.21* 31*1*. 88 . 0J813 1. Oil* 1.1. .6831
21.00. I*. 3831* 1*1*753.6 .03077 1*6.1*667 .0001*0 972. 07 366.21 . Oi*i*<*0 1. 01327 .6771.
2600. '..0552 50267.8 .02928 1*6.3210 .00037 1085.58 387.07 .05152 1.01227 .6670
2800. 3.7705 56787.1 .02753 1*6.1698 . 00035 1232. 87 1*07.59 .05978 1. 0111.1 .6510
3000. 3.5199 61*685.0 .02556 1*5. 9966 .00032 11*27.99 1*27.88 .0691.9 1. 01065 .6298

THO-PHASE BOUNDARY

i;

6-105



TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN IISOBARS, SI UNITS)

50.00 MPA ISOBAR

TP M PP PA T 1 1 (9 P VOL UME i. 1 n c i\n TNTPPNfit PMTMAI PV PMTPnPY CP wr 1 nf* TT VV L 1- U U 1 1 T

OERIVATItfE OERIVATH/E ENERGY OF SOUND
K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 25.708 .01069 3.<f533 1.278 -21*7.9 286. 8 5.798 5.91* 7.33 2061*.

26. .01071 3.'*'»30 1.278 -21*6.1* 289.0 5.881 5.97 7.38 2063.
27. .01075 3.i»072 1.275 -21*1.0 296.1* 6.163 6.07 7.56 2060.
2S. .01079 3.3711 1. 271 -235.6 3QI*.1 6.1*1*1 6.17 7.73 2056.
29. .0108i« 3.33'»6 1.267 -2 30.0 311.9 6.715 6.26 7. 90 2051 .

30. .01088 3.2980 1. 262 -221*.

2

319.9 6.986 6.31* 8.06 201*7.
31. .01093 3.2612 1.256 -218.1* 328.0 7.252 6.1*2 8.21 231*2.

32. .01097 3. 22^*2 1. 250 -2 12. 1* 336. 3 7.5 15 6.50 8.37 20 37.
33. .01102 3.1872 1.21*3 -2 06.3 31*1*.

7

7.775 6.57 8.51 2032.
31*. .01107 3.1501 1.236 -200.1 353.3 8.032 6. 61* 8. 66 2027.
35. .01112 3.1131 1.229 -193.8 362.0 e.285 6.70 8.80 2022.

36. .01117 3.0761 1.221 -187.1* 370.9 8.531* 6.76 8.91* 2016.
37. .01122 3.0393 1.213 -180.9 379.9 S.781 6. 82 9. 07 2011.
38. .01127 3.0027 1. 205 -171*.

3

389.1 9. 025 6.87 9. 20 2005.
39. .01132 2.9663 1.196 -167.6 398.3 9,265 6.91 9.32 2003.
(>0. .01137 2.9302 1.187 -160 .8 1*07.7 9.503 6.95 9.1*1* 1991*.
<»2. <>011<»8 2.8590 1.168 -11*7.0 1*26.8 9.969 7.03 9.67 1983.

. 01159 2.7 895 1 . 1 1*9 -132.

9

i*i*6. 1* 1 Q • ^2 *f 7.11 9.9 0 1971.
<»6. .01170 2.7220 1.129 -1 19.0 1*65.9 10.858 7.22 10.16 1958.
VS. .01181 2.6570 1. 108 -101*. 2 1*86.5 11.295 7.31 10.1*0 191*5.

50. .01193 2.59<»8 1.087 -89.0 507.5 11.725 7.39 10.63 1932.

52. .01205 2.5356 1.065 -73.6 529. 0 12.11*6 7.1*6 10. 81* 1919.
Sit. .01217 2. If 797 1.01*3 -57.9 550.9 12.559 7.53 11. 05 1907.
56. .01230 2.'»27!» 1. 021 -1*1.6 573.1* 12.969 7.60 11.21* 1895.
58. .012<<3 2.<»097 1.002 -25.3 596.3 13.371 7.65 11.39 1893.
60. .012f;6 2.3577 .9796 -8.9 619.3 13.760 7.71 11.57 1880.
65. .01290 2.2638 .921*8 33.3 678.1 11*. 701 7.89 11.97 1851*.

r U« . 0 132 'f 2.1798 .8710 76 « 9 738.9 15. 602 8.10 12.37 1821*.
75. .01360 2.ia(»8 .8199 122.0 801.8 16.1*70 8.36 12.79 1791*.

80. .01396 2.0360 .7 723 168.8 866.9 17.310 8.67 13.21* 1763.
85. .01<»33 1.973<» .7280 217.5 931*.

2

18.126 9.02 13.71 1732.

90. .ai<»72 1.9221 .6869 268. 0 1003.

9

18.923 9.39 11*. 18 1703.
95. .01511 1.8810 .61*89 320.6 1076.0 19.T02 9.78 11*. 63 1678.

100. .01550 1.85i«6 .6139 375.0 1150.2 20.1*61* 10.17 15.05 1657.
110. .01631 1.7960 .5528 1*91.2 1306.

8

21.951* 11.01 15.99 1615.
120. .01711* 1.7591 .5009 613.2 11*70.1 2 3.3 76 11.68 16. 70 1586.
130. .01798 1.7it00 .1*566 71*0.8 1639.9 21*. 731* 12.20 17.21* 1568.
IhO. .01883 1.7337 . 1*1 81* 872.3 18 1 1*. 0 26.0 21* 12.58 17.50 1557.
160. .0 20 55 1.71*91 .3569 111*1. 3 2169.0 28.391* 12.91 17. 61* 1551*.

180. .02228 1.7838 .3103 11*10.3 2521*.

2

30.1*87 12.85 17.67 1566.
200. .a2<>00 1.8323 .271*3 1673.6 2873.

8

32.328 12.58 17.30 1588.

220. .02573 1.8865 .21*53 1929.1 3215.1* 33.956 12.21* 16. 89 1613.
1.91*85 .2218 2176.6 351*8. 8 35.1*06 11. 92 16. 1*9 161*1

.

260. .02916 2.0170 .2022 21*17.1 3871*.

8

36.712 11.66 16. 11* 1671.
280. .03085 2.0909 .1856 2651.7 1*191*. 1* 37.896 11.1*5 15.83 1701.
300. .03263 2.1638 .1730 2869.1 1*500.1* 38.932 11.09 15.51 1739.
350. .0 36 86 2.3550 .11*61 31*21.8 5261*. 8 1*1.288 10.80 15.11 1815.
'(O 0

.

. 0 'fl 0 6 2« S'fr 96 • 1 26 6 O 70 J. • O D U i. 4 • O I, u • O o l** • 90 1 8 8 8 •

<>50. .0<>52 3 2.71*63 .1118 1*1*91*. 7 6756.1* 1*5. 01*0 10.60 11*. 79 1957.
500. .Oi»939 2.9'»'*0 .1002 5021*.

9

71*91*.

5

1*6.591* 10.57 11*. 73 2025.
550. .0535i» 3.1i*2'* .0908 5552.7 8229.6 1*7.996 10.56 11*. 59 2091 .

600. .05767 3.31*11* .0830 6080.1 8963.7 1*9.272 10.55 11*. 67 2155.
700. .06593 3.71*11 .0710 7131*.

5

101*31.0 51.535 10.58 11*. 68 2279.
800. .07l»17 <». 11*25 .0620 8193.7 11902.1* 53.1*98 10.66 11*. 75 2391*.
900. . 0821*1 I*. 51*53 .0551 9262.0 13382.5 55.21*0 10.77 1<*. 86 2501*.

1000 . .090 65 i*.9<*9i* .01*96 1031*2. 9 11*875.2 56.815 10.92 15.01 2608.
1200. .10711 5.7601* .OitlS 12558.1* 17911*.

0

59.572 11.30 15. 38 2801.
i<»oa. .12358 6.571*3 .0351* 11*851*. 1* 21033.1* 61.981 11.72 15.61 2978.
1600. .1<«005 7.3901* .0310 17231*.

9

21*237.5 61*. 097 12.13 16.22 311*3.

1800. .15653 8.2080 , 0276 19699.7 27526.1 65.996 12.51 16.60 3301.
2000. .17301 9.0268 .021*8 2221*8.8 30899.3 67.839 12.89 16.99 31*1*9.

2200. .18951 9.81*65 .0226 21*8 75.9 31*351.2 70.156 13.32 17.1*3 3590 .

2(>00. .2060<> 10.6673 .0207 275 97.0 37899.0 72.71*5 13.83 17. 96 3722.
2600. .2226(* 11.1*881 .0191 301*36.0 1*1568.2 75.517 11*. 1*8 18.66 381*7.

2600. .23938 12.3096 .0178 331*30.5 1*5399.7 78. 333 15.35 19.61 3965.
3000. .256 35 13.1315 .0166 36632.2 1*91*1*9.7 31.030 16.50 20.88 1*076.

TMO-PHASE BOUNDARY
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TSBLE Z

THERMODYMAMIC PROPERTIES OF PARAHYDROGEN <ISOBARS, SI UNITS)
I

50.00 HPA ISOBAR

TEHPERATJRE DENSITY V(DH/Otf>p V(DP/DU»y -VCDP/OV»^ (DV/OTyV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
^N DUG TI V I IT JlrFUSIv ITT CONST ANT NUMBER

K KG/CU M KJ/K6 MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10'

• 25.708 93.5095 1851.7 .23018 322.9196 . 00396 198. 99 567. 99 .30105 1.31046 2,0921
26. 93.4012 1858.0 .22917 321.5761 .00397 199.98 552.43 .00104 1.31007 2.0392
27. 93.0286 1879.3 .225 74 316. 9646 . 00402 202. 99 504. 76 .30104 1. 30872 1,8795
28. 92. 6530 1899.6 . 22244 312. 3381 . 00407 205. 49 464. 37 .0010 3 1.30736 1.7471
29. 92.2745 1918.3 .21935 307.7025 . 00412 20 7. 56 429.87 . OC103 1. 30600 1,6357
30. 91.8933 1935.1 . 21652 303.0638 .00416 209. 24 400.14 .00102 1. 33462 1.5437
31. 91.5094 1951.3 .21374 298.4278 .00421 209.79 374.34 .00100 1. 33 323 1.4655
32. 91 • 1 22 9 1966.

5

• 211 0 7 •> r» o ft n n293.8000 . 00 425 210 • 09 351. 8 0 • 0 0 0 99 1 . 33184 1 . 40 1

0

33. 90. 7340 1980.3 .20857 289.1859 . 00 430 210. 16 331. 98 .00096 1.30343 1.3450
3'». 90.3427 1993.2 .20617 284.5909 o 00434 210.11 314.46 .30097 1.29902 1.2959
35. 89.9491 2005.2 .20387 230.0202 .00439 209.90 298. 88 .30095 1.23761 1.2530

36. 89.5533 2016.2 . 20166 275.4789 , 00443 209. 55 284.97 .00094 1.29618 1.2154
37. 89.1553 2026.5 .19954 270.9719 » 00443 209. 07 272. 48 .03093 1. 29475 1. 1822
38. 86.7551 2035.5 .19757 266.5040 .00452 203.49 261.23 .33092 1.29331 1.1527
39. 88.3530 2042.9 .19579 262.0800 .00456 207. 81 251.05 .30091 1. 29187 1.1260
ifO. 87.9489 2049.5 .19409 257. 7042 .-. 00461 207. 06 241.80 . 00090 1. 29042 1.1023
42. 87.1352 2062.2 .19072 249.1153 . 00469 205.29 225.65 .00068 1.28750 1.0630
>»'>. 86. 3146 2 07 5.1 . 18728 240 . 7706 . 00477 203. 33 212. 06 • 0 0 086 1. 28 456 1. 0 326
46. 85.4880 2094.3 .13380 232. 7010 .00435 201.25 200 .49 .00083 1.28161 1.0123
i»S< 84.6562 2111.2 .17917 224.9347 » 00493 199. 09 190. 53 .00061 1. 27864 .9953
50. 83.8203 2126.7 . 17552 217.4966 . 00500 196. 89 181.87 .00060 1.27566 .9816

52. 82.9312 2141.7 .17200 210.4081 , 00506 194.63 174.28 .00078 1.27267 .9707
54. 82.1403 2156.9 .16357 203.6869 .00512 192.48 167.58 .30076 1.26969 .9618
56. 81.2989 2172.1 . 16527 197.3461 ,00517 190.32 161.62 . 00 075 1.26670 .9543
58. 80.4310 2203.2 .16274 193. 8173 . 00517 186. 12 156. 13 .00074 1. 26363 .9452
60. 79.6003 2216.3 .15952 16 7.6705 .00522 186.36 151.37 .00073 1.26069 .9396
65. 77.5440 2272.4 .15120 175.5411 ,00527 183. 08 141. 33 . Ju071 1. 25343 .9239
70 . 75 . 5271 2338.7 . 1 42 3 4 1 S^f • 63 . 00 5 29 18 0. 12 13 3* 23 . 0 0 0 6 9 1 . 246 34 .9152

1
75. 73.5548 2415.4 .13327 154.8164 .00530 177.53 126.58 .00063 1,23944 .9121
80. 71.'%309 2500.3 .12432 145. 8433 . 00530 175.47 121. 00 .00067 1. 23272 .9129
85. 69.7620 259 2.3 .11572 137.6651 .00529 176.68 116.25 .00067 1.22622 .90 20

1' 90. 67.9453 2695.2 . 10766 130. 5979 . 00526 177, 93 112. 16 .00357 1.21993 .3936
i

95. 66.1884 2807.4 .10027 124.5019 . 00521 179.32 108.64 .00067 1.21386 .8865
1

100. 64.4956 2933.1 .09360 119.6114 . 00513 180.91 105.61 .0G067 1.20603 .6788
110. 61.3053 3134.6 .08190 110.1069 .00502 186.53 93 .67 .00069 1.19710 .7771
120. 58.3468 3422.5 .07353 102. 6367 . 00468 188.26 89.59 .00070 1.13702 .7949

1

130. 55.6103 3653.6 .06728 96.7603 . 30472 193.61 86.93 .00073 1.17775 .7923
140 . 53 . 0 93 7 3871 .4 . 06 2 63 92.0502 • 00455 199.36 88. 69 .30077 1.169 27 .7828
160. 48.6518 4252.3 .05681 85.0971 . 00419 208.19 83.78 .30086 1.15439 .7506
180. 44.8845 4559.2 .05381 80^0658 . 00388 212. 84 89.56 .00097 1. 14188 .7434
200. 41.6582 4813.3 . 05231 76.3289 . 00359 214. 84 90. 83 .30107 1.13124 .7318

|l 220. 38.8704 5047.7 .05155 73.3272 . 00335 215. 80 92.65 .00118 1. 12210 .7249
1 240. 36.4373 5277.2 .05106 70.9973 .00312 216.76 94.75 .03130 1.11416 .7208

1 260. 34.2992 5520 .7 .05058 69.1826 . 00292 218.27 97.12 .33142 1.10722 .7181
280. 32.4108 5783.2 .05002 67. 7689 . 00274 220. 55 99.69 .0D155 1. 13 112 .7157
300. 30.6495 5945.2 .05089 66.3210 . 30261 223. 61 102.41 . 0C169 1, 09544 .7102
350. 27.1292 6608.2 .04986 63.8894 .00229 234.25 109.66 .00206 1. 08417 . 7074

' 4 0 0. 24.3547 730 9.7 • 04875 62. 0985 . 00204 247. 86 117.24 ,0 0 246 1.07534 . 7 J U9
450. 22.1071 6034.1 .04769 60. 7131 . 00184 263. 13 124.94 .00290 1.06822 .7025
500. 20.2464 3762.7 .04631 59.6048 . 00168 279. 22 132. 66 .00337 1. 06235 .6997
550. 18.6789 9497.6 .04605 56.6964 . 00155 295.67 140.33 .00388 1.05743 .6972

600. 17.3392 10237.1 .04536 57. 9379 . 00143 312. 27 147. 92 .00442 1, 05323 .6950
J 700. 15.1678 11736.6 . 04422 56.7441 .00125 345.60 162.80 .00559 1. 04646 .6917
i

800. 13.4820 13276.7 .04317 55.6489 . 00111 379. 16 177.27 . 30636 1.34122 .6896
1 900. 12.1343 14369.3 .04216 55. 1545 .00100 413. 14 191.34 .00825 1. 03734 .6882
1000. 11.0320 16522.3 .04115 54.6014 . 00091 447. 69 205.04 .03973 1. 03364 ,6874
1200. 9.3359 20006.9 . 03920 53. 7787 . 00077 511. 13 231. 47 .31281 1.02842 .6965
1400. 8.0919 23726.5 .03737 53.1935 .00067 583.31 256. 77 .01641 1. 02460 .6960

\ 1600. 7. 1402 27584.6 .03582 52.7687 . 00059 655. 33 281.10 .02037 1. 02168 .6958
1800. 6.3887 31545.5 .03453 52.4382 .00053 726.90 304.55 ,02467 1, 01938 .6956

1
2000. 5.7801 35676.9 .03335 52.1754 . 00048 800 . 46 327.19 .02934 1, 01752 .6945

2200. 5.2769 40064.6 . 03216 51.9590 . 00043 879.51 344. 86 . 03443 1. 01599 .6833
2400. 4.8535 44868.6 .03088 51. 7719 > 03040 970. 19 366. 21 .04007 1.01470 .6779
2600. 4.4915 50325.1 .02941 51.5984 .00037 1081.42 387.07 .34644 1, 01363 .6680
2800. 4.1774 56740 .6 .02771 51.4221 . 00035 1224. 67 407. 57 ,05382 1, 01264 .6527
3000. 3.9009 64470 .2 .02573 51.2243 .00032 1413.29 427. 84 ,06246 1,01130 .6322

• THO-PHASE BOUNDARY
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T4BLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

55.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MP A/K KJ/KG-K KJ/KG KJ/KG-K K J / KG-K M/S

* 26. 6i»6 . 0 10 57 3.6 392 1.307 •21*0 . 0 31*1. 5 5.856 6.01 7 . 1*1 2118 .

27. .010 59 3.6271 1 . 305 -238.2 31*1*. 1 5.951* 6.05 7. 1*7 2117.
28 . .010 63 3. 5926 1 . 3C 2 -2 32.

9

351 . 7 6. 229 6.15 7. 61. 2113.
29. > 0 1067 3.55 77 1.298 -2 27 .1* 359.1* 6.5 00 6.21* 7.81 2109.
30. .010 71 3.5225 1.293 -221 .

8

367. 3 6. 767 6.33 7.96 2105.
31

.

.010 75 3 .ifrS 71 1.288 -2 16 • 1 375. 3 7.0 31 6 . 1*1 8.11 2101.
32. .010 80 3. 1* 511* 1.282 -210 .

3

383.5 7.291 6 . 1.9 8.26 20 97.
33. .oioe<* 3.1.156 1.275 -2 01*. 1* 391.9 7.51*7 6.56 8.1.1 2092.
3(». .01088 3.3796 1.268 -198.3 1*00. 3 7.800 6.63 8.55 2087.
35 s • 01093 3. 31*36 1 . 26

1

—192.

2

1*09.0 8.050 6.70 8.69 20 82.
36. . 0 1097 3.3076 1. 251* -185.9 1*17. 7 8.297 6 . 76 8.82 20 77.

37. . 0 11 02 3.2 716 1.21*6 — 1 79 .

5

1*26 . 6 8 . 5 1*0 6.92 8.95 20 72 .

38. . 0 11 07 3.2 357 1. 238 -173.1 1*35 . 6 8.781 6.87 9.07 2067.
39. .01111 3.1999 1.229 -166.

5

i*i*i*. 7 9.018 6.92 9.19 2 0 62.
<»0 c .01116 3.1 61*3 1.221 -159.

9

1*51*. 0 9.252 6.96 9.31 2057.
(»Z. • 01126 3. 0 9 37 1.20 3 -11*6 • I* 1*72 .8 9. 712 7.01. 9.53 201.6 .

***** .01136 3.0 21*1* 1.181* -1 32.

6

1*92 .

1

10. 160 7.12 9. 75 2035.
<»6. .011<*6 2.9566 1.165 -1 19.0 511.3 10.587 7.23 10.01 2022.
(*6. .01157 2.9906 1.11*5 -101*.

6

5 31.6 11.018 7.33 10.21* 2010.
50 . . Oil 67 2 . 8Z69 1. 125 -89.7 552. 3 11 . 1*1*0 7. 1.1 10. '»& 1 997 .

52 • .01178 2. 7656 1. IQi* -71*.

6

573.1* 11 . 855 7.50 10 . 68 1965.

51*. • 0 1189 2. 70 71 1.08 3 -59.2 5 95 . 0 12.262 7.57 10.88 1972 .

56. .01201 2.6515 1. 061 -1*3. 3 617.2 12. 666 7.61. 11.07 1960 .

58. .01213 2.5990 1. 01*0 -27.1* 639.5 13.058 7.70 11. 25 191.8.

60. • 0122** 2. 51*99 1. 018 -11.3 662. 2 13.1*1*2 7.76 11. 1*2 1937.
65. .01255 2. I* 751* .9691 30.2 720 .6 11*. 3 77 7.91. 11.63 1920 .

70. .01287 2.3 895 . 9170 73.1 780 • 8 15.2 69 8.16 12. 21. 1893.
75. .01319 2. 3173 .8665 117.6 81*3.1 16.129 8.1.3 12.65 1865.
80. .01352 2.21*38 .8187 163.9 907.5 16.959 8.71. 13.10 1835.
85 . . 01386 2.1803 .771*3 212.0 971*. 1 17. 767 9.08 13.57 18 05.
90 . . 0 1'*2 0 2.1219 • 7327 262.1 101*3. 2 19 . 556 9. 1* & 1 1* . 0 5 1775.

95. . 01(>55 2.0 737 .6939 311*.

3

1111*.

6

19 . i29 9.85 11.. 52 171*8 .

100. . 01<*91 2.0336 . 6579 368.1* 1188. 1* 20 • 0 85 10.21. 11. • 9 7 1721. •

110 . .0156<* 1.9766 .591*0 1*81*.

0

131*1*.

1

21.568 11.0 8 15.86 1681*.

120. •01638 1.9310 .51*05 605.6 1506.1* 22.980 11 . 71. 16.61 1653.
1 30 . • 0171<* 1.9015 • 1*91*5 732. 8 1675.

3

21*. 331 12.27 17.18 1632 .

1<*0 . •01790 1.8861* • 1*51*5 861*. 3 181*9. 0 25. 618 12.65 17.55 1619.
160. .ai9'*5 1.8907 . 3891 1133.1* 2203.1* 27.981. 12.98 17.62 1612.
180. •02102 1.9181 .3390 11*02.8 2558.6 30.077 12.90 17.67 1620.
200 . . 0 2257 1.9596 . 2 998 16 66.6 2908.2 31.918 12. 63 17. 30 1638 •

2 20. .02<*13 2.0095 .2685 1922.6 3250.0 33.51.7 12.29 16.89 1662.

2<*0 . .0 2569 2.061*9 .21*31 2170.8 3583.6 31.. 998 11.97 16 .51 1687.
260. .02721* 2.1280 .2220 2<*12.0 3910.1 36. 305 11.71 16.17 1715.
2S0 . . 0 2878 2. 1 975 .20 39 261*7. <* 1*230. 1* 3 7. 1* 93 11.50 15. 69 171*3 .

300. .03039 2.2687 .1899 2861*. 7 1*536.1 38.526 11.13 15. 53 1760.
350. • 03<*2l» 2.1*553 . 1605 31*18 . 7 5 301.8 1*0.886 10.3 3 15. 1

3

1852.
<*00. . 038 05 2.61*66 • 1 39 0 3959.7 6052.6 1*2 . 893 10.69 11* . 92 1922.
<*50. .a<*185 2.81*01* .1228 1*1*93. 7 6795.2 1*1.. 61*3 10.63 11.. 61 1989.
500. .01*562 3.0359 .1100 5021*.

8

7531*.

0

1*6.199 10.59 11.. 71* 2055.
550 . .01*939 3.2322 • 0997 5553.

2

8269.

6

1.7.601 10. 58 11*. 70 2120.
600 . .05315 3.1*291* .0912 6 0 81 • 1 9001*.

1

1*9 . 8 78 10.57 11*. 68 2162 .

7 n n
r u u • . U OU D7 3 . 6259 .0 779 71 36 . 1* 10 1*7 1.9 51. 1 1*2 in nXU . DU 1 ** . 0 y ^ 0 U £ .

800. .06813 I*. 221*7 .0681 8196.3 1191.3.6 53.106 10.67 11*. 75 21*16.

900. .0 7562 i*.6252 . 0605 9265. 1 131*23.9 51*. 81*8 10.79 11*. 96 2521*.

1000. .08310 5.0272 .051*5 1031*6.1* 11.916.7 56.1*23 10 .91. 15.01 2627.
1200. .09805 5.831*9 .Oi*5i* 12562.5 17955.5 59.180 11. 31 15.38 2817.
1<>00. .11302 6.61*62 . 0 389 11*858.9 21071*.

8

61.588 11.73 15.81 2993.
1600. .12798 7.1*601 .031*1 17239.8 21*278.8 63.705 12.11* 16.22 3157.
1800. .11*2 95 8.2760 .0303 19701*.

7

27567.1 65.603 12.51 16.60 3313.
2000. .15793 9.0933 .0273 22253. 7 30939.9 67.1*1*6 12.90 16.99 31*61.

2200. . 1 72 92 9.9118 .021*8 21*8 eo. 0 31*390.8 69.762 13. 31 17. 1.2 3601.

21*00. .18795 10.7312 .0228 275 99.0 37936.

0

72.351 13.81 17.91. 3733.
2600. .20303 11.5513 .0210 301*33.0 1*1599.8 75.121 11.. 1.6 18.62 3858.
2800. .21821* 12.3721 .0195 331*17.7 1.51*20.8 77.933 15.30 19.51* 3975.
3000. .23361* 13.1933 .0182 36602.2 1*91*52.5 80.621* 16.1.0 20 .77 1*087.
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TftBLE 2

THERMOOYNftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

55.00 NPA ISOBAR

TEMPERATURE DENSITY

KG/CU H

V(OH/DV)„

KJ/KG

V(DP/DU)„ -V(OP/OV)_ «OV/OTI/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
* ' P CONDUCTIVITY

MPA-CU M/KJ
X 102

MPA 1/K

OIFFUSIVITY CONSTANT
H/K-M KG/M-S SO M/HR
X 10^ X tO^

NUMBER

26.6%6 9«».5778 1952.1 .22975 3(»'».1862 .00380 208.55 601.68 .00107 1.31i»3i» 2.1378
27. 1960.6 .228i.9 3<»2.5778 .00381 209.63 581.97 .00107 1.31388 2. 07i»2

26. 9<«.0S93 1933.8 .22505 338.0217 . 00385 212. 31 532.32 .0D106 1. 31257 1.9159
29. 93.7257 2005. (» .22183 333.'tl»76 .00339 21l».53 (>9a .m .00106 1.31125 1. 7632
30. 93.3597 202<».8 .21889 328.8612 . 00393 216.35 <>5(>.00 .00105 1.30992 1.6705
31. 92.9915 20<«3.6 .21600 32 It. 2632 . 00397 217.00 if22.79 . OOlOi* 1. 30859 1.5810
32. 92.6212 2061. (> .2132<» 319.67ifl . OO'tOl 217. 38 395.65 .aoliz 1.30725 1. 5u'»2

33. 92.2'»89 2077.5 .21065 315.081*1 217.52 371.90 .00101 1.30590 1.'.376

3k. 91.87«t6 2092.3 .20818 310.5035 . 00'»09 217. 51* 350.99 .00100 1. 3^1*55 1.3791*

35. 91. '•983 2107.1 .20561 305.9372 .00412 217. 38 332. i»7 .00096 1.3(3 319 1.3285
36. 91.1202 2120.3 .2035l» 301.3902 . 00<«16 217.07 315.99 .00097 1. 30183 1.2839

37. 90.7<>03 2132.7 .20137 296.8672 .001*20 216.63 301.26 .00096 1.330<*& 1.21* 1*7

38. 90.3586 21l»3.7 . 19931* 292.3729 . 001*23 216. 07 283. 03 .00095 1.299Q8 1.2097
39. 89.9752 2152.8 .19752 28 7.9117 . 00427 215.1*2 276.09 . 00 091* 1.29770 1.1781
HO. 89.5903 2161.2 .19578 283.'»879 . 001*31 211*. 69 265.29 . 0QC93 1. 29631 1.1'»99
i>2. 68.8157 2177.1 .19235 27<».7696 . 001*38 212. 95 21.6.52 .00091 1.29353 1.1033
1*1*. 88.0353 2193.1 .18887 266.21*99 .001*1*5 211.01 230.82 .00088 1.29073 1. 0669
<|6. 87.2<f98 2216.1 .18<t55 257.9587 .001*52 208.92 217.52 .00086 1.23791 1.01*19
ki. 66.if597 2235.2 .18071 2'»9.9233 .001*58 206.76 206.11* . 00081* 1.28508 1.0210
50. 85.6657 2253.1 .17705 21*2.1683 . 001*61* 201*. 51* 196. 31 .00082 1. 28221* 1. 001*2

52. 8<».8687 2270.1 .17353 23<*.7155 .001*70 202.30 187.73 .00080 1.2791*0 .9907

51*. 8<*.0695 2286.3 .17011 227.5835 .001*76 200.03 180.19 .00079 1. 27655 .9798
56. 83.2691 2303.1 .16683 220. 7875 .001*81 197.38 173.51 .00077 1. 27370 .97J 8

58. 82.1*687 2318.6 .16371* 211*. 3387 . 001*85 195. 73 167.55 .00076 1. 27085 .9629
60. 61.6692 2335.7 .16060 206.21*1*6 .001*39 193. 90 162.21 .00075 1.26801 .9553
65. 79.6560 21*06.1 . 15321* 197.1767 . 001*91 190.35 150.86 .00073 1.26088 .9372
70. 77.714.0 2«*78.i* . 11*1*61 165.6980 .001*91* 187.23 11*2.00 .00071 1.251*03 .9281
75. 75.8132 2565.5 .13565 175.6816 . 001*93 181*. 50 131*. 76 .00069 1. 21*735 .921*2

80. 73.9577 2656.1* .12670 165.9722 .001*93 182. 32 128.76 .00068 1.21*088 .9251*
85. 72.1689 2758.0 .11810 157.31*62 . 001*92 183.52 123.66 .00067 1.231*60 .911*5

90. 70.1*197 2865.1* .11000 11*9.1*223 .001*90 181*. 76 119.28 .00067 1.22851 .9072

95. 68.7183 2982.1 .10252 11*2.5027 . 001*37 186. 10 115.1*8 .00067 1.22261 .9010
100. 67.0733 3101*.

5

.09576 136.1*020 .001*32 187.61* 112.18 .00067 1. 21691 .8951
110. 63.950<> 3382.0 .08382 126.5290 .001*69 192.11* 93.1*7 . 00068 1.20616 .7723
120. 61.0551 362i».0 .07538 117.6980 . 001*58 193.60 92.51 .00069 1. 19625 .7938
130. 58.359<» 3851*.

9

.06906 110.9705 .001*1*6 199. 32 91.98 . 00D72 1. 13706 .7927
11*0. 55.8551* i*07i*.l .061*31* 105.1*773 .001*31 205.68 91. 71* .00076 1.17858 .7829
160. 51.1*027 1*1*52.2 . 05833 97.1866 . 001*00 215. 75 91.31 .00085 1.16359 .7585
160. 1*7.581*9 1*757.1 .05520 91.2726 .00371 221.17 92.1*8 .00095 1. 15081* .7387
200. <i(».2982 5011.1 .05357 86.8068 . 00 31*5 223. 35 93.63 .00105 1.13991* .7251*
220. 1*1.1*370 5238.2 .05271 83.2638 . 00322 221*. 02 95.20 .00115 1. 13051 .7178

2<>0. 38.9296 51*5 7.9 .05215 30.3801) .00302 221*. 1*3 97. 11 .00126 1. 12229 .711*3
260. 36.7130 5692.8 .05161* 76.121*1* .00281* 225.25 99.29 .30137 1.11506 .7129
280. 3i>.7i*<*2 591*7.8 .0 5105 76.31*39 . 00267 226. 32 101.69 . 0Cli*8 1. 10866 .7122
300. 32.9061 6101*.

8

.05188 71*. 651*0 . 00251* 229,20 101*. 25 .00161 1. 10272 .7065
350. 29.2081* 6761*.

3

. 05071 71. 711*6 . 00221* 238. 1*0 111. 17 .0C19'* 1. 09082 .7057
HOO. 26.2791* 71*61*.

3

.01*91*9 69.5512 . 00200 250.97 118.50 .00230 1, 0811*6 .701*5

1*50. 23.8972 8183.1 .01*331* 67, 3786 . 00181 265. 51 126.01 .00270 1, 07388 .7028
500. 21.9189 8916.3 .01*738 66.51*09 . 00165 281. 08 133.57 .00313 1. 06762 .7001*
550. 20.21*77 9651.0 .01*655 65.1*1*1*1* . 00152 297. 17 11*1. 12 .00359 1, 06236 .6980
600. 16.8162 10390.2 . 01*583 61*. 5288 . 0011*1 313.1*9 11*8.61 .001*09 1, 05786 .6959

700. 16.i>89<> 11839.1 .01*1*59 63.0873 . 00121* 31*6, 1*7 163. 35 .00515 1, 05058 ,6925
800. 1«*.6771 131*28.6 .01*31*8 62. 0060 . 00110 379, 80 177.72 .00632 1, 01*1*93 ,6903
900. 13.221*6 15021.2 .01*21*2 61.1673 . 00099 1*13.61* 191. 72 .00758 1, 01*01*2 ,6888
1000. 12.031*3 1667 1*.

3

.01*138 60.1*995 . 00090 1*1*8. 10 205,36 .00893 1, 03671* .6879
1200. 10.1981* 20161.8 .03937 59.5066 .00076 511,13 231.71 .01173 1, 03107 ,6972
11*00. 8. 8<»63 23880 .8 .03751 58.8073 . 00066 583, 31 256.97 . 01501 1. 02692 ,6961*
1600. 7.8136 2771*0.2 .03593 53.2902 . 00058 655, 32 281.26 .01861 1. 02371* ,6962
1800. 6.9953 31701.1* . 031*63 57. 8931 . 00052 726.85 301*. 69 . 02253 1, 02121* .6959
2000. 6.3319 35830.1* .0331*3 57.5781 . 0001*7 300.26 327.30 .02678 1. 01921 .691*8
2200. 5.7329 1*0203.5 .03225 57.3195 . 0001*3 878, 89 31*1*. 88 .0311*1 1, 01753 .6835

21*00.

2600.
280O.
3000.

5.3207 1*1*988.5 .03096 57.0975
I*. 9253 50395.5 .02953 56.8939
I*. 5622 56721.9 .02786 56.6907
i>.2801 61*306.6 .02598 56.1*680

.0001*0 968.58 366.20 .03653 1. 01612 .6783

.00037 1077,81* 387,06 .01*230 1.011*92 .6636

.00031* 1217,60 1*07.55 .01*895 1. 01387 .651*1
,00032 11*00. 61 1*27,81 .05673 1, 01296 .63i*3
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TftBLE 2

THERNODYNflMIC PROPERTIES OF PftRAHYDROGEN tISOSflRS, SI UNITS)

60.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K K J/KG K J/KG -K KJ / KG-K M/S

27.559 .010<t& 3.8220 1 . 331* -2 32.

1

395.6 5.911 6. C 9 7. 1*9 2169

,

28. . 0 10 46 3.30 71* 1. 333 -229.

8

398.9 6.031 6.13 7.56 2167.
29. .01052 3 .771*1 1.329 -2 21*. 1* 1*06. 5 6.299 6.23 7.73 2161*.
30. .01056 3.71*01* 1. 321* -219.

0

1*11*. 3 6.561* 6.31 7.83 2161

.

31. .01060 3.70 63 1.319 -213.1* 1*22.3 6.321* 6.1*0 3.03 2157.
32. .aio&i« 3.6720 1. 313 -2 07.7 1*30.1* 7. 032 6.1*3 8. 18 2153.
33. .010 66 3.6371* 1.306 -2 01.9 1*38. 6 7.336 6.55 8 .32 211*9,

3'». .01072 3.6026 1.30 0 -196.

0

1*1*7. 0 7. 5 86 6 . 63 8 . 1*6 211*1*.

35. .01076 3.5677 1.293 -190 .

0

1*55.6 7.833 6.69 8.59 2 11*0 .

36. .01080 3.5 327 1.285 -183.9 1*61* . 2 8.0 77 6. 76 8. 72 2135.
37. .010 81* 3.1*975 1. 278 -177.

6

1*73 .0 8.318 6.82 8.85 2131

.

38. .01089 3. 1*525 1.270 -171 .

3

1*31.9 8.555 6.97 8.97 2126.
39. . 01093 3 .1*271* 1 . 261 -161*. 9 1*90. 9 8.790 6.92 9.08 2121

.

itO . .01098 3. 3921* 1 . 253 -158. 1* 500.1 9. 0 21 6.96 9. 19 2116.
kZ, .01107 3. 3228 1.236 -11*5.2 518.7 9.1*75 7.03 9.1*1 2106.
1*1*. .01116 3.251*1 1. 217 -131.

7

537.7 9.918 7.13 9.63 2096.
l*fi. .01125 3.1861* 1. 199 -118.1* 556.7 10.339 7.25 9.33 2083 .

(»8. .01135 3.1202 1.180 -1 01*. 2 576.7 10.761* 7.35 10.10 2071.
50 . . Oil '5 3.0 557 1. 160 -89. 7 597.

1

11.181 7 . 1*1* 10.32 2059.
52. .01155 2.9932 1.11*0 -71*.

8

618.0 11.590 7. 52 10. 53 201*7.

Sk. .01165 2.9329 1. 119 -59. 7 639.2 11.991 7.60 10.73 2035.

56. .01175 2.8751 1.099 -1*1*. 1 661.1 12. 390 7.08 10.92 2023.
58. . 01186 2. 8199 1. 078 -23. I* 683.2 12. 776 7.71* 11.10 2011.
60 . .01197 2. 7676 1.057 -12. 6 705. 5 13.156 7.31 11.27 1999.
65. .01225 2.61*98 1.001* 28.1 763.0 11*. 075 7.99 11.70 1970.
70. .01251* 2.5870 .9585 70.1* 823.0 11*. 961* 3. 21 12.12 1951*.

75. , 012 81* 2.50 83 . 9089 111*. 1* 881*. 8 15. 816 8. 1*3 12.56 1927 .

80. .01311* 2.1*1*71* . 8616 160.2 91*8.7 16.61*1 8. 80 12. 99 1901.
85. . 0131*5 2. 3 781* . 8168 207.9 1 0 11*. 7 17.1*1*2 9.15 13. 1*6 1871

.

90

.

.013 76 2. 32 01* • 7751 257.6 1083.3 18.225 9.52 13.91* 181*3

.

95. . 011*06 2.2690 . 7361 309. 3 1151*.

1

18.991 9.92 11*. 1*1 1816.

100 • . Oil* 1*0 2.2209 .6991* 363 .

1

1227.3 19. 71*3 10.31 11* • 8 3 1790 .

110. . 01507 2.11*97 .6333 1*78.3 1 332.

2

21.217 11 . 15 15 . S 1 171*6.

120 . ,01571* 2. 1021 .5771 599.1* 1 51*3 . 8 22.6 23 11.31 16.52 1715.
130. .0161*3 2.061*2 .5298 726.1* 1712.0 23.968 12. 31* 17.11 1692.
li»0. .01712 2.01*11 .1*886 857.6 1835.0 25.250 12.71 17.51 1677.
160 . . 01651* 2.0 338 . 1*201 1126.

7

2238.9 27.613 13.01* 17.81 1667 .

180. . 01996 2.0 523 . 3663 1396.1* 2593 .

8

29 .7 01* 12 .96 17.66 1672.
200. .02138 2.0 865 . 321*9 16 60.

7

291*3. 5 31 .51*5 12.69 17,31 1687.
220 • .02230 2. 1322 . 2912 1917.

2

3285. 1* 33. 1 75 12.35 16.90 1708.
2<f 0 • • 021*22 2.1830 .2638 2165 .

9

3 619.2 3 1* • 627 12.03 16, 52 1731.

260. . 0 25 6<* 2. 2 398 .21*11 21*07. 7 391*6. 0 35.936 11 .76 16 . 1

9

1 756 .

280. .02705 2. 30 1*3 .2218 261*3. 8 1*2 66 . 9 37. 1 25 11.55 15,92 1783.
300 . .02652 2. 3 71*6 . 2067 2861.0 1*572.3 33. 1 56 11.16 15.55 1819.
350, .03205 2.5561* .171*7 31*16.2 5339.

0

1*0.519 10.86 15.16 1888.
<«oa. .03551* 2.71*1.1 .1511* 3958.3 6090.9 1*2.529 10.72 11*. 91* 1956.
<f 50 . . 0 39 02 2.9 351 .13 3 7 1*1* 93 .

1

6 8 31*. 2 1*1*. 2 81 10.65 11*. 8

2

20 21.
500 . . 0 1*21*8 3.1230 .1197 50 25.0 7 573 . 7 1*5. 8 38 10.61 11*. 75 20 85.
550 . . 0 1*593 3 . 3222 .10 85 5551*. 1 8309.7 1*7 .21*1 10.60 11*. 71 2 1 1*7 .

600. .01*937 3.5175 . 0992 6 0 82.5 901*1*.

6

1*8.519 10.59 11*. 59 2208.
700. .0 5621* 3.9107 .081*8 7138.7 10512.9 50.781* 10.62 11*. 69 2326.

800. .06309 1*. 3066 .071*1 8199.3 11981*.

9

52.71*8 10.69 11*. 75 21*38.
900. .06995 1*. 701*6 . 0659 9268.6 131*65.1* 51*. 1*90 10.30 11*. 86 251*1*.

1000. .07680 5.101*5 .0593 10350.1* 11*958.2 56.065 10 .95 15.01 261*5.
1200. .09050 5.9085 . 01*91* 12567.1 17997.0 58.822 11. 32 15.38 2831*.
1<»0 0. .101*20 6.7169 .01*21* 11*863,9 21116.1 61.230 11.71* 15. 81 3007.
1600. .11791 7.5281* .0371 1 721*5.1 21*319.9 63.31*6 12.15 16.22 3171.
1600. .13163 8.31*23 . 0330 19710.2 27603.0 65.21*5 12.52 16.50 3325.
2000. .11*535 9.1580 .0297 22259.2 30930.3 67.087 12.90 16.93 31*72.

2200. .15909 9.9751 . 0 271 21*881*. 8 31*1*30.2 69.1*01* 13. 31 17.1*1 3612.
2<«00. .172 86 10.7933 .021*8 27601.9 37973.2 71.991 13.81 17.92 371*3.

2600. .18668 11.6121* .0229 301*31.5 1*1632.2 71*. 759 11*. 1*3 18.59 3868.
2600. .20060 12.1*322 .0213 331*07.7 1*51*1*1*.

0

77.567 15.25 19. 1*8 3985.
3000. .211*71 13.2526 .0199 36577.3 1*91*59. 7 80.253 16. 31 20.66 1*096.
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TftBLE 2

THERMOOYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

60.00 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(DH/DV)p V(DP/OUIy -V(OP/OV)^

KJ/KG MPA-CU M/KJ MPA
X 102

«OV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
" CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M
X 10^

KG/M-S
X 10^

SO M/HR

27.559 95.5951 2051.

5

.22930 365.3665 . 00365 217. 73 636.02 .00109 1. 31803 2.1885
26. 95.'»i»0S 2062.7 .22776 363.3861 . 00367 218.92 61J.i*i* .00109 1.3171*7 2.1091.
29. 95.0898 2087.0 .22i»'tl 358.8802 . 00370 221. 30 558. 99 . OCIO 8 1.31620 1.9517
30. 9«».7368 2109.1 .2213i» 35<».3538 . 00371* 223.25 515 . 11* .00108 1.311*92 1.8162
31. 9i>.3S19 2130.6 .2ie3<« 3i»9. 8125 .00377 223. 98 1*77, i«8 .00106 1. 31 363 1. 7119
32. 9'».a253 2150.9 .215<«7 31*5.2615 . 00 380 221*. 1*3 1*1*1*. 87 .00105 1.31233 1.6210
33. 93.6670 2169.6 .21279 3i»0. 7062 . 00383 221*. 61* 1*16.1*7 . OClQi* 1.31101* 1.51*23
3'». 93.3070 2187.2 .21023 336. 1516 .00387 221*. 71 391.56 .00103 1. 30973 1.1*736
35. 92.9'»55 2203.8 .20779 331. 6027 .00390 221*. 60 369.60 .00101 1. 3081*2 1.1*137

36. 92.582(> 2219.3 . 205if5 327.061*2 .00393 221*. 33 350.12 .00100 1. 30711 1. 3612
37. 92.2179 2233.8 .20321 322.51*06 .00396 223. 92 332.77 .00099 1.30579 1.311*9

38. 91.8519 221*6.8 .20113 318.0367 . 00399 223. 39 317.25 .00098 1.301.1.7 1.2738
39. 91.i*8<*5 2257.8 .19926 313.5566 .001*02 222.76 303.29 .00097 1. 30 311. 1.2367
<*0. 91.1158 2268.0 .1971*7 309. 101*6 . 001*05 222. 01* 2 90.69 .00095 1.30181 1.2036
kZ. 90.371*6 2287.1* .19396 300.3011 . 001*11 220.32 268. 91 .00093 1. 29911. 1. 11.87
<«<>. 89.6286 2306.6 . 1901*2 291. 65 75 .001*17 218.38 250.78 .00091 1.2961.5 1. 1C57
1*6. 88.8782 2333.1 .18605 283.2026 .001*23 216.29 235.52 .00089 1.29375 1.0751.
(»6. 38.1239 2355.3 .18217 271*. 9631* . 001*29 211*. 10 222. 53 .00087 1. 29105 1. 0501
SO. 87.3663 2375.9 .1781*8 266.961*2 .001*31* 211.86 211.35 .00085 1.28833 1.3297
52. 86.6059 2395.3 .171*91* 259.2269 . 001*1*0 209.60 201.66 .00083 1.28560 1.0132
51*. 85.81*31* 21*11*.

1

. 17152 251 . 7707 .001*1*5 207.31. 193.17 .00081 1.23288 l.OOCO

56. 85.0795 21.32.1 .16821. 21*1*. 6121 . 001*1*9 205. 10 185. 69 .00079 1. 28015 .9890
58. 81.. 3151 21.1*8.

9

.16515 237.761*2 .001*53 202.91 179.01. .00078 1. 2771.2 .9796
60. 83.5509 21.67.1 . 16202 231.2368 .001*57 201. 01* 173.11 .00077 1.271*70 .9708
65. 81.61*60 2521.1* .15386 216.351.0 .001*61* 197.50 160.71 . 00071. 1.26791. .9520
70. 79.7271* 2609.0 .11*637 206.2571. . 0Q1.65 191*. 06 153.75 .00072 1, 26111* .91*18
75. 77.8890 2699.0 .13753 195.3693 .001*65 191.18 11*2.87 .00070 1. 251*65 .9383
80. 76.0998 2807.6 .12868 186.21.51* . 001.63 188. 85 136. 37 .00069 1. 21*835 .9379
S5. 71*. 3631 2911*. 1. .12007 176.861*1* .001.62 190.03 130 .91 .30068 1.21*226 .9272
90. 72.6669 3032.0 .11199 168.6176 . 001*60 191.23 126.21 .00068 1. 23631* .9199
95. 71.0221 3155.6 . 101*51 161.11*71* . 001*57 192.55 122. 16 .00068 1.23060 .911.1*

100. 69.1*259 3280.8 . 09769 15i*.1877 . 00l»5i» 191*. 05 113.62 .00068 1.22506 .9097
110. 66.3788 3562.7 .08553 11*2.6935 .001*1*1* 197.28 95.99 .00066 1.211*52 .7693
120. 63.5332 3821*.

0

.07689 133.5510 . 001*32 198. 50 95.18 .00066 1. 20 1*73 .7923
130. 60.8789 1*057.2 .07055 125.6663 . 001*22 20i*.62 91*.

7-
.00071 1.19565 .7923

11*0. 58.1*025 1*272.0 .06583 119.201*1 .001*10 211.66 91*. 60 .00075 1. 18721 .7826
160. 53.91*90 1*65 0.9 .05973 109.7236 .00333 223.19 91*. 72 . 00081* 1.17215 .7557
180. 50.1062 1*952.2 .0561*7 102.8327 . 00 357 229.61* 95. 32 .00093 1.15925 .7332
200. 1*6.770 7 5200.3 .0 51*75 97.5868 . 00333 232. 23 96.31* .00103 1.11*813 .7182
220. 1*3.8538 51*25.1* .05378 93.5038 .00311 232.79 97. 75 .00113 1. 1381*7 .7096
21*0. l>1.28<*3 561*1.9 .05311* 90. 121*1 .00293 232. 73 99.1.8 .00123 1.13001 .7060

260. 39.0033 5867.3 .05258 87.3592 . 00276 232. 91 101. 1*9 .00133 1. 12253 .7056
280. 36.9667 6111*.

0

.05197 85.1829 .00260 233.75 103.73 .0011*3 1.11539 .7065
300. 35.0602 6263.9 .05283 83.251*1 . 0021*8 235. 1*2 106.11* .00155 1. lu 969 .7013
350. 31.20<.l 6920.1 .05153 79.7700 . 00219 21.3. 06 112.73 .00185 1.09723 .7029
1*00. 28.131.6 7618.7 .05020 77.2052 .00196 251*. 1*8 _19,- £" .09218 1.08738 .7033
1.50. 25.6289 831*2.0 .01*896 75.2225 .00178 268. 19 127. It .0C251. 1.07933 .7026
500. 23.51*11* 9069.9 .01*793 73.63 66 .00163 283.18 131*. 53 . 00291* 1. 07276 .7007
550. 21.7735 9601*. (* . 01*703 72.3365 .00150 298.81. 11.1.95 .00336 1. 06717 .6986
600. 20.2558 1051*3.3 .01*626 71.2505 ,00139 311.. 85 11.9.31. .00381 1.06238 .6966
700. 17.7820 1201*1.8 .01*1*91* 69.5398 .00122 31.7. 1.2 163.93 . OCi.79 1. 051.62 .6933

800. 15.81*93 13531.0 .01*377 68.2560 . 00109 380.51 173. 19 .00586 1. 01.858 .6909
900. 11*. 2966 15173.2 .01*267 67.2599 . 00093 1.11.. 19 192.11 .00702 1.01.375 .6893

1000. 13.0213 16826.3 .01*159 66.1*668 .00089 1.1*8.51* 205.70 .00826 1.03979 . 6663
1203. 11.01*99 20311*. 1* .03953 65. 2883 . 00076 511.13 231.97 .01083 1. 03369 .6980
I<t00. 9.5966 21.031..

7

.03763 61*. 1*590 .00066 583.31 257.17 .01381* 1.02922 .6970
1600. 8.1*8 0 7 27895.1 . 03601* 63. 81*66 . C0358 655.31 281.1.2 .01715 1.02579 .6966
1800. 7.5971 31856.1. .031*72 63.3771 . 00052 726. 81 301*. 83 .02075 1. 02308 .6962
2000. 6.8798 35983.1 .03351 63.0051* . 0001*7 800.08 327.1*2 .021.65 1 . 02 066 . 6951
2200. 6.2 35 8 1.0352.9 .03233 62. 7012 . 0001*3 878. 31* 31*1*. 88 .02389 1.01907 .6836
2<*00. 5.7852 1*5111.9 .03106 62.1*1.11* . 0001*0 967.17 366.20 .03358 1. 01751. .6767

2600.
2800.
3000.

5.3568
1*. 981.9

'*.6575

501*75.7
56721*.!*

61*183.0

.02961*

.02800

.02615

62.2057
61.9736
61. 721*1*

. 00037
,00031*

.00032

1071*. 71
1211. 1.1.

1389.57

387.06
1.07.51.

1*27.78

.03885

. 31.1.91

.05198

1. 01623
1. 01510
1. 011.10

.6696

.6551.

.6362

• THO-PHASE BOUNDARY
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TRBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN (ISOBARS. SI UNITS)

65.00 MPA ISOBAR

TCUDCDA TllDC um 1 1M cvuLunc T CrtT LICD M T UTC D klA 1i N 1 LK NAL t N 1 MA L "T C V CP VELOCITY
OERIVATII/E DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG -K KJ / KG-K M/S

28.i»if9 .01036 It. 0022 1. 362 -224.0 449.1 5.964 6.16 7.57 2218.
29. .01038 3.98i»6 1.359 -2 21.1 453.3 6.110 6.21 7.66 2217.
30. .010<>1 3.952<« 1.355 -215.8 461.0 6.372 6.30 7.81 2213.
31. .010<i5 3.9197 1.3I»9 -210.4 468.9 6.631 6.39 7.96 2210.
32. .010<»9 3.8867 -204.8 476. 9 6.866 6.47 6.10 2206.
33. .01053 3.853i> 1.337 -199.1 485.1 7.137 6.55 6.24 2203.
3i». .01056 3.8198 1.330 -193.3 493.4 7.3 85 6.62 8.38 2199.
3S. . 01060 3.7360 1. 323 -187.4 5 01.9 7. 6 30 6.69 6.51 2195 .

36. .0106i» 3.7520 1.316 -181.4 510 .4 7.872 6.75 8.64 2190.
37. .01068 3.7179 1. 309 -175.3 519.1 8. 110 6.62 8.76 2186.
38. .01072 3.6836 1.301 -169.1 528.0 8.3 45 6.87 6.68 2182.

39. .01076 3.6'»9i» 1.293 -162.8 536. 9 8.577 6.92 8.99 2177.
i>0. .01081 3.6151 1.28<» -156.4 545.9 8.806 6.97 9.10 2173.
<t2. .01089 3. 51*68 1.267 -143.5 564. 3 9.255 7.06 9.31 2163.
1*1*. .01098 3.i«788 1.2<.9 -130.2 583.2 9.693 7.14 9.52 2153.
1*6, .01106 3.'»117 1. 231 -117.2 601.9 10.110 7.26 9.76 2142.
<»8. .01115 3.3<»56 1.212 -1 03.2 621.7 10.530 7.36 9.99 2130.
5 0. .01124 3*2609 11193 — 00.7 10.942 7 1.

1

1 • HO •in 9 fl1 U • & U 2118 c

52. .0113i» 3.2177 1. 17i» -74.4 662.5 11.346 7.55 10.41 2106.
51*. .011(«3 3.156<» 1.15<. -59.5 683.5 11.743 7.63 1C.61 2095.
56. .01153 3.0971 1. 13<» -44.1 705. 2 12.137 7.71 10.79 2063.

58. .01162 S.O'tOl 1.113 -28.7 726.9 12.519 7.76 10. 97 2071.
60. .01172 2.9855 1.093 -13.1 749.0 12.894 7.85 11.15 2059.
65. .01198 2.8605 1.0<»1 27.1 805.8 13.803 8.04 11.58 2029.
70. .01225 2.7527 .9896 68.8 864.8 14.676 8.27 12.00 1999.
75. .01253 2.698i> .9«f79 112.2 926.7 15.530 6.54 12. 46 1964.
80. .01281 2.6250 .9006 157.5 990.1 16.348 8.96 12.91 1956.

n 4 t no 2.5726 . 8561 204.8 10 55.8 17.1 45 9.21 1 3 • 3 6 19 32.
90. .01338 2.5105 .81<»1 254.1 1123.6 17.923 9.59 13.84 1904.
95. .01367 2.<»55a .771*9 305.5 1194.2 18.684 9.98 14.33 1877.

100. .01397 2.<t087 .7382 359.0 1267.1 19.431 10.38 14.79 1853.

110. .01<fS8 2.3293 .6709 473.8 1421.2 20.898 11.22 15.74 1807.
120. .01519 2.2696 .6121 594.6 1582.1 22.298 11.89 16.46 1773.
130. .01582 2.2233 .5625 721.2 1749.5 23.637 12.41 17. C4 1747.
1<>0. .ai6<>6 2.1952 .5201* 852.2 1921.9 24.915 12.78 17.45 1732.
160. .01775 2.175I* .'*500 1121.1 2275.1 27.273 13.10 17.79 1719.
180. .01906 2.1875 .3937 1391.0 2630.1 29.364 13.02 17.66 1722.
200. .02037 2.2138 . 3'*93 1655.

7

2979.6 31.204 12.75 17.32 1734.
220. .02168 2.25<»6 . 3134 1912.7 3321.6 32.834 12.40 16.91 1753.
21*0. .02298 2.3018 .28'*1 2161.6 3655.6 34.286 12.08 16.52 1774.
260. .02<>28 2.3531 .2597 2404.1 3982.5 35.596 11.61 16.20 1797.

280. .02558 2.(*115 .2392 2640.

8

4303.7 36.787 11.60 15. 94 1621.
300. .0269<» 2.i»eii» .2234 2657.8 4608.9 37.616 11.20 15.57 1656.
350. .03019 2.6533 .1888 3414.1 5376.6 40.182 10.89 15.17 1924.
<»00. .033<»2 2.8'*23 .1636 3957.2 6129.3 42.194 10.75 14.95 1989.
<»50. .03662 3.0302 .1445 4492.9 6873.4 43.946 10.66 14. 84 2052.
500. .03981 3.2205 .1291* 5025.5 7613.4 45.506 10.64 14.76 2114.
550 . .0^*300 3.lfl25 • 1 173 5555.3 8 350.0 46.911 10 . 62 14. 72 21 75 .

600. .0'»617 3.6053 .1073 6 0 84.2 9085.2 46.189 10.61 14.69 2234.
700. .05250 3.9951* .0917 7141.4 10554.0 50.454 10.63 14.70 2350.
800. .05883 l>.3882 . 0601 8202.6 12026.2 52.419 10.70 14. 76 2460.

900. .0651<« <t.7836 .0712 92 72.4 13506.8 54.161 10.81 14. 86 2564.
1000. .071<»6 5.1811 .061*1 10354.7 14999.6 55.737 10.96 15. 01 2664.
1200. .08(»10 5.9812 .0534 12572.0 18036.3 56.493 11.33 15.38 2850.
1<>00. .0967(> 6, 7861* .0458 14869.

3

21157.3 60.901 11.75 15. 81 3022.
160O. .10939 7.5953 .0402 17250.8 24360.9 63.017 12.16 16.22 3183.
1800. .1220<» 8.'»D71 . 0357 19716.2 27648.8 64.916 12.53 16.60
2000. .13<.70 9.2210 .0 322 22 265.1 31020.6 66.756 12.91 16.96 346o .

2200. .l'»737 10.0365 .0293 2489C.

3

34469.6 69.074 13.31 17. !.0 3622.
2'«00. .16008 10.853i» .0268 27605.6 38010.

5

71.660 13.80 17.91 3753.
2600. .172 83 11.6713 .0248 30431.5 41665.3 74.426 14.41 18.56 3877.

2600. .18567 12. '•901 .0230 33400.2 45469.0 77.232 15.21 19.43 3994.
3000. .19867 13.3096 .0215 36556.7 49470.

5

79.913 16.24 20. 57 41G6.

• THO-PHASE BOIWDARY
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TftBLE 2

THERMOOVNAMIC PROPERTIES OF

65.00 HPA ISOBAR

HPERATURE DENSITY VCOH/OVJp V(DP/DU)y -V(OP/OV)^

K KG/CU H KJ/KG MPA-CU M/KJ MPA
X 102

28.<>'t9 96.5666 2149.1 .22897 386.480 8

29. 96.3788 2163.7 .22708 384.0341
30. 96.0369 2188.; .22388 379.5738
31. 95.693<« 2212.6 .22076 375.0909
32. 95.3(»85 2235.6 .21778 370.5907
33. 95.0022 2256.7 .21500 366.0785
34. 9<».65i»5 2276.7 . 21235 361. 5592
35. 9'».3056 2295 .5 .20982 357. 0376
36. 93.9554 2313.4 .20740 352.5185
37. 93.60'»0 2330.0 .20509 348. 0064
38. 93.2515 2345.1 .20294 343.5058

39. 92.8979 2358 .1 .20101 339.0208
kO. 92.5432 2370.1 .19918 334.5557
<>2. 91.8306 2393.1 .19557 325.7010
1*1*. 91.1142 2415.6 .19196 316.9722
i*b. 90.3942 2445.9 .18751 308.3978
i*a. 89.6710 2471.3 .18358 300.0041
50. 88.945 0 2494.9 . 17985 291. 8155
52. 88.2165 2517.0 .17629 283.8540
5if. 87.4362 2538.2 .17285 276.1393
56. 86.7546 2558.4 .16955 2b8c»68B7

58. 86.0223 2577.0 . 16646 261. 5165
60. 85.2899 2596.8 .16333 254.6345
65. 83.4637 2654.4 .15517 238.7487
70. 81.6539 2726.7 .14655 224.7719
75. 79.8094 2831.2 .13906 215.3549
80. 78.0755 2938.8 .13021 204. 9503
85. 76. 3829 3067.0 .12167 196. 50 34
90. 74.7374 3190.

4

.11359 187.6264
95. 73.1402 3319.5 .10614 179.5626

100. 71.5815 3455.3 .09936 172.4154

110. 68.6093 3749.3 . 08712 159.8138
120. 65.8245 4017.1 .07823 149.3972
130. 63.2125 4256.2 . 07173 140. 5410
I(f0. 60.7642 4473.6 .06704 133.3902
160. 56.3265 4845.1 .06099 122.5338
180. 52.4598 5146.9 .05763 114. 7553
2 QO

.

49. 0 968 5388.9 .05582 108 . 6924
220. 46.1349 5610.8 .05477 104.0147
2<»0. 43.5148 5825.6 . 05405 100. 1616
260. 41.1807 6045.4 .05341 96.9032

280. 39.0881 6282.9 .05277 94.2613
300. 37.1199 6422.2 .05375 92.1109
350. 33.1220 7075.3 .05233 88.0478
•*ao. 29.9249 7772.7 .05089 85. 0545
<»50. 27.3054 8495.

7

.04956 82. 7398
500. 25.1167 9223.4 .04845 80.8880
550. 23.2585 9957.

7

.04750 79.3692
600. 21.6597 10 69 6.6 .04668 78.1000
700. 19.0469 12194.6 .04528 76.0993
800. 16.9995 13733.4 .04405 74.5967

900. 15.3506 15325.3 . 04290 73.4304
1000. 13.9936 16978.4 .04179 72.5016
120Q. 11.8910 20466.9 .03968 71.1217
li»00. 10.3 371 24188.1 .03775 70.1517
1600. 9.1420 28049.4 .03613 69.4362
1800. 8.1941 32010.6 .03479 68.8884
2000. 7.4239 36135.2 .03358 68.4555
2200. 6.7854 40497.5 .03239 68.1022
2<»00. 6.2471 4523 7.9 .03114 67. 8020
2600. 5.7861 5C563.6 . 02973 67.5319

2800. 5.3858 56743.8 .02812 67.2696
3000 . 5.0333 64091.2 .0 26 31 66. 9921

;
• THO-PHASE BOUNDARY

PARAHYOROSEN (ISOBARS, SI UMIT3)

<0V/OT>/V THERMAL VISCOSITY THEi^HflL DIELECTRIC PRANOTL
P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

1 /K H/K-M KG/M-S SQ 1/HR
X 10^ X 10^

. 00 352 226. 54 671. 06 .00112 1. 32157 2. 2429

.00354 227. 87 637. 85 .00111 1.32069 2.1438

. 00357 229. 95 584. 75 .OCllO 1. 31964 1.9860

. 00360 230.77 539.38 .00109 1.31839 1.8602

. 00362 231. 29 500.29 .00106 1. 31-714 1.7529

.00365 231.55 466. 38 .00106 1.31598 1.6632

. 00368 231.67 436. 78 .00105 1.31462 1.5795

.00371 231.60 410 . 78 .00104 1.31335 1.5092

. 03373 231. 36 387. 81 .00103 1. 31208 1.4477

.00376 230.98 367.42 .00101 1.31081 1.3936

. 00379 230. 47 349.23 .00100 1. 30953 1 .3455

.00381 229. 85 332. 94 .00099 1. 30825 1.3023

.00364 229.15 318,27 .00096 1. 33697 1. 2637

. 00389 227. 43 293.03 .00096 1. 30 439 1.1995

. 00394 225. 49 272.14 .00094 1.30180 1. 1491

. 0 0399 223. 39 254.64 .00031 1.29921 1.1130

.00404 221. 18 239. 82 .00069 1.29660 1. 0628

. 00409 218. 91 227.13 .00087 1.29399 1.0533

. 00413 216. 62 216. 17 .00065 1. 29138 1.0385

.00418 214. 32 206.62 .00063 1.2S876 1. 0224

.00422 212. 04 198.24 .00062 1.28614 1.0092

.00426 209.80 190.83 .00060 1. 28352 .9979

. 00429 20 7. 89 184. 23 .00079 1.28090 .9877

.00436 204. 26 170.54 .30076 1.27439 .9665

.00440 200. 86 159.83 .00074 1.26796 .9552

. 00440 197. 60 150. 94 .00072 1.26143 .9519

.00439 195. 13 143.92 .00070 1. 25531 .9525

. 00436 196.26 138.02 .00069 1.24935 .9397

. 00434 19 7. 42 1 33 . 01 . 00 069 1. 24358 .9326

. 00432 198. 71 126.69 .00066 1.23799 .9278

.00428 200. 15 124.90 .00068 1. 23255 .9232

.00420 201. 99 96.28 .00067 1.22223 .7658

. 00410 20 3. 00 97.63 .00067 1. 21261 .7916

.00400 209. 55 97. 35 .30070 1.20363 . 791 4

. 00390 217. 33 97. 29 .00074 1.19525 .7813

. 00367 230. 50 97.50 .00 06 3 1.18017 .7525

.00343 238.23 98.06 .00093 1. 16714 . 72 70

. 00321 241. 47 99. 01 .00102 1.15588 .7101

.00301 242. 09 100.23 .00112 1.14602 . 70 03

.00284 241. 68 101. 86 . 0D121 1.13736 . 6964

. 00268 241.26 103.72 .00130 1. 12967 .6966

. 00254 241. 39 105.79 .00139 1. 12281 .6998

. 00243 242. 32 108.06 .00151 1.11639 .6946

. 00214 248 . 28 114. 33 .00178 1. 10 341 .6968

.00192 258.41 121.15 .00206 1. 09312 .7011

. 00175 271. 20 128. 27 .00241 1. 09 473 .7017

.00 160 285. 52 135.52 .00277 1. 07776 .7005

. 00148 300.70 142.82 . 00316 1.07186 .6989

.00137 316. 36 150.11 .00356 1.06681 .6971

. 00121 348. 47 164. 54 . 0 : 448 1. 05858 .6939

.00107 381.28 178.69 .00547 1. 05217 .6915

.00097 414. 78 192.52 .00654 1.04703 .6899

.00088 449. 01 206.05 .00770 1. 04281 .6888

.00075 511.13 232.23 .01006 1. 03629 .6938

.00065 583. 31 257.38 .01285 1.C3150 .6975

. 00058 655. 31 261.60 .01591 1.02782 .6970

. 00052 726.77 3C4.97 .01924 1.02491 .6965

.00047 799.93 327. 54 .02284 1. 02255 .6953

. 00043 877. 86 344. 68 .02676 1.02060 .6837

.00040 965.93 366. 20 .33108 1. 01895 .6790

.00037 1071.95 387.05 .03593 1.01754 .6732

. 00034 1206. 00 407.53 .04149 1. 01632 .6565

.00032 1379. 81 427.75 .04797 1.01525 .6378
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

70.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
OERIVATII/E

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CO VELOCITY
OF SOUND

K P 1 1 Mo HPA / V MP A /K |/ 1 /iifl^itN J / M3*N It t / it fl t\ jf KG—

K

M / S

29» 318 • 0 1026 4 • 1801 1.389 - 2 15 • 9 5 32.1 6.0 14 6.22 7. 65 2266 •

ou •
n 1 n 7A. U X U c 0 * . 15 7U 1 7 Ac:X « 0 0 ? —.745 7 c n 7 7 6.191 7 Q0 • d 7 7 7 ft

r . / 7 7 7 ftii^

O 1 • .010 32 4.1 278 1.380 "207.0 7 X V . X 6 448 6.38 7 Q n
f • 7 U 7 ?ft 1c £ OX .

32 • .010 35 4*0 961 1 • 374 - 2 01 • 5 523 .

1

6.701 6 . 46 8.04 2258.
n '1 n 7 Q. u 1 u 0 7 /i n ji n** . U OH

u

i 7 flX . 0 0 0 *1 7 J . 7 R 7 1 7 ft Q ft n0 . y 7 u 6 54 6.18 7 7 ftii.£ C 7^ .

.010 42 4.0 316 1 . 36

1

"190.2 5 39.5 7.197 6.61 8.31 7 7ft 1£ c 7 X •

35. •01046 3.9989 1.354 -184.5 547. 8 7.439 6.68 8.44 22'^7.

36. •01050 3.9660 1. 346 -178.6 556. 3 7.679 6.75 8.56 22'^3.

3 7« . U L. U 74 3.9 329 1.339 —1 72 .

6

565.0 7.9 15 6.81 8.69 2239.
38 • .01057 3. 8 996 1* 331 -166.5 573.7 8.143 6.8 7 8.80 2235 .

O 3 • 0 • 0 0 0 0 1 . 323 — 16 0*3 582.6 8.3 78 6.92 6.91 2 231.

40 • .010 65 3.8 328 1.315 -154.0 591* 5 8.605 6.97 9.02 2227.
*fc • n i n 71

. U 1 U r J 7 7 c;. c: A 1 7 Q A «> 4 Jill 7• X HX • 0 c n 0 AD U 7 . 0 7 . 117 U 7 n ft Q 7 77. C t 7 7 1 Ac ft 10 «

ii.f>
* u 1 u 0 i,

7 p. q on 1 ? A n — 1 28 . 3 623.4 Q U fi U7 « H 0 * 7 1ft
• . X 7 Q li 77 • H 0 7 7 n Ac c U 0 .

• .01069 0 . D } £ D 1.262 647 • 0 9.8 96 7.27 9.67 2197.
•tO • n 1 fl Q7 3.5 669 1.244 X UX . t 666 . 5 10. 312 7.3 6 9.69 2186.
50. .01106 3.5023 1.225 -87.6 686.5 10.720 7.48 10.10 2175.
52. .01115 3.4389 1.206 -73.3 706.9 11.120 7.57 10.30 2163.
v*t • n 4 1 7 T. U 11 ^ 0 7 7 7 7 n 1 1 A1 • X 0 0 777 7 11 ft 1 7X X . 7 X 0 7.65 X u . t 7 ? 1 e; 7CLO c *

7 O • 7 7 1 eg 1 1 ft 7X « X D r -43.5 7ltQ 7
i. 1. . 7 u 0 7*73 1 0 . & 8 £ XHU .

58 • . 0 1141 3.2 586 1.147 — 28.3 7 70.7 12.2 81 7.31 10*86 2129.

D u • . U X 1 7

1

3.2024 1 1 ? 7X . X u ' X t • J 7Q 7 ft* 7 c . 0 17 ft ft 1X c . 0 7 X 7.88 11 n 7X X . u 0 7117

65 • nil 7i». U X X ' *T 7 n 7 ? 10 • U ' C X 1*076 26 * 7 848.6 17 ft ft 7X 0 . 7 7 C 8.08 1 1 .

6

20 87.
r U • nil QQ

. U XI 77 7 Q C 7^ 1 . U 0 f. A n Q n 7 77 U ' * c 1 /* J[i 1 7X H . H X f
A 77 11 onX X . 7 u £ u 70 .

. U X £ C H 7 A C; A 7 X X U . 7 a f; 7 A7 D 1 . 0 1ft 7 ft 7X 7 . c 7 0 A ft n 17 7 /.

80 • . U Xc 3

X

C . 0 X U H' .9375 1 55 . 8 1 n 71 - 7X U 0 X * r 16.077 8.92 12*83 20 11 .

85. .01278 2.7389 .8922 202.7 1097.0 16.869 9.27 13.31 1982.
90. •01304 2.6879 .8500 251.6 116'^.7 17.643 9.65 13.77 1958.

« 01331 0 £ -* A 0c . 0 J 0 0 .8108 30 2.7 1 2 3'* . 7 1 6 . ' 0 0 10 . 05 14.24 1 9 3 '

.

'inn1 U U . e 0 1359 2.5856 .7738 7 cc a 1307.2 19.1 '3 1 0 . '' 1 ii 77 1 Q n 01 7 u 7 «

110. . 01415 2 . 5 0 5** .7 068 470 . 2 l'^6 0 . 6 20 . 6 0'^ 11 . 29 15.68 1865 .

1 20 • • 01472 2 • ''tl 9 . 6 '•6'* 590.8 1621.

0

1 1 . y y 7 It. ( 11 0 . f X 1 A 7nX 0 0 u .

1 7n n 4 c 7 Q. U X !7 c 7 9 7 a Qc;£ . J 0 7:7 . 5 y JO 717 7
f X r . £ 7 fl 7 AL r 0 r .0 9 T 7 T /.c 0 . J 0 » 9 (.ft 1 ft Qftxb . 70 1 A fl 7X 0 u c .

i (• n1 HU . n 1 C A A• U X 7 0 0 £ . 0 H CO . ^HJO Aii.7 Q0 *t f . 7 1 7 P 3 . V c * . 0 U 0 1 c . Oh 17 ti n 1 7 A 1X f 01 .

160 • « 0 17 G 8 2. 3086 .'78 0 1116.6 2 312.

0

26.959 13.16 17.78 1 7C t

1 0 u • .01829 2.3219 . * 1 99 1386.6 2666.8 29.0 '9 13.^8 1 7 ftCX f . 07 1 7 7 nX f f U .

2 0 0. . 0 1950 2 . 3'*30 . 37 30 16 51.6 3016.

3

30 . 890 12.80 17.32 178 0.

220. .02071 2.3767 .3350 1909.0 3358. < 32.520 12. '6 16.91 1796.
ZkQ» .02191 2. "tigs .3039 2158.6 3692.5 33.97I* 12.13 16.53 1816.
260. .02312 2.it&81 .2779 2<^01.3 '019.6 35. 28'^ 11.86 16.21 1837.
280. .a2(>32 2.5196 .2561 2638. ! '3'^0.9 36. '7i^ 11. 65 15.96 1858.

300. .02558 2.5891 .2399 2855.1 '6l^5.7 37.502 11.23 15.59 1896.
350. .0 2860 2.7609 .20 29 3'*12.5 5«^li^.3 39.871 10.93 15.19 1959.
400. .03159 2.9l»09 .1758 3956. i* 6167.8 '1.885 10.77 14.97 2021.
450. .33'.57 3.1257 .1552 ''93.0 6912.

7

'3. 6'^0 10.70 14. 85 2082.
500. .03753 3.3133 .1391 5026.3 7653.2 '5.200 10.66 14. 77 21'^3.
550. .0'»0<»8 3.5030 .1262 5556.7 8390.2 '6.605 ia.6'^ 14.72 2202.
600. .0'*3'»2 3.69'tl .1153 6 0 86 . 3 9125.8 '7.883 10.63 14.70 2260.
700. . 0 '•9 30 it.OdOQ .0985 71<*4.3 10595.1 50.150 10.65 14* 70 2373.
800. .05516 '.'•695 .0861 8206.2 12067.6 52.111^ 10.72 14*76 2i^81.

900. .06102 <t.8621 .0765 9276.6 135'^8.2 53.857 10.83 14.86 2583.

1000 . .06688 5.2571 .0689 10359.3 ISOf^l.l 55. '32 10.97 15.01 2681.
1200. .0 7860 6,0529 .057i^ 12577.3 18079.7 58.189 11. 3'^ 15. 38 2865.
ll^OO. .09033 6.85i^7 .0<^93 l'^875.1 21198. ' 6 0.5 97 11.76 15.81 3035.
1600. . 10207 7.6609 .0'^32 17257.0 21) '01.8 62.713 12.16 16.22 3196.
1800. .11381 8. '703 . 033i^ 19722.6 27689.3 6i^.611 12. 5i^ 16.60 33'^9.

2000. .12556 9.2822 .03'^6 22271.6 31060.

a

66. '53 12.91 16.98 3'^9'^.

2200. .13732 10.0961 .0315 2'^8 96. 3 3l»508.9 68.768 13.32 17. 'O 3632.
2i^oa. .ii^gii 10.9115 .0289 27610.2 380'^7.9 71. 35'^ 13.79 17.90 3763.
2600. .1609i^ 11.7282 .0267 30'^32.7 '1698.8 71+. 119 11^. 39 18. 5i^ 3886.
2800. .172 86 12.5'^59 .02'^8 3339'^. 8 '5'^95.3 76.921 15.17 19.38 'OOS.

3000. .18'^92 13.36<^'^ .0231 36539.5 '9'^8i^.2 79.598 16.17 20. 'g 'll'^.

THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYDROGEN (ISOBARS, SI UNITS)

70. as HPA ISOBAR

TEMPERATURE DENSITY tf <OH/DV)_ V<DP/DU),, -V<DP/DV»T JDV/DT) /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
r V 1 P C0M0UCTI7ITY OIFFUSIVITY CONSTANT NUMBER

K K J/ KG MP A 1/K W/K—M KG/M—S C M / U D" /n K
X lo2 X 10^ X 10^

• 29.318 97.'»967 22'* I*.

&

•22878 1.07. 51.51 „ 003i.l 235. 03 706, 81 . ODll

3

1. 321.96 2.2999
30. 97.2698 2263.3 . 22652 1.01., 51.79 . 0031.2 236.1.8 661*. 21 , 00113 1.321.13 2.1766
31. 96.9362 2290.1 .22326 1.00.1290 . 0031.5 237. 38 609.63 .00112 1. 32292 2.0231
32. 96.6013 2315.6 .22016 395.6857 . 0031.7 237. 96 562.81* .00110 1.32170 1.9017
33. 96.265<» 2339.2 .21728 391.2231 .00350 238.28 522.1*1* ,00109 1. 32 0 1.7 1.7923
3lf. 95.9283 2361.7 .211.52 386.71.61. . 00352 238. 1*1. 1*87. 31 ,00108 1, 31925 1.6993
35. 95.5903 2362.9 .21190 382.2602 . 00351. 238. 1.1 1*56.58 .00106 1,31802 1.6162
36. 95.2513 2<>a2.9 .2091.0 377.7693 . 00356 238.20 1*29.51* , OC 105 1.31678 1. 51*1.5

X 7Of* Z^ZX •

9

9 0701 77 7 ?7 A

1

0 00359 2 3 7 • 8^ 0 5 • 6 2 • U U X U H 1 • 3 1 5 5 5 1 « ^814
38. 9it.570'f 2'»39.0 .201.80 368.7910 . 00361 237. 35 381*. 35 , ocio 3 1. 311*31 1.1*255
39. 9i».22e7 .20280 361.. 3122 . 00363 236.71. 365.36 .00101 1.31307 1.3753

i»0. 93.6860 2<»67.9 .20091 359.81.59 .00365 236.01. 31*3. 32 ,00100 1.31183 1.3336
1*2. 93.198<» 2'»9<».5 .19720 350.9661. .00370 231.. 33 319.11 .00098 1.33931. 1,2561
l>(t. 92.5077 2520.5 .19350 31.2.1825 . 00371. 232.37 295. 08 , 00C96 1, 30681* 1,1971*
I»6. 91.61<»1 255i».6 .18896 333.5225 .00378 230.25 275.01* ,00093 1.301*33 1.151*8
(>8. 91.1180 2583. < . 181.96 325. 0125 . 00383 228. 02 258. 15 .00091 1.30182 1.1192
50. 90.<»196 2610.1 . 18120 316.6769 .00387 225. 72 21*3. 76 .00089 1.29930 1.0902
52. 89.7192 2635.1 .17760 308.5377 . 00391 223.38 231.37 .00087 1.29678 1.0666
^•t • 265 9.1 1 71.1

3

7 n n Pii n0 u u • ox 7 u . 00 3 95 221* 0 220 ,63 n n n A 1 9Q 1. 9 C X • U H f H
56. 6e.31t»2 2 68 1 . 6 .17081 292. 9268 .00398 216. 72 211.21* .00083 1.29173 1.0315
56. 87.6105 2702.3 . 16771 285.1.881. . 001.02 216.1.3 202.97 .00032 1.2S920 1.0180

60. 86.9066 272i».0 .161.56 278.3130 . 001.05 211.. 1.9 195.61* .00081 1.28668 l.OC&O
65. 85.1501 2766.0 . 15639 261.5869 . 001.11 210. 78 180,52 .00078 1, 2301*0 .9818
70. 83.14061 2862.2 . 11.776 21.6. 6501. . 001.16 207. 27 168. 78 .00075 1.271.18 .9692
75. 61.6651 295i».i» .13883 233.1.795 .031.18 201*. 10 159.1*1 .00073 1.26807 .961*0

60. 79.9139 307<».7 .13156 221.. 5879 . 001.17 201.19 151,1*1 ,00071 1.26180 .9659
65. 76.2693 3197.1 . 12292 211.. 3757 . 001.16 202.29 11*5,08 .00070 1.25599 .951*1*

90. 76.6635 3338.2 .111.86 206.0676 .001.13 203.1.0 139,71 .00069 1. 25333 .91*58
7C 1 n L. Ar 9 • 1 U H O Any juc -1 Q A 1 ft 7/1 n n t. n Q 9 fl 7 1 7C 1 n n n n c Q• u U U D 7 1 7 fi A1 • C H 0 0 • 9 4 0 3

100. 73.5871 3619.7 .10068 190.2657 .001*07 206. 01. 131, 08 .00068 1, 23955 .9365
110. 70.6790 3929.2 .08855 177.0813 .00399 206. 31. 100. 35 .00067 1.2291.1 . 7627

120. 67.9'»8<f <»211.3 .07951. 165,9205 . 00390 207. 11. 99.88 . 00067 1.21991* .7910
130. 65.3632 i»(f6l«.3 .07276 156.2308 . 00380 211*. 16 99.76 .00070 1.21109 . 7902
li*0» 62.9718 l»6&9.6 .06796 11.7.5332 .00373 222.71 99. 81 .00073 1.20280 .7796
160. 58.5562 5027.6 .06203 135.1813 . 00351* 237.69 100.16 .00082 1. 13773 .71*92

160. 5it.678'» 5336.3 .05869 126.9581. . 00331 21.6.93 100. 7o ,00092 1. 171*60 . 723 1*

200. 51.2917 5579.6 . 05679 120.171.8 .00310 251. 06 101.63 .00102 1.15322 .7010
220. i»6.29<f8 5791..

6

.05568 111.. 7806 .00292 251.91* 102.80 ,00111 1. 15320 .69 32
2^0

.

cLfi n 7 1DU U f • X 1 1 fl L.P 7? • 00 275 251 #29 1 0 • 2 5 • 3 012 0 1 • 1 ^ 3 6 • 6 8 5 8

260. <«3.2550 6226.3 .051.13 106.7565 .00 260 250.33 105.95 ,00129 1.13650 .6861
280. (tl.iibi* 61*55.3 .0531.8 103.5957 . 0021.7 21.9. 76 107.69 .00137 1.1291*6 .6692

300. 39.092I* 6579.6 .051.61. 101.211.8 .00237 21*9. 91* 110. 02 ,0011.8 1. 12283 .6861*
350. 3i».9&76 7230.0 .05310 96.51.05 . 00210 251*. 11 115.98 .00172 1.10939 .6931*
l»00. 31.65«*2 7926.3 . 05155 93.0932 . 00189 262. 82 122.55 .00200 1.09868 .6980
(»50. 26.9300 e6'.9.0 .05011. 90.1.261 .00172 271*. 57 129.1*6 .00230 1. 09993 . 73 3 1

500. 26.6'»73 9376.7 .01.896 68.2911 . 00158 288.11* 136.55 .00261* 1,08263 .6999
1 550. 2<».70<>6 10111.0 .01.795 86.5392 . 0011.6 302. 78 11*3. 72 .00300 1.0761*5 .6988

600. 23.0296 1081.9.

6

.01.708 85.071.3 .00135 318. 05 150.90 .00338 1. 07111* .6971*

1 23** ?• 5 n r. c c n A 9 7C.7 ?
• 0 0119 0 • 0 C X 09 • 1

r

n n (» 7 9 1 rt 9 i. 71 • U 0 c 4 / • 6 9 ^

! 800. 18.1285 13686.0 .01.1.31 61.0261 .00106 382.12 179.20 . 00511* 1, 05570 .6921
900. 16.387<« 15«.77.6 .01.312 79.6768 . 00096 1*15. 1*2 192. 9& . 00611* 1, 05026 .6931*

1 1000. 1'..9516 17130.6 .01.197 78.6020 . 00038 1*1*9.52 206. 1.2 .00721 1, 01*578 .6892
' 1200. 12.7219 20619.3 .03962 77.0053 .00075 511.13 232. 51 . 0091*1 1.03886 .6996

>:
i<»oo. 11.0702 21.31.1.3 .03785 75.8635 .00065 583,31 257,60 .01200 1.03376 .6980

'l 1600. 9.7971. 26203.1 .03621 75.0570 . 00058 655. 30 281.78 .011*85 1, 02983 .6971*
i 1800. 6.7866 321&I..1 .031.66 71.. 1.252 .00052 726. 71* 305.12 .01791. 1, 02673 .6968

1
2000. 7.9643 36286.7 . 03361. 73.9267 . 0001*7 799.79 327,67 .02129 1. 021*20 .6956

i

2200. 7.2821 '.061.2.1 .0321.5 73.5209 . 0001.3 877.1*3 31*'*. 38 .021*93 1.02211 .6838
2<t00. 6.706'( 1.5365.9 .03120 73.1775 . 00039 961*. 82 366, 20 . 02891* 1. 023 35 .6793
2600. 6.2133 50657.5 .02981 72.8709 .00037 1069.50 387. 05 .0331.3 1. 01835 . 6703

1 2800. 5.78'«9 56776.7 .02823 72.5766 . 00031. 1201.16 1.07,52 .03857 1.01751* ,6575

3000. 5.i»076 61.025.0 .0261.5 72.2696 .00032 1371. 13 1.27. 73 .01.1.51. 1. 01639 .6393

• THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN CISOBARS, SI UNITS)

80.00 MPA ISOBAR

PERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPS/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

30« 999 •01008 4.5298 1.441 -199.5 6 06.6 6.109 6.35 7. 80 2358.
31. .01008 4.5298 1. 441 -199.5 606.6 6.109 6.35 7.80 2358.
32. . 0 10 11 4. 50 07 1.435 -194. 2 61i«.4 6. 359 6 .it4 7.94 2355.
33. .aioi<« 4.4712 1. 428 -188.8 622 . 5 6.605 6.52 8.0 7 2352.
3<». .01017 4. 4412 1. 421 -183.

3

630. 6 6. 848 6.60 8.20 2349 .

35. .01021 4.4109 1. 414 -177.7 6 38.9 7.0 88 6.67 8.33 2346.
36. • 0102'» 4.3802 1.406 -172.

0

647.2 7.324 6.74 8 . El 5 2 343.
37. .01027 4.3491 1.399 -166.2 655.8 7.557 6.31 8.57 2339.
38. .01031 4.3178 1. 391 -160.

3

664. 4 7. 787 6.87 8.58 2335.
39. .0103(> 4.2863 1.382 -154.3 673.1 8.014 6.92 8.78 2332.

MO. .01033 4.2545 1.374 -148.3 681.9 8.238 6.97 8.89 2328.
i»2. . 01045 4.1906 1.357 -135.9 699.9 8.676 7.07 9.08 2320 .

i*h* .01052 4.1263 1. 339 -123.2 718. 3 9.103 7.17 9.28 2312.
<i6. .01059 4.0620 1. 322 -110.8 736.5 9.509 7.29 9.51 2302.
48. . .01067 3.9979 1. 303 -97. <4 755.8 9.918 7.40 9.72 2291.
50. .01074 3.9342 1.285 -83.8 775.4 10.319 7.51 9.93 2281.
52. .01082 3.8712 1.266 -69.8 795.5 10. 712 7.60 10.12 2270.
5<». .01089 3.8392 1.247 -55.5 815.9 11.098 7.59 10.31 2259.
56. .01097 3.7484 1.228 -40.7 837. 0 11.481 7. 78 10 ."»9 2248.
58. .01105 3.6888 1.209 -25.9 858.1 11.852 7.86 10.66 2238.

60. .01113 3.6308 1.193 -10.9 8 79.6 12. 217 7.94 10. 84 2226.
65. .01134 3.4936 1.141 27.9 934.9 13.101 8.16 11.27 2197.
ro. .01155 3.3690 1.092 68.3 992. It 13.953 8.41 11.72 2167.
75. .01177 3.2580 1.043 110.5 1052.1 14.777 8.71 12.18 2135.
80. .01199 3.1609 . 9949 154.6 1114.2 15.578 9. 04 12.64 2103.
85. .01222 3.0766 .9473 200. 7 1178.6 16.359 9.40 13.11 2071.
90. .01247 3.0327 .9169 249. 0 1246.

9

17.140 9.78 13.66 2058.
95. .01271 2.9769 .8751 299.6 1316.3 17.890 10.16 14.13 2033.

100. .01295 2.9212 .8370 352.3 1388.2 18.628 10.58 14.60 2008.
110. .01343 2.8310 .7691 465. 7 1540.5 20.077 11.43 15.57 1964.

120. .01393 2.7645 .7095 585.7 1699.9 21.465 12.10 16.33 1932.
130. .01443 2.7214 .6549 711.8 1866.2 22.79r. 12.62 16.89 1908.
140. .01493 2.6714 .6055 842. 3 2036.9 24.060 12.99 17.27 1885.
160. .01596 2.5674 .5274 1110.

3

2387.

0

26. 397 13.29 17.71 1849.
180. .01701 2.5527 .4682 1380.1 2741.1 28.483 13.20 17.68 1849.
200. .01807 2.5993 .4183 1645.6 3091.1 30. 326 12.92 17.32 1866.
220. .01912 2.6204 .3764 1903.7 3433.3 31.957 12.57 16.92 1878.
240. .0 2017 2.6518 .3419 2154.1 3767.6 33.412 12.24 16. 55 1893.
260. .02122 2.6955 .3131 2397.7 4095.1 34.723 11.97 16.22 1912.
280. .02226 2.7419 .2886 2635.8 4416.

7

35.915 11.75 15.97 1930.

300. .02336 2.8067 .2723 2851.0 1.720.1 36.935 11. 30 15.62 1970.
350. .02600 2.9678 .2305 3410. 2 5490.

3

39.309 10.99 15.22 2028.
400. .02862 3.1398 .1999 3956.0 6245.3 41.327 10.83 15.00 2085.
450. .03122 3.3179 .1765 4494.

1

6991.4 43.086 10.75 14.87 2142.
500. .03380 3.4998 .1581 5028.9 7733.0 4i».&48 10.71 14.79 2199.
550. .03638 3.6845 .1433 5560.5 8470.9 46.054 10.68 14.74 2255.
600. .03895 3. 8711 .1310 6091.1 9207.2 47.334 10.67 14.71 2310.
700. .04408 4.2490 .1120 7151.

0

10677.

3

49.602 10.69 114.71 2418.
800. .0 4920 4.6316 .0979 8214.4 12150.2 51.567 10.75 ll».76 2521.
900. .05431 5.0180 .0870 9286.0 13631.

0

53.310 10.86 14. 86 2621.

1000. .05943 5.4076 .0783 1 0 3 69 . 6 15123.9 54.885 11.00 15.01 2716.
1200. .06966 6.1941 .0 653 125 e9.i 18162.1 57.642 11.36 15.38 2895.
1400. .07990 6.9883 .0561 14888.

0

21280.4 60.049 11.78 15.50 3062.
1600. .09016 7.7882 . 0 491 17270.7 21*483.1 62.164 12.18 16.21 3219.
1800. .10041 8.5924 .0437 19736.8 27770.0 64.062 12.55 16.59 3370.
2000. .11068 9.3998 . 0394 22286.0 311'»0.6 65.9 J4 12.92 16. 97 3513.
2200. .12096 10.2099 .0359 24910.0 34587.1 68.218 13.32 17.39 3650.
2400. .1 3127 11.0220 .0329 27621.5 38122.8 70.803 13.79 17. 87 3780 .

2600. . 1 41 61 11.8358 .0334 30438.

3

41767.

0

73.565 14.37 18.1.9 3903.
2800. .15202 12.6509 .0282 33389.1 45550.9 76.363 15.11 19.30 1*01').

3000. .16255 13.4672 .0264 36513.9 49518.2 79.032 16.06 20.36 413 0.

THO-PHASE BOUNDARY
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TABLE 2

THERMODYNAHIC PROPERTIES OF PARAHYOROGEN « ISOBARS, SI UNITS)

00.00 MPA ISOBAR

MPERATURE DENSITY V(OP/DU),, - V (OP/OV)_ (DV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P V T P CONOUCTItflTY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/rtR
X 10' X 10 X 10^

30.999 99.2'»7't 2<»32,3 ,22852 ''»9.5687 . 00321 250 . 16 7 80 • 56 . 00116 1.33135 2.1,329
31. 99.2'f72 2'»32 • I* • 22852 '»'»9.566'» • 0 03 21 250. 16 780 • 51, • 0 0 1 1

6

1.33135 2.1,328

32. 98. 928 7 2'«63. 0 ,22516 If'»5. 250 8 .00322 250>86 713. 79 .00115 1. 33019 2.2585
33. 98.6096 2'»91.7 .2220<t <»<«0.9031 . 0032', 251.28 656.67 • ODllif 1. 32902 2.10 91,

3<». 9 8, 2898 251 8.9 . 21907 '36.5283 .00326 25 1 • 52 607, 1*3 .00112 1 • 32 7 85 1. 983 7

35. 97, 9695 25l»'». 9 • 21625 '•3 2. 1310 . 00327 251. 55 56i» , 71 .00111 1.3? 666 1.8691,

36. 97,6',87 2569,5 .21356 '»27,7161 . 00329 251. 39 527.1,0 .00110 1. 32551 1.7726
37. 97.3273 2592.9 .21101 '»23.2880 .00330 251.06 1,91,. 63 .30108 1. 32i,3l» 1.6879
39. 97. 0 055 261'»,3 •20863 '•18,8511 • 00332 250,59 1,65 . 69 .00107 1.32317 1.6131
39. 96,6832 263 3,

3

.20650 'l'».'»095 . 00 33'> 250^ 00 1,1,0 .01 • 00 106 1. 32 199 1 . 51,62

1*0 . 96. 360^^ 2 651 ,

1

• 2 O** '7 1. n cx n c 9 i. .0 0 335 2't9 • 31 1,17. 12 * 3 0 1 0 5 4 ¥ n Q o
1 • 32 0 0 2 1 • 1,866

'f2. 95.7136 2685,2 .20 0 53 tfO !• 0970 . 00338 2',7. 57 378. 19 • 00102 1 • 31 8^*6 1.3878
. 95 , 065

1

2 71 8 , 5 . 19662 392. 2698 . 00 Sif 1 2l»5« 58 31*6. 50 . 0010 0 1 • 31611 1. 3098
9'», '»152 2760 , i« • 19192 36 3.51 38 • 003if5 2if 3« 1,0 320,31, n n n n o

• 0 0 0 9 6 1*31375 1.2519
itit 93. 763 8 2796.3 .18777 37'».8552 • 003'«8 2M. 09 298. 1,9 .00 0 95 1*31139 1. 20 37
50 . 93. 1112 2829 •

6

.18387 36 6.318 3 . 00351 238^ 71 260 .02 .00093 1.30902 1. 161,3

52. 92.'f575 2860,9 .18017 357.9256 .0035', 236. 29 261,. 26 .00091 1. 30666 1,1319
5i». 91.8029 289D .6 .17661 3'»9,6978 . 00357 233.66 250. 70 .00089 1.301.29 1.1353
56 . 91.1'»77 291 8. 5 .17323 3'»1. 6538 .0 0360 231 . i»i« 238.92 .00 067 1. 33 193 1.0 832
58. 90, '•922 29'»'f , 0 .170 07 333 . 61 05 .0 0 362 229. 05 228. 63 • 00 065 1.29956 1. 061,5

60. 89.8367 297 0 . 3 • 166 89 32 6. 1 8 30 . 03 365 227.02 219. 57 , 00 061, 1.29720 1. 01,80

65. 88.2001 30'»3, 0 . 15866 308. 1377 . 00370 223.11, 2 01 . 10 .00 061 1. 29132 1.0158
70. 86.5721 3129.1 .15001 291. 659'» • 00375 219. If3 186. 99 ,00078 1, 2351,6 . 9987
75. 8't. 960 2 3231 ,1 • I'tlO't 276.80 26 . 00377 216.05 175 . 89 .00075 1.27972 • 9916
SO. 83.3722 33'»9,3 .13200 263.530'* . 0 0378 213.19 166. 95 .00073 1, 271,06 . 993 2

85. 81, 8151 3'»82 , 3 .12316 251 . 7159 • 00376 21i«. 22 159 , 60 .00072 1. 26653 .9761,
90. 80.1666 3622. <> ,11696 2't3.1203 . 00377 211,. 62 152.93 .30071 1.26269 .9725
95. 78.68<t8 3 78 1 . 3 ,10926 23'».238'» . 0037', 215.98 11,7. 72 .00070 1.2571,5 .9663

100. 77.22'»3 3935.0 , 102(f& 225.5857 . 00371 217.27 lif3.17 • 00069 1.25231 .9621
110. 7'».'*329 '»26 7 . < , 090 '•2 210 . 7199 .00 365 21 If . 0 8 1 0 3 • 96 .30066 1 • 21, 25

1

• 7563

120 . 71.7961 '569.5 ,08170 198.'«B20 .00357 21't. 53 103.86 • 30066 1.23330 .790 6

130 . 69. 300 7 '862.9 , 0 7'«88 188.597'* . 003'»7 222. 50 101,. 08 .00068 1. 221,62 • 7899
1<»0. 66. 970 8 510<»,0 . 06960 178.9029 . 00338 232.68 10 1». i«l . 00072 1. 21656 .7752
160. 62,6633 5U0 1.5 .06332 160.880 3 . 00328 251.68 105, 11, .00082 1, 23 1 75 .7398
180. 58, 7805 5&&5. ' . 060 32 IsO.Oltrl .0 0312 26',. 61 10 5,89 n n n o.00092 1. 16850 .70 71,

200. 55 • 3'»2 9 595'«, 7 . 05851 l'»3. 8526 . 00291 271.2 3 106.73 .0010 2 1. 17685 .6811,

220. 52.3020 6161.1 .0572lf 137.0'»97 .00275 273^2l» 10 7.75 .30111 1. 16661 .6671,
2<»0. i»9.5830 6363.3 .05632 131, '833 . 00260 272^56 108.99 .30120 1.15750 .6616
260. It 7 . 1 31

2

658 3,

5

• 0 5550 127, 0<«11 . 0021,6 270 . 77 110 . i»6 . 0 G 12 7 1. 11,933 .6619
280. '•'». 9199 6813.if . 0 5<»68 123. 1659 .0 023', 266.68 112.1', . 3 C 135 1. 11,200 . 6658

300 . '«2.8013 6891,6 • 05633 120.130'» .0022 7 26 7.51 111,, 01 . OClifi, 1. 13500 .6659
350. 3 6. It 60 5 7537,1 . 0 5't57 11 '». l'«'»7 . 00202 267, 76 119. 38 .00165 1. 120 76 . 6787
<«00. 3't. 9'»'» 7 8231, 9 . 05263 109. 7182 •00182 273.2 3 125. 1,5 • 00 16 6 1.10 932 .6886
tSO . 3 2.0350 895't. 7 .0512'* 136.28 77 • 00166 282. 51, 131 • 96 .00213 1. 09991 .691,6

500. 29.5836 9682.6 .01,993 103.5360 •00153 291,. Ztt 138.72 .0021,2 1. 09202 .6970
550 . 27 .I* 879 10<»17.3 . Oi»880 101.2786 , 0 011,1 307. 66 11*5. 62 • 0 0 273 1. 06531 , 6975
600. 25.6738 11156.2 .0'«783 99.3867 , 00132 321.99 152.58 .30307 1.07953 • 6970
700. 22.6868 12653.8 .01*620 96.3963 ,00116 352.31 166.51 .00360 1. 07335 • 6950
Anno U U • C U . OCDC 1 'il 91 . 8 • 0 1,'t 8 0 Q la 4 fi 7 !•y H. 1 * 5 H ,001 01, 36 1,. 06 1 8 0 • 30 • 0 0 6

1

1 • 06 260 . 6929
900. 18.'fll7 15 73 3.0 .0',352 92.3908 • 0009', 1,16. 89 193. 88 .3051,8 1.05659 • 6912

1000. 16.8270 17',35.7 .0'»231 90.9932 , 00086 1,50. 67 207.20 .0061,2 1.05163 • 6900
1200. lit, 3550 2092 (f,

5

.0tf006 88.916'» .00073 511. 13 233.11 . 00831, 1. 01,393 .7012
I<t00. 12,5150 2l»6i»7.l» .03803 87. '565 . OOO&i, 583. 31 258.07 .01062 1.03822 .6992
1600. 11.0919 28509,6 .03636 86.3863 . 00057 655.29 282.16 .31312 1. 03382 • 6982
1800. 9.9587 32'«69,& .33'«98 85.5686 .00051 726.68 305. i,!. .01583 1. 03033 • 6971,

2000. 9.03(»8 36587,9 .0337(f 8'f.9255 . 0001,6 799.56 327.91, .01677 1, 0271,9 • 6962
2200. 8.2669 <f0931.2 . 03255 8'».'»0<»3 . 000',2 676. 69 3i,i».88 .02196 1. 02513 • 6639
2<»00. 7.6181 '»5626,a .03131 83.9666 .00039 962.93 366.20 .0251,6 1.02311, .6797
2600. 7.0617 50859.0 .02995 83.5806 . 00036 1065.29 387. 01, .02937 1. 0211,1, • 6716
2800. 6.5780 56873.5 . 028'«1 83.2172 . 0003', 1192.87 1,07.50 .03363 1.01996 • 6592

3000. 6,1518 63952,0 .02668 62,6i»75 • 00032 1356. 25 1,27.69 .03899 1.01866 • 61,19

• THO-PHASE BOUNDARY
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TS8LE 2

THERMODYNAMIC PROPERTIES OF PARftHYOROGEN IISOBARS, SI UNITS)

90.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C» VELOCITY
OERItfATH/E DERIVATIVE ENER3Y OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

* 32.61<« .00991 *».8726 1.1.92 -182.9 709.3 6.197 6.1.8 7. 91. 21.1.1..

33. .00993 i».8621 1.'.89 -180.9 712.1. 6.291 6.51 7.99 21.1.3.

3<». .00996 i».83<»5 1.'.82 -175.6 720.1. 6.531 6.59 8.12 21.1.1 .

35. .00999 i».8065 l.itTti -170.1 728.6 6.769 6.67 8.21. 21.38.

36. .01002 '.7780 1.4.66 -161..

6

736.9 7.003 6.71. 3.36 21.35.
37. .01005 '.7«»91 1.<.5 8 -158.9 71.5.3 7.233 6.81 8.1.8 21.32.

38. .01008 '».7198 1.1.50 -153.2 753.9 7.1.61 6.87 8.59 21.29.

39. « 01011 <t.&902 1 • 1.1.1 -11.7. 1. 762. 5 7.685 6.93 8.69 21.26,

<»0. .0101(« '«.6602 1.1.32 -11.1.5 771.3 7.907 6.98 8.79 21.23,
.01021 '».5995 1.1.15 -129.1. 789.0 8.31.0 7.08 8.98 21.16,

.01027 '..5362 1.397 -117.1 607.2 8.762 7.18 9,17 21.08.

(|6. .01033 '.'»76i» 1. 379 -101..

9

625.2 9.163 7. 31 9.1.0 2399.
<»8. .010<<0 'f.<«l<>3 1.360 -91.9 61.1..

2

9.567 7.1.2 9.60 2389.
50. .010<«7 '».3522 1. 31.2 -78.5 863.6 9.963 7.53 9.80 2379.
52. .ai05s» '».290<» 1.323 -61..

9

833. » 10.351 7.63 9.99 2370 .

5i». .01061 i».229a 1. 301. -50.9 903.6 10.731 7,73 10.17 2359.
56. .01066 i>.166i« 1. 266 -36.1. 921..

3

11.109 7.82 10.35 2349.
58. .01075 <».1087 1.267 -21.9 91.5. 2 11.1.75 7. 90 10,51 2339 .

60. .01062 u.asoo 1.21.8 -7.2 966.1. 11.835 7.98 10.98 2328.
65* .01100 3.9093 1.201 30.8 1020.9 12.707 8.21 11.11 2300.
70. .01119 3.7786 1.153 70.6 1077. 6 13.51.7 8.1.8 11, 57 2270.

75. .01136 3.6597 1. 105 112.2 1136.6 14.361 8.79 12. 01. 2238.
80. .01158 3.5532 1.058 155.8 1193.0 15.153 9.11. 12.52 2206.
85. .01176 3.1*592 1.011 201.5 1261.8 15.927 9.52 13.00 2174.
90. .01199 3.3767 .961.8 21.9.3 1328.0 16.681. 9.91 13.1.8 211.3.

95. .01219 .9199 299.3 1396.6 17.1.25 10.32 13.93 2112.
100. .012i<3 3.2i»90 .8965 351.1. 11.69.9 18.176 10.71 11.. 53 2100.
110. .01265 3.1 37<» . 8228 1.61..2 1620.

9

19.611. 11. 57 15. 1.9 2050,
120. .01329 3.0669 .7615 563.5 1779.7 20.996 12.23 16.21. 2018,
130. .01373 2.9922 .7081 709.2 191.5.2 22.320 12.76 16.87 1989,
1<»0. .01.1*16 2.9613 .6595 639.6 2116.1 23.567 13.13 17.21. 1978.

160. .01506 2.8959 .5722 1107.7 21.61.. 6 25.913 13.1.1. 17.55 191.5,
180. .01599 2.7697 .5081. 13 77 .0 2616.1 27.983 13.31. 17.53 1913.
200. .01693 2.7672 .1.587 161.2.3 3165.9 29.826 13.01. 17.1.0 1921.
220. .01787 2.8<»92 .1.157 1900.9 3509.1 31.1.62 12.69 16.95 1951,
2<i0. .01660 2.891i» . 3780 2152.1 381.1..

1

32.920 12.3=> 16,55 1963.
260. .01972 2.9172 .31.63 2396.6 1.171.6 31.. 231 12.03 16.21. 1980.
260. . 02 0 65 2.9 S**! .3196 2635. 1. 1. 1.93 . 5 3 5 . 1.21. 11.86 15 • 99 1995 .

300. .02163 3.0270 .301.2 281.8.3 1.795.1 36.1.37 11. 3o 15.65 2042.
350. .02397 3.1770 .2578 31.09.2 5566.6 38.815 11.01. 15.25 2095.
>*oa. .02629 3.3'»0'« .2236 3956.6 6323.0 1.0.836 10.88 15.02 2147.

itSO. .02660 3.5111. .1975 1.1.96.3 7070.3 1.2.598 10.81 11.. 89 2200.
500. .03090 3.6671. .1769 5032.1. 7813.0 1.1.. 162 10.75 11.. 81 2253.
550. .0 3318 3.8667 .1603 5565.

3

8551.6 1.5.570 10.73 11., 75 2306.
600. .035(>6 I.. 01.66 .11.66 6 0 57 .0 9288.5 1.6.851 10.71 11.. 72 2358.
700. .0<«001 '..'.178 .1253 7158.

7

10759.5 1.9.120 10. 73 11., 71 2461 .

800. .a<»<»55 I..7929 .1096 8223.7 12232.

3

51.086 10.79 11., 76 2561.
900. .Oi»908 5.1726 .0971. 9296.5 13713.8 52.828 10.89 11.. 86 2657.

1000. .05362 5.5561 .0877 10381.2 15206.6 51.. 1.01. 11.03 15.01 2749.
1200. .06269 6.3323 .0731 12602.3 1621.1.. I. 57.160 11.39 15,37 2924,
1<«00. .07177 7.1179 .0628 11.902.1. 21362.0 59.567 11.8 0 15,80 3087.

1600. .06087 7.9107 .0550 17286.0 21.561..

0

61.6 82 12.20 16,21 3241.
1800. .08997 8.7066 .01.90 19752.8 27850.2 63.579 12.57 16.59 3390.
?oao. .09909 9.5111 .01.1.2 22302.2 31219.9 65.1.20 12.91. 16. 97 3531,
2200. .10621 10.3168 .01.02 21.925.8 31.661..

9

67.731. 13.33 17.38 3667.
2(»00. .11736 11.1250 .0369 27635.5 38197.7 70.317 13.79 17,85 3795t
2600. .1265'» 11.9355 .0 31.1 301.1.7,6 1.1836.2 73.077 11.. 35 18, 1.5 3918.
2600. .13576 12.7<«76 .0317 33389.2 1.5609.5 75.871 15.36 19.23 4034,
3000. .l'»512 13.5613 .0296 361.97.5 1.9558. 7 78.531. 15.98 20,21. 4144,

• THO-PHASE BOUNDARY
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TABLE 2

THERMOOYNftMIC PROPERTIES OF PARAHYOROGEN (ISOBARS, SI UNITS)

90.00 HPA ISOBAR

HPERATURE DENSITY U<OH/OV)„ V JDP/OU),, -V!OP/OV)_ <OV/OT) /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P V 1 P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/ KG MPA-CU (l/KJ MP A 1/K W/K-M_ KG/M-S SO M/HR
X 10 X 10 X 10

32. 61<» 100. 871 261 6 .4 .228 3 3 49 1 • 50 39 . 03304 263. 61 857 .52 •00116 1.33730 2.58 39
33 • 1 0 0 .7 53

1

262 9.0 .22707 /. o Q Q 7 n n
. 0 0304 263.77 827.99 • 0 0 1 1

8

1.33687 2.50 91
3W» 1 0 U . **HD f 2661 • 2 .22386 485.61 33 n n 1 n c 264. 0 8 759. 30 • 0 0117 1 . 33 5 75 2 . 3 3 i+9

35. 10 0. 1 Ml 1 2691.8 .22 0 82 481 . 3 2 2 8 .00306 264.16 70 0.18 • 0 0 1 1

5

1.33 462 2. 18 52
36. 99.8333 2721 .1 . 21794 1. ^ T n n ft4 77.0 0 30 . OC 30

7

264. 04 648 . 95 .00114 1.33350 2.0556
37. 99. 526'» 274 8.9 . 2 15 19 47 2 . 65 3 6 . 00 308 263 . 73 6 04.29 * 0 0 1 1 3 1.33238 1.9428
38. 99.2193 2774.7 .21265 468.2939 . 00310 263. 28 565.12 .00111 1.33125 1. 8436
39. 98.9121 2797.8 .21036 463.9132 . 00311 262.69 530 .59 .00110 1.33013 1.7554
/. n an & n /a fl70 « bUHO C 01 7 . D . C U 0 1 7 lit: Q c 9 n

c

n n 7 1 9. U u o 1 c C Dl . 77 1. QQ QQ•77. 77 n n 4 r. Q
. U U 1 U 7 1 7 9 Q fl n

i. . D r f H

2861 .3 .20 398 450 . 715 2 . 0 0 314 26 0. 22 448 .40 .00106 1.326 76 1.5477
• 9 7 • 3 7** 5 290 2.1 9 1 99 8** 1. 1. 4 o n 7 Q .0 0316 25 8.16 4 06 . 8 .00104 1 • 32 451 1.4456

96» 7587 295 1 .

9

. 19'»92 i 7 7 -3 9 C Q43 J. IZoo .00318 255.91 3 72 • 86 • 0 0 10

1

1 . 32 2 2 7 1 . 3690
kS« 96* l'»2 6 2995 •

2

• 190 59 1. 9 f . 7 Q a 7He H. O 7 O O . 00 321 253 . 52 344 » 72 n n n n e\
. U 0 0 9 9 1.32003 1.3053

50* 95*5 26 2 30 3 5 . 't . 1 865^^ /. 4 c 7/. 7 nm i> . r H f u .00323 251. 04 321.14 • 0 0 0 9 7 1.31778 1 . 25 31

52 • 9'»»909 5 307 3.2 .182 70 407.1958 . 0 0 325 248.52 301.17 . 0 0 094 1 . 315 54 1.2101
Sk% 9 H • 2 7 310 9.1 . 1790 i» 398 . 766

1

. 0 03 27 245. 98 2 9 4. ID .00092 1. 313 3 0 1.1 746
56. 93.6758 31t»2.8 .17557 390. 4774 . 00329 243.45 269.39 .30090 1.31107 1. 1450
58. 93.0590 3173.6 • 1723** 382.3478 .00331 240.96 256.61 .00089 1.30883 1.1198
60 • 92 . '4^2 6 320 5.0 .16910 374.3 93 7 . 00 33 3 2 38. 83 245.43 • 0 0 0 6 7 1.30 660 1.0978
65 • *jU • *5UH 1 32 89.9 .16078 7 C C 7 c a 907 7. obo C n n 7 7 A

. UU J >jO 222. 87 0 00 0 8 4 1.30105 1.0552
70« 8 9 . 3 73

0

3387.9 • 152 0 7 33 7.7071 .00341 230*85 2 05.89 • 0 0 0 8 0 1.29553 1.0316

TCf » • 8 7

•

85h5 . 1h3 0 8 •JC 1 . 7l OO .00 344 2 2 7 a 26 1 9 2 • 71 • 0 0 0 7 7 1 9 Q n n A1 . c 7 U U o 1 . 0 20 9

60* 8&« 35U5 3631

.

. 1 340 2 306. 834 8 . OG 345 22 4. 1 8 182.23 .03075 1.28471 1.0178
85* Of. A 7 Q n 3 776 .

9

. 125 1

3

293. 611

7

.00 344 225. 18 173.71 e 0 0 0 7 3 1.27943 1 . 0 0 3 2
on 83* ^33 6 3 93 5.9 « 11663 281. 73 1

6

. 00 3 42 226. 16 166. 66 • 0 0 0 7 2 1 . 2 7428 Q Q 7 7
. 7 7 J J

95« 0 2 • 0 23 0 ^tlO 5 . W . 108 69 27 1. 0 1 14 .00 339 227. 24 160 • 73 • 0 C 0 7 2 1.26927 .9856
100. 80.<»651 '237.1* 261.4332 .00343 227. 90 154.95 .00070 1.26375 .9881
110. 77.80'*6 *»595.2 .0 91 '2 244.1023 . 00337 220.79 107.00 .00066 1. 25435 .7506
12Q» 75. 235 3 *f92'» .3 • 082 72 230.88 36 . 003 30 22 0.92 10 7.2 8 .00065 1 . 245 32 .78 86
13 0* 72.8150 518 9.8 . 0 7622 217. 8744 « 00 325 2 2 9.86 107.86 . 0 0 0 6 7 1 . 23 685 .7915
1 ffO • 70. 5036 5^19 ^ . 3 .071 210.1927 .00314 241. 73 10 8.51 . 0 0 0 72 4 O O Q Q n1 . c: ^ 0 0 U . 7738

1 60 • 66« 3292 5 892 * 5 . 06M'18 19 £. 0 795 n n 9 a A
. 00 298 265. 17 10 9. 71

n n T Q 7
* U D U 0 Z 1.21435 .72 62

1 0 u • 62* 5'iO 0 6008.2 .0 60 94 •17 7 9 1 a n ft n 9 Q 7. U U C 7 J 9 A 9 C Ac 0 c . 7 0 110. 71 « 3 0 0 9 2 1 . 2 J 1 3 2 Q n ft
. O 7 U 0

200* 59. D 71

0

620 0.8 .0 59 54 163 .461

3

. 0 0 28 1 29 2. 66 111.63 • 0 D 10 2 1.18 948 .6637
2 20 • 55 • 9659 65 0 2.8 . 058 52 159.40 06 . 00 261 2 96.67 112.59 • 0 0113 1 • 17 8 95 .643 3

^ HU • 53 « 192 3 673**. 3 .05750 15 3. 79 84 . 00 246 296. 64 113. 70 .00121 1 . 16960 C 7 /. 7
. D 0 H 0

260. 50. 7026 6935.2 .05654 147.9087 . 00234 294.42 114.97 .00129 1. 16124 .6341
280* i»8.i«373 7157.2 .05564 143. 0900 . 00223 291.41 116. 44 .00135 1. 15368 .6387
300 0 '»6. 2315 7199.7 . 05793 139.9443 .0 0 217 288.51 118.09 • 0 0 14 4 1 . 14634 • 64 0 6

350* fjl. 716 7 7 841.3 .05595 132. 5354 . 00194 28 4.45 1 22. 91 .0 0161 1.13143 .6590
'*0 0 •

"v a n 7 o o
3 8.0322 8535.3 . 0 540 2 127. 0413 • 00176 286. 09 12 8.50 • 0 C 18 0 1.11936 • 674 8

'»50 • 9258.

7

. 05228 122. 7753 .0 0161 29 2 • 42 134.60 • 0 0 20 2 1.10 9 36 .6356
5 00* 32.3671 9987 . 5 .0 50 63 119.3503 . 00148 30 2. 01 141. 02 .00227 1.10 0 98 .6914

in inn 10 72 3 . 0 . 0 4959 116.5315 . UU

1

7 4 7 7 7 147. n n 9 K /.
* U U c 9 H 1 n Q 7 ft n

i. . U 7 o 0 u t;. Q /• 7. 07 H 0

n nD u u • £ O • i. 3 7 D 1 1 *4D C • 7 .0 4853 1 1 4. 1 D r 7 n n 1 7 ft 7 9 C fl 7O CO • O J 1 c:/- 7 71 PH

.

of (1 n 9 ft
. U U c 0 0 1 n ft 7 c;

J. • U 3 f .6953
700. 24.99U7 12960.7 .0 46 75 110.4230 . 00114 355.57 167.94 .00348 1.07737 .6946
800. 22. '1485 14498.6 .04524 107.5944 .00102 386.38 181.48 .00420 1.06930 .6934
900. 20.3744 16089.6 .04388 105. 3896 . 00092 418.62 194. 86 . 0D498 1. 06276 .6919

1000. 18.6513 17742.0 .04260 103.6291 .00085 452.01 208.05 .30561 1.05734 .6907
1200. 15.9516 21230.6 . 04C26 101. 0104 . 00072 511.13 233.74 .00750 1. 04890 .7030
ll»00. 13.9327 24953.6 .03813 99.1723 .00063 583.30 258.57 .00954 1.04262 . 73 04

1600. 12.3659 2881 5.3 .03646 97. 8224 .00056 655. 28 282. 57 .01177 1, 03776 .6990
1800. 11.1146 32773.5 .03506 96.7950 .00051 726.63 305.78 .01419 1. 03339 .6981
2000. 10.0923 36887.5 . 03381 95. 9893 .00046 799. 36 328. 23 .01660 1.03074 .6967
2200. 9.2412 41219.7 .03262 95.3389 .00042 876. 09 344.88 .01964 1. 02812 .6840
2(»00. 8.5210 45889.8 .03139 94. 7961 . 00039 961. 36 366. 19 .02275 1. C2591 . 6801
2600. 7.9027 51073.6 .03005 94.3223 .00036 1061.81 387.03 .02621 1.02402 .6726
2800. 7.3648 57000.8 .02855 93.8833 . 00034 1186. 00 407.48 . 03015 1. 02237 .6636
3000. 6.8906 63938.3 .02687 93.4458 .00032 1343.93 427.66 .03469 1. 02092 .6!»41

• THO-PHASE BOUNDARY
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TftBLE 2

THERMODYNAMIC PROPERTIES OF PARAHYOROGEN IISOBARS, SI UNITS)

100.00 HPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K M/S

3<>.169 .00977 5.2095 1.51.2 -166.3 810.1. 6.279 6.60 8. 08 2527.
35. .00979 5.1881 1.535 -161.9 817.2 6.1*71. 6.66 8.18 2525.
36. .00982 5.1618 1.526 -156.5 825.1* 6.706 6.73 6.30 2522.
37. .00985 5.1 350 1.517 -151.0 833. 8 6.935 6.81 8.1.1 2520.
38. .00988 5.1078 1.508 -11*5.1* 81*2.2 7.161 6. 87 8.52 2517.
39. .00990 5.0801 1.1.99 -139.7 850.8 7.381* 6.93 8.62 2511*.
itO. .00993 5.0520 1. 1.90 -133.9 859.5 7.603 6.98 8.72 2511,
<»2. .00999 i..99'.8 1.1.72 -122.1 877.1 8.033 7.09 8. 90 2505.
kk. .01005 1..9365 1.1.53 -1 10.1 895. 1 8.1*52 7.19 9.09 21*98.
<»6. .01011 I.. 8773 1. 1.31. -98.2 913.0 8 .81*8 7. 32 9.31 21*90 .

tti. .01017 1..8175 1.1*15 -85.1* 931.8 9.21*9 7.1*1. 9.51 21*81.

50

.

.01023 1.. 7573 1. 396 -72. 3 951. 0 9. 61*1 7.55 9.70 21*72 .

52. .01029 I..6971 1.377 -58.9 970.6 10.025 7.66 9.88 21*62.
5<». .01036 1..6369 1. 359 -1*5.2 990.5 10.1*01 7.76 10.06 21*53.

56. .010'»2 1..5771 1-31.0 -31. 0 1011.1 10.775 7.85 10.23 2 1*1.3.

58. .010<>8 I..5178 1. 321 -16.7 1031.7 11.137 7.93 10.1.0 21*33.

60

.

.01055 1.. 1.591 1. 302 -2.2 1052.7 11.1*93 8.02 10.56 21*23 .

65. .01071 I..3169 1.255 35.2 1106.5 12.355 8.26 10.99 2396.
70. .01088 1..1826 1.209 71.. 3 1162.6 13.185 8.51. 11.1*1. 2367.
75. .01106 1..0581 1.162 115.1. 1221.0 13.991 8. 87 11.92 2336.
80. .01123 3.91.1.8 1.116 158. 5 1281.

8

11*. 776 9.23 12.1.1 2301*.

85. .Ollitl 3.81.31 1. 070 203.9 131*5.1 15.51*3 9.62 12.91 2272.
90. .01160 3.7530 1.021* 251.1. 11*11.0 16.296 10.03 13.1.1 221*0.

95. .011 78 3.6737 .9796 301.2 11*79. 2 17. 031* 10 .1*1* 13.89 2210.
100. .01197 3.6035 .9357 353.3 151*9.8 17.758 10.86 11*. 31* 2181.
110. .0123<« 3.1.819 .8522 1.65.2 1698.9 19.178 11.72 15.21 2126.
120 . . 0 1276 3.331.6 .8 066 581.. 0 1860.0 20.580 12.38 16.19 2088 .

130. .01315 3.2230 . 7503 709.2 2021*.

5

21.896 12.91 16. 83 2050.
1<>0. .01355 3.1987 .7030 839.3 2191*.

3

23.155 13.28 17. »5 2039.
160. .011*37 3.1972 .6183 1107.5 251*1*.

5

25.1*93 13.59 17.53 2031.
180. .01517 3.111.3 .51.39 13 77.3 2893.9 27.551 13.1*9 17.1.2 2005.

200. .01597 2.9502 .1.911. 161.2.2 3239.6 29.372 13.18 17. 36 1971.
220. .01661* 2.91.19 .1.1.88 1900.6 3581..

7

31.017 12.82 17. 09 1981.
2<»0. .01768 3.0865 .1.119 2152.3 3920.5 32.1*78 12.1*8 16.60 2026.
260. .01852 3.1323 .3779 2397.5 1*21*9.2 33.791* 12.20 16.26 201*1*.

280. .0193'* 3.1686 .31*88 2637.2 1*571.2 31*. 988 11.97 15.99 2057.
300. . 0202<t 3. 25 00 . 3351* 281*7.0 1*870.5 35.991 11.1*2 15.57 2112 .

350. .0223<» 3.3883 .281*6 31*09.3 561.3. 3 38.3 73 11. 10 15.28 2159.
<»00. .02<»it3 3.51.26 .21*70 3958.2 61*00.9 1*0.398 10.91* 15. D5 2208.
U50. .02650 3.7063 .2182 1.1*99.3 711*9.3 1.2.162 10. 86 11.. 92 2257.
500. .02856 3.8759 . 1955 5036.7 7892.9 1*3. 728 10. 8Q 11*. 82 2306.

550. .03061 1.. 01.97 .1771 5570.9 8632.3 1.5.137 10.77 11*. 77 2356.
600. .03266 I.. 2261. • 1620 6103.7 9369.9 1.6.1.19 10.76 11.. 73 21*06.
700. .03671* 1..5866 .1385 7167.1* 1081*1.7 1.8.690 10.77 11.. 72 2501*.

eoa. .0'»082 1..9536 .1210 8233.9 12315.1* 50.656 10.62 11.. 76 2599.
900. .0'*i*88 5.3261 .1076 9308.1 13796.5 52.399 10.93 11.. 86 2692.

1000. .0'»895 5.7030 .0968 10393.9 15289.2 53.971* 11.06 15.01 2781.
1200. .05710 6.1.673 .0808 12616.8 18326.5 56.730 11.1*2 15.37 2951.
i<*oa. .06525 7.21.39 .0 691* 11.918.2 211*1*3.1. 59.136 11.83 15. 80 3110.
1600. .0 731.2 8.0286 .0609 17302.8 21.6I.1..6 61.251 12.23 16.21 3262.
1800. .08160 8.8200 .051*2 19770.1. 27930.0 63.11.8 12.59 16.53 31*08.

2000. .08978 9.6165 .01*89 22320.2 31298.6 61.. 988 12.96 16.96 351.8.

2200 . .0 97 98 10.1.171 .01*1*5 21.91.3.7 31.71*2.1 67. 301 13.35 17.37 3682.
21*00. .10620 11.2210 .01*08 27651.8 38272.3 69.883 13.79 17. 81. 3809.
2600. .1141.6 12.0275 . 0377 301.60.2 1*1905.8 72.61.1 11*. 31* 13.1*2 3931.
2800. .122 76 12.8363 .0351 33391..

0

1.5670.1 75.1*32 15.0 3 19.17 1*01*6.

3000. .13115 13.61.69 .0 328 361.88.1. I.9603.8 78.089 15.91 20. 11* 1*156.

• THO-PHASE BOUNDARY
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TABLE 2

THERMOOYNftMIC PROPERTIES OF PARftHYDROGEN (ISOBARS, SI UNITS)

100.00 HPA ISOBAR

TEMPERATURE DENSITY V(DH/OV»p V(DP/OU) -V(OP/DVL (DV/OT)VV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTLVIP CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR

X 10^ X 10^ X 10'

3<».t69 102.3875 2796.3 .22830 533,3893 . 00289 276. 26 937.81 .00120 1. 31*287 2. 71.36

35. 102.1<»17 2825.5 .22560 529.9203 . 00290 276.31* 870,98 .00119 1.31*197 2.5791
36. 101.8'>60 2859. .22250 525,7090 . 00290 276.25 800,91 .00118 1.31*088 2 .1*065

3 7. 101.550% 2891.7 .21955 521.<»625 . 00291 275.96 71*0.27 .00116 1.33980 2.2570
3S. 101.2550 2921.8 .21682 517.1855 .00292 275.51 687. 1*6 .00115 1.33871 2.1263
39. 100.9598 29'»9.0 .21<»36 512.8820 . 00292 271*. 92 61*1.22 .00111* 1. 33763 2.0106
l»0. 10a.66(»7 297i».8 .21203 508.556«» . 00293 271*. 20 600.50 .00112 1. 33655 1.9u90
<»2. 100.0751 302<t.3 .20751* '»99, 851*6 .00291* 272. 38 532.1*3 .00110 1. 331*39 1.71* J6
(»<». 99.<«861 3072.7 .2031'* 1*91. 110<* . 00296 270.25 1*78.19 .00108 1.33223 1. 6036
<>6. 98.8978 3130.6 .19798 1*82.3525 .00297 267. 90 1*31*. Zb .00105 1.33008 1. 50 3 8

98.3099 3181.3 .193't5 1*73.6076 .00299 265.1*1 398.20 .00102 1.32793 1.1*2 63

50. 97.7226 3228.6 .18922 1*61*. 9006 .00300 262.83 368.22 .00100 1.32578 1. 3536
52. 97.1359 3273.1 .16521* 1*56.2550 .00302 260.20 31*3.02 .00098 1. 32361* 1.3028
5<». 96.5>*96 3315.5 .1811*1* 1*1*7.6927 .00303 257. 51* 321.63 .00095 1. 32151 1. 2565
56. 95.9639 3355.2 .17786 1*39.231*0 .0i]305 251*. 90 303.31 .00093 1.31937 1.2178
56. 95.3786 3391.6 .171*51* 1*30.8979 . 00307 252.29 287.50 .00092 1.31725 1.181*9
60. 9<*.79'»3 31*2 8.5 .17122 1*22. 7017 .00308 250.06 273.71* .00090 1.31512 1.1563
65. 93.3370 3526.6 .16276 1*02.921*1* .00312 21*5. 78 21.6.21* .00086 1. 30981* 1.1009
70. 91.8870 3637.2 .15398 38i*.32i*9 . 00315 21*1. 67 225.80 .00083 1.301*59 1.0690
75. 90.i*<*B0 3763.1* .11*1*96 367.01*97 .00317 237.86 210.11* .00079 1.2991*0 1.0529
80. 89.02<tl 3905.9 .13589 351.1813 . 00318 231*. 58 197.62 .00076 1.231*28 1.01*68

85. 67.6203 1*061*.

2

.12700 336.7366 . 00318 235.51* 187.92 .00075 1. 28921* 1. 0301*

90. 6&.2i»l<* 1*236.7 .1181*8 323.6679 .00317 236.1*6 179.81 .00071* 1.261*30 1.0197
95. 6l».8920 1*1*21.2 .110<*9 311.8661* . 00311* 237. 1*8 173.06 .00073 1.2791*8 1.0120

100. 63.5760 1*61 i*.i* .10311 301.1690 .00311 236.70 167.36 .00072 1.271*79 1.0052
110. 81.0536 5037.1 .08973 282.2177 .00302 226.67 109.58 .00066 1. 26583 .7353
120. 78.3682 521*6.8 . 08312 261.3250 . 00309 226. 1*9 110.23 . 00061* 1.25631. .738 1

130. 76.0329 51*9 8.1 .0761*6 21*5.0521* . 00306 236.1*0 111.17 .00066 1. 21*812 . 7916
11*0. 73.799** 5791.3 . 07176 236.0605 . 00298 250. 00 112.16 .00071 1.21*029 .7738
160. 69.5909 6312.1 .06536 222.1*929 .00278 278.17 113.90 .00082 1.22563 .7178
160. 65.9363 6578.1* .06111* 205.31*81 . 00265 300. 77 115.21* . 00091* 1. 21299 .6675

200. 62.602<t 6521*. 1* .05955 181*. 6867 . 0G266 315.25 116. 31 .00104 1. 20154 .6406
220. 59.3617 6650.9 .05898 171*. 6977 .00257 322.23 117.30 .00114 1.19054 .6221
21*0. 56.5559 7036.2 .05836 171*. 5602 .00236 323.62 118.33 .00124 1,18095 .6071
260. 51*. 0061 7278.9 .05737 169.1637 . 00223 321.52 119.1*7 .00132 1, 17234 .6042
260. 51.7071 7513.1* .05633 163.81*06 .00213 317. 67 120.77 .00138 1.16461 .6030
300. 1*9.1*193 7501*.

2

.0591*1* 160. 6133 . 00209 313.32 122.22 ,00146 1.15695 .6113
350. (»i>. 761*3 611*2.5 .05726 151.671*0 .00188 301*. 61* 125.51* .00160 1.14148 .6345
1*00. '(0.9368 6836.1* .05515 11*5.0297 .00170 301. 82 131.66 .00176 1. 12888 .6564
1*50. 37 . 7 361 9561.1 .05326 139. 8609 . 00156 301*. 57 137.36 .00195 1.11840 .6727
500. 35.0120 10291.3 .05166 135.701*1 . 0011*1* 311. 1*5 11*3.1*1* .00216 1. 10953 .6828

550. 32.6639 11026.1 .05033 132.2775 .00131* 321.15 11*9.78 .00240 1.10193 .6337
600. 30.6169 11768.7 .0(>918 129.3991 . 00125 332. 75 156.27 .00266 1.09534 .6918
700. 27.2161 13268.

3

.01*725 121*. 8291 . 00111 359.51 169.1*7 .00323 1. 08444 .6938
800. 21*. 5007 11*606.7 .01*561* 121.3671* . 00100 389. 16 182. 71* .00387 1.07580 .6933
900. 22.2795 16397.7 .01*1*19 118.6628 . 00091 1*20.67 195.92 .00457 1.0S876 .6923

1000. 20.1*277 18050.0 .01*265 116.1*995 .00083 1*53.59 208.95 .00533 1. 06292 .6912
1200. 17.511.1 21538.1 .01*01*3 113.2771* . 00071 511.13 234.1*3 .0C684 1.05378 .7049
11*00. 15.3253 25260.6 .03829 111.011*8 .00063 583.30 259.11 .00867 1. 04695 .7017
1600. 13.6206 29121.1 .03651* 109.351*7 . 00056 655.28 283.01 .01069 1.04165 .7000
1600. 12.2556 33076.7 .03512 108.0935 .00050 726.59 306.15 .01287 1. 03742 .6933

2000. 11.1379 37185.9 .03385 107.1068 . 0001*6 799.20 328.51* .01523 1.03397 .6973
2200. 10.2057 1*150 7.8 .03266 106.3132 . 0001*2 875.57 341*. 88 .01778 1.03109 .6840
2(>00. 9.1*158 1*6155.9 .0311*1* 105.651*1* . 00039 960. 03 366.19 .02038 1. 02666 . 680 3

2600. 8.7370 51297.3 .03012 105.081*1* .00036 1058.86 387.03 .02369 1.02657 .6732
2800. e.l(>59 5711*9.9 .02865 101*. 5631 . 00031* 1180. 19 407.47 . 02721 1.02476 .6613
3000. 7.6246 63967.6 .02702 104.0528 .00031 1333. 50 427.63 .03126 1.02316 .6460

• THO-PHASE BOUNDARY

6-]21



^ i1-4 3

0\ O
—I ON

—I SO

<N On

OO NO

NO 00
O

lO 00
ON O ON ON

OO o
(N 00

OO —I

NO (^1

<N 00

^ OO

<N OO

ON 0\
0\ NO

<N OO

'5 = O 00
NO
,-( O
»0 O
fS o

o ^
r-, O
<r> O
r-i o

ON NO
t-~ o
Tj- O
(N O

NO
CO o
Tf —

I

^ o
<N O

00 OO
-1 o
00m o
<N o

O m
NO 00

r<-> o
O
Oo

ON
OO OO
NO
<N oo

NO <N
NO

fS o
r-J o oo

w
o
o
Q

<
Oh

Q

a
HI

Q

•T3

O £ -H

M X

-= -o > X
o

m 00o oO mo o
d d

00 ON
to mO ro
O —

<

o o
d d

O ONo oo o

o ri

W-) On

NO lO

NO ON
I/-) OOO NOo oo o
d d

O lOo oo o

r-i ON
0\O roO OO O

d d
o oo o

O mo oo o

ON Tj-

Oo oo o
d d

—I 00

\0 (N

NO >0^ oO (No oo o
d d

C/3

O
w

SQ

X
U
O
u

O
(/)

H
H
U
a.
O
cn

u
I—

«

>
CO

>
CO

CO S

On

CO
^

fN <NO
O O
d d

O NO
Tj- om o

lo 00
NO NO
>0 NO
r4 o
d d

rj ON

NO --H

NO ^
O rj-

o o
d d

—< ON
-H 00o
p pd d

o —

I

OO m
OO —

<

lo o
^ d
OO

—( o
00
'-t 00^ NO
o pd d

00
00 oom o
to O

o om OO
,-H NOm NO

NO Tt-

00n NO^ NO
p o
d d

^ r-
r^i NO
fS NO
<N o
d d

ON ON

NO

p pd d

r-~ p
—< d

ON ONO NO
W, NO^ NOo
d d

NO r-
00

—( NOo o
d d

ON

NO -H

—I o
NO ^ NO —I

—H m NO

NO O r~
NO -H NO —I

r- NO
00 NOO NO
o

d d

p 'S;

O 00

lO OOm o
r-j d

^ NO
-H NO

O NO
<-^t o
d d

NO
r-H ND

P Pd d

ON m
r~ oO ONo
d d

—I NOo pd d

CO
rfl ON
On O
<N —I

00 NO
On no^ O
d d

(N On
On lO^ NOo o
d d

lo 00
CO 00
00 fO

NO
ON NO—

< o

NO O
—I 00
<N NO
O O
d d

—< d >o o

OO NO—
< o
d d

o

O
P
r-^ d

Tt 00
U-) CO

00 -H

NO d

ro OO
NO
ON <N
ON fN

O >0
r<^ 00o <^

O <N

On

-a-' d
ON ON

NO

d

f^ »r>

ON ON
NO f^^ ON

rj d

OnO 00

ON NO p
00 M

2 >-

NO

O

J3

o

6-122



tt r^i 00 vo O CT>
^ o
—1

OS O
00 m r- o
00 o Oo vo —

'

00m CT^^ O
r) o

O —

'

00o —
o O

r-t O

00 Oo ri
>o oo
ON -H

On
CO M— O

ol O
oo (^)

— o

r~ O
COO —1

—
' O —

' O

Z
u
o
o
Q
>-

Q _

T3

3

c
ou

a
z

O
kU

<

C
o

>

to ~
>

P
CO CO

>

O -H
o oo o
o d

E 2 ::•

r-~ ooO
00

O —

'

o oo o

o
'-O to

p p
CD CD

ri 00

IT) oom ooo oo o
p pd d

—
. Onm ^o oo oo o
d d

o oo o
p pd d

p
d d

oo oo
oo ON—

' ^ ON vo

r-i ON

o oo o
p pd d

oo

>o
ri 1^

o oo oo o o pd d

—< oi

d d d d

vo 00
GO UO
00 r)

L
O
on
u
H
Bi
u
a.
O
oi
a,

z
>"

Q
O
s
u
K
H

3 ^.

cog X

> S

>
CO

00 NO
-H o
d d

O ON

Cv) CO—
' ^
O (^1

r- vo
o

d d

o o

r-- —

'

ON o

^ 00
r- vo
—< o
d d

^ oo
oo vo

oo
vO vo

>0 On
u-i vo

U-) ON
VO ONO CTnO ON

vo On
VO r-
vo On
ON

O r-o
vo CTN

vo
— o
d d

O l vo
OO o

^ vo
"* 00
vo OO

vo vo
lO ONm
ô
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Table 4

SECOND AND THIRD VIRIAL COEFFICIENTS

FOR PARAHYDROGEN

Temperature, B C
K (cmV mol) (cmV mol)'

14 -2.372 X 10' -6.713 X 10"

16 -1.992 X 10' -2.265 X 10"

18 -1.698 X 10' -7.121 X 10^

20 -1.467 X 10' -1.503 X 10'

22 -1.281 X 10' 5.656 X 10'

24 -1.129 X 10' 1.323 X 10'

26 -1.003 X 10' 1.580 X 10'

28 -8.969 X 10' 1.640 X 10'

30 -8.066 X 10' 1.615 X 10'

32 -7.290 X 10' 1.550 X 10'

34 -6.615 X 10' 1.467 X 10'

36 -6.025 X 10' 1.376 X 10'

38 -5.504 X 10' 1.290 X 10'

40 -5.042 X 10' 1.214 X 10'

45 -4.086 X 10' 1.066 X 10'

50 -3.343 X 10' 9.638 X 10'

60 -2.264 X 10' 8.351 X 10'

70 -1.522 X 10' 7.510 X 10'

80 -9.824 X 10 6.878 X 10'

90 -5.725 X 10 6.405 X 10'

100 -2.510 X 10 6.085 X 10'

120 2.144 X 10 5.491 X 10'

140 5.342 X 10 5.063 X 10'

160 7.654 X 10 4.726 X 10'

180 9.388 X 10 4.449 X 10'

200 1.073 X 10' 4.217 X 10'

250 1.300 X 10' 3.768 x 10'

300 1.438 X 10' 3.438 x 10'

400 1.589 X 10' 2.976 X 10'

500 1.660 X 10' 2.661 X 10'

6-126



aj O

U
o

I i
c o

in

Zw
O
o
Q
a:

a.

b
O

^ W
Cu
O
a.

H
Z
o
Q
UJ
X

T5
C
O
u

o

o
Z

C

o
fX

'3

o

3

0)

o

'Tj- m' ro<*H

U
oO

O

O

m o o

—I

r— ON ^ o
ON oo O
r~i vo o o

ON ^
ON

VO ON ^
\o ^

NO O O
NO ON

NO O
ol NO

00 <N

-H (N —

<

m o
O lO NO U-) oo
00 00 O O ON

tN o NO O—H in —

,

m NO
r- o^ NOm NO ^O fN O rsl o

oq 00 <N o O wo

r-J o6 O O lo—
I lo o

ON

O (N ^
00 00 CT\

CO oi (N
•-H lO

>|H2

3

CO

CO

^.
en cr) cn

O
d

o
CO NO o ON

—
I
-H d ON

NO
(-Ni oo —

I

OO ly-l

a; b
> -2 >

r~~ 00
OO NO >0

^ '-I NO Tt
00

NO m
to

-jr
'"^ ^

^ —J

ON« NO —I
— 00 r- o

—
'
—< ON d
00 rN NO

to NO NO

NO ON NO

NO

NO

I

OO —

'

qj ^
ft 3

D JJ 1^ Q, O
H o- Q 00 U I

*^ nj J- ^ i_

<~^1 ON to
OO NO r~-

O OO
lo r-~ On

NO NO
I I

ON

1 I

CNI

d d

I I

r- r-- NO
ro CO

no" no' co'

oo' oo' to -* ro
Ol n ro ri

iH
00

.H
CO LO

nD
CN
o

CN

00 00 o- LO ooo
•

oo
' •

ON
•

00
NO

•

o oo 1 iH

o o t—

1

o rH UO

00

ON ON
ro rn NO CN iH
00 CO rH ND o Oo o 00 o oo o 00 NO O o 1

<-

o o tH o iH iH

T5
C

to to
ro roo oo o

oo 00 <N
On irlO O r-i

—
' ^ O r^i

rH O O
tH rH C7^ CT> -<r

o o nD O o O rH
O o rH CO o O 1

to
to O o O o rH rH
ro m

o^^ CNl

m CO o C3N

.H rH ON CO O COo O ON CM CM rH ON

ro o o o rH rH rH rH rH
ONO

<J- 00 CJN

CO rH
O O ~* ro O oO O CN CNl o O 1o O rH ND o o CO

to o O O O rH rH COo nD
ro

o
nD N£3 (3N ON
(TnJ CNJ CO rH ON rH
O O CnJ CM rH On a^

ro o O o CN rH rH CM o

CO

C3N

NO
00 CO
(^) —' CO
—; ^ d

a c c
CO LU _

E

E ^
o

E a^
II

,'n3 ,

O
>, ^
^ o

> >

X -a c 2
S! c c o tS

J
- o 5 o <u

eg."^ cd _ i; o

z u _^ S -3 ^
H cu Q ^

o

o
e

>-)

co

rH
CO

I

o
Bi

C
>

r- - D ^

^ C u ^

ft 2 S '-ii

•3 C cC

E
2 CO o "d

^ f} 5 r

_ O
O
g 5

.E -1

t. c
O

d > CO 3

o
ft

3 rH cj

13

5
li

X

c
o

O +J

cfl

c E
U 3 CM
E -3 CO
1) > CO
O p-,
>-. CJ

~

1) T3 5
o a X
O "I

o <- ^
C 0 M

>< • g

CC

o _^ o

cij X
<L) ni 4J

cQ -H ^ — a:

« —, ^

3

>

3
X)

C5 C
E =

a-

O

c3 ^
ft

4> -*N

^ "ft
ft ^

> < S

cQ X>

ca X t-

<u M —
o —
ft <u

^ I

c c
c o c
D -J <
CJ T3 D t—

D.
^

E E
O C3

6-127



Table 6

REFRACTIVE INDEX OF SATURATED
LIQUID PARAHYDROGEN AT THREE

WAVELENGTHS

Wavelength

Temperature, K 435.8 nm 546.2 nm 693.9 nm

15 1.1222 1.1204 1.1191

16 1.1208 1.1189 1.1177

17 1.1192 1.1174 1.1162

18 1.1176 1.1158 1.1146

19 1.1159 1.1141 1.1129

20 1.1141 1.1124 1.1112

21 1.1123 1.1106 1.1095

22 1.1103 1.1086 1.1075

23 1.1082 1.1065 1.1054

24 1.1059 1.1042 1.1032

25 1.1034 1.1018 1.1008

26 1.1007 1.0991 1.0981

27 1.0977 1.0962 1.0952

28 1.0944 1.0929 1.0920

29 1.0906 1.0892 1.0883

30 1.0862 1.0849 1.0840

Table 7

JOULE-THOMSON INVERSION CURVE ( PARAHYDROGEN

)

Temperature Pressure Density

K R MPa atm psia mol/cm' X 10'

28 50.4 1.000 9.87 145.1 30.06 3.783

29 52.2 1.525 15.05 221.2 29.90 3.763

30 54.0 2.035 20.08 295.1 29.73 3.742

31 55.8 2.534 25.01 367.6 29.56 3.720

32 57.6 3.025 29.85 438.7 29.40 3.700

34 61.2 3.968 39.16 575.5 29.05 3.656

36 64.8 4.870 48.06 706.3 28.70 3.612

40 72.0 6.545 64.59 949.2 27.99 3.523

50 90.0 10.02 98.93 1454 26.16 3.292

60 108.0 12.60 124.4 1828 24.30 3.058

80 144.0 15.55 153.5 2256 20.58 2.590

100 180.0 16.35 161.4 2372 17.04 2.145

120 216.0 16.42 162.1 2353 14.12 1.777

140 252.0 14.24 140.5 2064 10.86 1.367

160 288.0 10.36 102.2 1502 7.176 0.9031

180 324.0 5.165 50.97 749.1 3.321 0.4179

200 360.0 0.0547 0.54 8.6 0.036 0.0045
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TABLE 8

Thermodynamic Properties of Normal Hydrogen
(Isobars, SI Units)

0.01 to 100 MPa Isobars
13.8 to 3000 K
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TABLE 8

THERMODVNAMIC PROPERTIES OF NORHflL HYDROGEN <ISOBARS, SI UNITS»

.01 MPft ISOBAR

TEMPERATURE voLUi-.e ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU H/KG CU M-I1PA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

is.eoit .01298 1.1628 .9233 218.2 218.1* 11*, 0 81 i*.67 6.38 1260.
!<». .01301 1.1302 . 9233 219.5 219,7 11*. 175 1*. 72 6.50 121*8,

• If*. '30 .01307 1.1173 .9196 222.1* 222 .5 11*. 3 71* t», 30 6. 57 121*5.
* l'».'»30 5. 83386 . a 571 . 0 007 611*. 8 673.2 1*5.613 6.22 10 .59 312.

15. 6. 0 75 51. .0596 . 0007 618.1* 679,2 1*6.023 6.22 10.56 318,
16. 6.<»9796 .0&<«C . 0 006 621*. 8 689,7 1*6.703 6. 21 10.52 329,
17. 6.91887 • 0 683 . 0006 631.0 700.2 1*7. 339 6.20 10 . <*9 31*0 ,

18. 7.33861 .0 725 .0006 637.3 710. 7 1*7, 938 6. 20 10. 1*6 350.
19. 7.7571*3 .3768 . 0 005 61*3.6 721.2 1*8 .5 03 6.20 10 .<ti* 360.
20. 8.17550 .0810 . 0 005 61*9.8 731.6 1*9,038 6.20 10.1*3 369.
2Z. 9.00988 .0 895 . 0 005 662.3 752. <t 50.033 6.20 10.<»1 388.
Zk. 9.8if2<»5 .0979 .3001* 674.8 773.2 50,938 6. 19 10. 39 1*05.

26. 10.67369 .1062 .0C0<* 687.3 791*.

0

51.767 6.19 10.38 422.

28. 11.50391 .ll'»6 . 000<* 699.7 811*.

7

52,535 6.19 10.37 438.
30. 12.33332 .1229 . 000 3 712.1 835.5 53.250 6.19 10.36 453.
32. 13.16210 .1313 . 0 003 721*.

5

856.2 53.919 6.19 10. 35 468.
3(>. 13.99036 .1396 . 0 00 3 737.0 876,9 51*. 51*6 6.19 10.35 483,
36. 1*1.81819 • 11*79 . 0 00 3 71*9.1* 897.6 55.138 6,19 10.31* 497,
38. 15.6<.568 .1562 .0003 761.8 918. 2 55.697 6, 19 10.31* 511.
kO, 16.<»7288 .161*5 .0003 771*,

2

938.9 56.227 6.19 10.31* 524,
i>2. 17.29983 .1728 . 0002 786,6 959.6 56,732 6.19 10.31* 537.
<fi». 18.12657 .1811 .0002 799.0 980.3 57.212 6.20 10.31* 550.
<>6. 18.95313 .1893 . 0 002 811.1* 1001.0 57,672 6. 20 10.31* 562,

l|8. 19.77953 .1976 .0002 823.9 1021.6 58,112 6.20 10.34 574,
50. 20,60580 .2059 . 0002 836.3 1042.3 58.534 6.21 10.35 586,
55. 22,67099 .2266 .0002 867.4 1094.1 59.521 6.23 10.37 614,
60. 24.735 64 .2472 .0002 898.6 1146.0 60,425 6. 27 10. 40 641,
65. 26,79987 .2679 .0002 930.1 1198.1 61,258 6.31 10.45 666,
70. 26.86380 .2836 . 0 001 961.8 1250.

5

62.035 6.38 10.51 689.
75. 30,92747 ,3092 .0001 994.0 1303.2 62.763 6.46 10.59 712,
80. 32.99095 .3299 . 0 001 1026.5 1356.4 63.449 6.56 10.69 733.
90. 37.11746 . 3711 . 0 001 1093.

3

1464.5 64.722 6.80 10.92 772.
100, 41,24353 .4124 .0001 1162.6 1575.0 65.886 7,07 11.20 808,

110. 45,36928 .4537 .0001 1234.7 1688.4 66.963 7.35 11.49 341.
120. 49.49480 .4950 . 3001 1309.8 1804.

8

67.976 7,66 11.78 873,
140. 57.74534 .5 775 . 3001 1468.

7

2046.

2

69,836 8,22 12.34 931,
160. 65,99544 .6600 .0001 1638.0 2298.0 71.516 8,70 12. 82 986,
180, 74.24525 .7425 . 0001 1816.0 2558.4 73,049 9,09 13.21 1039,
200. 82.49487 .8250 .0001 2001.0 2826.0 74.459 9,40 13.53 1089,
220. 90,74435 .90 75 . 0000 2191.7 3099.1 75.760 9,65 13.78 1138.
240. 98,99373 .9900 .0000 2386.7 3376.7 76.968 9.35 13.97 1185,
260 , 107,24303 1.0725 . 0000 2585.

2

3657,6 78.093 9.99 14.12 1231,
280, 115.49227 1.1550 ,0009 2786.3 3941,2 79.143 10.10 14.23 1275,

300, 123.73215 1.2374 . 0 000 2989.2 4226.6 80.127 10.18 14. 31 1319,
350. 144.35340 1.4436 .0 000 3501.8 4945.3 8 2.3 43 10.30 14.42 1422.
400. 164,9 7452 1.6498 . 0 000 4018.

3

5668.0 84.273 10,35 14.47 1519.
450. 185.59556 1.8560 .0000 4536.5 6392.5 85.980 10.37 14.49 1611.
500. 206.21654 2.0622 . 0000 5055.6 7117.8 87,507 10. 39 14.51 1697,
550, 226,83749 2.2685 . 0000 5575.3 7843.7 88.891 10.40 14.53 1780,
600. 247.45841 2.4747 . 0003 6096.1 8570.

7

90.153 10.42 14. 55 1858,
653. 268,07931 2.6809 .0003 6617.7 9298.5 91.315 10.45 14.57 1934.
700, 288.70020 2.8871 .0003 7141.0 10028.0 92,403 10.48 14. 60 2006.
750. 309,32108 3.0933 . 0000 7666.

2

10759.4 93,414 10.52 14. 64 2 0 75.

800 . 329,94195 3,2995 . 0000 8193.5 11492.9 94.361 10,57 14.69 2142.
850. 350,56281 3.5057 .0 000 6723,7 12229.3 95.253 10.63 14.75 2206.
900, 371.18367 3.7119 . 0 000 9256,9 12968.7 96.397 10.70 14.62 2268,
950, 391.80453 3.9181 . 0 000 9793.5 13711.6 96.899 10.77 14. 90 2328.

1000 . 412.42538 4.1243 . 0 000 10334.0 14458.2 97.664 10.86 14.98 2386.
1100. 453.66709 4.5368 .0000 11429.4 15966.0 99.091 11.04 15.16 2496.
1200. 494.90891 4.9492 . 0 000 12544.2 17493.3 100.412 11.24 15.36 2601.
1300. 536.15138 5.3616 . 0 000 13680.1 19041.6 101.651 11.46 15.58 2700,
1400. 577.39658 5.7740 .0000 14838.4 20612.3 102.822 11.70 15.82 2795.
1500. 618,65110 6.1864 . 0000 16021.4 22207.9 103.937 11,97 16.10 2884,

1600. 659,93251 6.5988 . 0 000 17233.3 23832.7 104.978 12.30 16,44 2969.
1700. 701.28140 7.0113 . 0 000 18485.8 25498.6 105.934 12.78 16,94 3048.
1800. 742.78144 7.4237 . 0 000 19799.6 27227.4 106.971 13.52 17.71 3119.
2000, 826.97486 8.2485 . 0 000 22778.4 31048.1 106.991 16.56 20.99 3232.
2200, 915.44934 9.0733 . 0000 26764.6 35919.1 111.299 23,70 28.81 3319.
2400, 1014,83413 9.8982 . 0 000 32969.

2

43117.5 114,416 38.13 44.99 3415.
2600, 1137,61448 10. 7230 . 0 00 0 43400.4 54776.5 119.066 63.23 74.19 3 543.
2800, 1303.75995 11.5478 . 0 000 60877.2 73914.8 126.142 100.52 120.10 3709.
3000. 1538,60332 12.3727 . 0 030 86375.8 103761.9 136,424 145.32 179.51 3904.
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.01 MPA ISOBAR

n r C f\M 1 U InC xffnp/niii -w \ Vr f U VJ f

y

in\i/nTi /tf TurpHAI UTSCOSITV THERMAL PPAMflTIr fx H n Lt 1 Ik

CONDUCTI VITY DIFFUSH/ITY CONST ANT NUMBER
K KG/CU H KJ/KG HPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR

X 102 X 10^ X 10'

13.80'« 77. 016 7 61 8 . S .25650 89.5531 .01031 72.54 254.83 .00 05 3 1.25158 2.2412
1 • 611.8 . 25478 .01063 74. 54 247. 76 .00054 1.25097 b . X O X >

1<». 1*30 76. If 90 0 620.0 .250 21 85. 4586 . 01076 78. 55 234.09 ,00055 1.24972 1.9881
• 1 71 <> 145.5 .06684 • 00 98 .07279 12.74 7. 74 . 02526 1.00052 . 6435

15. . 1646 151.5 . 06684 . 0098 • 06968 13.01 8.07 • 02696 . 6547
16. .1539 16 2.1 .06684 . D098 .06488 13.47 8. 64 .02997 1 • 00 0 46 .6745
17. . l'»<»5 172.6 . 066 83 . 0099 . 060 74 13. 91 9. 21 .03306 1. 00 0 44 • 6938
16. .1363 18 3.1 . 06681 . 00 99 .05713 14. 41 9.77 .03639 1.00041 .70 92
19. .1289 193.6 .06680 .0099 . 05394 14. 91 10.32 .03987 1.00039 .7231
20. .1223 204.1 .06679 .0099 .05109 15.53 10.87 .04382 1.00037 .7302
22 . .1110 225.0 . 0 66 77 . 00 99 . 04625 17.11 11.95 .0 5 332 1 - fl n n 7X . U U U J o ,7270
2<». .101 € 245.9 .06675 . 0099 • 04226 18. 69 13.01 .06376 1.00031 ,722 7

26. . 093 7 266 .7 • 06674 .010 0 .03891 20.28 14. 04 .0 7509 1,00028 . 7182

28 . .0869 28 7.4 .06673 . 0100 • 03606 21. 85 15.04 .08 730 1*00026 .7136
30 . .0811 308 .2 .06672 .0100 . 0 3361 2 3.43 16. 03 .10 0 41 1 . fin Q .70 87
32. . 0 76 0 328 . 9 . 06672 . 0100 . 0 3147 24. 82 16.99 .11363 i - on

0

.7085
3<»

.

.0715 349.6 . 0 6672 . 0100 . 02959 26. 23 17. 93 . 12 767 !• 000 22 .70 75
36. .0 675 370 .4 .066 7 0 .0100 .02793 27, 64 18. 86 .14254 1*00020 .7058
36. .0639 391.1 .06669 .0100 .02644 29.04 19.76 .15820 !• 00019 .7037
i»0. .0607 411.9 .06667 .0100 . 02510 30. 45 20.65 .17464 1. 00016 .7013
(j2. .0578 432.6 . w o o ^ .0100 ,02390 31.83 21 . 53 . 19178 1 0 00 0 17 .6990
'f If

.

. 055 2 453 . 4 .06662 .0100 . 02280 33.21 22.38 .20963 1*00017 . 6967
<«6. .0528 474.2 . 06659 • 0 1 0 0 . 0 2180 34.57 23.22 .22817 « V\J V X V .6944

<f8. . 0 50 6 495.1 . 06655 .0100 . 02089 35. 92 24, 05 . 24734 1.00 015 .692 3

50. . 0<»85 516.1 • 06649 .0100 .02005 37. 25 24 . 86 .25709 1.00 015 • 6905
55. . 0 '•41 569. 0 . 06624 . 0100 . 01822 40 .47 26 . 84 .31862 1.00 013 . 6875
60 . .0404 62 3.0 . 06587 .010 0 . 0 1669 43.55 28.74 .37298 1. 00012 .6662
65. .0373 678.2 .06535 . OlO 0 . 01540 46. 73 30 . 58 . 43156 1. 00011 . 6837
70. .0346 735.0 .06467 . 0100 .01430 49.65 32.36 .49083 1.00010 .6851
75. .0323 793.7 .06385 .0100 . 01334 52. 63 34. 09 .55322 1. 00010 .6861
80. . 0 30 3 854.4 . 06291 .0100 .01251 55. 18 35 . 77 .61322 1.000 09 .692 6

90 • .0269 982.7 .06070 • 010 0 .01112 61. 76 39. 01 . 75544 1.00008 . 690 0

100

.

. 0 242 1119.3 .0 58 35 .0100 • 01000 67. 78 42. 10 .89873 1.000 07 . 6955

110

.

.0220 1263 .4 . 05604 .0100 . 00909 76. 26 44. 74 1. 08415 1.00007 • 674 0

120 . .020 2 141 3.9 . 05387 .0100 . U U 9 ^ -J 82. 86 47. 58 1.25287 X • U U U U D .6766
11*0 . .0173 1728.1 . 050 19 .010 0 • 0 0 /ff 96. 08 5 3.00 1.61 795 1,00005 .680 9

160 . .0152 2051 .

4

.0 4743 . 0100 • 00625 109.16 58. 14 2, 02283 1*00005 ,6826
180. .013 5 2378.4 . 04539 . 0100 • 0 0556 121 .88 63.06 2. 46548 X • u u u u ** .663 6
200. .0121 2705.4 .04387 .0100 •00500 134.09 67.80 2.94392 l.OOOOi* .6639
220. .0110 3031.2 .042 73 .0100 • 00'f55 145.72 72.38 3.45508 1. 00003 .6843
2'»0. .0101 335 3.1 . 0 41 8 9 .0100 • OCilT 1 56. 78 76 .82 3 . 9993 3 X • U U W u o . 6846
260 • .0093 3670 . 9 • 04127 .010 0 • 0 0 3 85 167. 31 81.15 4.5753 8 1*00003 .6847
280 . .0087 3984.0 . 04082 . 0100 • 00357 177. 36 85. 36 5. 16268 X * U U U W <J .6648

300 . .0081 4292 .

7

. 04050 .0100 • U U -3 J O 166.90 89. 46 5.82 0 79 1 . nn n n ?X • u u u u c . 684 7

350 . • 0 069 5048.8 .04004 .0100 • W U O U 20 9. 48 99 * 40 7. 54673 1- 00 Q Q 2 .6845
400. . 0 061 5790 .

0

0 3985 .0100 •00250 230 . 29 10 8. 86 9.44925 1 nn n n 7 . 6842
<»50 . . 0 054 652 2 . 9 .0 39 77 .0100 • 00222 249. 93 117. 95 11.52072 1*0000?X * W U U W b .68 40
500 . . 0 048 725 7 .

1

.0 39 70 .010 0 • U U b If w 266 . 76 126.70 13. 74702 i . 00001X • u u U U X . 6842
550. .0044 7990.6 .03964 .0100 .00182 287.02 135.18 16.13349 1. 00001 .6842
600. .0040 8728.4 .03957 .0100 .00167 304. 90 143.40 18.67226 1. 00001 .6842
650 . ,0037 9470 .

6

. 03948 .0100 . 00154 322. 54 151. 41 21. 3643 6 1-00 0 01 . 6840
700 . .0035 10222.3 . 03936 . 0 1 G 0 . 00143 340 .01 159 . 23 24. 19941 1 . nn n (11X . U U U U X .68 38
750 . .0032 1098 2.8 .03921 .0100 .00133 35 7.41 1 66 . 86 27.1793 2 1.00001 . 68 37

800 . .0 030 11 754 .

6

. 03902 .0100 .00125 374. 78 174. 35 30 a 29753 1 . nn n 0

1

X . U U U W X , 6835
850 . . 0 029 1253 9 .5 . 03881 . 0100 .0 0118 392. 16 181.68 1 . nn n n 1X . U U U U X .683 4
900. .0027 1 ^ ft - fiX o o o o . o .03856 .0100 . 00111 409.59 188.89 36.930 71 1 . nn n n 1X . U U U U X ,6835
950 . . 0 026 J. Hi 3 C . 3 . u o o c o .0100 .00105 (*?7 1 ft lift. i*^77Q 1 . n n n n 1X . U U U U X . 6836

1000. .0024 14983.1 . 0 3798 .010 0 . 00100 444. 68 202. 95 44. 06624 1.00 0 01 . 6836
1100. .0022 16680.4 .03736 .0100 .00091 475.57 216.59 51.22083 1. 00001 .6906
1200. .0020 18437.5 .03669 .0100 . 00083 511.07 229.87 59.25423 1. 00001 .6911
1300. .0019 20257.4 .03600 .0100 .00077 547.21 242.83 67.78122 1.00001 .6915
1<>00. .0017 22150.2 .03526 .0100 . 00071 584.47 255. 49 76. 78772 1.00001 .6916
1500. .0016 24146.2 .03446 . 0100 . 00067 624.14 267.89 66.35098 1. 00000 .6909

1600. .0015 26303.1 . 03352 . 0100 . 00063 668.83 280.05 96.64986 1.00000 .6684
1700. .0014 28 785.3 .03228 .0100 .00059 724.87 291.98 108.05260 1. 000 30 .6622
1800. .0013 31869.2 .03053 .0100 .00056 802.94 303.70 121.20117 1. 00000 . 670 0

2000. .0012 41867.6 .02497 .0100 . 00050 1102.50 326.65 156.38992 1.00000 .6216
2200. .0011 62 819.1 .01756 . 0099 .00046 1813. 25 345.83 207.42375 1. 00000 .5495
2<fOO. .0010 105323.9 .01109 .0098 .00043 3331.19 369.24 270.48414 1.00000 .4987
2600. .0009 181821.4 .00692 .0094 .00041 6115. 38 394.59 337.57537 1.00000 .4787
2800 . . 000 8 297845.5 .00463 . 0089 .00040 10362. 66 421. 87 404.93758 1. 00000 .4889
3000. .000 6 433048.8 .00353 .0080 .00041 15311.58 447.27 472.46613 1. 00000 .5244

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS. SI UNITS)

.32 MPA ISOBAR

MPERATURE VOLUME ISOTHERM
DERIVATIVE

K CU M/KG CU M-MP4/KG

13.807 .01298 1.1634
1<». .01301 1. 1 318
15. .01315 1.0325
15.832 .01329 1.0154
15. 832 3. 15931 .0610
16. 3.19578 .0618
17. 3.<»1127 .0663
18. 3.62629 .0708
19. 3.83622 .0752
20. <». 05030 .0795
22. <«.>t7250 .0882
2<». <». 89279 .0967
26. 5.31167 .1052

28. 5.72950 .1137
30. 6.1<»651 .1221
32. 6.56286 .1305
3<». 6.97869 .1389
36. 7.39«»10 .1473
38. 7.80915 .1556
<fO. 8.22390 .1640
(«2. 8.63e<»l .1723
<»<». 9.05271 .1806
<»6. 9.<>66e3 .1889

l»8. 9.8807S .1973
50. 10.29461 .2056
55, 11.32868 .2263
60. 12.36221 .2470
65. 13.39533 .2677
70. l<f.<*2ei3 .2884
75. 15. i> 6069 . 3091
80. 16.<»9305 .3298
90. 18.55732 .3711

100. 20.62115 .4124

110. 22.66466 .4537
120. 2«».7'»793 .4950
1<»0. 28.87V0O .5775
160. 32.99962 .6601
180. 37.12496 .7426
200. 41. 2 5010 .6251
220. 45.37510 .9076
2<fO. 49.500 00 .9901
260. 53.62462 1.0726
280. 57.74958 1.1551

300. 61. 86966 1.2375
350. 72.18050 1.4438
ii00 . 82.49121 1.6500
<f50

.

92.80183 1.8562
500. 103.11240 2.0624
550. 113.42293 2.2686
600 . 123.73343 2.4748
650. 134. 04392 2. 6810
700 . 144. 35440 2.8873
750. 154. 66486 3.0 935

800. 164.97531 3.2997
650 . 175.28576 3.5059
900. 185.59621 3.7121
950. 195.90665 3. 9183

1000. 206.21708 4.1245
1100. 226.83795 4.5369
1200. 247.458 86 4.9494
1300. 268.07999 5.3613
li>00. 286.70208 5.7742
1500. 309.32747 6.1866

1600. 329.9e236 6.5990
1700. 350.62111 7.0114
1800. 371.33330 7.4239
2000. 413.17959 8.2487
2200. 456.53955 9.0735
2i>00. 5 0 3 . 7 58 2 5 9.8984
2600. 559.26734 10.7232
2800. 630.28760 11.5480
3000. 726.79296 12.3729

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERGY

MPA/K KJ/KG-K KJ/KG

.9234 218.2 218.5

.9234 219.5 219.8

.90 76 226. 2 226.5

.8919 232.2 232.5

.0013 622.2 665.4

.0013 623.3 687.2

.0012 629.7 697.9

.0011 636.1 708.6

.0011 642. 4 719.2

.0010 648. 8 729.8

.0009 661.4 750.8

.0008 674.0 771.8

.0006 686.5 792.7

.0007 699. 0 813.6

.0007 711.5 834.4

.0006 724.0 855.2

. 0006 736.4 876. 0

.0006 748.9 6 96.8

. 0005 761.3 917.5

.0005 773.8 938.2

. 0005 786.2 959.0

.0005 798.6 979.7

. 0004 811.1 1000.4

.0004 823.5 1021.1

. 0004 635.9 1041.

8

. 0004 667.1 1093.7

. 0003 698.4 1145.6

.0003 929.9 1197.8

.0003 961.6 1250.2

.0003 993.8 1303.0
. 0003 1026. 4 1356.

2

.0002 1093.1 1464.3

. 0002 1162.5 1574.9

.0002 1234.6 1688.3

.0002 1309.7 1804.7

.0001 1468.6 2046.1

.0001 1637.9 2297.

9

. 0001 1815.9 2558.4

.0001 2001.0 2826.0

. 0001 2191.6 3099.1

.0001 2386.7 3376.7

.0001 2 5 85 .2 3657.

7

. 0001 2786.

2

3941.2

. 0 001 2989.2 4 226.6

. 0001 3501.8 4945.4

.0001 4018.2 5668.1

. 0000 4536.5 6392.

S

.OOOQ 5055.

6

7117.

8

.0000 5575.3 7643.6

.0 000 6 0 96 . 1 8570.8

. 0 000 6617.

7

9298.

6

.0000 7141.0 10028.

1

. 0 000 7656.

2

10 759 .5

.0000 8193.5 11493.

0

.0000 8723.

7

12229.4
.0000 9256.9 12968.6
. 0 000 9793.5 13711.6
. 0 000 10333.9 14458.3
. 0 000 11429.4 15966.1
.0000 12544.2 17493.4
. 0000 13680.

0

19041.6
.0000 14837.9 20611.9
. 0000 16019.6 22206.2

.0000 17227.8 23827.1

. 0000 16470.9 25483.4

.0000 19763.5 27190.1

.0000 22614.2 30877.7

. 0000 26196.

3

35327.

1

.0000 3 1 3 66 .4 41441.5

.0000 39549.8 50735.2

.0000 52797.1 65402.8

.0000 73552.5 88068.4

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

14.062 4.67 6.36 1260.
14.173 4.72 6.50 1249.
14.6 36 4.92 6.99 1211.
15.026 5.09 7.28 1205.
43.633 6.27 10.81 325.
43.747 6.26 10.80 326.
44.399 6.24 10.71 337.
45.009 6.23 10.54 348.
45.583 6.22 10.59 356.
46.126 6.21 10.56 366.
47. 131 6.21 10.51 366.
48.0 44 6.20 10.47 404.
48.879 6.20 10. 44 421.

49.652 6.20 10.42 437.
50.371 6.20 10. kl 453.
51.042 6.20 10. 39 466.
51.672 6.19 10. 38 463.
52.265 6.19 10.37 497.
52.826 6.19 10.37 510.
53.358 6.20 10.36 524.
53.863 6.20 10.36 537.
54.345 6.20 10.36 549.
54. 805 6.20 10.36 562.

55.246 6.20 10.36 574.
55. 669 6. 21 10.36 586.
56.657 6.23 10.38 614.
57.562 6.27 10.41 641.
58.395 6.32 10.45 666.
59.173 6. 38 10.52 689.
59.901 6.46 10.60 712.
60.586 6.56 10.69 733 .

61.862 6.80 10.93 772.
63.026 7.07 11.20 808.

64.103 7.36 11.49 641.
65.117 7.66 11.79 873.
66.977 8.22 12.35 931.
68.656 8.70 12.62 987.
70.190 9.09 13.21 1039.
71.600 9.40 13.53 1090.
72.901 9.65 13.78 1136.
74.109 9. 65 13.97 1165 .

75.234 9. 99 14. 1

2

1231.
76.284 10.10 14.23 1275.

77.268 10.18 14. 31 1319 .

79.484 10.30 14.^2 1422.
81 . 415 10.35 14. 47 1519.
83 . 121 10 .37 14.49 1611

.

64. 648 10.39 14.51 1697.
86.033 10.40 14.53 1760.
67.295 1 0 . 42 14. 55 1859.
68.456 10.45 14. 57 1934.
89 . 544 10.48 14.60 2006.
90.555 10.52 14. 64 2075.

91.502 10 .57 14. 69 2142 .

92. 394 10.63 14. 75 2206.
93.238 10.70 14. 82 2268.
94.040 10.77 14.90 2328.
94.806 10.86 14.98 2386.
96.232 11. 04 15.16 2496.
97.553 11.24 15.36 2601.
98.792 11.46 15.58 2700.
99.963 11.69 15.81 2795.
101.077 11.95 16.08 2885.

102.116 12.25 16.38 2971.
103.115 12.65 16.79 3051.
104.090 13.22 17.40 3125.
106.041 15.49 19.82 3249.
108.150 20.64 25.45 3343.
110.797 30.99 37.00 3435.
114.506 49.12 57.82 3549.
119.931 76. 83 91.15 3697.
127.747 113.04 137.57 3675.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBAR^. SI UNITSJ

.02 MPA ISOBAR

MPERATURE DENSITY V(OH/OV)p V(DP/DU)y - V(DP/OV)
1

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 10^

13.807 77.022«t 619.1 .2561*9 89.6087
76.8522 612. <• .251*79 86.9799

15. 76.02'»7 &0'».6 .21*263 78.1*985

15.832 75.2560 623.'* .23300 76.1*11*7

15.832 .3165 157.7 . 06680 .0193
16. .3129 159. i* .06682 . 0193
17. .2931 170.1 .06687 .0191*

18. .2758 130.8 .06689 .0195
19 . • 2605 191 . <• .066 89 .0196
20. .2<»69 202.0 .06689 .0196
22. .2236 223.2 . 06686 .0197
24. .20i><« 21*1*,

Z

.06681* .0198
26. .1883 265.2 .06682 .0198

28. .17<»5 286.2 . 06680 .0198
30. .1627 307.0 .06679 . 0199
32. .152<» 327.9 .06678 .0199
3<>. .1<»33 3<f8.7 .06677 .0199
36. .1352 369.5 .06675 .0199
38. .1281 39 0 . 3 . 066 71* • 0199
<»0. .1216 itll.l . 06671 .0199
kZ. .1158 '»31.9 .06669 .0199
<»(i. .1105 '»5 2.8 .06666 . 0200
(>6. .1056 If73.6 .06663 . 0200

ifS. .1012 '9<«.5 .06658 .0200
50. .0971 515.6 .06652 . 0200
55. .0883 568.6 .06627 . 0200
60. . 0809 622.6 .06590 . 0200
65. ,671*7 677.9 .06538 .0200
70 . • 0 69 3 731*.

9

. 061*70 . 0200
75. .06(»7 793.5 .06387 .0200
80. .0606 85l».2 .06293 .0200
90. .0539 98 2.6 . 06D72 . 0200

100. .0<»85 1119.2 .05837 .0200

110. .0 Vtl 1263.3 .05605 . 0200
120. .ai*oi* li»13.9 .05383 . 0200
1<»0. .03<f6 1728.1 . 05020 . 0200
160. .0303 2051.1* . 01*71*1* . 0200
180. .0 269 2378.5 .01*539 . 0200
200. .0 2<»2 270 5.5 . 01*388 . 0200
220. .0 220 3031. i> . 01*271* . 0200
21*0. .0202 3353.3 .01*190 .0200
260. .0186 3671.1 .01*128 .0200
280. .0173 398'*.

3

. 01*083 . 0200

300. .0162 1*292.9 . 01*050 . 0200
350. .0139 501*9.0 . 01*005 .0200
(•00. .0121 5790.2 .03985 .0200
<»50. .0108 6523.2 .03977 . 0200
500. .0097 7257.1* .03970 .0200
550 • . 0 088 7990 .

9

.03961* . 0 20 0

600. .0081 8728.7 .03957 .0200
650. .0075 91*70 .9 .0391*9 .0200
700. .0069 10222.6 .03936 . 0200
750. .0065 10933.1 . 03921 . 0200

800. .0061 11751*.

9

.03902 .0200
850. . 005 7 12539.3 .03881 .0200
900. .0 05(> 13333.9 .03856 .0200
950. .0051 11*153.3 .03328 . 0200

1000. .00'>3 11* 983.'* .03798 . 0200
1100. .00'»<» 16680.7 .0 37 36 . 0200
1200. .oo<»a 181*37.3 .03669 . 0200
1300. .0037 20255.3 .03600 . 0200
1(>00. . 003 5 2211*0.3 .03528 .0200
1500. .0032 21*113.7 .031*52 . 0200

1600. .0030 26203.2 .03368 . 0200
1700. .0029 2851*1.3 .03262 . 0200
1800. .0027 31308.9 .03120 .0200
2000. .002'f 39572.9 .02668 . 0200
2200. . 0022 5561*5.3 .02011 . 0199
2<»00. .0020 87229.9 .01351* . 0196
2600. .0018 11*1*123.1* .00876 .0192
2800. .0016 233801.7 .00586 .0133
3000. .0011* 351285.0 .001*29 .0170

(Dtf/DT)yV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S SQ H/HR
X 10^ X 10'

. 01031 72.58 251*. 89 . 00053 1.25160 2.21*05

. 01062 71*. 55 21*7.91* .00051* 1.25100 2.1622

. 01156 83.06 218.31 . 00 056 1.21*809 1.8373

.01167 88.05 197.78 .00058 1. 21*539 1. 631*5

. 06860 13.58 3.53 .011*28 1. 00095 .6831

. 06771 13. 65 3.67 .011*51* 1. 00091* .6860

. 06293 11*. 06 9 . 21* .01613 1.00 0 38 .7032

.05887 11*. 51* 9.30 .01783 1. 00 0 83 .7171

. 05535 15. 02 10 . 35 .01959 1. 00079 .7300

.05227 15.63 10.90 . 02158 1. 00071* .7362

. 01*708 17.19 11.98 .02635 1. 00067 .7317

.01*287 18. 77 13.03 .03158 1.00062 .7266

.0 3938 20. 35 11*. 06 .0372 6 1. 00057 . 7215

. 0361*2 21.91 15. 06 .01*337 1. 00053 .7161*

. 03389 23.1*8 16.05 . 01*993 1. 00 01*9 .7111

.03170 21*. 88 17.01 .05656 1. 000 1*6 .7106

. 02978 26. 28 17. 95 .05359 1. 0001*3 . 7093

.02808 27.69 13.88 .07101* 1. 0001*1 .7073

. 02656 29. 09 19.73 .07833 1. 00039 .7050

.02521 30.1*9 20.67 .0B711 1. 00037 . 7021*

.02398 31. 88 21.51* .09569 1. 00035 . 700 0

. 02288 33. 25 22.1*0 .101*63 1.00033 .6976

.02187 31*. 62 23.21* .11391 1. 00032 .6952

.02091* 35.96 21*. 06 .12350 1. 00030 .6930

. 02010 37. 29 21*. 87 .13339 1. 00029 .6911

. 01825 1*0.50 26.85 .15917 1.00027 .6880

. 01672 1*3. 58 28. 75 . 1863 7 1. 00 0 21* .6866

.0151*2 1*6.76 30.59 .21568 1. 00022 .681*0

.011*31 1*9.63 32.37 .21*531* 1. 00021 .6851*

. 01336 52. 65 31*. 10 .27651* 1. 00019 . 6863

.01252 55.21 35.78 .30656 1.00 018 .6930

. 01112 61.79 39.02 .37770 1.00016 .6901

.01001 67.80 1*2.10 .1*1*937 1. 00 0 15 .6956

. 00910 76. 27 1*1*. 71* .51*202 1. 000 13 .671*1

.00631* 82.87 1*7.58 .6261*0 1. 00012 .6767

.00711* 96. 03 53.00 .80897 1. 00010 .6810

.0 0625 109 . 17 58.11* 1.0111*1* 1. 00009 . 6829

.00556 121. 89 63.06 1.23279 1. 00008 .6837

. 00500 131*. 09 67.80 1.1*7203 1.00007 .681*0

. 001*55 11*5. 72 72.38 1. 72763 1.00007 .681*1*

.001*17 156.73 76.82 1.99978 1.00006 .681*6

.00385 167. 31 81.15 2. 28782 1. 00 0 06 .681*7

.00357 177. 36 85. 36 2.59158 1.00005 .681*8

. 00333 186. 98 89.1*8 2.91056 1.00005 .681*7

.00286 209.1*8 99.1*0 3.77357 1 . 000 01* .631*5

. 00250 230.29 108. 86 1*. 721*86 1. 00 001* .681*2

. 00222 21*9. 93 117. 95 5.76062 1. 00 0 03 . 681*0

.00200 268.76 126.70 6. 87380 1. 00003 .681*2

.00182 287.02 135.13 8.06707 1. 00003 .681*2

.00167 301*. 91 11*3.1*0 9.3361*7 1.00002 .661*2

.00151* 322.51* 151.1*1 10. 68255 1. 00002 .681*0

. 0011*3 31*0.01 159.23 12.10009 1.00002 .6838

. 00133 357. 1*1 166.87 13.59007 1.00002 .6837

.00125 371*. 78 171*. 35 15.11*920 1. 000 0 2 .6835

. 00118 392.17 181. 68 16. 77518 1. 00002 .6831*

. 00111 1*09.60 188.89 18.1*6583 1. 00002 .6331*

. 00105 1*27.10 195.97 20.21919 1. 000 02 .6836

.00100 1*1*1*. 68 202.95 22.03361* 1.00001 .6838

. 00091 1*75.56 216.59 25. 61085 1.00001 .6906

. 00033 511.05 229.87 29.63228 1.00001 .6911

. 00077 51*7. 11 21*2.33 33. 88915 1. OCOOl .6915

.00071 581*. 08 255.1*9 38. 38558 1.00001 .6918

.00067 622. 33 267. 89 1*3.11*1*08 1. 00 0 01 .6915

.00063 665.06 280 .05 1*8.22769 1. OOCOl .6898

. 00059 715. 29 291.98 53. 7681*1* 1.00001 .6851*

.00 05 6 781.06 30 3.69 60.0051*1 1.00001 .6766

.00050 1013.92 326.58 76.06398 1. 00001 .6385

. 0001*6 1538. 81 31*5.56 99. 35360 1.00001 .5716

. 0001*2 261*3.93 363.1*0 129.6C785 1.00001 .5155

.0001*0 1*691.96 392.72 163.37657 1.00001 .1*81*0

. 00039 7955.96 1*19.23 193.05372 1. 00000 .1*803

.00039 1221*5. 90 1)1*6.53 232.91357 1. 00000 .5016
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSI

.0<« HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
OERIVATItfE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-HPA/KG HP A/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.81«» .01298 1.16b7 .9237 218.2 218.8 lb. 082 b. 68 6. 38 1261.
1<», . 0 1301 1.1 3b9 .9236 219,5 220.0 lb. 171 b.72 6.50 1250 .

15» .01315 1.0 3'»6 .9083 226.2 226. 7 lb . 633 b . 92 6.99 1 212 .

16. .01331 .9689 .8905 233.

b

233 .9 15.099 5.12 7 .bb 1187 .

17. • 013'»8 .9053 . 875b 2bl . 1 2bl . 6 1 5. 566 5.30 7.92 1163 .

• 17,it97 .0 1357 .8806 . 8682 2b5.

1

2b5. 6 15 . 799 5.39 8,15 115b.
• 17.1*97 1.71035 .06b6 .0025 630.1 698.5 bl.681 6. 3b 11.20 338.

18. 1.766<.8 .0670 .002b 633.

b

70b.

1

bl.997 6.32 11.10 3b3.
19. 1.87705 .0718 .0022 6b0.0 715.1 b2.593 6.26 10.96 35b.
20. 1.98652 .0 76b . 0 021 6b6.6 726.0 b3. 1 53 6. 26 10. 86 36b.
22. 2. 20310 .0 355 .0 019 659.5 7b7. 6 bb.l8b 6.2b 10,75 38b.
Zl*» 2 . '»17'»9 . 0 9bb .0 017 672 .

3

769.0 b5 . lib 6.22 10,6b bO 2 .

26. 2.6 30 35 .1032 . 0 016 635.0 790.2 b5 .961 6.22 10 .58 bl9 .

28, b • U U U .1119 .0015 697.6 811.3 b6. 7b3 6.21 10.5b b36.
30. 3.05295 .1205 .0 01b 710.2 832.

b

b7.b69 6.21 10.51 b52.
32 . 3. 2631'* . 1 291 .0013 722 . 8 853.3 b8 . Ib6 6.21 10 , 1,8 1,67 ,

ji,. 3.'f7278 .1376 .0012 735.3 8 7b . 3 1,8 , 7 81 6.20 10 . b6 b82 .

36. 3.68199 .lb61 .0011 7b7.g 895. 2 b9,3 79 6.20 10. bb b96.
38. 3.8908i» .15b5 .0011 760.

b

916.0 b9.9b3 6.20 10. b2 510.
WO . (» . Q 9939 .1630 .0010 772.9 936.9 50 , b 77 6.2 0 10 . bl 523 .

<»2. <. 30768 .171b . 0 010 785.

b

957.7 50.985 6.20 10 ,bQ 5 36.
kk . I,, 5 15 76 .1798 .0 009 797.9 978. 5 51 . b68 6. 20 10 . bO 5b9.
Iffy, 72366 .18 82 . 0 009 810, 3 999. 3 51.930 6. 20 10 . 39 561

«

1*6 . i».931'»0 . 1 965 , 0008 822. 8 1020.1 52. 3 73 6.21 10. 39 57b .

50 . 5 . 1 39 0

1

. 20 b9 .0003 835.3 10 bO .

6

52.797 6.21 10.39 585 .

55. 5.65753 .2258 .0 007 866.5 1092.8 53. 788 6.23 10. bO 61b.
60 . 6. 1 7550 . 2 b66 . 0 007 897. 8 llbb.

9

5b. 69b 6.27 1 0 . b3 6bO .

65. 6.69306 .267b .0 006 929.

b

1197.1 55.529 6.32 10. b7 666.
70. 7.21030 .2881 . 0006 961.2 12b9.6 56.308 6.38 10.53 669.
75 . 7.72730 .3088 ,0005 993 .b 1302 .5 5 7.037 6 .b6 10.51 712 .

80

.

ft . 2 iAi. 1 n . 3296 .0005 1026.0 1 355.

7

57. 725 6.56 10. 70 733.
90. 9. 27725 . 3710 .000b 1092.8 lb63 .

9

58.999 6.80 10.9b 773.
100

.

10.3 0996 . bl23 . 0 00b 1162.2 157b.

6

60.165 7.07 11, 21 808 .

110. 11.3'.235 .b537 ,0 00b 123b.

3

1688.0 61 . 2b2 7. 36 11. 50 8b2.
1 20 . 12.3 7'»51 . b 950 .0003 1309.5 180b.

b

62. 256 7. 66 11 . 79 673.
1 <»0 . lb. 1.38 33 . 5 776 .0 003 1 b68 .

b

20b6.0 6b. 117 8.22 12.35 932 .

160. 16.501 71 .6602 . 0003 1637.

8

2297.9 65 . 796 8 . 70 12.82 987 .

180. 18.561.81 .7b28 .0002 1815.6 2558.

b

67.331 9.09 13.22 1039.
200. 20.62771 .8253 . 0 002 2000. 8 2826.0 68.7bO 9.bO 13.53 1090.
220 . 22. 690<»8 .90 79 . 0002 2191.5 3099.1 70 . 0b2 9.65 13.78 1138 .

2'»0 . 2'f. 7 53 lb .990b . 0002 2386.

6

3376.

7

71,250 9,85 13.97 1185.
260 . 26.815 72 1.0 729 .0002 25 85 .

1

3657 . 7 72. 3 75 9.99 lb . 1

2

1231

.

280 . 28.8782b 1.155b . 0 001 2786. 2 39bl .

3

73.b25 10.10 lb. 23 1276.

300 . 30 . 938b2 1.2378 . 0 001 29 89,

2

1,226 . 7 7b . b 09 10 ,18 lb . 31 1319 .

350

.

36. 09b05 l.bbbl . 0 001 3501 . 7 b9b5.5 76.626 10.3 0 lb.b3 Ib22 •

1,01)

,

bl . 2b955 1.6503 ,0 001 (,018,2 5668.2 78.556 10.35 lb , b7 1519 .

'»50 . 1.8 565 . 0 001 b536.

5

6 392 .

7

80 .262 10.37 lb. 50 1611

.

500. 51.56032 2.0627 . 0001 5055.6 7118.0 81.790 10.39 lb. 51 169S.
550. 56.71565 2.2690 . 0 001 5575.

3

78b3.9 83.17b 10. bO lb. 53 1780.
600. 2.b752 . 0001 6 0 96 .

1

8570 .9 8 b , b 3 6 10 . b2 lb. 55 1859 .

650

.

67 • 0 2623 2,681b .0 001 6617.7 9298.

8

85.598 10 . b5 lb. 57 193b.
70 0. 7 2« 1 81 'S 2 . 8 8 76 . 0 001 71bl.

0

10 0 26.2 o o . o o o 10 . b8 lb. 60 2006 .

750 . 7 7.7 7'% 3.0936 .0001 7666 .

2

1 n 76: Q 7 87.6 96 lb. 6b 2 075.

800 . A 7- £&Q7 nnO C • U U o . o u u u n nn 1 8193.5 llb93 .

2

An . f^i.7O 0 .OHO 10.57 lb . & 9 2 ib2 .

850 • ft 7 _ t U79U 0 . !> U DC n n n n. U U U U Of C 0 .

o

89.536 10,63 lb. 75 ? ?n ft

900 . 3. 712b , 0 000 9256.

9

12969.

0

90.380 10. 70 lb . 8 2 2268 .

950 . 97.95771 3 . 9187 .0000 9793 .

5

13711.

8

91.182 10.77 lb. 90 2326.
1000. 103. 1129b b.l2b9 .0003 10333,9 lbb58.5 91.9b7 10.86 lb. 96 2366.
1100. 113.b2339 b.5373 .0000 llb29.b 15966.3 93.373 11.0b 15.16 2b96.
1200. 123. 73385 b.9b97 . 0 000 125bb.2 17b93.6 9b. 695 11.2b 15. 36 2601.
1300. 13b.Qbb38 5.3621 .0000 13679.9 190bl.

7

95.933 11. b5 15.58 2700.
IttOO. Ibb. 35526 5.77b5 . 0 000 lb837.5 20611.7 97.10b 11.68 15.81 2795.
1500. 15b. 66729 6.1870 .0 000 16018.

b

22205.1 98.217 11.93 16.06 2885.

1600. 16b. 98269 6.599b . 0000 17223.9 23823.3 99.25b 12. 21 16. 3b 2972.
1700. 175.30652 7.0118 .0000 18b60.b 25b72.7 100.250 12.55 16.69 305b.
1800. 185.6b92b 7.b2b2 . 0 003 19737.9 27163.9 101.215 13.02 17.18 3130.
2000. 206.b83a6 8.2b90 .0 000 22b98.0 30757.

b

103.118 lb. 72 19.00 3262.
2200. 227.85367 9.0739 .0000 2579b.

5

3b9a8.6 105.0 85 18. b7 23.06 3366.
21.00. 250.58802 9.8987 .0 000 30232.6 b0256.2 107. bOl 25.91 31.33 3b57.
2600. 276.25686 10.7235 . 0 000 36821.5 b7871.8 110. bbl 38.95 b6.l7 3562.
2800. 307.bbl90 11.5bab .0000 b7030.5 59328.2 lib. 681 59.21 70.10 3693.
3000. 3b7. 85821 12.3732 .0000 62713.5 76627.9 120. 6bb 86.9b lO't.62 3653.
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TABLE 8

THERMOOYNAHIC PROPERTIES OF NORHAL HYDROGEN IIS08ARS« SI UNITS)

.Ok HPA ISOBAR

TEHPERATURE DENSITY VIDH/DVIp VtOP/DUl^ -V(OP/OVL JOW/OTIu^W THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
V

1
K CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10^

13.S1(» 77.03<»0 619.8 .256<»6 89.7200 .01029 72.67 255.02 .00053 1. 25161* 2.2391
1<». 76. 8696 613.6 .25't83 87.2391 . 01059 7'*.57 2'*8. 30 . 00051* 1. 25106 2.1631
15. 76.0'»33 605.3 .2i»280 78.6773 . 0115(> 83.08 218.62 . 00056 1.21*816 1.8387
16. 75.138'» 608.0 .23158 72. 8003 . 01223 88.93 191*. 63 .00057 1.21*1.98 1.6276
17. 7<».18«»9 60 7.i» .2225'* 67.1585 .0130'* 92.75 175.22 .00057 1.21*161* 1.1*958
17.if97 73.6915 608.9 .21861 6'*. 8893 . 01338 91*. 2'* 166. 89 .00057 1.23991 1. 1*1.28

17.i»97 .581*7 170.9 . 06672 . 0378 . 06552 11*. 63 9.58 .00805 1.00176 .7329
IS. .5661 176.3 .06682 . 0379 . 06297 11*. 81* 9.86 .00850 1. 00171 .7373
19. .5328 187.1 .0669'* .0382 . 05858 15.28 10.1*1 .0091.2 1.00161 .71.66

20. .503<* 197.9 . 06700 .0385 .05'*87 15.86 10.95 .OlO'*'* 1. 00152 . 750 3

22. .'»539 219.5 .06702 .0388 . 0<*887 17.38 12. 03 .01285 1. 00137 . 71.22
2<». .<»137 2(»1.0 .06700 .0391 .0'*(*16 18.93 13.07 .0151.8 1. 00125 .7350
26. .3802 262. <« . 06697 . 0392 . 0'*03'* 20.1*9 11*. 10 . 01633 1.00115 .7283

2«. .3519 283.6 .06691* .0391* .03717 22. ii* 15.10 .a2i<*o 1. 00106 .722 2

30. .3276 3a'>.7 . 06691 .0395 .03'*<*7 23.60 16. 09 .021*69 1.00099 .7162
32. .3065 325.8 .06689 .0396 . 03216 21*. 99 17.05 . 02802 1. 00092 .711.8
3(*. .288 0 3'»6.8 .06687 .0396 .03015 26.39 17.99 .03155 1. 00087 .7128
36. .2716 367.8 .06685 .0397 .02838 27.79 18.91 .03529 1. 00082 .7103
38. .2570 388.7 . 06683 . 0397 . 02682 29. 19 19. 81 .03922 1.00077 .7076
(>0. .2439 '.0 9.7 .06680 .0398 .025'*2 30.59 20.70 .01*335 1. 00071* .701.7

kZ. .2321 '>3 0.6 .06678 .0398 .021*16 31.97 21.57 . 01*765 1.00070 .7020
1*1*, .221<» 1*51.5 .06675 .0398 .02303 33.3'* 22.1*2 .05213 1. 00067 .6993
<»6. .2117 '72.5 .06671 . 0398 . 02200 31*. 70 23.26 .05677 1. 00061* .6968

<*6. .2028 1*93.5 .06666 .0399 .02106 36. 04 24.09 .06158 1. 00061 .6944
50. .19(*6 514.6 .06659 .0399 .02019 37.37 24.90 .06653 1.00059 .6924
55. .1768 567.8 .06634 .0399 .01832 40.57 26.87 .07945 1. 00053 .6889
60. .1619 621.9 .06596 .0399 .01677 43,65 28. 78 .09307 1. 00049 .6874
65. .1<*91* 677.3 .06543 .0399 . 01546 46.82 30.61 .10774 1. 00045 .6846
70. .1367 734.2 . 06475 . 040 0 .01434 49. 74 32.39 .12259 1.00042 .6859
75. .1291* 793.0 .06392 .0400 .01338 52.71 34.12 .13820 1.00039 .6868
80. .1213 853.8 .06297 .0400 . 01253 55.26 35. 80 .15323 1. 00 0 37 .6934
90. .1078 982.3 . 06076 .0400 .01113 61. 83 39.03 .18883 1. 00C32 .6903

100. .0970 1119.0 .05840 .0400 .01001 67.84 42.12 .22469 1. 00029 .6957

110. .0862 1263.2 .05608 .0400 .00910 76.28 44.74 .27095 1. 00027 .6743
120. .0808 1413.8 .05393 .0400 . 00834 82. 47.58 . 31316 1. 00 024 .6769
liiO. .0693 1728.1 .050 22 .0400 . 00715 96.10 53.00 .40448 1.00021 .6811
160. .0606 2051.5 .04746 .0400 . 00625 109.18 58.14 .5C574 1.00018 .6829
180. .0 539 2378.7 .04541 .0400 .00556 121.90 63.06 .61644 1. 00016 .6837
200. .01*85 2705.8 .04389 .0400 .00500 134.10 67.80 .73608 1. 00015 .6840
220. .01*41 3031.7 .0 42 75 .0400 . 00455 145. 73 72.38 . 86390 1. 00013 .6844
2<*D. .Oi*0<* 3353.6 . 04191 .0400 . 00417 156. 79 76.82 .99999 1. 00012 .6846
260. .0373 3671.4 . 04129 .0400 . 00385 167.32 81.15 1. 14403 1. 00011 .6847
280. .031*6 3984.7 .04084 .0400 .00357 177.37 85. 3& 1.29593 1.00010 .6848

300. .0323 4293.4 .04051 .0400 .00333 186. 99 89.48 1. 45544 1.00010 .6848
350. .0277 5049.5 .04005 .0400 .05286 209.48 99.40 1.86698 1. 00008 .6845
1*00. .02<»2 5790.7 . 03986 .0400 .00256 230. 30 108.86 2.35265 1.00007 .6842
1*50. .0 215 6523.7 .03978 .0400 .0CZ22 2^9.94 117.95 2.88057 1.00006 .6840
500. .019(t 7258.0 .03970 .0400 . 00200 268. 76 126.70 3.43718 1. 00006 .6842
550. .0176 7991.5 .03965 .0400 . 00132 287.03 135.18 4.03384 1. 00005 .6842
600. .0162 8729.3 .03958 .0400 . 00167 304.91 143.40 4.66857 1.00005 .6842
650. .011*9 9471.5 .03949 .0400 .00154 322.54 151.41 5.34163 1.00004 .6840
700. .0139 10223.2 .03936 .0400 . 00143 340.02 159.23 6.05043 1.00004 .6838
750. .0129 10983.7 .03921 .0400 . 00133 357.41 166. 87 6. 79544 1.00004 .6837

800. .0121 11755.5 . 039C3 .0400 . 00125 374.78 174.35 7.57502 1. 00004 .6835
850. .0114 12540.4 .03881 .0400 .00119 392.17 181.68 8.38803 1. 00 0 03 .6834
900. .0108 13339.5 .03856 .0400 . 00111 409. 50 188.89 9.23338 1. 00003 .6834
950. .0102 14153.9 .03829 .0400 .00105 427. 10 195.97 10 .11008 1. 00003 .6836

1000 . .0097 14984.0 .03798 .0400 .00100 444.69 202.95 11.01732 1. 00 0 03 .6838
1100. .0088 16681.2 .0373t .0400 . 00091 475.56 216.59 12.80589 1. 00003 .6906
1200. .0081 18437.7 .03670 .0400 .00083 511.03 229.87 14.81653 1. 00002 .6911
1300. .0 075 20254.3 .03601 .0400 .00077 547, t!4 242.83 16.94442 1. 00002 . 6915
1400. .0069 22134.7 .03530 .0400 .00071 583.80 255.49 19.19024 1. 00002 .6919
1500. .0065 24091.2 .03456 .0400 . oooe'7 621.90 267.89 21.56130 1. 00 0 02 .6918

1600. .0061 26141.5 .03379 .0400 .00062 662.39 280.05 24.07967 1. 000 02 .6908
1700. .0057 28370.1 .03287 .0400 . 00059 708.51 291.97 26.79214 1. 000 02 .6878
1800. .0054 30913.0 .03169 .0400 .00056 765.58 303.68 29.75615 1. 000 02 . 6614
2000. .0048 37948.7 .02805 .0400 . 00050 951.20 326.53 37.21792 1. 00001 .6522
2200. .0044 50549.9 .02242 .0398 .00046 1343.85 345.36 47.76273 1. 00001 .5931
2400. .0040 74262.6 .01612 .0395 .00042 2151. 31 367.77 61.93917 1. 00001 .5356
2600. .0036 11650 4.2 . 01091 .0388 . 00040 3648.79 391.22 78.58900 1. 000 01 .4951
2800. .0033 184316.4 .00742 .0376 . 00038 6095. 60 416.61 96.21*413 1. 00001 .4791
3000. .0029 279107.0 .00533 .0356 .00037 9541.08 443.67 114.20189 1. 00001 .4867

• TWO-PHASE BOUNDARY

6-135



TABLE 8

THERMODVNAHIC PROPERTIES OF NORMAL HYOROGEN (ISOBARS, SI UNITS)

.06 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG M FA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.821 .01298 1.1660 .9239 218.2 219.0 11.. 083 I.. 68 6.38 1261.
lit. .01301 1.1380 .9239 219.1, 220.2 11..168 1.. 71 6.1,9 1252.
15. .01315 1.0 367 . 9090 226.1 226.9 11.. 630 1..92 6.99 1213.
16. .01331 .9709 .8912 233. 3 231..

1

15.096 5.12 7.1,3 1188.
17. .013<>8 .9073 .8761 21.1.0 21.1.8 15.562 5.30 7.91 1164.
18. .01366 .81,60 .8616 21.9.2 250.0 16.030 5.1.7 8.1,2 1141.

• 18.621 .01378 .811,7 .8521, 251.. 5 255. 3 16.321 5.56 8.72 1130.
• 18,621 1.19270 .0663 .0036 631..

8

706.3 1.0.51.5 6.1,1 11.53 345.
19. 1. 2217l» . 0 682 . 0 035 637. 1. 710.7 1.0 . 777 6. 38 11.1.3 350 .

20. 1.297<,3 .0732 .0033 61. 1..

2

722.0 1.1.358 6.33 11,23 360.
22. l.'»'f595 .0828 .0 029 657.5 71.1..

2

1.2.1,18 6.27 10.98 381.
2(». 1.59196 .0921 . 0026 670. 5 766.0 1.3.367 6.25 10.83 400.
26. 1.73629 .1011 .0021, 683.1. 787.6 1.1.. 228 6.23 10.73 417.

28. 1.8 791,1 .1101 .0022 696.2 809.0 1.5.020 6.23 10.66 434.
30. 2.0 2162 .1189 .0 021 709. 0 830.2 1.5.751. 6.22 10. 61 450.
32, 2.16313 .1276 .0019 721.6 851.1. 1.6.1.37 6.22 10.57 466.
3(». 2.30<«08 .1363 .0018 731..

3

872.5 1,7.077 6.21 10.53 481.
36. 2.i,',<,57 .11,1,9 .0017 71.6.9 893.5 1,7.678 6.21 10.50 495.
38. 2,581,70 • 1 53<, ,0016 759.5 911, , 5 1,8 • 2 1.6 6. 21 10 . 1.8 509.
itO. 2.72«i52 .1620 .0015 772.0 935.5 1,8.783 6. 21 10. 1,6 523.

2.861,09 .1705 .0011. 781..

6

956.1. 1,9.293 6.21 10.1.5 536.
3.003i»<* .1789 .0011. 797.1 977.3 1.9.779 6.21 10.1.I. 549.

(»6. 3.11,260 .1871, .0013 809.6 998.2 50.21.2 6.21 10.1.3 561.

>>8. 3.2 81 61 .1958 .0013 822.1 1019.0 50.686 6.21 10.1.2 573.
50. 3.i,20<,7 .201,2 .0012 831..

6

1039.8 51.111 6.22 10.1.2 585.
55. 3.76715 .2252 .0011 865.9 1091.9 52. 105 6.21, 10.1.2 614.
60. 1,. 11327 .21.61 .0010 897.3 111.1..

1

53.013 6.27 10.1.5 640.
65. 1,. 1,5897 .2670 . 0 009 928.9 1196.1. 53.81.9 6.32 10.1.9 666.
70. c,, 80<«37 . 2 878 .0009 960 .8 1 2i,9. 0 51..629 6.38 10 .55 690 .

75. 5.11,951 .3086 . 0 008 993. 0 1301.9 55.359 6.1.6 10.62 712.
ao. 5.',9',<,6 .329i« .0008 1025.6 1355.3 56.01.3 6.56 10.71 733.
90. 6.18390 .3709 .0007 1092.5 11,63.5 57. 3^1. 6.80 10.91. 773.

100. 6.87291 .1,123 . 0006 1161.9 1571,.

3

58.1.89 7.07 11.21 809.

110. 7.56159 .1,537 . 0005 1231..

1

1687.

8

59.568 7.36 11.50 842.
120. 8.25003 .i»951 .0005 1309.2 1801..

2

60.582 7.66 11.30 873.
140. 9.6261,1, .5777 . 0 001, 11.68.3 201,5. 8 62.1.1.3 8.22 12.35 932.
160. 11.0021,1 .6601, . 0001, 1637.6 2297.8 61.. 123 8.70 12.83 987.
180. 12.37810 .71,30 .0003 1815.7 2558.3 65.658 9.09 13.22 1039.
200. 13. 75359 .8 255 . 0003 2000 .7 2825 .

9

67.067 9. 1,0 13.53 1090

.

220. 15.12893 .9081 . 0 00 3 2191.1. 3099.

1

68.369 9.65 13.78 1139.
21,0. 16.50i»18 .9906 .0003 2386.5 3376.

8

69.577 9. 85 13.97 1186.
260. 17.87935 1.0732 .0002 2585.0 3657.8 70.702 9.99 14.12 1231.
280. 19.251,1,6 1.1557 . 0002 2786.1 391,1.3 71.753 10.10 14.23 1276.

300. 20.62801 1.2381 .0002 2989.1 (,226. 8 72.736 10.18 14.31 1319.
350. 2i». 06523 l.i«',i»i. . 0002 35 01.7 1,91.5.6 71.. 953 10. 30 14.43 1422.

27.50233 1.6506 .0002 1.018.2 5663.3 76.881. 10.35 14.48 1519.
<»50. 30.9393i» 1.8568 . 0001 1.536.5 6392.8 78.590 10.37 14.5 0 1611.
500. 31,. 37630 2.0631 .0001 5055.5 7118.1 80.117 10.39 14.51 1698.
55 0. 7- ft np7 2.2 693 .0001 55 75.

3

781.1.. 1 81.502 1 0 . 1,0 14.53 17 80.
600. 1,1.25012 2.1,755 . 0001 6096.1 8571.1 82.763 10.1.2 14.55 1859.
650. 1,1,. 6 6700 2.6817 . 0001 6617.7 9298.9 83.925 10.1.5 14.57 1934.
700. i»8. 12386 2.8879 .0001 711.0.9 10028.1. 35.013 10.1.8 14.60 2006.
750. 51.56071 3.091,2 .0001 7666.2 10759.8 86.021. 10.52 14.64 20 75.

800. 51,. 99756 3. 3001, . 0001 8193.5 111.93.1. 86.971 10.57 14.69 2142.
850. 58.1,3(11,0 3.5066 . 0001 8723.6 12229. 7 87.863 10.63 14.75 2206.
900. 61.87123 3.7128 .0001 9256.8 12969.1 88.707 10.70 14.62 2268.
950. 65.30806 3.9190 . 0001 9793.5 13 712.0 89.509 10.77 14.90 2328.

1000. 68. 71,1,89 i,.1252 . 0 001 10333.9 11.1.58.6 90.275 10.86 14.98 2386.
IIOQ. 75.61853 l,.53 76 . 0001 111.29.3 15966.5 91.701 11.01. 15.16 2497.
1200. 82.1,9218 ls.9501 .0001 1251.1,.

2

171.93.7 93.022 11.21. 15.36 2601.
1300. 89.36587 5.3625 .0000 13679.8 1901.1.8 91.. 261 11.1.5 15.58 2701.
i(»oa. 96.23973 5.771,9 . 0 000 11,837.1. 20611.

7

95.1.31 11.68 15. 81 2795.
1500. 103.111,23 6.1873 .GOOD 16017.8 22201..

7

96.51.1. 11.93 16.05 2886.

1600. 109.99056 6.5997 .0000 17222.2 23821.

7

97.581 12.19 16.32 2972.
1700. 116.8711,8 7.0122 .0000 181.55.7 251.68.0 98.575 12.51 16.64 3055.
1800. 123.76268 7.1,21,6 . 0000 19726.6 27152.3 99.536 12.93 17.08 3132.
2000. 137.62628 6. 21,91. .0000 221,1,6.6 30701..

2

101.1.17 11.. 39 18.63 3268.
2200. 151.78122 9.071,2 . 0000 25616.5 31.723.3 103.322 17.51 22.03 3377.
2<>00. 166.67898 9.8991 .0000 29730.3 39731.0 105.1.91 23.65 28.82 3471.
2600. 183.171,73 10.7239 . 0 000 3 5611.7 1.6602.2 108.235 34. 1,0 41.00 3572.
2800. 202.67903 11.51,87 . 0000 1,1,1.65.1. 56626.1 111.91.5 51.19 60.66 3695.
3000. 227.2ie916 12.3736 .0000 57839.5 711.71.. 1. 117.065 71,. 57 89.35 3845.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYOROGEN (ISOBARS, SI UNITS)

.06 MPA ISOBAR

MPERATURE DENSITY V(OH/DV»p V(OP/OU»y - V«DP/OW)j (Otf/OTl/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K K6/CU M KJ/KG MPA-CU H/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10 X 10

13.821 77.0'»55 620.4 .25644 89.8314 .01028 72.75 255.14 .00053 1.25168 2.2377
1(». 76.8869 614.7 .25486 87.4981 .01056 74.58 248.65 .00054 1.25112 2.1640
15. 76.061

8

606.0 .24296 78. 8559 . 01153 83.11 218.92 .00056 1. 24822 1. 8401
16. 75.1582 608.7 .23173 72.9692 .01221 88.97 194.90 .00057 1.24505 1. 6286
17. 7<».2067 608.1 .22269 67.3243 . 01301 92. 79 175.47 .00057 1.24172 1.4964
18. 73.2096 605.0 .21517 61.9320 .01391 95.47 159.47 .00056 1.23823 1.4060
18.621 72.56<»5 604.7 .21108 59.1157 . 01442 96.53 150.87 .00055 1.23598 1.3626
18.621 .838<f 178.9 . 06666 .0556 . 06446 15. 44 10. 26 .00575 1.O0253 .7662
19. .8185 18 3.1 .06678 .0558 .06246 15.59 10.47 .00600 1.00247 .7678
20 • . 770 8 194. 0 . 06699 . 0564 .05790 16. 11 11.01 . 00670 1.00232 . 767 3

22. .6916 215.9 .06714 .0573 .05086 17.59 12.08 .00834 1.00209 .7542
2<». .6282 237.8 .06714 . 0578 . 04556 19.11 13.12 .01011 1. 00189 .7441
26. .5759 259.5 . 06711 . 0582 .04137 20.64 14.15 .01202 1.00174 .7356

26. .5321 281.0 .06707 .0586 .03794 22.18 15.15 .01407 1.00160 .7283
30. .'»9«f7 302.4 .06703 .0588 .03508 23.71 16.13 .01627 1. 00149 .7214
32. .<f623 323.7 .06701 .0590 .03264 25. 10 17. 08 .01850 1. 00139 .7191
3(». .1*31*0 344.9 .06698 .0591 .03053 26.49 18.02 .02087 1. 00131 . 7164
36. .»091 366.0 . 06695 . 0593 . 02870 27.89 18.94 .02337 1.00123 .7134
38. .3369 387.1 .06692 .0594 .02707 29.29 19.85 .02600 1.00117 .7102
<>0. .3670 40 8.2 .06689 . 0594 . 02563 30. 68 20 . 73 .02876 1. 00111 .7070
(>2. .3<»92 429.2 . 06686 .0595 . 02434 32.06 21.60 .03163 1.00105 .7040
<!<». .3330 450.3 .06683 .0596 . 02318 33.43 22.45 .03463 1. 00100 .7011
(»6. .3182 471.3 .06678 .0596 .02213 34. 78 23.29 .03773 1.00096 .6984

<>B. .30<»7 492.4 .06673 .0597 .02117 36.12 24.12 . 04094 1. 00092 .6958
50. .292<> 513.6 . 06666 . 0597 .02029 37.44 24.93 .04425 1.00088 .6936
55. .2655 566.9 .06640 .0598 . 01839 40.64 26.90 .05287 1. 00080 .6899
60. .2<»31 621.2 .06602 .0598 .01682 43.72 28.80 .06197 1.00073 .6881
65. .22«t3 676.6 .06549 .0599 .01550 46.88 30.63 .07176 1. 00068 .6852
70. .2081 733.7 .06480 .0599 .01437 49. 80 32.41 .08167 1.00063 .6864
75, .19'»2 79 2.6 .06397 . 0599 • 01340 52 • 76 34. 14 . 09209 1. 00059 .6872
80. .1820 853.4 .06302 .0599 .01255 55. 31 35.82 .10212 1.00055 .6938
90. .1617 982.0 .06080 .0600 .01114 61.88 39.05 .12587 1. 00049 .6906

100. .1<>55 1118.8 .05844 .0600 . 01002 67. 89 42.13 .14980 1. 00044 .6959

IID. .1322 1263.1 .05611 .0600 .00911 76.30 44.75 .18059 1. 00040 .6745
120. .1212 1413.7 .05392 .0600 .00834 82.90 47.58 .20874 1.00037 .6770
li«0. .1039 1728.1 .05024 .0600 .00715 96.11 53. 00 .26964 1.00031 .6812
160. .0909 2051.7 .04747 .0600 .00625 109.19 58.14 .33717 1. 00027 .6830
180. .0808 2378.9 .04542 .0600 .00556 121.91 63.06 .41099 1.00024 .6838
200. .0 727 2706.0 .04390 . 0600 . 00500 134.11 67.80 .49076 1.00022 .6840
220 . . 0 66

1

3032.0 .042 75 • 060 0 . 00455 145 . 74 72.38 .57599 1.00 0 20 .6844
2i>0. .0606 3354.0 .04191 .0600 . 00417 156. 80 76. 82 .66673 1. 00018 .6846
260. .0559 3671.8 .0 4129 . 0600 . 00385 167. 33 81.15 .76277 1.00017 .6848
280. .0519 3985.1 .040 84 .0600 .00357 177. 37 85.36 .86404 1. 00016 .6848

300. .0<>85 4293.8 .04052 .0600 .00333 186.99 89.48 .97039 1.00015 .6848
350. .0416 5050.0 .04006 .0600 . 00286 20 9.49 99.40 1.25811 1. 00013 .6845
<>00. .a36<> 5791.3 .03986 .0600 .00250 230.30 108.86 1.57525 1.00011 .6842
tf50. .0323 6524.3 .03978 .0600 . 00222 249.94 117.95 1.92055 1. 00010 .6840
500. .0 291 7258.5 .03971 .0600 . 00200 268.77 126.70 2.29164 1.00009 .6842
550. .026<» 7992.1 .03965 .0600 .00182 287.03 135.18 2.68943 1.00008 .6842
600. • 02<>2 8729.9 .03958 . 0600 . 00167 304. 91 143.40 3. 11260 1. 00007 .6842
650. .0224 9472.1 .03949 .0600 .00154 322.54 151.41 3.55132 1. 00007 .6840
700. .0208 10223.8 . 03937 .0600 . 00143 340.02 159.23 4.03387 1.00006 .6838
750. .0194 10984.3 .03921 .0600 .00133 357.42 166.87 4.53056 1.00006 .6837

800. .0182 11756.1 .03903 . 0600 .00125 374. 78 174.35 5.05029 1.00005 .6835
850. .0171 12541.0 .03881 .0600 .00118 392.17 181.68 5.59231 1. 00005 .6834
900. .0162 13340.

Z

.03856 .0600 .00111 409.60 188.89 6.15589 1.00005 .6834
950. .0153 14154.5 .03829 .0600 .00105 427.10 195.97 6.74037 1.00005 .6836

1000. .0145 14984.6 .03799 .0600 .00100 444.69 202.95 7. 34521 1. 00004 .6838
1100. .0132 16681.9 .03736 .0600 .00091 475.56 216.59 8.53758 1.00004 .6906
1200. .0121 18438.2 .03670 .0600 . 00083 511. 03 229.87 9.87799 1.00004 .6911
1300. .0112 20 254.2 .03601 .0600 .00077 547.01 242.83 11.29643 1.00003 .6916

.0104 22132.3 .03531 .0600 . 00071 583.68 255.49 12.79295 1.00003 .6919
1500. .0097 24081.6 .03458 .0600 .00067 621.49 267.89 14.37125 1.00003 .6920

1600. .0091 26112.3 .03384 .0600 . 00062 661.21 280.05 16.04321 1.00003 .6912
1700. .0086 28294.5 .03298 .0600 .00059 705.51 291.97 17.83423 1. 00003 .6868
1800. .0081 30738.0 .03192 .0600 . 00056 758. 72 303.68 19.79253 1. 00002 .6836
2000. .0073 37229.0 .02870 .0599 .00050 923.40 326.51 24.55330 1. 00002 .6589
2200. .0066 48286.9 .02364 .0598 . 00046 1257.25 345.27 31.18709 1. 00002 .6049
2<>00. .0060 68472.6 .01762 .0594 .00042 1931. 32 367.49 40.20626 1.00002 .5484
2600. .0055 104017.0 .01229 .0585 .00039 3177.04 390.51 51.09713 1.00002 .5040
2800. .0049 161294.5 .00848 .0570 .00038 5229. 81 415.22 62.90863 1.00001 .4616
3000. .0044 243245.4 .00610 .0544 .00037 8196.95 441.99 75.05428 1.00001 .4818

i

• THO-PHASE BOUNDARY
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TftSLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN aSOBARS, SI UNITS)

.08 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY Ctf CP VELOCITY
Ud\lVM I J.VC ENERGY

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.828 .01298 1.1672 .921.1 218.3 219.3 11.. 083 t..68 6.38 1262,
14. .01300 1.11*11 .921.1 219.1. 220.1. 11.. 165 1..71 6.1.9 1253,
15. .0131'» 1.0388 .9097 226.1 227.1 11*. 627 1..92 6.98 1211..
16. .0133C .9729 .8919 233. 3 231*.

3

15.093 5.12 7.1.3 1189.
17. ,013«»7 .9092 . 8768 21.1.0 21.2.0 15.559 5.30 7.91 1165.
18. .01366 .81*80 .8623 21.9,1 250.2 16.026 5.1.7 8.1.1 111.2.
19. .01385 .7833 .81.70 257.8 258.9 16.1*95 5.62 8.96 1117.

• 19.<»96 .01396 .761*3 .8381* 262.3 263.1. 16.729 5.69 9.18 1111.
« 7CC ^

o

• U D r J. • U U H r OO u • X r X 1 • 7 7 Q 7 7 floy • r OO b • HO 14 HI.11 • 0 H 351

.

20. .95189 .0698 .001.5 61.1.7 717.8 1*0.039 6.1.1 11.68 356.
22. 1.06682 .0800 .001.0 655.1. 71.0.7 1.1.133 6.32 11.27 378.
21*. 1.17885 .0897 .0 036 668.7 763.0 1*2.103 6.27 11.01. 397,
26. 1 .2890 3 .0990 .0 033 681.8 781..

9

1*2.979 6.25 10.69 1*15.

28. 1.39792 .1082 . 0030 691..

8

806.6 1*3.781 6.21. 10.79 1*33.

30. 1.50585 .1172 .0026 70 7.7 828.1 1*1*. 521* 6.23 10.72 1*1*9.

32. 1.61305 .1261 .C026 720 .1. 81.9.5 1.5,213 6.23 10.66 1.65.
3i«. 1.71967 .131*9 . 0021. 733.2, 870.7 1*5.858 6.22 10.61 1.80.
36» 1.82582 .11*37 .0023 71.5.9 891.9 1.6.1*63 6.22 10.57 1.91..

t aOO e 1.931 60 . 1 523 . 0 022 7C a c 9 13 9 0 1*7. 0 31* 6.21 10.51. 508 .

<»o. 2.03707 .1610 .0020 771.1 931..

1

1*7,571* 6.21 10.52 522.
kZ. 2.1<»228 .1695 .0019 783.7 955.1 1*8.087 6.21 10.50 535.

2.2i»726 .1781 .0018 796.3 976.1 1.8.571* 6.21 10.1.8 51.6.

(»6. 2.35206 .1866 .0018 808.9 997. 0 1.9. 01*0 6.21 10.1.7 561.

i»8. 2.1*5670 .1951 .0017 821.1* 1018.0 i.9.1.85 6.21 10.1*6 573,
50. 2.56120 .2036 .0016 831*. 0 1038.9 1.9.912 6.22 10.1.5 585.
55. 2.82196 .221.7 .0015 865.3 1091.1 50.908 6.21. 10.1.5 613.
60. 3.08215 .21.57 .0013 896.8 111.3.1. 51.818 6.27 10.1.7 61.0.

65. 3.3'»19'» .2666 .0012 928.1. 1195.8 52.656 6.32 10,50 666.
r U . 0 • D U X *t U • U U 1

1

X t HO • * 7 ii 77 (\ 7fl 1 u • 7 0 0 •

75. 3.86062 .3081. .0011 992.6 1301.1. 51.. 168 6.1.7 10 ,63 712.
80. <».1196<* .3292 .0010 1025.2 1351..

8

51.. 857 6.56 10.72 733.
90. i». 63723 .3708 . 0009 1092.2 11.63.1 56.131. 6.80 10.95 773.

100. 5.151*38 .1.123 . 0008 1161.6 1571..

0

57.300 7.07 11,22 809.

110. 5.67121 .1.537 .0037 1233.8 1687.5 58.379 7.36 11.51 81.2.

120. 6.18780 .1.951 .0007 1309.0 1801..

0

59.393 7,66 11,80 873.
1<>0. 7.22050 .5779 . 0006 11*68. 1 201*5.7 61.255 8.22 12,35 932.
160. 8.25276 .6605 .0005 1637.5 2297.7 62.936 8,70 12.83 987.
180. 9.28i»7«* .71.32 . 0 001. 1815.5 2558.

3

61*. 1.70 9,09 13.22 101*0.
9 n n lU

•

ixb^c • 8 25 7 n n n 1.
• U U U 1* 2000.6 28 25 • 9 65 • 8 80 Q t, ft 17 C 7lo • 9 ^ 1 U 7U .

220. 11.31.817 .9083 .0001. 2191.3 3099.2 67.182 9.65 13.78 1139.
21*0. 12.37971 .9909 .0003 2386.1* 3376.8 68.390 9.85 13.97 1186.
260. 13.1.1117 1.0731. . 0 00 3 2581*.

9

3657.

8

69.516 9.99 11.. 12 1232.
280. 11*. 1*1*257 1.1560 . 0003 2786.0 391.1.1. 70.566 10.10 11*. 23 1276.

300. 15.1.7280 1.2381. . 0003 2989.

0

1.226.9 71.550 10.18 11.. 31 1319.
350. 18.05083 1.1.1.1.7 .0002 3501.6 1.91.5.7 73.767 10.50 11., 1.3 11*22.

i*oa. 20.628 72 1.6509 .0002 1.018.1 5668.1. 75.697 10, 35 11.. 1.8 1519.
i»50. 23.20653 1.8572 . 0002 1.536.1. 6393.0 77.1.03 10.37 11.. 50 1611.
500. ZS. 761*29 2.0631. .0002 5055.5 7118.3 78.931 10.39 11.. 51 1698.
550. 2 8 . 3 62 0

1

2.2696 . 0001 5575 .

2

781.1*. 2 8 0. 315 10 . 1.0 11. .53 178 0.
600. 30.93970 2.1.759 .0001 60%.

0

8571.2 81.577 10.1.2 11.. 55 1859.
650. 33.51738 2.6821 .0001 6617.7 9299.1 82.739 10. 1*5 11.. 57 1931*.

700. 36.09501* 2.8883 .0 001 711.0.9 10028.5 83.827 10.1*8 11.. 60 2006.
750. 38.67269 3.091.5 . 0001 7666.2 10760.0 81.. 837 10.52 11.. 61. 2075.

800. 1*1.25031* 3.3007 . 0 001 8193.5 111.93.5 85.785 10.57 11.. 69 211*2.

850. 1*3. 82798 3.5069 .0001 8723.6 12229.9 86.677 10.63 11.. 75 2206.
900. 1*6.1*0561 3.7131 .0001 9256.8 12969.3 87.521 10.70 11.. 82 2268.
950. 1*8.98321* 3.9191. . 0001 9793.5 13712.1 88.323 10.77 11.. 90 2328.

1000. 51.56086 '..1256 .0001 10333.9 11*1*58.8 69.088 10.86 11..98 2386.
1100. 56.71611 1..5380 .0001 111.29. 3 15966.6 90.515 11. 01. 15.16 21*97.

1200. 61.87135 1..9501. .0001 1251.1..

2

171*93.9 91.836 11.21* 15.36 2601,
1300. 67.02661 5.3628 . 0001 13679.

8

1901*1. 9 93. 071. 11.1*5 15.58 2701.
1<»00. 72.18199 5.7753 . 0001 11.837.3 20611.8 91.. 21.5 11.68 15.81 2795.
1500. 77.33778 6.1877 . 0 001 16017.5 22201*. 5 95.358 11.92 16.05 2886.

1600. 82.1*91*76 6.6001 .0001 17221.2 23820.8 96.391. 12,18 16.31 2973.
1700. 87.651*72 7.0125 .0000 181.53.0 251*65.3 97.386 12,1*8 16.62 3055.
1800. 92.82135 7.1*21.9 .0000 19719.8 2711.5.5 98.31.6 12,87 17.02 3133.
2000. 103.20737 8.21.98 . 0 000 221.15.9 30672.5 100. 213 11*, 19 18.1.2 3272.
2200. 113.78262 9.071.6 .000 0 25510.3 31.613.0 102.081 16. 91* 21.1.0 3385.
ZitOO. 121*. 31*038 9.8991. . 0003 291.30.8 391.18.0 101.. 163 22.30 27,33 31*81.
2600. 136.93628 10.721.3 .0000 31.890.3 1.581.5.2 106.729 31.67 37,91 3580.
2800. 150.98825 11.51.91 .0 000 1.2933.9 55012.9 110.121. 1*6.35 55,00 3698.
3000. 168.31*11*01 12.3739 . 0000 51.917.2 68381..

7

111.. 736 66.97 80.08 381.1.

• THO-PHASE BOIWDARY
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TABLE 8

THERMOOYNflMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.08 MPA ISOBAR

TEMPERATURE DENSITY V{0H/D7)p \l (DP/DU)y -V(DP/D\/»T (OV/OTI /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
1 P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K M/K-M KG/M-S SQ M/HR
y 1 n2A 1 U A 1 U V 1 n7A 1 u

13.828 77.0570 621.

D

.2561*1 89.91*28 . 01027 72. 81* 255. 26 . 00053 1.25172 2.2363
li». 76.901*3 615.9 .251*89 87.7567 .01053 71*. 60 21.9.01 . 00051* 1. 25116 2.161.9
15. 76.0803 606.6 .21*313 79.031*2 . 01151 83. 13 219.23 .00056 1. 21.829 1.81.15

16. 75.1781 609.1* .23189 73.1378 .01219 89.00 195.17 .00057 1. 21.512 1. 6295
17. 71*. 2*28 3 60 6.8 , 22283 67.1*898 . 01299 92. 83 175.71 .00057 1. 21.179 1.1.971
18. 73.2332 605.8 .21531 62.1031 .01388 95.52 159.70 .00056 1.23631 1. 1.063

19. 72.1879 598.0 .20881* 56.51*1*1 . 011*98 97. 05 11.6. 25 . 00051. 1.231.66 1.31.99
71.6'*02 599.5 . 20583 51*. 751*7 .01531 97.1.3 11*0.27 .00053 1.23276 1.3216

• 19.1*96 1.081*3 181*.

6

.06665 . 0727 . 061*16 16.11 10. 80 .001.52 1. 00 327 .7936
20 . 1 . Q 50 5 19 0 .

1

. w u u u * . 0733 . 0611*1* 16. 1*1 11.07 . 001*6 1 ^ . U U iJ X f .7879
22. .9371* 212.1* .06720 .0750 .05307 17. 81 12.13 .00607 1. 00283 . 7677
21*, .6(*6 3 231*.

6

.06727 .0761 .01*707 19.29 13.17 . 0071*1 1. 00256 .751.0

26. .7758 256.6 .06725 .0768 .01.21*6 20.80 11*. 19 .00686 1. 00231. .7I.31*

28. . 7153 278.1* .06720 . 0771* .03676 22. 31 15.19 . 3101*1 1.00216 .731.7

30. .661*1 300.1 .06715 .0778 . 03570 23. 83 16.17 .01206 1. 00200 . 7269
32. .6199 321.6 . 06712 .0782 .03313 25.22 17.12 .01371* 1.00187 .7235
3i«. .5815 31*3.0 .06709 .0785 .03093 26.60 18.06 .01553 1.00175 . 7231
36. .51*77 361*. 3 .06705 . 0787 . 02901 28. 00 18. 98 .0171*1 1. 00165 .7165
38. .5177 385.6 .06702 .0789 . 02731* 29.39 19.88 .01939 1. 00156 . 7129
0 . . 1*909 1*0 6. 8 . 06698 . 0790 . 0258 5 3 0.76 20.76 . 0 2 11*6 1 . 00 1 1.8 . 7091.

1*2. .1*668 1*27.9 .06695 .0791 .021*53 32.15 21.63 .02363 1. 0011.1 .7061
<*i*. .1*1*5 0 1*1*9.0 .06691 . 0792 . 02331* 33. 52 22.1*8 .02587 1. 00131. . 7029
46. .1*252 1*70.2 . 06686 .0793 . 02226 31*. 87 23.32 .02821 1. 00126 .7000

<»a. .1*070 1*91.3 . 06681 . C791* .02128 36.20 21*. 11* .03062 1.00123 .6973
50. .3901* 512.6 .06671* .0795 .02039 37.52 21*. 95 .03311 1.00118 .691.9

55. .351*1* 566.1 .0661*7 .0796 .0181*6 1*0. 72 26.92 .03959 1. 00107 .6909
60. .321*1* 620.5 .06608 . 0797 .01687 1*3. 78 28.82 .01.61.2 1.00098 .6869
65. .2992 676.0 .06551* .0798 . 01551* 1.6. 91* 30.65 .05377 1.03090 .6858

;

70. .2777 733.2 .061*85 .0798 .011*1*0 1.9.86 32.1*3 .06122 1. 00081. .6869
i 75

.

.2590 792.1 . 0 61* 0 2 . 0799 . 0 1 31* 2 52.81 31* . 1

6

- n P, q n. U D ? U <7 1 . n n n 7 ft .6677
80. .21*27 853.1 . 06306 . 0799 .01257 55. 36 35. 83 .07656 1.00073 .691.1

i 90. .2156 981.7 .06083 .0800 .01116 61.92 39.06 .091*39 1. 00065 . 6936
100. .191*0 1118.6 . 0581.7 .0800 .01003 67.93 1.2.15 .11236 1. 00058 .6960

1 110. .1763 1262.9 . 05613 .0800 . 00911 76.32 1.1.. 75 .1351*1 1. 00053 .671*7

120. .1616 11*13. 7 .05395 . 0800 .00835 82.92 1.7.58 .15651. 1. 00 01*9 .6772
li>0. .1385 1728.2 .05026 .0800 .00715 96.12 53. 00 .20223 1. 00 01*2 .6813
160. .1212 2051.8 .01.71*9 .0800 .00625 109.20 58.11. .25289 1.00037 .6831
180. .1077 2379.1 . 01*51.3 .0800 .00556 121.92 63.05 .30826 1. 00 0 32 .6838
200 . .0969 270 6.3 .01*391 . 0800 .00500 131*. 12 67.80 . 36810 1.00C29 .681.1

2 20, .0881 30 32.

3

• 0^2 76 . 0800 • U U 3 3 1 • 7^ 72.38 .1+3203 1 . 00 0 27 . 681.1.

2'«0. .0808 3351*.

3

. 01*192 . 0800 . 001*17 156. 80 76.83 .50010 1.00021* .681.6
260. .0 71.6 3672.2 .01*130 .0600 .00385 167.33 81.15 .57213 1. 00022 .681*8

280. .0 692 3985.5 .01*085 .0800 .00357 177. 38 85.36 .61.810 1. 00021 .6 81*8

300. .061*6 1*291*.

2

.01*052 . 0800 . 00333 187.00 89.1*8 .72787 1.00019 .681*6

350. .0 551* 5050.5 . 01*006 . 080 0 . 00286 20 9.1*9 99.1.0 .91.368 1. 00 0 17 .681*5
i«00. .01*85 5791.8 .03987 .0800 .00250 230.31 108.87 1.18155 1 . 00 0 15 .681*2
l>50. .01*31 6521*.

8

.03978 .0800 . 00222 21.9.95 117.95 1. 1* 1.051. 1. 00013 .681*0

500 . .0388 7259.1 .03971 . 0800 . 00200 268. 77 126.70 1.71887 1.03012 .681*2

1 550. .0353 7992.6 .03965 .080 0 . 00182 287. 03 135.18 2. 01723 1. 00011 .681.2
jl 600. . 0 32 3 873 0.5 . 0 3958 .0800 • 0 0 167 30 1.. 91 11.3 . 1.1 2. 331.61 1.00010 . 66 1.2

ll
650. .0298 91*72.7 .0391*9 . 080 0 .00151* 322.51* 151. 1*1 2.67117 1. 30 3 09 .681*0

700 . .0277 10221*.!* .03937 . 0800 .0011*3 31*0. 02 159.23 3.02559 1. 00008 .6838
(

750.
i

.0259 10981*.

9

.03922 . 080 0 .00133 357.1*2 166.87 3.39812 1. 00038 .6837

\
800. .0 21*2 11756.8 .03903 .0600 .00125 371*. 79 171*. 35 3.78793 1.00007 .6835
950. .0228 1251*1.6 .03861 .0800 .00118 392.17 181.68 1.. 191. 1.5 1. 03007 .6631*

'{ 900. .0215 1331*0.8 .03857 . 0600 .00111 1.09. 60 188. 89 1.. 61711. 1.00006 .6831*

ii 950. .0 201* 11*155.1 .03829 .0800 .00105 1.27. 10 195.97 5. 05551 1. 00006 .6636
i 1000. .0191* 11*985.3 . 03799 .0800 .00100 1*1.1*. 69 202.95 5.50916 1.00006 .6838

\\ 1100. .0176 16682.5 .03736 .0800 . 00091 1*75.56 216.59 6.1*031.2 1. 00005 .6936
1200. .0162 181*38.8 .03670 .0800 .00063 511. 03 229. 87 7.1.0871. 1. 00005 .6911

1

1300. .011*9 20251*.

5

.03601 .0800 .00377 51*7.00 21*2.83 8.1.7251 1. OuO 01* .6916
!

litOO. .0139 22131 .2 . 03531 . 0800 . 00071 583.61 255.1.9 9.591.59 1 . 000 01* .6920
1500. .0129 21(076.2 .031*59 .0800 .00067 621.25 267.89 10 .77721. 1. 000 01) .6921

1 1600. . 0121 26095.2 .03387 . 0800 . 00062 660. 51 280. 05 12. 02811 1. 00001* .6915
1700. .0111* 2821*9.6 .03305 .0800 . 00059 703.72 291.97 13.36360 1. 00003 .6891*
1800 . .0108 30631*.

0

.03205 . 0800 . 00056 751*. 63 303.68 11*. 61525 1. 00 0 03 .681*9

2000 . .0097 36800.1 .02910 .0799 .00050 906.81 326.50 18.29582 1.00003 .6630
2200 . .0088 1*6936.1* . 021*1.3 .0798 . 00 01*6 1205. 55 31.5.22 23.071*76 1. 00003 .6128
2it0a. .0 080 65008.2 .01866 .0793 . 0001*2 1799. 67 367.32 29.59769 1 . 00 00 2 .5578
2600. .0073 96500 .5 .01330 .0783 . 00039 2893. 01* 390. 07 37.6161*9 1. 00032 .5112

j 2800. . 0066 11*7253.1* .00931 .0765 .00037 1.701. 65 1*11*. 33 1*6.1*6257 1.00002 .1.81.7

3000 . .0 059 220733.0 .00670 .0735 .00036 7352.97 1*1.0 .61. 55.61.61*0 1.03032 .1.799

THO-PHASE BOUNDARY
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TABLE 8

THERMOOYNAHIC PROPERTIES OF NORMAL HYDROGEN IIS08ARS, SI UNITSJ

.10 MPA ISOBAR

TEHPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C VELOCITY
OERIVATI VE DERIVATIVE ENERGY

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K M/S

• 13.83<f .01298 1.1685 .921.1. 218.3 219.6 11.. 081. 1..68 6.36 1262.
.01300 1.11.1.2 .921.3 219.1. 220.7 11.. 162 1..71 6.1.8 1251..

15. .0131<« 1.01.09 .9101. 226.0 227.3 11.. 621. I.. 92 6.98 1216.
16. .01330 .971.8 .8925 233.2 231*.

6

15.090 5.12 7.1.3 1190.
17. .013<.7 .9112 .8 771. 21.0.9 21.2.2 15.556 5. 30 7.91 1166.
16. .01365 .8501 .8630 21.9.0 250.1. 16.022 5.1.7 8.1.1 111.3.
19. .01385 .7853 .81.76 257.7 259.1 16.1.90 5.62 8.95 1119.
20. .aii>06 .7221 .8301. 266.9 268.3 16.963 5.75 9.53 1091..

* 20

.

2Z^ . 0 1^*12 . 7122 . 8 261 269 .

1

270 . 5 17.0 72 5.77 9 1 n an
* 20.221* .75i»5i» .0675 .0057 61.0.6 716. 0 39.109 6.50 12.11. 355.

22. .83883 .0770 .0 051 653.2 737.1 1.0.108 6.37 11.60 375.
2<». .93068 .0872 .0C1.6 666.8 759.9 1.1.102 6.30 11.27 395.
26. 1. 02048 .0969 .0 01.1 680.2 782.2 1.1.991. 6.27 11.07 1.13.

28; 1.10890 . 1063 .0038 693.3 801..

2

1.2.808 6.26 10.93 1.31.

30. 1.19630 .1156 . 0035 706.3 826.0 1.3.559 6.25 10.83 1.1.8.

32. 1.2829'* .121.6 .0033 719.2 81.7.5 1.1.. 255 6.21. 10.75 1.63.

3<». 1.36898 .1336 .0031 732.1 869.0 1.1.. 905 6.23 10.69 1.79.

36. 1. <t5i»5i» .11.25 .0029 71.1.. 8 890.3 1.5.515 6.22 10. 61. 1.93.

38. 1 . 539 72 . 1 512 .0 027 757.6 911 . 5 1.6 .0 89 A P PO • CC P u o •

1*0. 1.62'»58 .1600 .0026 770.2 932.7 1.6.632 6.22 10.57 521.
<»2. 1.70918 .1686 .0021. 782.9 953,8 1.7.11.6 6.22 10.51. 535.
<»<». 1.79355 .1772 .0023 795.5 971.. g 1.7.636 6.22 10 .52 51.6.

>6. 1.87771* .1858 .0022 808.1 995.9 1.8.103 6.22 10.50 560.

V8. 1.96176 .191.1. . 0 021 820 .7 1016.9 1.8.550 6.22 10.1.9 573.
50. 2.0'»56if . 2029 . 0020 833.3 1037.9 1.8.978 6.22 10.1.8 585.
55. 2.25<>8<* .221.1 .0018 861.. 7 1090.2 1.9.977 6.21. 10.1.7 613.
60. 2.<t63'»9 .21.52 .0017 896.3 111.2.6 50.889 6.27 10.1.9 61.0.

65. 2.67172 .2663 .0 016 927.9 1195.1 51.728 6. 32 10.52 666.
70 . C . O t 7 D O .2872 • U U i. 95 9.9 1 2 1.7 . 9 52*510 6. 39 10.57 690 .

75. 3.08729 .3081 .0013 992. 2 1 300.9 53.21.2 6.1.7 10.61. 712.
80. 3.29'»75 .3290 .0013 1021..

9

1351..

3

53.932 6.56 10.73 731..

90. 3.70923 .3706 .0011 1091.8 11.62.6 55.210 6.80 10.96 773.
100. '.12327 .1.122 .0010 1161.3 1573.6 56.377 7.07 11.22 809.

110. <». 53698 .1.537 . 0 009 1233.6 1667.

3

57.1.56 7.36 11.51 81.2.

120. '».95 0'»6 .1.952 .0 008 1308.8 1803.8 58.1.71 7.66 11.80 673.
ii*0. 5.77691. .5780 . 0007 11.67.9 201.5.6 60.331. 8.22 12.36 932.
160. 6.60298 .6607 .0006 1637.3 2297.6 62.011. 8.70 12.83 987.
180. 7.<»28 73 .71.33 . 0 006 1815.1. 2558.

3

63.51.9 9.09 13.22 101.0.

2 00. 8.2 51* 29 .8 260 . 0005 2 000.5 2 825.9 61. . 959 9 . 1.0 13.53 1090.
220 . 9.07970 .9086 . 0005 2191.

2

3099.2 66.261 9.65 13.78 1139.
2<«0 . 9.90502 .9911 .0001. 2386.3 3376.

8

67.1.70 9.35 13.97 1186.
260. 10.73026 1.0737 .0001. 25 81.. 9 3657.9 68.595 9.99 11.. 12 1232.
280. 11. 5551. i» 1.1562 . 0001. 2785.9 391.1.5 69.61.5 10. 10 11.. 23 1276.

300. 12.37968 1.2387 .0003 2989.

0

1.226.9 70.629 10.18 11.. 31 1319.
350. !!..<* 1.216 1.1.1.50 .0003 3501.6 1.91.5.8 72.81.6 10.30 11.. 1.3 11.23.

ifOO. 16.501.55 1.6512 . 0 00 3 1.018.1 5668.5 71.. 777 10.35 11..I.8 1520.
18.566 81. 1.8575 . 0002 1.536.1. 6393.

1

76.1.83 10.37 11.. 50 1611.
500. 20.62908 2.0637 .0002 5055.5 7118.1. 78.010 10. 39 11.. 51 1698.
7 u • 2 • 27 0 D • 0 0 0 2 7 •

3

f 9

•

1 0 • 0 1 7 fi n

600. 21.. 7531.5 2.1.762 . 0 002 6 0 96 . 0 8571.1. 80.657 10.1.2 11.. 55 1859.
650. 26.81561 2.6821. . 0 002 6617.7 9299.2 81.819 10.1.5 11.. 57 1931..

700. 28. 87775 2.8886 .0001 711.0.9 10028.7 82.906 10.1.8 11.. 60 2006.
750. 30.93988 3.091.9 . 0 001 7666.1 10760.1 83.917 10.52 11.. 61. 20 76.

800. 33.00201 3.3011 .0001 8193.5 111.93.7 81.. 861. 10.57 11.. 69 211.2.

850. 35.061.12 3.5073 .0001 8723.6 12230.0 85.756 10.63 11.. 75 2206.
900. 37.1262!. 3.7135 . 3001 9256.8 12969.1. 86.601 10.70 11.. 82 2268.
950. 39.18831. 3.9197 . 0 001 9793.5 13712.3 87.1.03 10.77 11.. 90 2326.

10 00 . 1.1.2501.5 1..1259 .0001 10333.9 11.1.59.0 88.168 10.86 11.. 98 2386.
1100. 1.5.371.65 I..5383 . 0 001 111.29.3 15966.

8

89.591. 11.01. 15.16 21.97.

1200. 1.9.1.9885 1..9508 . 0 001 1251.1..

2

171.91..

1

90.916 11.21. 15.36 2601.
1300. 53.62306 5.3632 .00 01 13679.8 1901.2.1 92.151. 11.1.5 15.58 2701.
1<»00. 57.71.736 5.7756 .0001 11.837.2 20611.9 93.321. 11.68 15 .81 2796.
1500. 61.87191. 6.1880 .0001 16017.2 22201.. 1. 91.. 1.37 11.92 16.05 2886.

1600. 65.99738 6.6001. .0001 17220.5 23820.2 95.1.73 12.17 16.30 2973.
1700. 70.121.95 7.0129 . 0 001 181.51.1 251.63.6 96.1.65 12.1.6 16.60 3056.
1800. 71.. 25729 7.1.253 .0001 19715.2 2711.0.9 97.1.22 12.83 16.98 3131..
2000. 82.55973 8.2501 . 0 0 01 22395.0 30651.0 99.281 11.. 05 18.27 3275.
2200. 90.99757 9.0750 . 0000 251.37.9 31.537.7 101.121. 16.55 20.97 3391.
2400. 99.78068 9.8998 .0000 29226.1. 39201..

5

103.11.6 21.38 26.31 31.86.
2600. 109.30671. 10.721.6 .0000 31.397.9 1.5326.6 105.591 29.61 35.81 3586.
2800. 120.23330 11.51.95 .0000 1.1887.9 53911.2 108.770 1.3.02 51.11. 3701.
3000. 133.52968 12.371.3 . 0000 52916.7 66269.7 113.031. 61.69 73.70 3839.

• THO-PHASE BOUNDARY
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TABLE 8

THERHOOYNAHIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.10 HPA ISOBAR

TEMPERATURE DENSITY V(OH/DV>p V<OP/OU»^ -V<OP/DV)^

K6/CU H KJ/K6

(DV/DT)VV THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY DIFFUSIVITY CONSTANT

PRANOTL
NUMBER

MPA-CU M/KJ
X 102

MPA 1/K M/K-M
X 10-*

KG/M-S SQ M/HR
X 10'

13.63k 77.0685 621.7 .25639 90.05i«3 .01026 72.92 255.39 .00053 1. 25176 2.231.9
1<». 76.9216 617.1 .25«»92 88. 0151 .01050 7«..61 2<»9. 37 . 00051) 1. 25121* 2.1659
15. 76.0988 607.3 .2<<330 79.212«» .011<*9 83.15 219. 5<» . 00056 1. 2'.835 1.81*26
16. 75.1978 610.0 .2320<« 73.3062 .01218 89. 03 195.<«i« .00057 1.2<*519 1.63C5
17. 7i».2500 609.5 ,22298

!215i»5
67.6550 .01297 92.87 175.96 .00057 1.21*187 l.<*977

IS. 73.2568 606.6 62.2739 . 01386 95.57 159.92 .00056 1. 2381*0 1.1.067

19. 72.2131 598.8 .20897 56.7088 .01<»95 97.10 l'»6.l»6 .00051* 1.231*75 1.3500
20. 71.1039 588.9 .20322 51.3'»22 .01617 98.'.'* 13'». 88 . 00052 1.23089 1.3051

• ZO.ZZk 70.8360 588. <> .20198 50.(»<»63 .01638 98.8'> 132. i»3 .00052 1.22996 1.2911
* ZO.ZZk 1.3253 188.9 .06666 .089(> . a6i>27 16.89 11.25 .00378 1. 001*00 . 6085

22. 1.1921 208.8 . 06722 . 0918 .05556 18.05 12.19 .00tt70 1.00360 .7831
2<». 1.0 7«»5 231.3 .06738 .0937 .Oi>S72 19. '»8 13.22 .00579 1. 00 321* . 761.6

26. .9799 253.7 .06738 .0950 .0<»362 20.96 l'».2'» .00696 1.00296 .7517

28. .9018 275.9 .06733 .0959 .03961 22.1*6 15. 23 .00820 1. 00272 .71*11*

30. .8359 297.8 .06727 .0966 .03636 23.96 16.21 .00953 1.00252 .7325
32. .7 796 319.5 . 06723 .0971 . 0336(> 25. 3«* 17.16 .01089 1.00235 .7281
3^. .7305 31*1.1 .06719 .0976 .03133 26.72 16.10 .01232 1.00220 . 7239
36. .6875 362.6 .06715 .0979 . 02931* 28.10 19.01 . 01363 1. 03207 .7197
38. .61*95 38(|.0 .06711 . C982 .02760 29.1*9 19.91 .0151*2 1.00196 .7157
<»0. .6155 (»0 5.3 .06707 .0985 .02607 30.88 20.79 .01709 1.00186 .7117
42. .5851 1*26.6 . 0670>* .0987 .021*71 32.21* 21.66 .01682 1.00176 .7081
WW, .5 576 1>1>7.8 .06699 .0988 .0231*9 33.60 22.51 .02062 1.00168 .701*7
<>6. .5326 i»&9.a .06691* .0990 . 02239 31*. 95 23.35 . 02250 1. 00161 . 7016

<t8. .5097 1*90.3 .06688 .0991 .0211*0 36.29 21*. 17 . 021*1*3 1.00151* .6987
50. .1*888 511.6 .06681 .0992 .0201*9 37.60 21*. 98 .0261*2 1.0011*7 .6962
55. .1*1*35 565.3 .06653 .0991* .01853 1*0.79 26.95 .03161 1.00131* .6919
60. .1*059 619.8 .06611* .0 995 .01692 1*3. 85 28.61* .03709 1. 00122 .6697
65. .37«*3 675.1* .06560 .0997 .01557 1*7.01 30.67 .01*298 1. 0bll3 .6861*

70. .31*73 732.7 . 061*90 .0997 . 01i*i*3 1*9.91 32.1*5 .0W891* 1.00105 .6873
75. .3239 791.7 .061*06 .0998 .0131*5 52.86 3<*.17 .05520 1.00098 .6661
80. .3035 852.7 . 06310 .0999 . 01259 55.1*1 35.85 .06123 1. 00091 .691*5

90. .2696 981.1* .06087 .0999 .01117 61.97 39.08 .07551 1.00081 .6911
100. .21*2 5 1118.3 .05850 .1000 . 01001* 67. 97 1*2.16 .08989 1.00073 .6962

110. .2201* 1262.8 .05616 .1000 .00912 76.33 1*1*. 75 .10831 1.00066 .671*9

120. .2020 11*13.6 .05397 .1000 .00835 82.93 1*7.59 . 12521 1. 00061 .6773
I<i0. .1731 1728.2 .05028 .1000 .00715 96.13 53.00 . 16178 1. 00052 .6811*

160. .1511* 2051.9 . 01*750 .1001 .00625 109.21 58.15 . 20232 1. 00 01*6 .6832
180. .131*6 2379.3 .01*51*1* .1001 .00556 121.93 63.07 .21*663 1. 00 01*1 .6839
200. .1211 2706.5 .01*392 .1001 .00500 13i*.12 67,80 .291*51 1.00037 .681*1

220. .1101 3032.5 .01*277 .1001 .001*51* 11*5.75 72.38 .31*566 1.00033 .681*5
21*0. .1010 3351*.

6

.01*193 .1001 . 001*17 156. 81 76.83 .1*0012 1. 00030 .681*7

260. .0932 3672.6 .01*131 .1001 .00335 167. 31* 81.15 .1*5775 1.00028 .661*8
280. .0865 3985.9 .01*086 .1001 .00357 177.38 85.37 .51853 1. 00026 .681*8

300. .0808 1*291*.

7

. 01*053 .1001 .00333 187.00 89.1*8 .58236 1. 00 021* .681*8

350. .0 692 5051.0 .01*007 .1001 . 00286 209.50 99.1*0 . 75502 1.00021 .681.5

1*00. .0606 5792.3 .03987 .1000 .00250 230.31 108.67 .91*533 1.00018 .661*3
1*50. .0539 6525.3 .03979 .1000 . 00222 21*9.95 11 1.15253 1. 00016 .661*0

500. .01*85 7259.6 .03971 . 1000 . 00200 266. 77 126.70 1.37521 1. 00015 .661*2

550. .0 li<tl 7993.2 .03966 .1000 .00182 287. 01* 135.18 1. 61390 1. 00C13 .661*2
600. .01*01* 8731.0 . 03958 .1000 .00167 301*. 92 11*3.1*1 1.86782 1.00012 .681*2

650. .0373 91*73.3 .03950 .1000 .00151* 322.55 151.1*1 2.13707 1. 00011 .681*0

700. .0 31*6 10225.9 .03937 .1000 . 0011*3 31*0.02 159.23 2.1*2062 1. 00010 .6636
750. .0323 10985.5 .03922 .1000 . 00133 357.1*2 166.87 2.71865 1. 00010 .6837

800. .0303 11757.1* .03903 .1000 .00125 371*. 79 17<*.35 3.03051 1. 00009 .6835
850. .0285 1251*2.2 .03882 .1000 . 00118 392.17 181.66 3. 35571* 1.00009 .6831*

900. .0 269 1331*1.1* .03857 . 1000 .00111 1*09.60 188.89 3.69390 1. 00008 .6631*

950. .0255 11*155.8 .03829 .1000 . 00105 1*27. 10 195.97 1*. 01*1*60 1. 00008 .6836
1000. .021*2 11*985.9 .03799 .1000 .00100 1*1*1*. 69 202.95 1*. 1*0752 1. 00007 .6638
1100. .0220 16633.1 .03737 .1000 .00091 1*75.56 216.59 5.12293 1. 000 0 7 .6906
1200. .0202 181*39.1* .0 36 70 .1000 . 00083 511.02 229.87 5.92719 1. 00006 .6911
1300. .0186 20251*.

8

.03601 .1000 .00077 51*6.98 21*2.83 6.77817 1. 00006 .6916
11*00. .0173 22130.6 . 03531 .1000 .00071 583.56 255.1*9 7.67568 1. 00005 .6920
1500. .0162 21*072.7 .031*60 .1000 .00067 621.08 267.89 8.62122 1. 00005 .6921

1600. .0152 26083.8 .03389 .1000 . 00062 660.02 280. 05 9.62022 1. 00005 .6916
1700. .01<»3 28219.3 .03309 .1000 .00059 702.50 291.97 10.681.35 1. 00 0 01* .6899
1800. .0135 30563.2 .03215 .1000 .00056 751.81* 303.68 11.83628 1. 00001* .6859
2000. .0121 36507.6 .02938 .0999 .00050 895.1*9 326.1*9 11*. 57039 1. OOQOi* .6660
2200. .0110 1*601<».3 .02500 .0997 . 0001*6 1170.21* 31*5.18 18.27896 1. 00003 .6186
21*00. .0100 62 638.6 .019<*5 .0992 . 0001*2 1709.61 367.20 23.31*1*99 1. 00003 .5650
2600. .0091 9131*0 .2 .011*10 .0981 .00039 2698.01* 389.76 29.65132 1. 00003 .5173
2800. .0083 137536.3 .00998 .0961 . 00 03 7 1*336.07 1*13.69 36.70298 1. 00003 .1*879
3000. .0075 201*885.1* .00721 .0927 .00036 6758.73 1*39.62 1*1*. 08577 1. 00002 .1*791*

• THO-PHASE BOUNDARY
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TABLE 8

THERMOOYNftMIC PROPERTIES OF NORMAL HYDROGEN ilSOBftRS, SI UNITS)

.101325 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C V CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.835 .01298 1.1686 .921*1* 218. 3 219.6 11.. 081. 1..&8 6.38 1263.
If*. .01300 1.11*1*1. .921*3 219. 3 220.7 11.. 162 1..71 6.1*8 1251*.

15. .0131<» 1.01.11 .9105 226.0 227.1* 11*. 621* 1..92 6.96 1216.
16. .01330 .9750 .8926 233.2 231*.

6

15.089 5.12 7.1*3 1190.
17. .013«t7 .9113 .8 775 21*0.9 21*2.3 15.555 5.30 7.90 1166.
18. .01365 .8502 . 8630 21*9.0 250.1* 16.022 5.1*7 6.1*1 111.3.
19. .01385 .7851* .81*77 257.7 259.1 16.1*90 5.62 6.95 1119.
20. .ai<»06 .7222 .8305 266.9 268.3 16.963 5.75 9.52 1091*.

• 20.268 .01<»13 .7093 .6253 269.5 270.9 17.093 5.78 9.66 1089.
• 20.268 . 7if739 . a 675 . 0 058 61.0 . 7 716.5 39.0 82 6. 50 12.15 355.

22. . 82689 .0768 .0052 653.0 736.8 1*0.01*7 6.37 11. S2 371..

2(*. .91769 .0870 .001*6 666.7 759.7 1*1.01*3 6.31 11.29 395.

26. 1.006<»3 .0968 .001*2 680.1 782.0 1*1.9 35 6.27 11.06 1.13.

28. 1.09378 .1362 .30 39 693.2 801*.

1

1*2.750 6.26 10.91* 1.31.

30. 1.18011 .1151. .0036 706.2 825.8 1*3.501 6.25 10.63 1.1.8.

32. 1.26567 .121.5 . 0033 719.2 81*7.1* 1*1*. 198 6.21* 10.76 1*63.

3<.. 1.35063 .1335 .0031 732.0 868.8 1*1*. 81.8 6.23 10.69 1*79.

36. 1.^3512 .11*21* . 0 029 71*1.. 8 890.2 1*5.1*58 6.22 10.61* 1*93.

38 . 1. 51922 . 1 512 . C 0 27 757. 5 911.1* 1*6 . 0 33 6.22 10.60 50 8.
kO. 1.60300 .1599 .0026 770.2 932.6 1*6.576 6.22 10.57 521.
<«2. 1.68652 .1686 .0025 782.8 95 3.7 1*7.091 6.22 10.71* 535.
1*1*. 1.76982 .1772 .0021* 795.5 971*.

8

1*7.581 6.22 10.52 51*8.

'«6. 1.85292 .1858 . 0022 808.1 995.6 1*8. 0 1*8 6.22 10.51 560.

hS. 1.93587 .191*3 . 0021 820.7 1016.6 1*6.1.95 6.22 10.1*9 573.
50. 2.01867 .2029 .0021 833.2 1037.6 1*6.923 6.22 10.1.6 585.
55. 2.22518 .2 21*1 .0019 861*. 7 1090.2 1*9.922 6.21* 10.1.7 613.
60 . 2.1*3113 .21*52 .0017 896.2 111*2.6 50.831* 6.27 10.1*9 61*0.

65. 2.63666 .2662 .0016 927.9 1195.1 51.673 6.32 10.52 666.
70 • 2 . 8itl 87 .28 72 .0015 959 .9 121*7 • 8 5 2 .1*55 6. 39 10.57 690.
75. 3.Gi*68i» .3081 .0011* 992.1 1 300.9 53.187 6.1.7 10.65 712.
80. 3.25161 .3290 .0013 1021*.

8

1351*.

3

53.877 6.56 10. 73 731*.

90. 3.66069 .3706 .0011 1091.8 11*62.7 55.155 6.80 10.96 773.
100. 1.. 06933 .1.122 .0010 1161.3 1573.6 56.322 7.07 11.23 809.

110. i». 1.7765 .1.537 . 0009 1233.5 1687.2 57.1*02 7.36 11.51 81*2.

120. l». 88571* .1*952 .0006 1308.6 1803.8 58.1*17 7.66 11.60 873.
1(»0. 5.7011*3 .5780 .0007 11*67.9 201*5.6 60.279 8.22 12.36 932.
160. 6.51668 .6607 .0006 1637.3 2297.6 61.960 8.70 12.63 987.
180. 7.33165 .71.31. . 0 006 1815.1* 2558.3 63.1*95 9.09 13.22 101*0.
200. 8.1i»6i»2 . 8 260 .0005 2000.5 2825.9 61*. 905 9. 1*0 13.53 1090.
220. 8.96105 .9086 . 0005 2191.2 3099. 2 66.207 9.65 13.78 1139.
2<ta. 9.77558 .9911 . 0001* 2386.3 3376.8 67.1.15 9.85 13.97 1166.
260. 10.59003 1.1) 737 . 0 001* 2 5 81*. 8 3657.9 68.51.1 9.99 11*. 12 1232.
280. 11.1*01*1*2 1.1563 . 0001* 2785.9 391*1.5 69.591 10.10 11*. 23 1276.

300. 12.21788 1.2387 .0003 2989.0 1.226.9 70.575 10.18 11*. 31 1319.
350. 11*. 2531*2 1.1.1.50 .0003 35 01.6 1*91*5. 8 72.792 10.30 ll*.>*3 11*23.

<tO0. 16.28883 1.6513 .0003 1*018.1 5666.6 71.. 722 10.35 11*. 1*8 1520.
<»50. 18. 321*16 1.8575 .0002 1*536.1* 6393.1 76.1.28 10.37 11*. 50 1611.
500. 20.3591*3 2.0633 . 0002 5055.5 7118.1* 77.956 10.39 11*. 51 1698.
550 . 22. 391*66 2.2 70 0 • 0 002 5575.

2

781* 1..1. 79 . 31.0 10 .**0 11* .53 1780 .

600. 21*. 1*2987 2.1.762 . 0002 6096.0 8571.1* 80.602 10.1*2 11*. 55 1859.
650. 26.1*6506 2.6821. . 0002 6617.

7

9299.2 61.761. 10.1*5 11*. 57 1931*.

700. 28.50021* 2.8887 .0001 711*0.9 10026.7 82.852 10.1(8 11*. 60 2006.
750. 30.5351*0 3.0 91*9 . 0001 7666.1 10760.1 83.863 10.52 11*. 61* 2076.

800 . 32.57056 3.3011 . 0031 8193.5 111.93.7 81.. 810 10.57 11*. 69 211*2.
850. 31*. 60571 3.5073 .0001 8723.6 12230.

0

85. 702 10.63 11*. 75 2206.
900. 36.61*086 3.7135 .0001 9256.8 12969.5 86.51.6 10.70 11*. 82 226'
950. 38.67600 3.9197 .0001 9793.5 13712.3 87.31.6 10.77 11*. 90 2326.

1000. 1*0.71111* 1..1259 .0001 10333.9 11*1.59.0 88.111. 10.86 11*. 96 2386.
1100. 1*1*. 7811.1 1..5381. .0 001 111*29. 3 15966.

6

89.51.0 11.01. 15.16 21*97.

1200. 1*8. 85168 1..9508 .0001 1251*1*.

2

171.91..

1

90.661 11.21. 15.36 2601.
1300. 52.92196 5.3632 . 0001 13679.6 1901*2.1 92.100 11.1*5 15.58 2701.

56.99233 5.7 756 .0001 11.837.2 20611.9 93.270 11.66 15.81 2796.
1500. 61.06297 6.1861 .0001 16017.2 22201*. 1. 91.. 363 11.92 16.05 2866.

1600. 65.131.1*5 6.6005 .0 001 17220.5 23820.2 95.1.19 12.17 16.30 2973.
1700. 69.20803 7.0129 . 0001 181.51. 0 251*63.5 96.1.10 12.1*6 16.60 3056.
1800. 73.28628 7.1*253 . 0001 19711*.

9

2711*0.7 97.366 12.83 16.98 3131..

2000. 81.1*7980 8.2501 . 0001 22393.8 3061*9.8 99.226 11*. 01* 18.26 3275.
2200. 89.80607 9.0750 .0 000 251*33.9 31*533.5 101.067 16.53 20.95 3391.
2<«oa. 98.1.7087 9.8998 . 0 000 29215.1 39192.6 103.086 21.33 26.25 31*69.

2600. 107.861*10 10.721*7 .0000 31.370.5 1*5299.9 105.525 29.70 35.69 3567.
2800. 118.6301*8 11.51*95 .0 003 1*1629.7 5381.9.9 108.692 1*2.83 50.92 3701.
3000. 131.72066 12. 371*3 . 0003 52605.1* 66152.0 112.936 61.1*0 73.31* 3839.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITS)

.101325 MPA ISOBAR

MPERATURE DENSITY VIDH/DV»_ VJOP/DU),, -V(DP/0V)t <DV/DTV/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P V T Y CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10 X 10^

13.835 77.0693 621.7 .25638 90.0617 .01026 72.93 255.1*0 .00053 1.25176 2.231*8
76.9227 617.2 .251*93 86. 0322 . 01050 71*. 61 21*9.39 . 00051* 1.25125 2.1659

15. 76.1000 607.3 .21*331 79.221*1 .0111*9 8 3. 16 219.56 .00056 1. 21*635 1.81*29

16. 75.1991 610.1 .23205 73.3171* .01217 39. 03 195.1*6 .00057 1.21*519 1. 63C5
17. 7^.251^» 609.6 .22299 67.6660 . 01297 92.88 175.98 .00057 1.21*137 1.1.978
IB. 73.2563 606.7 .2151*6 62.2852 .01386 95.57 159.91* .00056 1.2381*0 1.1.067

19. 72.Z1I»8 598.9 .20898 56.7197 .011*91* 97. 10 11*6.1*7 . 00051* 1.231*76 1. 3500
20. 71.1057 589.0 .20322 51.3532 .01617 98.1*1* 131*. 89 .00052 1.23089 1.3051
20.263 70.7859 687.9 .20175 50.2056 . 0161*1* 96.92 131 .98 .00052 1.22976 1.2893
20 . 268 1 3 38 0 18 9.1 . 06667 .090 3 .061*21* 16.91* 11.26 .00375 1 . 00 1*0 1* • 8091
22. 1.209't 208.6 . 06721 .0929 . 05573 18.07 12.19 .0Git&3 1. 00 365 . 781*2

ZU. 1.0 897 231.1 .06739 .091*8 . 01*883 19.50 13.23 .00571 1.00329 .7656
26. .9936 253.5 .06739 .0961 .01*370 20.97 11*. 21* .00666 1. 00300 . 7523

28. .91'»3 275.7 .06731* .0971 .03967 22.1*7 15.21* .00609 1.00276 .71*18

30. .8<»7<» 297.7 .06728 .0978 . 0361*0 23. 97 16.21 . 0091*0 1. 00256 .7329
32. .7901 319. i» .06721* . 096<* .03367 25.31* 17.16 .01071* 1. 00238 .7281*
3<t. .7<>0<» 31*1.

a

.06720 . 0988 . 03136 26.72 16.10 . 01215 1. 00223 .721*2

36. .6968 362.5 .06716 .0992 .02936 28.11 19.02 .01365 1. 00210 .7200
38. .6582 383 .9 .06712 .0995 .02762 29.50 19.91 .01521 1. 00198 .7159
HU • • 6 23d (0 5.2 . 0 6708 . 0997 . 02609 30.86 2 0.80 .01686 1. UU loo .7119
(>2. .5929 l»26.5 .06701* .0999 .021*72 32.25 21.66 .01657 1, 00179 . 7083

.565 0 <«<»7.7 . 06700 . 1001 .02350 33.61 22.51 .02035 1.00170 .701*9
kb. .5397 '«&9.a .06695 .1003 .0221*0 31*. 96 23.35 .02220 1.00163 .7017

<»B. .5166 (»9a.2 . 06689 .1001* . 0211*0 36. 29 2i*.17 .021*11 1.00156 .6988
50. .«»95i» 511.5 .06681 .1005 . 0201*9 37.61 21*. 98 .02607 1. 0011*9 .6963
55. .tfi»9't 565.2 .06651* .1007 . 01853 1*0. 79 26.95 .03120 1.00135 .6919
60. .ifll3 619.7 .06611* .1009 .01692 1*3.86 23.81* . 03660 1.00121* .6697
65. .3793 675. <« .06560 .1010 . 01558 1*7. 01 30.66 .01*21*1 1. 00111* .6865
70. .3519 732.6 . 061*90 .1011 . 011*1*3 1*9.92 32.1*5 .01*830 1. 00 106 .6871*

75. .3262 791.7 . 061*07 . 1011 . 0131*5 52.87 31*. 17 . 0 5 1*1* 7 1. 00099 .6861
80. .3075 852.6 .06311 .1012 .01259 55.1*1 35.85 .0601*3 1.00093 .691*5

90. .2732 981. (» .06088 .1012 .01117 61.97 39.08 .071*52 1. 00082 .6911
100. .21*5 7 1118.3 .05850 . 1013 .01001* 67. 98 1*2. 16 .08871 1. 00071* .6962

110. .2233 1262.8 .05616 .1013 . 00912 76.33 1*1*. 75 .10689 1.00067 .671*9

120. .20<»7 11*13.6 .05397 .1013 .00835 82.93 1*7.59 .12357 1.00062 .6773
I<i0. .175'* 1728.2 .05023 .101<* . 00715 96.13 53.00 .15966 1.00053 .631'*

160. .1535 2051.9 .01*750 .1011* .00625 109.21 58.15 .19967 1.0001*6 .6832
ISO. .136(1 2379.3 .01*51*1* .1011* . 00556 121.93 63.07 .21*31*0 1. 0001*1 .6839
200. .1228 2706.5 .01*392 .101<* .00500 131*. 12 67.80 .29066 1.00037 .661*1

220 . .1116 3032.6 .01*277 . 1011* • 0 01*5'* 11*5 . 75 72. 38 . 31*111* 1 . 00 0 31* . 681*5

zi*a. .1023 3351*.

7

.01*193 .1011* .001*17 156. 61 76.83 . 391*89 1.00031 .661*7
260. .0 9<»i» 3672.6 .01*131 .1011* .00385 167.31* 81.15 .1*5177 1. 00028 .631*8

280. .0877 3985.9 .01*086 . 101(> .00357 177.38 85.37 .51176 1. 00026 .631*8

300. .0618 'f29'».7 .01*053 .1011* . 00333 187.00 89.1*8 .571*75 1.00025 .681*3

350. . 0702 5051.0 .01*007 .1011* . 00286 209.50 99.1*0 . 71*515 1.00021 .681.5

<»00. .061'« 5792.3 .03987 .1011* . 00250 230.31 106.87 .93297 1. 00 0 18 .661*3
i»50. .05(i6 6525.1* .03979 .1011* . 00222 21*9.95 117.95 1.1371*6 1.00016 .661*0

500. .0491 7259.7 .03971 .1011* . 00200 268.77 126.70 1.35723 1. 00 015 .681*2

550. .0'»«»7 7993.2 .03966 .1011* . 00182 287.01* 135.16 1.59281 1. 00013 .681*2
60 0. .0^*09 8731.

1

. 0 3958 .1011* .00167 3 0 1* • 92 11*3 . 1*1 1 . 61* 31* 1 4 n n n 4 91 . UU U 1 ^ • 66 42
650. .0376 91*73.3 . 03950 .1011* . 00151* 322. 55 151.1*1 2.10911* 1. 00011 .681*0

700. .0 351 10225.1 .03937 .1011* .0011*3 31*0.02 159.23 2.36896 1.00011 .6336
750. .0327 10985.5 .03922 .1011* . 00133 357.1*2 166.87 2.63311 1. 00010 .6837

800. .0 307 11757.1* .03903 .1011* .00125 371*. 79 171*. 35 2.99069 1.00009 .6835
S50. .0 289 1251*2.3 .03882 .1011* . 00116 392.17 161.68 3.31187 1.00009 .6331*

900. .0273 1331*1.1* .03657 .1013 .00111 1*09.60 183.89 3.61*560 1.00008 .6831)

950. .0259 1<*155.3 .03829 .1013 .00105 1*27.10 195.97 3.99172 1.00006 .6836
IQOO. .0246 11*985.9 .03799 .1013 . 00100 1*1*1*. 69 202.95 1*. 31*990 1.00007 .6336
1100. .0 223 16683.2 .03737 .1013 . 03091 1*75.56 216.59 5.05595 1. 00007 . 6906
1200. .D205 181*39.1* .03670 .1013 . 00083 511.02 229.67 5.81*969 1.00006 .6911
1300 . .0189 20251*.

9

.03601 .1013 .00077 51*6.98 21*2.83 6.68955 1.00006 .6916
li»00. .0175 22130 .6 .0 35 31 .1013 .00071 583.55 255.1*9 7.57531 1.00005 .6920
1500. .016<» 21*072.5 .031*60 .1013 .00067 621.07 267.89 8. 5081*5 1. 00005 .6921

1600. .015 It 26083.1 .03389 .1013 .00062 660.00 280.05 9.1*91*29 1.00005 .6916
1700. .011*1* 28217.6 .03310 .1013 .00059 702. 1*3 291.97 10.51*1*28 1. 00 0 01* .6899
1800. .0136 30559.3 .03215 .1013 .00056 751, 69 303.66 11.68063 l.OOOOit .6859
2000. .0123 361*91.1* .0291*0 .1013 .00050 891*. 86 326.1*9 11*. 37620 1. 00 0 01* . 6662
2200. .0111 1*5963.0 . 02503 .1011 . 0001*6 1168. 28 31*5.18 16.02980 1. 000 03 .6190
2<»00. .0102 62506.8 .0191*9 .1005 . 0001*2 1701*. 60 367.19 23.02069 1. 00003 .5651*

2600. .0093 91052.7 .011*15 . 0991* . 00039 2687.17 389.71. 29.23782 1. 000 0 3 .5176
2800. .ao8<> 136993.1 .01002 .0971* .00037 1*315.63 1*13.65 36. 19531 1.00003 .1*831
3000. .0076 203993.2 .00725 .0939 .00036 6725.27 1*39.56 1*3.1*8332 1.00002 .1*793
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TABLE 8

THERMOOYNAHIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSl

.1? HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV c» VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-HPA/KG MPA/K KJ/K6-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13«8?1 .01297 1.1717 .9250 218.3 220. 2 1'*.085 <*. 68 6.38 126'*.

14. .01299 1.1520 .92'»9 219.3 221.2 1"*. 156 '*.71 6.1*7 1257.
15. •01313 1.0<«61 .9122 225.9 227.9 1'*.617 **. 92 6.97 1216.
16. .01329 .9798 . 89'>2 233.1 235. 1 15.082 5.11 7. 1*2 1192.
17. .ai3<«6 .9161 .8791 2'»0.7 21*2.8 15.5'*7 5.30 7.89 1168.
18. . 0136<> .8552 . 86'>6 2'»8. 9 250. 9 16. 013 5.'*6 8.39 ll'*6.

19. .013e<« .7903 «8'»93 257.5 259.6 16.'*8a 5.61 8.93 1121.
20. .01<»05 .7272 .8321 266. 7 268. 8 16.952 5.7'* 9.50 1097.

• 21.672 .01<«<»7 .6202 .798't 283. i» 285.6 17.761 5.92 10.58 1053.
• 21.672 .52255 .0673 . 008i» 6i»i».7 723.1 37.959 6.59 12. Bi* 362.

22. .5 3312 .0 692 .0082 6'»7.2 727.2 38 .l'*6 6.55 12.67 366.
2<». .59879 .0 807 . 0 072 661 .9 751. 7 39. 21"* 6. '*0 11 . 95 388.
26. . 661 80 . 0 91'» .0 065 675. 9 775 .2 1*0 . 152 6.33 11.55 '*08.

28. .7 2313 • 1015 . 0 059 689. 6 798. 0 1*0 .997 6.30 11.30 1*27.

30. . 78329 .1113 .005'* 703.0 620. I* '*1 . 7 71 6.28 11.13 '*'*'».

32. .8<«260 .1209 .0050 716. 2 81*2. 6 1*2.1*85 6 . 26 11.00 1*61.

3(». . 90126 .1302 . 00<«7 729. 3 861*. 1* 1*3.11*9 6.25 10.90 1*76.

36. . 959'»0 .139'* . DO't'f 7'«2. 2 886. 2 1*3.770 6. 21* 10.82 '*91.

38. 1.01711* .i'»e5 .OO'tl 755.2 907.7 1*1*. 353 6.21* 10 .75 506.
<»0. 1.0 7«»55 .157<» .0039 768.0 929.2 1*1*. 903 6.23 10.70 520.
<>2. 1.13168 .1663 . 0 037 780. 8 950. 6 1*5. 1*2'* 6.23 10 .66 53**.

1*1*, 1.16858 .1751 .0035 793.6 971.8 1*5.919 6. 23 10.63 5'*7.

1*6, 1. 2'»628 .1839 .003'* 806.3 993.1 '*6.391 6.23 10 .60 559.

»8. 1.30182 .1926 .0 032 819.0 101"*.

2

'*6. 8'*1 6.23 10.57 572,
50. 1. 35822 .2013 . 0 031 831. 6 1035.'* '*7.272 6.23 10.56 581*.

55. l.<»9e70 .2228 .3028 663.3 1088.

1

'*8.278 6. 25 10.53 613.
60. 1.63861 .2'*'I .0025 89'*.

9

ll'*0. 7 1*9.195 6.28 10.51* 6'*0.

65. 1.77610 .265if .0023 926. 8 1193 .5 50.037 6.33 10.56 666.
70. 1.91727 .2865 .0022 958.8 12'*6. <* 50.822 6. 39 10.61 690.
75. 2.05619 .3075 .0020 991.2 1299.6 51.556 6.'*7 10.67 712.
60. 2. 19<»91 . 3285 .0 019 1023.

9

1353.

2

52.2'*8 6.56 10 .76 73'*.

90. 2.'i7191 .370't .0017 1091.

0

11*61.8 53.526 6.80 10 .96 773.
100. 2. 7<*8(t6 .<»121 . 0 015 1160.6 1 572.

9

5'*. 697 7,07 11 . 21* 809.

110 . 3.02<»69 .'»537 .0 Oil* 1232.9 1686.6 55 . 778 7. 37 11. 52 8'*3.

120. 3.30069 .'4953 .0013 1308.2 1803.3 56.79'* 7.66 11.81 87'*.

1<»0 . 3.85219 .5782 .0011 l'»67.i» 201*5.2 58.658 8.22 12 .37 933.
160. i>. (>0326 .6611 .0 039 1636.

9

2297. '* 60 . 3<*0 8. 70 12. 61* 988»
180. «».95«»05 . 7i»38 . 0006 1815.0 2558.2 61.875 9.09 13.23 10'*0.
200. 5.50<»6i« .8265 . 0008 2000.2 2825.9 63.286 9.1*0 13.51* 1091.
220. 6.05509 .9091 .0007 2191.0 3099.2 6'*. 588 9.65 13.79 1139.
2<»0. 6.605i><> .9918 .0006 2386.1 3 376.9 65. 796 9. 85 13.98 1186.
260. 7.15571 1 • 0 7'>i» . 0006 258'*.

6

3658.

0

66. 922 9. 99 11*. 12 1232.
280 . 7.70593 1.1569 .0005 2785.8 391*1.6 67.972 10.10 1<». 23 1277.

300. 8.25651 1.239'» . 0 005 2988.6 '»227.1 68.956 10.18 1'*.31 1320 .

350. 9.63066 l.i»i»57 .000'» 3501.5 '*9'>6. 1 71.17'* 10.30 l'«.<*3 l'*23.
1*00, 11.00567 1.6520 .OOO't <t018.0 5668.8 73.101* 10.35 11*. 1*8 1520.
i»50. 12.38060 1.8 583 . 0003 '»53e. 3 6393.'* 71*. 810 10.37 1'*.50 1612.
500. 13.75547 2.06(»6 .0003 5055. <» 7118.7 76.338 10.39 1'*.51 1696 .

550. 15.13031 2.2708 . 0003 5575.2 78'*'*. 7 77.722 10 . 1*0 1'*.53 1781.
600. 16.50512 2.1*770 . 0003 6096.0 8571.7 78.98'* 10.1*2 1'*.55 1859.
650. 17.87992 2.6833 .0002 6617.6 9299.6 80.1'*6 10.1*5 1'*.57 1935.
700. 19.25i»70 2.8895 .0002 71'.0.9 10029.1 81.231* 10. (*6 11*. 60 2007.
750. 20.629«»7 3.0957 .0002 7666.1 10760.5 82.21*5 10.52 1'>.6'* 2076.

800. 22.00<»23 3.3019 . 0002 8193. '« ll'*9'*.l 83.192 10.57 1'*.69 211*3.
850. 23.378 99 3.5082 .0002 8723.6 12230. <* 8'*. 081* 10. 63 11*. 75 2207.
900. 2«».753 71* 3.71i»«» .0002 9256.8 12969.9 8'*. 928 10.70 1'>.B2 2269.
950. 26.128(t8 3.9206 .0002 9793.5 13712.

7

85.730 10.77 11*. 90 2328.
1000. 27.50323 '».126B . 0002 10333.9 11*1*5'). 1* 86.'*96 10. 86 11*. 98 2386.
1100. 30.25271 '.5392 .QSOl ll'i29.3 15967.

2

87.922 11.01* 15.16 2'*97.

1200. 33.00218 '».9517 . 0001 lJ5if'».2 171*9'*.

5

89.21*3 11.21* 15. 36 2602.
1300. 35.75166 5.36l»l .0001 13679.8 1901*2.5 90.1*82 11.1*5 15.58 2701.
1<»00. 38.50118 5.7765 . 0001 l'»837.1 20612.3 91.652 11.68 15.80 2796.
1500. i»l. 25086 6.1869 .0001 16016.9 2220'*.

5

92.765 11.92 16.01* 2666.

1600. <«<>. 00101 6.6013 . 0001 17219.'* 23819.5 93.800 12.16 16.29 2973.
1700. '•6.75231 7.0138 .0001 16'«'»8.1 25'*60.9 91*. 791 12.'*'* 16.57 3057.
1800. '(9.50621 7. '.262 .0001 19708.0 27133.9 95.71*6 12.78 16.92 3136.
2000. 55.03(>55 8.2510 .0001 22362.5 30617.7 97.591 13.83 18.01* 3279.
2200. 60.63661 9.0759 . 0001 25325.3 3'*'*2D. 8 99.391* 15.9'* 20.31 3<*00.
2<»00. 66. '•2663 9.9007 .0001 26908.7 38872.7 101.323 19.9'* 21*. 72 3501.
2600. 72.62115 10.7255 . 0001 33632.2 1*1*525.'* 103.581 26.89 32.53 3599.
2803. 79.57865 11.550<» . 0001 (»0260.'« 52197.

2

106. 1*23 37.80 1*5.11 3708.
3000. 87.83039 12.3752 .0001 1*9798.0 62972.6 110.1'*2 53,35 63.69 3839.

• THO-PHASE BOUNDARY



TABLE 9

THERMOOrNAMIC PROPERTIES OF NORMAL HYDROGEN <ISOB*RS, SI UNITS)

.15 HPA ISOBAR

TEMPERATURE DENSITY

K6/CU H

V(OH/OV>_

KJ/KG

VtOP/DU)„ V<DP/OVL (OV/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTItflTY DIFFUSIVITY CONSTANT

PRANOTL
NUMBER

HPA-CU M/KJ
X 10 2

MPA 1/K M/K-M
X 10^

KG/M-S SO M/HR
X 10^

13.851 77.0972 623.3 .25632 90.3332 . 01024 73.13 255. 70 .00054 1. 25186 2.2314
l<f. 76.96l»8 620.0 .25501 88.6598 . 01043 74. 65 250. 26 .00054 1.25139 2.1682
15. 76.1'»(»e 6Q9.0 .24371 79.6566 .01145 S3. 21 220.31 .00056 1. 24851 1. 8463
16. 75.2472 611.7 .23242 73.7262 .01213 89.11 196.11 .00057 1.24536 1.6328
17. 7"f.3036 611.3 .22334 68.0668 .01292 92.97 176.57 .00057 1.24206 1.4994
18. 73.315«» 608.6 .21579 62.6992 .01379 95. 68 160.49 .00056 1. 23860 1.4076
19. 72.2760 600.8 .20930 57.1192 .01467 97.23 146.98 .00054 1.23497 1.3504
20. 71.171i» 591.1 .20352 51. 7551 . 01608 98.59 135.36 .00052 1.23112 1.3048
21.672 69.1286 568. i» .19499 42.8767 .01862 100.73 118.87 .00050 1.22403 1.2490
21.672 1.9137 196.1 .06680 .1287 . 06547 18.60 12.17 .00273 1. 00578 .8400
22. 1.8757 199.9 .06699 . 1299 .06337 18. 79 12.34 .00285 1.00566 .8321
2i». 1.670 0 223.2 .06757 .1348 .05353 20. 03 13.36 .00361 1. 00504 .7969
26. 1.5110 2'»6.5 .06768 .1381 .04688 21.41 14.36 .00441 1.00456 .7752

28. 1.3829 269.'* .36764 .1404 .04196 22. 83 15.35 .00526 1.00417 .7598
30. 1.2767 292.0 .06757 . 1421 .03810 24.28 16.31 .00615 1.00385 .7477
32. 1.1868 311*. 1* .06750 .1434 . 03498 25. 64 17.26 .00707 1. 00 358 .7403
3<». 1.1096 336. !» .06745 .1445 .03239 27.01 18.19 .00804 1.00335 .7339
36. l.Ci«23 358.3 .06740 .1453 . 03019 28. 38 19.10 .00906 1. 00 314 .7281
38. .9831 380 .

Q

.06735 .1460 . 02829 29. 75 20. 00 . 01013 1. 00297 .7228
<»0. .9306 401.7 .06730 .1465 .02664 31.12 20.88 .01125 1. 00281 .7178
(|2. .8836 423.2 . 06725 .1470 .02519 32.48 21.74 .01241 1.00266 .7134
1*1*. .8<«13 444.7 .06720 .1473 .02389 33.83 22.58 .01362 1.00254 .7094
'»6. .8030 466.2 .06714 .1477 .02273 35.17 23.42 .01488 1. 00242 .7057

48. .7582 487.6 .06707 .1479 .02169 36.49 24.24 .01617 1. 00232 .7023
50. .7363 509.1 .06699 .1482 .02074 37.80 25.04 .01751 1.00222 .6994
55. .6672 563.2 .06670 .1487 .01870 40.97 27.01 .02098 1. 00201 .6944
60. .6103 618.0 .06629 .1490 . 01705 44. 02 28.90 .02465 1. 00184 .6916
65. .5624 673.9 .06574 .1492 .01567 47.16 30 .73 .02859 1.00170 .6880
7S. .5216 731.4 .06503 . 1494 . 01450 50. 06 32.50 .03257 1.00157 .6866
75. .4863 790.6 .06418 .1496 .01350 52.99 34.22 .03675 1.00147 .6892
80. .4556 851.7 . 06321 .1497 . 01263 55.53 35.89 .04078 1.00137 .6954
90. .4045 980.7 . 06097 .1498 . 01120 62.09 39.12 .05032 1.00122 .6917

100. .363 8 1117.8 .05858 .1499 .01006 68. 08 42.19 . 05993 1. 00110 .6966

110. .3306 1262.5 .05623 .1500 .00913 76.37 44.76 .07217 1.00100 .6753
120. .3030 1413.4 .05403 .1501 . 00636 82.97 47.59 .08345 1. 00091 .6777
140. .2596 1728.3 . 050 32 .1501 . 00715 96.16 53.01 .10785 1.00078 .6816
160. .2 271 2052.2 .04754 .1501 . 00626 109. 24 58.15 .13489 1. 00068 .6834
180. .2019 2379.7 .04548 .1501 .00556 121.95 63.07 .16444 1. 00061 .6840
200. .1817 2 70 7.1 .04395 .1501 . 00500 134.14 67.81 .19638 1. 00055 .6842
220. .1652 3033.3 .04280 .1501 .00454 145. 77 72.39 .23049 1.00050 .6846
240. .1514 3355.5 . 04195 .1501 . 00417 156. 83 76.83 .26681 1.00046 .6847
260. .1397 3673.5 .04133 .1501 .00384 167. 35 81.15 .30525 1. 00042 .6849
280. .1298 3986.9 =04087 .1501 . 00357 177, 40 85.37 . 34578 1. 00 0 39 .6849

300. .1211 4295.8 .04054 .1501 . 00333 187.01 89.48 .38834 1. 00036 .6848
350. .1038 5052.2 .04008 .1501 . 03286 209. 51 99.40 .50347 1.00031 .6845
400. .0909 5793.6 .03988 .1501 . 0C250 230.32 108.87 .63036 1. 00027 .6843
450. .0808 6526.7 . 03980 .1501 .00222 249. 96 117.95 . 76852 1. 00024 .6840
500. .0727 7261.0 .03972 . 1501 .00200 268. 78 126.71 .91699 1. 00022 .6842
550. .0 661 7994.6 .03967 .1501 . 00182 287. 04 135. 18 1.07614 1. 00020 .6842
600. . 0606 8732.5 .03959 .1501 .00167 304.92 143.41 1. 24543 1. 00 0 18 .6842
650. .0559 9474.8 .03950 .1501 .00154 322.55 151.41 1.42495 1. 00 0 17 .6840
700 . .0519 10226.5 .03938 .1501 .00143 340. 03 159.23 1.61399 1. 00 0 16 .6838
750. .0485 10987.0 .03922 .1501 . 00133 357.42 166.87 1.81269 1. 00015 .6837

800. .0454 11758.9 .03904 .1501 .00125 374.79 174.35 2.02061 1. 00014 .6835
850. .0428 12543.8 .03882 .1501 .00118 392.18 181.68 2.23745 1. 00 01 3 .6834
900. .0404 13342.9 .03857 . 1501 . 00111 409. 61 183.89 2.46290 1. 00012 .6834
950. .0383 14157.3 .03829 .1501 .00105 427. 11 195.97 2.69671 1. 00 012 .6836

1000. .0364 14987.5 .03799 .1500 .00100 444.69 202.95 2.93867 1. 00011 .6838
1100. .0 331 16634.7 .03737 .1500 .00091 475.56 216.59 3.41561 1. OCOlO .69 0 6

1200. .0303 18440.9 .03671 .1500 .00083 511.02 229. 87 3.95179 1. 00009 .6911
1300. .0280 20256.

0

.03602 .1500 .00077 546.96 242.83 4.51910 1. 000 08 .6916
1400. .0260 22130.4 . 03532 .1500 . 00071 583.48 255.49 5.11727 1. 000 08 .6920
1500. .0 242 24067.9 .03462 .1500 . 00067 620.82 267.90 5.74704 1. 00007 .6922

1600. .0227 26066.6 .03392 .1500 . 00062 659. 28 280.05 6. 41128 1. 00007 .6919
1700. .0214 28172.7 .03317 .1500 .00059 700.60 291.97 7.11629 1. 00006 .6905
1800. .0202 30453.8 . 03229 .1500 . 00056 747.50 303.67 7.87443 1.00006 .6873
2000. .0182 36053.5 .02984 .1499 .00050 877.89 326.48 9.64366 1.00005 .6707
2200. .0165 44580.2 .02594 .1497 .00046 1115. 30 345.12 11.98863 1.00005 .6284
2400. .0151 58946.3 . 02082 .1490 . 00042 1569.24 367.01 15.18171 1.00005 .5781
2600. .0138 83268.5 .01556 .1477 . 00039 2392. 97 389.27 19.23350 1. 00004 .5291
2800. .01?€ 122213.9 .01128 ,1451 . 00037 3759.50 412.65 23.87668 1.00004 .4951
3000. .0114 179472.6 .00823 .1409 .00035 5805.59 437.85 28.82253 1.00003 .43i]3

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.20 MPA ISOBAR

TEMPERATURE VfOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ KG-K H/S

• 13.868 . 0 1297 1.1 749 .9255 218.3 220 . 9 14.0 86 4. 68 6.38 12 65.
lij. . 31299 1.1 597 .9255 2 19 . 2 221.8 14 . 1 49 4.71 6.46 1260 .

15. .01312 1.0513 .9140 225 . 8 228.4 14.6 09 4.91 6.97 1221.
16. .01328 .9847 . 8 959 233.0 235.6 1 5 . 0 74 5.11 7.41 1195.
17. . 0 ISitS . 9209 .880 7 240 .6 243.3 15.538 5.29 7.86 1171.
18. .01363 .8603 . 8662 248. 7 251.4 16. 0 03 5 .46 8.36 1149.
19

.

.01382 . 7 953 . 8509 257.3 260 .

1

16.470 5.61 8.92 1124

.

20 . . 014 Qi* .7323 . 8337 266. 4 269. 3 1 6. 941 5. 74 9.48 1100

.

22. .014 51* .5995 .7928 286.6 289.5 17.908 5.95 10.82 1044.
• 22.805 .014 78 .5396 .7723 295.6 298.5 18.310 6. 31 11.52 1017.
• 22.805 .40014 . 0 661 • 0112 647 . 0 727. 1 37.114 6.66 13.55 367

.

2't. .43157 .0738 .0102 656.5 742.8 37.785 6.52 12 .84 381.
26. .4 81 70 .0 856 . 0 C9C 671 . 4 767. 7 38.781 6.40 12. 15 40 3.

28. .52976 .3966 .0 081 685.6 791. 6 39. 664 6.35 11 • 74 423.
30. . 5 7647 . 1 D70 .0 074 699 . 4 314. 7 4 0. 465 6.32 11.46 441

.

32. .62222 .1170 .0 069 713.0 637.5 41.198 6.29 11.27 458.
31*, .66725 .1268 . 0064 726. 4 859.8 41.877 6. 28 11. 12 474.
36. .71173 . 1 363 .0 060 739 .6 882.0 42.509 6.26 11.00 489.
38. . 75578 .1457 • 0056 752. 7 903.9 43.102 6.25 10.91 504.
(*0. .79948 .1549 .0053 765.7 925.6 43.660 6.25 10.84 518.
itZ . . 84289 .1640 .0 050 778 . 7 947. 3 44.187 6.24 10.78 532.
1*1*, . 886C7 . 1730 . 0 047 791 .6 963.8 44.687 6.24 10.7 3 546.
i»6. .92904 .1819 .0045 804.4 990.2 45.163 6.24 10 .69 559.

(•3. . 971 85 .1908 .0043 817, 2 1011.

6

45.618 6.24 10.66 571

.

50. 1.01450 .1996 .0041 830.0 1032.9 46. 052 6.24 10.64 583.
55. 1. 12063 .22 14 .0037 661.8 10 85.9 47. 064 6.25 10.60 613.
60 . 1.2 2618 .2 430 .0 034 893.6 1138.9 47 . 986 6.28 10.59 640 .

65. 1.33130 .2 645 . 0 031 925.6 1191.

8

48. 833 6.33 10. 60 666.
70. 1.43610 .2858 .0029 957.7 1244.9 49.620 6.39 10.64 690.
75. 1.54066 .3069 . 0027 990.2 1298.3 50.357 6.47 10.70 712.
80 . 1.645 01 .3281 . 0 025 1023.0 1352.0 51.050 6.57 10.78 734.
90. 1.85326 .3701 . 0 022 1090.2 1460.9 52.333 6.80 11.00 774.

100. 2.06107 .4120 . 0 020 1159.9 1572.

1

53.504 7.07 11.26 610 .

110. 2. 26855 .4537 .0013 1232.3 1686.0 54.586 7.37 11.54 843.
120. 2.47580 .4954 .0017 1307.7 1802.8 55.603 7.66 11.82 874.

2. 88982 .5785 .0014 1466.9 2044.9 57.468 8. 22 12. 37 933.
160 . 3. 30341 .6615 .0013 1636.5 2297.2 59. 151 8.70 12.84 983 .

180. 3. 71671 .7443 . 0 Oil 1814.7 2558.

1

60.687 9.09 13.23 1041.
200. 4.12982 .8270 .0010 1999.9 2325.9 62.098 9.40 13.54 1091.
220. 4.542 79 .9097 . 0 009 2190.7 3099.3 63.400 9.65 13.79 1140.
21*0 , 4.95565 .9924 . 0008 2385.

9

3377.

0

64.609 9.85 13.98 1187.
260 . 5.3 6844 1.0750 .0003 25 84.4 3656.

1

65. 735 9. 99 14.13 1233.
280. 5. 78117 1.1576 .0007 2785.6 3941.8 66.785 10. 10 14.23 1277.

300. 5.19343 1.2 401 . 0 007 2988.

7

4227.

3

67. 769 10.19 14. 31 1320 .

350 . 7. 22489 1.4465 . 0 006 3501.3 4946.3 69.987 10.30 14.43 1423 .

<f00 . 8.25622 1.6528 . 0005 4017.

9

5669.

1

71.917 10.35 14. 48 1520 •

450. 9.28747 1.8591 . 0004 4536.2 6393.7 73.624 10.37 14.50 1612 .

500 . 10.31867 2.0654 . 0004 5055 .4 7119.1 75.1 51 10. 39 14.52 1699.
550 . 11. 34982 2.2716 . 0004 5575.1 7845.

1

76.536 10.40 14.53 1781.
600. 12.38096 2,4779 .0 003 6095.9 8572.1 77.798 10.42 14.55 1660.
650 • 13.41207 2. 6841 . 0003 6617.6 9 300.0 78.960 10 .45 14.57 1935 .

700 . 14.44317 2.8904 .0 003 7140 .

8

10029.5 80.043 10.48 14 .60 2007.
750. 15. 47426 3.0966 . 0 00 3 7666.1 10760.9 81.058 10.52 14. 64 2076.

800. 16.50534 3.3023 .0003 8193.4 11494.5 62.006 10.57 14. 69 2143.
850. 17. 53642 3.5090 .0002 8723.6 12230.8 82.898 10.63 14.75 2207.
900. 18.56749 3.7152 .0002 9256.8 12970.

3

83.742 10 .70 14.8 2 2269.
950 . 19. 59855 3.9215 . 0 00 2 9793.

4

13 713.1 34. 544 10.77 14. 90 2 329

.

1 000 . 20 . 62962 4.1277 .0002 10333.9 14459.

8

35.309 10.86 14. 38 2386.
1100. 22.69174 4.5401 . 0002 11429.3 15967.6 86.735 11.04 15.16 2497.
1200. 24.75385 4.9525 . 0002 12544.1 17494.9 83.057 11.24 15.36 2602.
1300. 26.81596 5.3650 . 0002 13679.7 19042.9 39.295 11.45 15.58 2701 .

1<«00. 28.87810 5.7774 .0001 14837.

0

20 612. 6 90.466 11.66 15.80 2796.
1500. 30.94034 6.1398 .0001 16016.

7

22204.7 91.573 11.91 16. 04 2687.

1600. 33.00288 6.6022 .0001 17218.7 23819.3 92.613 12.15 16.28 2974.
1700. 35.06618 7.0147 . 0001 18446.

3

25459.6 93.603 12.42 16.55 3057.
1800. 37.13116 7.4271 . 0 001 19703.7 27130.0 94.557 12.74 16.88 3137.
2000. 41.27447 6.2519 . 0001 22343.1 30598.0 96.393 13. 71 17.90 3282.
2200. 45.46565 9.0768 .0 001 25258.2 34351.3 93.173 15.57 19.91 3406.
2<»00. 49.77894 9.9016 .0001 28719.3 38675.0 100.047 19.09 23.77 3510.
2600. 54.35499 10.7264 . 0001 33175.

7

44046.

7

102.193 25.15 30.57 3608.
2800. 59.42684 11.5513 .OfiOl 39289.7 51175.

0

104.834 34.67 41.51 3715.
3000. 65. 34074 12.3761 .0 001 47934.6 61002.7 108.228 48.29 57.68 3840.

• TWO-PHASE BOIWOARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN aSOBARS, SI UNITS)

.20 MPA ISOBAR

TEMPERATURE DENSITY VCDH/OVL tflOP/OUl, - V(DP/Otf )^ «DV/DT1L/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
r V r CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K vri/cil Mf K0\t n KJ/ KG HP A •ni M /^e i MPA 1 M /K- M KQ/ M~S
X 10^ X 10^ X 10^

• 13.868 77.1259 624.9 .25626 90.6124 .01021 73. 34 256.01 .00054 1.25196 2.2280
ll». 77.0078 622.9 .25509 89.3027 .01036 74.69 251.15 .00054 1. 25155 2.1706
15. 76.190 7 610.6 .24412 80.0995 .01141 83.27 221.06 .00056 1.24867 1.8499
16. 75.2962 613. l» .23280 74.1448 .01208 89.19 196.79 .00056 1.24553 1.6353
17. 7i».357'» 613.0 .22370 68.4766 . 01266 93. 07 177.19 .00057 1. 24224 1. 5011
18. 73.3736 610.5 . 21613 63.1221 .01372 95.80 161.05 .00056 1.23880 1.4085
19. 72. 338 If 60 2.9 .20963 57.5276 . 01479 97.37 147. 49 .00054 1.23519 1.3509
20. 71.2386 593.3 .20363 52.1662 .01598 98.74 135.84 .00053 1. 23136 1.3046
22. 68. 7673 563.

1

. 193 70 41 .2364 • 01923 101.13 11 6. 47 .00049 1 . 22 2 84 1.2470
• 22.805 67.6762 544.6 . 18973 36.5158 .02115 101. 19 109.69 .00047 1.21900 1.2487
• 22.805 2.<»991 200.5 .06703 .1652 . 06756 20. 08 12.91 .00214 1. 00755 .8711

Zk. 2.3171 215.0 .06761 .1710 . 05973 20.69 13.51 .00250 1.00700 .6382
26. 2.0760 239.1 .06793 .1778 .05079 21.92 14.50 .00313 1. 00627 .8033

28. 1.8876 262.9 .06793 .1823 . 04464 23.25 15.47 .00376 1.00570 .7808
30. 1.73«»7 286.3 .06785 .1656 .04005 24.63 16.43 .00446 1. 00524 . 7645
32. 1.6072 309.2 .06777 .1661 .03645 25.97 17.37 .00516 1.00485 .7535
31*. 1.'.967 331.7 .06771 .1900 .03352 27.31 13.29 . 0 0 59 0 1. 00452 .7446
36. l.'*050 354.0 .06766 .1915 . 03106 28.66 19.19 .00667 1. 00424 .7369
38. 1. 3231 376 • 1 . U D ( O U • 1927 . 0290 2 3 0.02 2 0.06 - n n 7(* A. U U f o 1 . 00 3 99 . 7302
kO. 1.2508 398.1 . 06753 .1937 . 02 72 3 31.38 20.96 .00633 1.00377 .7242
i>2. 1.186>» 419.9 .06746 .1946 .02568 32.72 21.62 .00921 1. 00358 .7189
kk. 1.1286 441.7 .06741 .1953 . 02430 34. 06 22.66 .01012 1. 00 340 . 7142
46. 1.076'» 463.4 .06734 .1958 . 02306 35.39 23.49 .01107 1. 00325 .7099

i>8. 1.0290 485.0 .06727 .1963 .02198 36.70 24.31 .01204 1. 00 310 .7060
50. .9857 506.7 .05717 .1968 .02099 36.00 25.11 .01305 1.00297 .7027
55. .892<t 561.2 .06666 .1976 .01868 41.16 27.07 .01567 1. 00269 .6969
60. .8155 616.3 .06644 .1982 .01718 44.19 28.95 .01643 1.00246 .6936
66. .7511 672.5 .06587 .1966 . 01577 47. 32 30.78 .02139 1.00226 .6895
70 . .696 3 730 .

1

. 06515 .1990 . 0 1458 50. 21 32.55 . 02439 1.00210 .6898
75. .6<«91 789.5 .06430 .1992 . 01356 53.13 34.26 .02753 1. 00196 .693 3

80. .6079 650.8 .06332 .1994 . 01266 55. 66 35.93 .03056 1.00183 .6963
90. .5396 980.0 .06106 .1997 .01122 62.21 39.15 . 03773 1. 00163 .6923

100. .'»852 1117.3 .05867 .1999 .01007 66. 19 42.23 .04495 1.00146 .6970

110. .1*1*06 1262.2 .05630 .2000 .03914 76.42 44. 77 .05410 1. 00133 .6758
120. .l>039 1413.2 .05409 .2001 .03637 63. 01 47.60 .06257 1.00122 .6781
li»0. .3'»6Q 1728.4 . 05037 .2002 . 00716 96.19 53.01 .08066 1.00104 .6819
160. .3027 2052.4 .04758 .2002 . 00626 109.26 56.15 .10118 1. 00091 .6835
180. .2691 2380 .2 •04551 .2003 .00556 121.97 63.07 .12335 1.00081 .6642
200. .2't21 270 7 . 7 . 04398 .2003 • u u ^ w w 134. 16 67.61 .1473 2 1.00073 .6843
220. .2201 3034.0 .04262 .2003 . 00454 145. 76 72. 39 .17291 1. 00066 .6847
2i»0. . 2018 3356.4 .04197 .2003 .00417 156. 84 76.83 .20016 1. 00061 .6648
260. .1863 3674.5 . 04135 .2002 .00384 167.37 81.15 .22899 1.00056 .6849
280. .1730 3987.9 .04089 .2002 .00357 177.41 85.37 .25940 1. 00052 .6849

300. .1615 4296.9 . 04056 .2002 . 03333 187.02 89.49 .29133 1. 030 49 .6849
350. .138 If 5053.5 .04009 .2002 .00286 209.52 99.41 .37769 1. 00042 .6845
<»00. .1211 5794.9 .03989 .2002 .00 25 0 230. 33 106.67 .47288 1.00036 .6843
<t50. .1077 6528.1 .03961 .2002 .00222 249.96 117.95 .57651 1. 000 32 .6841
500. .0969 7262.4 .03973 .2002 . 00200 268. 79 126.71 .68788 1.00029 .6642
550 . .0881 7996.

1

. 0 3967 .2001 . 0016 2 28 7.05 135 . 18 .80 72 5 1 - no fl ?7 . 6842
600. .0808 8733.9 . 03960 .2001 .00167 304. 93 143.41 .93424 1.00024 .6642
650. .0 71*6 9476.2 .03951 .2001 .00154 322.56 151.42 1.05866 1.00022 .6640
700. .0692 10228.0 .03938 .2001 . 00143 340.03 159.23 1. 21066 1.00021 .6838
750. .06<>6 10968.5 .03923 .2001 . 00133 357.43 166.87 1.35972 1.00019 .6837

800. .0606 11760.4 .03904 .2001 .00125 374. 80 174.35 1.51567 1. 00018 .6635
850. .0570 12545.3 .03683 .2001 .00116 392.18 161.69 1.67630 1.00017 .6834
900. .0539 13344.5 .03656 .2001 .00111 409.61 188.89 1.84740 1. 00016 .6834
950. .0 510 14158.9 .03630 .2001 .00105 427.11 195.97 2.02277 1.00015 .6836

1000. .0485 14969.1 .03800 .2001 . 00100 444. 70 202.95 2.20425 1.00015 .6838
1100. .0¥»1 1668 6.3 .03737 .2001 .00091 475.56 216.59 2.55195 1. 00 0 13 .6906
1200. .0<»0<> 18442.5 .03671 . 2001 . 00063 511. 02 229.87 2.96410 1. O0Q12 .6911
1300. .0373 20257.4 .03602 . 2001 .00077 546.95 242.83 3.36957 1.00011 .6916
liiOO. .a3<>6 22130.9 .03533 .2001 .00071 563.43 255.49 3.83614 1. 00010 .6920
1500. .0323 24065.7 .03463 .2001 .00067 620.67 267.90 4.31020 1.00010 .6923

1600. .0303 26057.1 .03394 .2001 .00062 658. 63 260.05 4.80 761 1. 00009 .6921
1700. .0285 28145.7 .03321 .2000 . 00059 699.47 291.97 5.33439 1.00009 .6909
1800. .0269 30389.4 .03238 .2000 . 00056 744.92 303.67 5.89856 1. 000 08 .6682
2000. .02>>2 35783.4 .03011 .1999 . 00050 867.40 326.47 7.20096 1.00007 .6737
2200. .0220 43725.4 .02654 .1996 .00046 1062.52 345.09 6.69869 1.00007 .6347
2<»00. .0201 56740.8 .02173 . 1969 .00042 1485.36 366.90 11.19760 1. 00006 .5872
2600. .018<t 7842 9.0 .01662 .1973 . 00039 2210. 00 368.97 14. 14545 1.00006 .5381
2800. .0168 112956.3 .01224 .1944 .00037 3411.05 411.99 17.58074 1.00005 .5013
3000. .0153 163878.2 .00902 .1894 .00035 5220.51 436.69 21.28967 1.00005 .4825

• TMO-PHASE BOUNDARY

6-W7



TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSJ

.25 MPA ISOBAR

'tKATURt VOLUnE I S OT H ERM I SOCHOKE INTERNAL ENTHALPY f ki T n n nwENTROPY CV CP VELOCITY
DERlyATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MFA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

1 3 . 6 B5 . 0 1296 1. 1781 . 9 261 218.3 221.6 1 If. 0 87 I* . 5 9 6.38 1267 .

!<•• .01298 1.1673 .9261 219. 1 222.3 lit. 1 1»2 1*. 71 6. 1*1* 1261*.
15. . 0 1312 1.0 565 . 9158 225. 7 229.0 11*. 602 1* . 91 6.96 1221*.

16. .0132 7 . 9896 .8975 232 . 9 236.2 15. 066 5. 11 7. 1*0 1197.
17. .013'»'» .9257 . 882'« 2'tO .5 2'»3.8 15.5 30 5.29 7.87 1171*.
IB . • 0 13 62 . 8 653 .86 78 2'»8 .

5

251 . 9 15 . 991* 5 . 1*6 8.37 1151

.

19. •01381 .8002 . 8 526 257.

1

260 .

6

16. 1*60 5.61 6.90 1127.
20. • 01<>02 .7373 . 8351* 266 .

2

269.7 16.930 5. 71* 9. 1*6 1103.
22. . 0 1^*52 .60 51 . 7 9** 6 286. 3 289.9 17.8 91* 5.95 10 .79 101*8 .

23. 751 .01507 .ifB3& .7i»6<» 306.3 310.1 18.776 6.08 12.29 989.
23. 751 .32'»22 .0 6l>5 .01<«0 6'»8. 3 729.4 36.<*<»0 6.73 11*. 28 370.
2<». .32992 .0663 .0137 650. « 732.9 36.588 6.69 11*. 05 373.
26. . 3 72 92 .0795 .0119 666.5 759.7 37.659 6.1*9 12. 87 397.

28. .<>1331 .091<f .0106 681. (> 78i».8 38.587 6.1*0 12.21* 1*18.

30. .<»5210 .1026 .0096 695.8 808.8 39.«fl8 6. 36 11.81* 1*37.

32. .<i6980 .1131 .0088 709.8 832.2 «»0.173 6.33 11.57 1*55.
3i». .526 71 .1233 . 0 081 723.'* 855.1 '•0.868 6.30 11.36 1*71.

36. .56303 .1332 .0076 736.9 877.7 1*1.513 6.28 11.20 1*87.

38. .59889 .l'»29 . 0071 750.2 900.0 1*2.115 6.27 11. 08 502.
i»0. .63i»39 .1523 .0067 763. <» 922.0 1*2.681 6.26 10.99 517.
i«2. .66959 .1617 .0063 776.5 9i»3.9 1*3.215 6.25 10.91 531.
<»i». .7ai.5<» .1709 .0063 789.6 965.7 1*3.721 6.25 10.85 51*5.

<»6. .73928 .1800 .0057 802.5 987.3 1*1*. 202 6.25 10.79 558.

1*8. .77385 .1890 . 0051* 815.1* 10C8.9 1*1.. 660 6.21* 10.75 570.
50. .80827 .1980 .0052 828.3 1030.3 1*5.098 6.25 10.72 583.
55. .893 79 .22C1 .001*7 860.3 1083.7 1*6.117 6.26 10.66 612.
60. .97873 .21*19 .001*3 892.3 1137.0 1*7.01*1* 6.29 10. Bl* 61*0.

65. 1.06323 .2636 .0 039 921*. 1* 1190.2 1*7.891* 6. 33 10. 61* 666.
70. 1.11*71.1 .2850 .0036 956.6 121*3.5 1*8.681* 6.1*0 10.68 690.
75. 1.23131* .3061* .0031* 989.1 1297.0 1*9.1*23 6.1*7 10.73 713.
80. 1.31507 .3276 .0032 1022.1 1350.9 50.118 6.57 10.81 731*.

90. 1.1*8207 .3699 .0028 1089.1* 11*59.9 51.1*1,1* 6. 80 11.02 771*.

100. 1.61*861* .1*119 .0025 1159.2 1571.3 52.577 7.08 11.27 610.

110. 1.811*87 .1*538 .0023 1231.7 1685.1* 53.660 7.37 11.55 81*3.

120. 1.98088 .1*955 .0021 130 7.1 1802.3 51*. 678 7.66 11.81* 875.
11*0. 2.3121*1 .5788 .0018 11*66.5 201*1*.

6

56.51*5 8.22 12.38 933.
160. 2.61*350 .6618 .0016 1636.1 2297.0 58.228 8.70 12.65 989.
180. 2.971*31 .71*1*8 .0011* 1811*.!* 2558.0 59.765 9.09 13.23 101*1.
200. 3.301*93 .8276 .0013 1999.6 2825.8 61.176 9.1*0 13.51* 1092.
220. 3.6351*0 .9103 .0011 2190.1* 3099.

3

62.1*79 9.66 13.79 111*0.

21*0. 3.96678 .9930 .0010 2385.7 3377.1 63.688 9.85 13.98 1187.
260. 1*. 29608 1.0757 .0010 25 81*. 2 365 8.3 61*. 813 10.00 11*. 13 1233.
280. <*.62632 1.1583 .0009 2785.1* 391*2.0 65.861* 10.11 11*. 21* 1277.

300. !*. 9561 8 1.21*08 . 0 0 08 2988.5 1*227.5 66. 81*9 10. 19 11*. 31 1321.
350. 5.7811*1* 1.1*1*73 .0007 3501.2 1*91*6.6 69.066 10.30 11*. 1*3 11*21*.

1*00. 6.60656 1.6536 . 0006 1*017.8 5669.1* 70.997 10.35 11*. 1*8 1521.
1*50. 7.1*3160 1.8599 .0006 1*536.2 6391*.

1

72.703 10.37 11*. 50 1612.
500. 8.25658 2.0662 . 0005 5055.

3

7119.1* 71*. 231 10. 39 11*. 52 1699.
550. 9.08153 2.2725 . 0005 5575.0 781*5.1. 75.615 10.1*0 11*. 53 1781.
600. 9.9061*6 2.1*787 . 0001* 6095.9 8572.5 76.877 10.1*2 11*. 55 1860.
650. 10.73136 2.685G . 0001* 6617.5 9330.1* 78.039 10.1*5 11*. 57 1935.
700. 11.55625 2.8912 . 0001* 711*0.8 10029.9 79.127 10.1*8 11*. 60 2007.
750. 12.38111* 3.0971* . 0003 7666.

0

10761.3 80.138 10.52 11*. 61* 2076.

800. 13.20601 3.3037 . 0 003 8193.1* 111*91*.

9

81.085 10.57 11*. 69 211*3.
850. 11*. 0 3088 3.5099 .0003 8723.5 12231.3 81.977 10.63 11*. 75 2207.
900. 11*. 85571* 3.7161 . 0 00 3 9256.8 12970.

7

82.821 10.70 11*. 82 2269.
950. 15.68060 3.9223 . 0003 9793.1. 13713.6 83.621* 10.77 11.. 90 2329.

1000. 16.5051*5 i*.1286 . 0 003 10333.9 11*1*60. 2 81*. 389 10.86 11.. 98 2387.
1100. 18.15515 I*. 51*10 .0002 111*29.3 15968.1 85.815 11.01* 15.16 21*97.

1200. 19.801*85 i*.953i* . 0002 1251*1*. 1 171*95. 3 87.136 11.21* 15.36 2602.
1300. 21.1* 51*51* 5.3659 . 0 002 13679.7 1901*3.1* 88.375 11.1*5 15.58 2701.
11*00. 23.101*26 5.7783 .0002 11*837.0 20613.0 89.51*5 11.68 15. 60 2796.
1500. 21*. 751*01* 6.1907 .0002 16016.5 22205.0 90.658 11.91 16.01. 2887.

1600. 26.1*01*01* 6.6031 .0002 17218.3 23819.3 91.693 12.15 16.28 2971*.

1700. 28.051*57 7.0155 . 0031 181*1*5. 1 251*58. 8 92.682 12.1*1 16.51* 3058.
1800. 29.70632 7.1*280 . 0001 19700.8 27127.1* 93.635 12.72 16.86 3138.
2000. 33.01935 8.2528 .0001 22329.8 30581*.

7

95.1*66 13.62 17.80 3281*.

2200. 36.36665 9.0776 .0001 25212.1* 31*301*.

0

97.229 15.33 19.61* 31*10.
21*00. 39.80132 9.9025 .0001 28590.0 3851*0.3 99.065 18.50 23.13 3517.
2600. 1*3.1*21*03 10.7273 .0001 32861*.

2

1*3720.2 101.135 23.96 29.21* 3615.
2800. 1*7.1*0161 11.5522 . 0001 38627.0 501*77.1* 103.639 32.52 39.05 3720.
3000. 51.98231* 12.3770 .0001 1*6661.3 59656.9 106.810 l»<*.80 53.57 381*2.

• THO-PHASE BOUNDARY



TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSt

.25 MPA ISOBAR

TEMPERATURE DENSITY V(DH/OV) V(OP/OUI„ -VIOP/DVI^ (Dtf/DTl/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
w I p CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1 /K H/K-M KG/M-S SQ M/HR

13. 885 77.15«»5 626 .5 .25619 90.8919 .01019 73 .55 256.32 .00051* 1.25206 2. 221*6

1<>. 77. 0506 625. 7 .25517 89.91*38 .01030 71*. 73 252.05 . 00051* 1. 25170 2.1731
15. 76.2363 612.3 . 21*1*52 60.51*09 .01137 83.33 221 . 85 .00 057 1.21*883 1.6531*
16. 7 5 . 3 If5

1

61 5 . 0 .2 3317 71*. 5620 .01201* 89. 26 197. 1*6 .00 05 8 1. 21*5 71 1.6377
17. 7<f. 1*107 611*.

8

.221*06 68. 881*7 .01281 93.17 177.80 .00057 1.2i*2i«3 1.5028
18. 73.'»31«» 612.5 .2161*6 63.51*28 .01366 95.92 161.61 .00056 1.23901 1.1*095
19. 72.1*005 601*.

9

.20995 57.9339 .011*72 97.50 11*8.01 . 00051* 1.2351*1 1.3513
20. 71.3051* 595.5 .201*13 52.5755 .01589 98.89 136.31 .00053 1.23159 1.301*3
22. 68.8698 565.8 .19399 1*1.6725 . 01907 101. 30 116.92 . 0001*9 1. 22313 1.21*52
23. 751 66.3708 528.1* .18510 32.0971 .02325 100.98 102.75 . 0001*5 1. 211* 1*9 1.2501
23. 751 3.081*3 203.3 . 06730 .1988 .07022 21.1*3 13.56 .00175 1.00932 .9030
21*. 3.0310 20 6.5 .0671*7 .2009 .06806 21.52 13.66 .00162 1.00916 .8930
26. 2.6616 231.6 .06813 .2132 .05558 22.50 11*. 61* .00235 1. 00 810 .8375

28. 2.1*195 256.3 .06821 .2212 .01*776 23.71 15.60 .00288 1. 00731 .8051
30. 2.2119 280.1* .06813 .2268 .01*223 25.01 16.51* . 0031*1* 1.00668 .7833
32. 2.01*17 301*.

0

.06801* .2310 .03801* 26.32 17.1*7 .001*01 1. QJ616 .7679
3<«. 1.8986 327.0 .06796 .231*1 .031*73 27. 63 18. 39 .001*61 1. 00573 .7560
36. 1.7761 31*9.7 .06791 .2366 .03203 28.96 19.29 .00521* 1. 00536 .71*62

38. 1.6697 372.2 .06781* .2385 . 02978 30. 30 20.17 .00589 1. 00501* .7379
i*a. 1.5763 391*.

5

.06777 .21*01 .02785 31.61* 21.01* .00656 1.001*76 .7307
1*2. 1.1*935 1*16.6 .06770 .21*15 . 02618 32.97 21.90 .00728 1.001*51 . 721*6
1*1*, 1.1*191* 1*3 8.6 .06762 .21*26 .021*73 31*. 29 22.71* .00802 1.001*28 .7191
<»6. 1.3527 1*60.6 . 06751* .21*35 . 0231*1* 35.61 23.56 .00878 1.001*08 .711.2

1*8. 1.2922 1*8 2.1* .0671*6 .21*1*3 .02228 36.92 21*. 36 .00957 1.00390 .7098
50. 1.2372 5D1>.3 .06736 .21*50 .02125 38.21 25.18 .01038 1. 00373 . 7061
55. 1.1188 559.2 .06703 .21*63 .01906 1*1.31* 27.13 .0121*8 1.00337 .6991*

60. 1.0217 611*.

6

. 06659 .21*72 . 01731 1*4.36 29.01 .011*69 1.00306 .6956
65. .91*05 671.0 .06601 .21*79 .01586 1*7.1*8 30.83 .01706 1.00 281* .6911
70. .8715 728.9 .06528 .21*81. . 011*65 50. 36 32.59 .0191*8 1.00263 .6911
75. .8121 788.1* . 061*1*2 .21*88 .01361 33. 26 31*. 31 .02200 1. 0021*5 .6915
SO. .7601* 81*9.3 .0631*3 .21*91 .01272 55.78 35.98 . 021*1*3 1.00229 .6972
90. .671*7 979.3 .06116 .21*96 .01125 62.32 39.19 .03018 1.00203 .6929

100. .6066 1116.8 .05875 .21*98 .01009 68.30 1*2.26 .03597 1. 00183 .6971*

110. .5510 1261.9 .05637 .2500 .00915 76.46 44.77 .04326 1.00166 .6763
120. .501*8 11*13.1 .051*15 .2502 . 00838 83. 05 47.61 . 05004 1. 00152 .6785
liiO. .1*321* 1728.1* .0501*2 .250 3 .00716 96. 23 53.02 .06470 1.00130 .6822
160. .3783 2052.7 .01*762 .2501* .00626 109.29 58.16 .08095 1. 00114 .6637
180. .3 362 2380.6 .01*551* .2501. .00556 121.99 63.08 .09870 1. 00101 .6843
200. .3026 2708.3 .01*1*00 .2501* .00500 134.18 67.81 .11786 1. 00091 .6845
220. .2751 3031*.

8

.01*285 .2501. .00454 145.80 72.39 .13836 1. 00083 .6647
21*0. .2522 3357.2 .01*199 .2501* .00416 156. 86 76.64 .16017 1.00076 .6849
260. .2326 3675.1* .01*137 .2504 . 00384 167. 38 81. 16 .18324 1. 00070 .6650
280. .2162 3969.0 .01*091 .2504 .00357 177.42 85.37 .20757 1. 00065 .6850

300. .2018 1*298.0 .01*057 .2504 .00333 187. 04 89.49 .23312 1.00061 .6849
350. .1730 5051*.

7

.04010 .2503 .00285 209. 52 99.41 .30223 1.00052 .6846
1*00. .1511* 5796.2 . 03990 .2503 .00250 230. 33 108. 87 . 37839 1.00046 .6843
1*50. .13<*6 6529.1* .03982 .2503 . 00222 249.97 117.95 .46131 1. 00041 .6841
500. .1211 7263.8 .03971* .2503 .00200 268. 79 126.71 .55041 1.00036 .6843
550. .1101 7997.5 .03968 .2502 .00182 287.05 135.18 .64592 1. 00033 .6642
600. .1009 8735.1* .03961 .2502 . 00167 304.93 143.41 .74752 1. 00030 .6642
650. .0932 91*77.7 .03952 .2502 . 00154 322.56 151.42 .85525 1.00028 .6840
700. .0865 10229.5 .03939 .2502 . 00143 340. 04 159.23 .96869 1.00026 .6838
750. .0808 10990.0 .03921* .2502 .00133 357.43 166. 87 1.08793 1.00024 .6837

BOO. .0757 11761.9 .03905 .2502 .00125 374. 80 174.35 1.21270 1. 00023 .6835
850. .0713 12546.9 .03883 .2502 .00118 392.18 181.69 1.34281 1. 00021 .6634
900. .0 673 13346.0 .03858 .2501 . 00111 409. 61 188.69 1.47810 1. 00020 .6634
950. .0638 14160.4 .03830 .2501 .00105 427.11 195.98 1.61840 1. 00019 .6836

1000. .0606 14990.6 .03800 .2501 . 00100 444. 70 202.95 1. 76359 1. 00 018 .6638
1100. .0 551 16687.9 .03738 .2501 . 00091 475.56 216.59 2.04975 1. 00017 .6906
1200. .0505 18444.1 .03671 .2501 . 00083 511. 02 229. 87 2.37148 1. 00015 .6911
1300. .0466 20258.9 .03602 .2501 .00077 546.95 242.83 2.71166 1.00014 .6916
1400. .0433 22131.9 .03533 .2501 .00071 563.40 255.49 3.07069 1. 00013 .6921
1500. .0404 24064.8 .03463 .2501 .00067 620.56 267.90 3.44820 1. 00012 .6923

1600. .0379 26051.2 .03396 .2501 . 00062 658.53 280. 05 3.84570 1. 00011 .6922
1700. .0356 28127.8 .03324 .2501 .00059 698.70 291.97 4.26604 1. 00011 .6912
1800. .0337 30346.0 .03244 .2500 . 00056 743.15 30 3.67 4. 71498 1. 00010 .6888
2000. .0303 35599.7 .03030 .2499 .00050 860. 23 326.47 5.74331 1. 00009 .6757
2200 . .0275 43142.4 .02696 .2496 .00046 1060.14 345.06 7.06668 1. 00008 .6393
2400. .0 251 55234.1 .02241 .2488 . 00042 1428.04 366.82 8.84807 1. 00008 .5940
2600. .0 230 75114.7 .01743 .2470 .00039 2084.67 388.77 11.14652 1. 00007 .5452
2800. .0211 106586.3 .01301 .2437 .00037 3171.23 411. 54 13.85831 1. 00006 .5068
3000. .0192 153046.9 .00967 .2381 . 00035 4814.04 435.85 16.81636 1. 000 06 .4650

TWO-PHASE BOUNDARY

6-149



TABLE 8

THERMODYNftMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSJ

.30 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY

K CU H/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.901 .01296 1.1812 .9267 218.3 222.2 14.088 4.69 6.38 1268.
ik. .01297 1.1750 .9266 219.0 222.9 14.136 4.71 6.43 1267,
15. .01311 1.0616 .9176 225.6 229.5 14.595 4.91 6.96 1226.
16. .01326 .9945 .8992 232.7 236.7 15.059 5.11 7.40 1200,
17. .01343 .9305 .8843 240.3 244.4 15.521 5.29 7.66 1176.
IS. .01361 .8704 .8694 248.4 252.5 15.985 5.46 3.35 1154,
19. .01380 .8051 .8542 256.9 261.1 16.450 5.61 8.89 1130.
20. .0 1401 .7424 .8370 266.0 270.2 16.919 5.74 9.44 1105.
22. t 3 1450 • 6 1 0 6 . 7964 286 . 0 29 0 . 4 17.880 5.95 10.75 1 n R

1

1 U 3 1 •

2>». .01513 .4708 .7406 309.0 313.5 18.888 6.09 12.49 983.
• 2«».571 .01535 .4345 .720 7 316.2 320. 8 19.188 6.12 13. D4 962,
• 2«».571 .27220 .0 625 .0168 648.8 730.5 35.872 6.78 15.05 372.

26. .29965 .0730 .0153 661.2 751.1 36.684 6.59 13.80 391.

28. .33525 .0861 .0132 677.0 777.6 37.667 6.47 12.84 413.
30. .36892 .0980 .0119 692. 0 802. 7 38.533 6.40 12.27 433.
32. .40135 .1091 .0108 706.4 826.8 39.312 6.36 11.89 452.
34. .43291 .1198 .0100 720.4 850.3 40.024 6.33 11. s2 469.
36. .46382 .1300 .0093 734.2 873.3 40.683 6.30 11.41 485.
T A n n A 7• u u o / TUT • 7 A Qf^ n Hi • C 7D C 5 Q 1.x • CO ? U 1 •

<fO. .52429 .1498 .0081 761.1 918.4 41.870 6.27 11.14 516.
42. .55403 .1593 .0077 774.4 940. 6 42.411 6.27 11. 04 53 0.

44. .58350 .1683 .0073 787.5 962.6 42.922 6.26 10.96 544.
46. .612 77 .1781 .0069 800.6 984.4 43.408 6.26 10.90 557.

4S. .64185 .1873 .0066 813.6 1006.2 43.871 6.25 10.84 570.
50. .67078 .1964 . 0063 826.6 1027.8 44. 312 6.25 10 .80 582.
55. .74257 .2188 .0057 858.8 1081.6 45.338 6.27 10.72 612.
60. .81376 .2409 .0052 891.0 1135.1 46.2 70 6.29 10.69 640.
65. .88453 .2627 .0047 923.2 1188.5 47.123 6.34 10.69 666.
70 . .95496 • 2 843 .0044 955 . 5 1 242.

0

4 7. 91

7

6.40 10. 71 693

.

75. 1.0 2514 .3058 .0041 988.1 1295.7 48.653 6.48 10.76 713.
80. 1.09512 .3272 .0038 1021.2 1349.7 49.355 6.57 10.84 734.
90. 1.23463 .3696 .0034 1088.6 1459.0 50.643 6.81 11.04 774.

100. 1.3 7369 .4118 .0030 1158.5 1570.6 51.818 7.03 11.29 810.

110. 1.51243 .4533 .0027 1231.0 1684.8 52.903 7.37 11.56 844.
120. 1.65094 .4956 .0025 1306.5 1801.8 53.921 7.67 11.85 875.
140. 1.92747 .5791 . 0022 1466.

0

2044.

3

55.739 8. 22 12.39 934.
160. 2.20356 .6622 .0019 1635.7 2296.8 57.474 8.70 12.85 989,
180. 2 . 4 79 3 8 .7i»52 .0017 1814.0 2557.9 59.011 9.39 13.24 1042.
200. Car 77 U U A 7 A 1• O c O 1 « U U 1 V 1 QQQ 1 9 ft 9C A D u •

c

7 • * U 1710*37
220. 3.0 30 48 .9109 .0014 2190.2 3099.3 61. 726 9.66 13.79 1141.
240. 3.30587 .9937 .0013 2385.4 3377.2 62.935 9.85 13.98 1188.
260. 3.58117 1.0763 .0012 2584.0 3658.4 64.061 10. 00 14.13 1233.
280. 3.85642 1.1590 .0011 2785.2 3942.1 65.112 10.11 14.24 1278.

300. 4.13135 1.2416 .0010 2988.3 4227.8 66.096 10.19 14.32 1321.
350. 4.81913 1.4480 .0009 3501.1 4946.

8

68.314 10.30 14.43 1424.
400. 5.50678 1.6544 .0008 4017.7 5669.7 70.245 10.35 14.48 1521.
i*5a. 6.19435 1.3607 .0007 4536.1 6394.4 71.951 10.37 14.50 1613.
SOD. 6.88186 2.0670 . 0006 5055.2 7119.8 73.479 10. 39 14.52 1699.

7 C C.Q 7 U
r • 7 o H C • c r

n n R c
r 5 • U 7 A f. C A 7L. ACT if) un 1 7A7

600. 8.25679 2.4795 . 0005 6095.

8

8572.9 76.125 10.42 14.55 I860.
650. 8.94422 2.6858 .0005 6617.5 9300.8 77.287 10.45 14.57 1936.
700. 9.63164 2.8921 . 0004 7140. 8 10030.

3

78.375 10.48 14.60 2008,
750. 10.31905 3.0983 . 0 004 7666. 0 10761.

7

79.386 10.52 14.64 2077.

800. 11.00645 3.3345 . 0 004 8193.4 11495.3 80.333 10.57 14.69 2143.
850. 11.69385 3.5108 .0004 8723.5 12231.7 81.225 10.63 14.75 2208.
900. 12.38124 3.7170 . 0 00 3 9256.7 12971.1 82.069 10.70 14.82 2269.
950. 13.06862 3.9232 . 0003 9793.4 13714.0 82.872 10.77 14.90 2329.

1000. 13.75601 4.1294 . 0003 10333.8 14460.

6

83.637 10.36 14. 93 2337.
1100. 15.130 76 4.5419 .0003 11429.3 15968.5 35.063 11.04 15 .16 2498.
1200. 16.50551 4.9543 .0003 12544.1 17495.

8

86.384 11.24 15.36 26C2.
1300. 17.88026 5.3667 . 0 002 13679.7 19043.8 87.623 11.45 15.58 2702,
1400. 19.25502 5.7792 . 3002 14836.9 20613.4 88.793 11.68 15. 80 2796.
1500. 20.62984 6.1916 . 0002 16016.

4

22205.3 89.906 11.91 16.04 2887.

1600. 22.00482 6.6040 .0002 17217.9 23819.4 90.940 12.15 16.27 2974.
1700. 23.380 20 7.0164 . 0002 18444.

2

25458.3 91.929 12.40 16.53 3058.
1800. 24.75651 7.4289 .0002 19698.7 27125.6 92.881 12.70 16.34 3138.
2000. 27.51638 8.2537 .0002 22320.1 30575.0 94.708 13.56 17.73 3286.
2200. 30.30232 9.0785 .0001 25178.6 34269.3 96.460 15.14 19.44 3413,
2400. 33.154 72 9.9034 .0031 28494.6 38 441.3 98.268 18. 07 22.65 3522,
2600. 36.15020 10.7282 .0001 32634.2 43479.2 100.281 23.08 28.25 3621.
2800. 39.41569 11.5531 . 0001 38137.7 4996 2.4 102.685 30.93 37.23 3725.
3000. 43.14034 12.3779 .0001 45720.7 58662.8 105.690 42.21 50 .52 3844.

• TMO-PHASE BOUNDARY
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TABLE 8

T^HERMOOYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.30 HPA ISOBAR

TEHPERATURE DENSITY V(OH/DV»p tflOP/OUly - VJDP/Otf»_ (OV/DTl/V THERMAL VISCOSITY THERMAL DIELECTRIC PRflNDTL
1 r CONDUCTIVITY OIFFUSItflTY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU H/KJ HPA 1 /K H/K*M KG/M-S ^0 H/HPo u( n ^ n r\

X 102 X 10^ X 10^

• 13.901 77.1630 628.1 .25612 91.1717 . 01016 73.76 256.63 . 00051* 1.25216 2.2212
1<». 77.0933 628.6 .25525 90.5832 .01023 71*. 76 252.95 . 00051* 1. 25185 2.1756
15. 76.2817 613.9 .2i»<t92 80.9809 . 01133 83. 39 222.62 .00057 1.21*899 1.8570
16. 75.3938 616.7 . 2335<» 71*. 9777 .01199 89.31* 193.11* .00058 1.21*586 1.61*02
17. 7<«.i»636 616.5 .22i>m 69.2910 .01276 93^26 178. 1*1 .00057 1. 21*262 1. 501*5
18. 73.'f888 61<».I> .21680 63.9613 .01359 96^03 162. 17 .00056 1.23921 1 .(<10i»

19. 72.'»621 606.9 .21028 58.3382 .01i*&i* 97.63 11*8.52 .00055 1. 23562 1.3518
ZO. 71.371 8 597.7 .20<><>3 52.9831 . 01580 99. 03 136. 79 .00053 1. 23182 1. 301*2

22. 68.9515 566 .<» . 19<»26 1*2. 1036 • 01892 101 . 1*9 117.36 . 00 01*9 1. 2231*1 1. 21*31*

2i». 66.0882 52<».8 . 16'«03 31.1119 . 02380 101. 02 101.33 . 00 01*1* 1. 21 352 1.2530
• 2<».571 65.1597 512.3 . 18067 28.311*7 .0251*5 100.38 97.11* . 00 01*3 1.21032 1.2616
• 2i».571 3.6738 205.1 .06760 .2296 .07336 22. 70 11*. 13 . 0011*8 1. 01111 .9365

26. 3. 3372 22l«.0 . 06825 .21*37 . 06162 23.20 11*. 80 .00161 1. 01009 .8802

26. 2.9829 2l»9.7 . Q&e'»e .2568 .0511*2 21*. 23 15.71* .00228 1. 00902 .8336
30. 2.7106 27l«.6 .06ei>o .2656 .Oi*i»&9 25.1*3 16.67 .00275 1.00819 .801*1*

32. 2.if916 298.8 .06829 .2719 . 03980 26. 69 17.59 .00321* 1. 00753 . 7837
31*. 2.3100 322. t> .06822 .2767 . 03601* 27.96 18.1*9 .00375 1. 00698 .7681*

36. 2.1560 3<»5.5 . 06816 .2801* . 03301* 29. 27 19.39 .001*26 1.00651 .7561
38. 2.0233 368 .3 •06809 . 28 33 . 03057 30 .58 20.26 .001*83 1.00611 . 71*6

1

<>a. 1.9073 390.9 .06801 .2857 . 0261*9 31.9 0 21.13 . 0051*1 1. 00576 . 7376
<f2. 1.8050 i«13.3 . 06793 .2876 .02671 33. 22 21.96 . 0C600 1.0051*5 .7301*
kit. 1.7138 <»3 5.6 .0678i» .2892 . 02516 31*. 53 22.81 . 00662 1. 00517 .721*1
1*6. 1.6319 1*5 7.6 . 06775 .2906 .02380 35.81* 23.61* .00726 1. 001*93 .7186

ki. 1.5580 1*79.6 .06766 .2917 .02259 37.11* 21*. 1*5 .00792 1. 00 1*70 . 7137
50. 1. If 908 501.9 .06755 .2927 .02151 38. 1*2 25.25 .00859 1. 001*50 .7095
55. 1.3'«67 557.2 .06720 .291*6 . 01925 1*1.53 27^19 .01035 1. 001*06 . 7020
60. 1.2289 612.9 .06671* .2960 .0171*1* 1*1*. 5>» 29.07 .01221 1.00371 .6976
65. 1.1305 669.6 .06615 .2970 .01596 ii7.6I* 30.98 .011*20 1. 00 31*1 .6927
70. 1.0 '»72 72 7. 7 • 0 65i»l .2977 • 011*72 50 . 51 32. 61* . 01621 1. Ou 316 . 6923
75. .9755 787.1. . 06l«5i> .2983 .01367 53.39 31*. 36 .01831 1. 00291* .6926
8Q. .9131 61*6.') .0&35l« .2987 . 01276 55^91 36.02 . 02031* 1. 00275 .6981
90. .8100 976.

b

.06125 .2991* .01128 62.1*1* 39.23 .02511* 1. 0021*1* .6935
100. .7280 1116.3 .05883 .2999 . 01011 68. 1*1 1*2.30 .02998 1. 00219 .6978

110. .6612 1261.6 .056(»3 .3000 .00916 76.51 1*1*. 76 . 03603 1. 00199 .6766
12D. .6067 l'»12.9 . 05'«21 .3002 .0 0836 83^09 1*7.62 .01*169 1.00163 .6788
l'»0. .5188 1728.5 . 050<t6 .300<* .00717 96.26 53.03 .05392 1.0Q156 .6821*

160. .'»538 2353.0 .ai»766 . 3005 . 00626 109. 32 58.16 .0671*6 1. 00137 .6839
180. .<>033 2381.1 .Oi»557 .3006 .00556 122. 01 63.09 .08227 1. 00122 . 681*1*

200. . 363 0 2729.0 . C'«'»03 .300 6 .00 50 0 131*. 20 67.82 . 09625 1. 00109 .681*6

2 20. .3300 3035.5 .04287 .3006 • 001*51* 11.5.82 72.1*0 .11533 1.30099 .681*8

2(>0. .3025 3358.1 .0i»202 .3006 . 001*16 156. 87 76. 81* .13351 1. 00091 .6850
260. .2 792 3676.'. .01*138 .3006 • 00381* 167.39 81.16 .15271* 1. 00031* .6850
280. .2 593 3990.0 . Oi»092 .3005 . 00357 177.1*3 85. 37 .17302 1. 00076 .6850

300. .2'»21 't299.1 .0'»059 .3005 .00333 187.05 89.1*9 .191*32 1. 00 0 73 .681*9

350. .2075 5055.9 .01*012 . 3005 . 00285 209.53 99. lil .25192 1. 00063 .681*6
i>00. .1816 5797.5 .03991 .3001* .00250 230.31* 108.67 .3151*0 1.00055 .681*3
itSO. .1611* 653 0.8 . 03983 .3001* .0022 2 21*9. 98 117.95 .381*51 1. 00 01*9 .661*1

500. .1<«5 3 7265.2 .03975 .300<* .00200 268.80 126.71 .1*5877 1 . 00 0 1*1* .661*3

550 . .1321 7998.9 . 03969 .3003 . 0018 2 2 8 7.06 135.18 . 53837 . 661*2
600. .1211 8736.9 .03961 .3003 .00167 301*. 91, 11*3. 1*1 .62301* 1.00036 .681*2

650. .1116 9<»79.2 .03952 .3003 . 00151* 322.57 151. 1*2 . 71282 1. 00 0 31* .661*0

700. .1038 10231.0 . 0391*0 .3003 . 0011*3 31*0. 01* 159.23 .80736 1.00031 .6839
750. .0969 10991.5 .03921* .3003 .00133 357.1* I* 166. 87 . 90671* 1. 00029 .6837

800. .0909 11763.5 .03906 .3002 . 00125 371*^80 171*. 35 1.01072 1. 00027 .6835
850. .0855 125't8.it .03881* .3002 . 00118 392. 19 181.69 1.11915 1. 00026 .6931.

900. .0808 133i»7.6 .03859 .3002 .00111 1*09.62 188.89 1.23190 1. 00 0 21* .6831*

950. .0 765 l'»l&2.0 .03631 .3002 .00105 1*27.12 195.98 1.31.682 1.00023 .6836
1000 . .0727 l'»992.2 .03801 .3002 . 00100 1*1*1*. 70 202.95 1. 1*6982 1. 00022 .6838
1100. .0661 16689.5 .03738 .3002 .00091 1*75.56 216.59 1.70829 1. 00020 .6906
1200. .0606 18'»i.5.7 . 03672 .3002 . 00083 511. 01 229.67 1.9761*1 1. 000 18 .6911
1300 . .0559 20260. i» .03603 .3001 .00077 51*6.91* 21*2.83 2.25006 1.00017 .6916
11*00. .0519 22133.0 .03533 .3001 . 00071 583. 38 255.50 2.55906 1. 00016 .6921
1500. .0'»85 2<»06<«.6 .031*61* . 3001 . 00067 620.1*8 267.90 2.87357 1.00015 .6921.

1600. .0'»5<» 260'»7.2 .03397 .3001 .00062 658. 30 290.05 3.201*57 1. 000 11* .6923
1700. .Oit28 28115.1 .03327 .3001 .00059 698.13 291.97 3.551*19 1.00013 .6511.
1800. .Oi>0<« 30 31l».i» . 0321*9 . 3001 . 0OC56 71*1 . 85 303.67 3.92682 1. 00012 .6692
2000. .0363 35i»6lt.6 . 0301*5 .3000 .00050 851*. 91* 326,1*6 1*. 77531 1. 00011 .6772
2200. .0330 i»2712.3 . 02729 .2996 .0001*6 10U3.61 31*5. 05 5.65603 1. 30 0 10 .61*28
2i»00. .0 302 5'tl21.3 .0229'* .2987 . 0001*2 1395.67 366.77 7.3021*3 1. 00 0 09 .5995
2600. .0277 72662.5 .01807 .2968 .00039 1991.91 398.61 9.17575 1.00008 .5512
2800 . .025i! 101857.2 .01365 .2931 . 00037 2993. 16 1*11. 19 11.1*0705 1. 0C038 .5115
3000. .0232 l't<»953.9 . 01022 .2869 . 00035 1*510. 27 1*35.21 13.86503 1. 00007 . 1.875
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

.35 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
rir PT UATT UP E NERGY

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

» 13.918 .01295 1.181*1* .9273 218,3 222.9 14.090 4.69 6.39 1270.
11*. .01296 1.1 826 .9272 218.9 223.1* 14.129 4.71 6.42 1270.
15. .01310 1.0667 .9191* 225.5 230.1 14.588 4.91 6.95 1229.
16. .01326 .9993 .9009 232.6 237.3 15.051 5.10 7.39 1203.
17. .013'»2 .9353 .8856 21*0 .2 21*1*.

9

15.513 5.29 7. 86 1179.
18. .01360 .8753 .8710 21*8,2 253.0 15.976 5.45 8.34 1157.
19. .01379 .8100 . 8559 256.7 261.6 16.440 5.60 8.87 1132.
20. .011*00 .71*73 .8386 265.8 270.7 16.909 5. 73 9.42 1108.
22 . • 0 1'f'+S • 6 1 61 7 Oft 5 26 5 • 7 290*6 1 7 • 8 67 5,94 10.72 1 0 54 .

2i». .01511 .1*770 .71*30 308.6 313.9 18.870 6.09 12.43 987.
• 25.299 .01562 .3858 .691*9 325.5 330.9 19.562 6. 16 13.89 933.
• 25.299 .23<»1«» .0603 .0198 61*8.8 730.7 35.376 6.84 15.88 374.

26. .2'»651 .0660 .0186 655.3 71*1.6 35.797 6.72 15.02 384.

28. .27906 .0805 .0161 672.3 770.0 36.850 6.54 13.56 408.
30. .30925 .0933 .011*3 688. 0 796,2 37.756 6.45 12.76 429,
32. .3 38 01 .1051 .0130 702.9 821.2 38.562 6.40 12.26 449,
3l». .36580 .1162 .0119 717.3 81*5.1* 39.294 6.36 11.90 466,
36. .39289 .1269 .0110 731. «» 868.9 39.967 6.33 11.64 483.
7 ft

. ^1946 .1372 • 0 1 0 3 t '^ • C 8 92.0 * 0 • 5 91 c in 11. 45 499.
<»0. .i»<t562 .11*72 .0 096 758.7 911*.

7

41.174 6.29 11.30 514.
i»Z. .i*71i*f> .1570 .0091 772.2 937.2 41.722 6.28 11.18 529.
(»(». .i*<)70i* .1666 .0086 785.5 959.1* 42.240 6.27 11.08 543.
i»6. .52239 .1761 . 0082 798.7 981.5 42.730 6.26 11.00 556.

1*6. .5'f756 .1855 .0078 811.8 1003.5 43.197 6.26 10.93 569.
50. .5 72 5 7 .191*7 . 0071* 821*.

9

1025.3 43.642 6.26 10.88 582.
55. .63'»56 .2175 .0067 857.3 1079.1* 44.675 6.27 10.79 612.
60. .6959<» .2398 . 0 061 889.6 1133.

2

45.612 6. 30 10.74 639.
65. .756 89 .2618 . 0056 921.9 1186.9 46.469 6.34 10.73 666.
r U • ft -1 7 crt

• 2 836 . 0051 9 5 • 'f 1 c**u • 5 H f • C DO 1 U • ' ?

75. .877 86 .3052 .001*8 987.1 1291*. I* 48.009 6.48 10.79 713.
80. .93802 .3267 .001*5 1020.2 131*8.5 48.707 6.57 10.86 735.
90. 1.05788 .3 691* . 0039 1087.8 11*58.1 49.998 6. 31 11.06 775.

103. 1.17730 .1*117 . 0 035 1157.8 1569.8 51.175 7.08 11. 30 811.

110. 1.29640 .1*538 .0032 1230.1* 1681*.

2

52.261 7.37 11.57 844.
120. l.'tl526 .1*958 . 0029 1306.0 1801.3 53.281 7.67 11.86 876.
lifO. 1.65251 .5 791* . 0 025 11*65.6 201*3.9 55.150 8.22 12.40 934.
160. 1.38933 • 6626 . 0 022 1635.1* 2296.6 56.835 8.70 12.86 990.
180. 2.12586 .71*57 . 0022 1813.7 2557.8 59.373 9.09 13.24 1042.
2 0 0 . 2 . 362 2 0 • 8 2 8 7 .0 018 1999.

0

2 825.8 5 9.7 85 9.41 At C C1 0 . t> 5 1 n Q 71 U 7 O .

220. 2.598i»0 .9115 .0016 2189.9 3099.1* 61.089 9.66 13. 80 1141.
2<»0. 2. 83<«50 .991*3 .0015 2385.2 3377.3 62.298 9.35 13.99 1188.
260. 3. 07053 1.0770 .0013 2583.8 3658.5 63.424 10 .00 14.13 1234.
283. 3.306<»9 1.1597 .0013 2 7 85.0 391*2.3 64.475 10.11 14.24 1278.

300. 3.51*219 1. 21*23 .0012 2988.

2

1*228.0 65.460 10.19 14.32 1321.
350. l». 13177 1.1*1*88 .0010 6-ju i . 0 1*91*7.1 67.678 10.30 14.43 1425.
1*00. It. 72123 1.6552 . 0 009 1*017.6 5670.0 69.609 10.35 14.48 1522.
i»50. 5.31060 1.8615 . 0008 1*536.0 6391*.

7

71.315 10.37 14.50 1613.
500. 5.89992 2.3679 . 0 007 5055.2 7120.1 72.843 10. 39 14.52 1700.
550. 6. 1*8920 2. 2 71*2 .0 006 5571*. 9 781*6 .

2

74.2 27 10.40 14.53 1 782 .

600. 7.0 781*6 2.1*801* . 0 006 6095.8 8573.2 75.489 10.42 14.55 1861.
650. 7.66770 2.6867 .0005 6617.5 9301.1 76.651 10.45 14.57 1936.
700. 6.25692 2.8929 . 0 005 711*0. 7 10030.7 77,739 10.48 14.50 2008.
750. 8. 81*611* 3.0992 . 0 005 7666.

0

10762.1 78, 750 10. 52 14. 64 2077.

800. 9.1*3531* 3. 3051* . 0 001* 8193.3 111.95.7 79.6 97 10.57 14.69 2144.
' 850. 10.021*51* 3.5116 .0001* 8723.5 12232.1 80.590 10.63 14.75 2208,

900. 10.61371* 3.7179 .0001* 9256.7 12971.5 81.434 10.70 14.82 227t
950. 11.20293 3.921*1 . 0001* 9793.1* 13711.. 1* 82.236 10 .77 14.90 2329,

1000. 11.79212 i».1303 . 0 001* 10333.8 11*1*61.1 83.001 10.86 14. 98 2387.
1100. 12.9701*9 1*. 51*28 .0003 111*29.2 15 968.9 84.427 11.04 15.16 2498.
1200. 11*. 11*885 i*.9552 .0 003 1251*1*.

1

171.96.2 85.749 11.24 15. 36 2603.
1300 . 15.32721 5.3 6 76 .0003 13679.

7

1901*1*.

2

86.987 11.45 15.58 2702.
iitoa. 16,50557 5.7801 .0003 11*836.9 20613.8 89,157 11.66 15.80 2797.
1500. 17.68398 6.1925 . 0 002 16016.

3

22205.7 89,270 11 .91 16.04 2887.

1600. 18.86252 6.601*9 .0002 17217.7 23819.6 90,304 12.14 16.27 2975.
1700. 20.01*138 7.0173 . 0002 181*1*3.5 251.58.0 91,293 12. 40 16.53 3059.
1800 . 21.22097 7.1*298 . 0 002 19697.0 27121..

3

92.244 12.69 16.82 3139.
2000. 23.58592 8.251*6 . 0002 22312.5 30567.5 94.068 13.51 17.68 3287.
2200. 25.97155 9.0 791* . 0 002 25152.3 3421.2.3 95,811 15.00 19.29 3416.
2<40a. 28.1*0991* 9.901*3 .0001 281*20. 1* 38363.

9

97.597 17.73 22.28 3526.
2600. 30.961 86 10.7291 . 0001 321*55.1* 1*3292.1 99.566 22.40 27.49 3626.
2600. 33.72810 11.551*0 .OCOl 37757.

3

1.9562.2 101.891 29.70 35. 82 3730.
3000. 36.85890 12.3788 . 0001 1*1*989.2 57889.9 134.769 40.19 48.15 3846.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN <ISOBARS, SI UNITS!

.35 HPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

VIDH/OV)„

KJ/KG

W«DP/OU»y -VCDP/OVlj.

MPA-CU M/KJ HPA

(OV/DTJ/V THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY OIFFUSIVITY CONSTANT

X 10 1
1/K H/K-M

X 103
KG/H-S SQ M/HR
X 10

PRANDTL
NUMBER

13.918 77.2115 629.7 .25606 91.4518 . 01014 73.97 256.94 .00054 1.25226 2.2179
1<». 77.1358 631.5 .25533 91.2209 .01016 74.80 253.85 .00054 1.25200 2.1782
15. 76.3270 615.5 .24531 81.4195 . 01129 83.45 223.39 .00057 1. 24915 1. 8606
16. 75.i»«f22 618.3 .23391 75.3921 . 01195 89.42 198.82 .00058 1.24605 1.6426
17. 7if.5163 618.2 .22476 69.6955 .01271 93,36 179.02 .00057 1. 24280 1.5C63
18. 73.545 8 616.3 .21712 64.3776 .01353 96.15 162.73 .00056 1.23941 1.4114
19. 72.5233 608.8 .21059 58.7405 .01457 97.76 149.03 .00055 1.23583 1.3523
20. 71.'»378 599.8 .20472 53.3890 .01571 99. 18 137.27 .00053 1. 23205 1.3G40
22. 69.a32i« 571.1 .19454 42.5317 .01877 101.68 117.81 .00049 1.22369 1.2418
2<». 66.1935 528.1 .18438 31.5729 . 02353 101.27 101.78 . 00044 1.21388 1.2489
25.299 6(».0123 <»93.5 .17627 24.6963 .02814 99.53 92.41 .00040 1.20637 1.2892
25.299 <».2710 206.2 .06790 .2575 .07699 23.94 14.66 .00127 1.01293 .9725
26. i«.0566 216.0 .06830 .2678 . 06953 24.06 14.98 .00142 1.01228 .9350

28. 3.583'» 2i»2.9 .06868 .2883 . 05581 24.83 15.88 .00184 1.01084 .8674
30. 3.2336 268.7 .06865 .3016 .04749 25.88 16.80 .00226 1.00978 .8263
32. 2.9585 293.6 .06854 .3108 .04174 27. 08 17.70 .00269 1. 00894 .8012
3i>. 2.7337 317.7 .06847 .3177 .03745 28.32 18.60 .00313 1. 00826 .7817
36. 2.5452 3<tl.2 . 06842 .3229 .03411 29.59 19.49 .00360 1.00769 .7666
38. 2.3840 36i>.i» .0 68 34 .3270 .03141 30.88 20.36 . 00407 1. 00720 .7547
<>0. 2.2i»t>l 387.1* .06825 .3303 . 02916 32.18 21.22 .00457 1.00678 . 7447
i>2. 2.1211 <»10.1 . 06816 .3330 .02725 33.48 22.06 .00508 1.00641 .7364
<»<». 2.0119 432.6 . 06806 .3353 . 02561 34. 78 22.89 .00562 1. 00607 .7293
I|6. 1.91'*3 455.0 .06796 .3372 .02417 36.07 23.71 .00617 1.O0578 .7231

48. 1.8263 477.3 .06786 .3387 .02291 37. 36 24.52 . Oi;673 1. 00551 .7177
50. 1.7465 499.5 .06774 .3401 .02178 38.63 25.31 .00732 1.00527 .7130
55. 1.5759 555.2 .06737 .3427 . 01943 41. 72 27.25 . 30883 1.00476 .7047
60. 1.4369 611.2 .06690 .3446 .01757 44.71 29.12 .01043 1.00434 .6996
65. 1.3212 66 8.2 .06629 .3459 . 01606 47. 81 30 .94 .01214 1.00399 .6942
70. 1.2232 72 6,5 .06554 .3469 . 01480 50. 66 32.69 .01387 1. 00369 .6936
75. 1.1391 786.3 .06466 .3477 .01373 53.53 34.40 .01567 1. 00344 .6937
80. 1.0661 848.0 .06366 .3483 .01281 56.04 36.06 .01742 1.00322 .6990
90. .9453 977.9 .06135 .3492 .01131 62.56 39.27 .02155 1.00285 .6941

100. .8494 1115.8 .05892 .3497 .01013 68.52 42. 33 .02570 1. 00256 .6962

110. .7714 1261.3 .05650 .3501 .00918 76.56 44.79 . 03067 1. 00233 .6772
120. .7066 1412.8 .05427 .3503 .00639 83.13 47.62 .03572 1. 00213 .6792
140. .6051 1728.6 .05051 .3506 .00717 96. 29 53.03 .04621 1. 03182 .6627
160. .5293 2053.3 . 04769 . 3507 .00626 109. 34 58.17 .05783 1.03160 .6841
180. .4704 2381.6 .04560 .3508 .00556 122.04 63.09 .07353 1. 00142 .6846
200. .4233 2709.6 . 04406 .3508 .00500 134. 22 67.82 .08424 1.00128 .6847
220. .3849 3036.3 .04289 .3508 .00454 145.84 72.40 .09868 1. 03116 .6649
240. .3528 3358.9 .04204 .3508 .00416 156. 89 76.84 .11446 1. 03106 . 6650
260. .325 7 3677.3 . 04140 .3508 .00364 167.41 81.16 .13095 1.00096 .6851
280. .3024 3991.0 .04094 .3507 . 00357 177.45 85.36 .14634 1.00091 .6651

300. .2823 4300.3 .04061 .3507 .00333 187.06 89.49 .16660 1.00085 .6850
350. .2420 5057.2 .04013 .3506 .00265 209. 54 99.41 .21598 1. 00073 .6846
400. .2118 5798.8 .03993 ,3506 .00250 230.35 108.87 .27040 1.00364 .6843
450. .1883 6532.1 . 03984 .3505 . 00222 249.98 117.95 .32965 1.00057 .6841
500. .1695 7266.6 .03976 .3505 .00200 268.80 126.71 .39331 1. 00051 .6843
550. .1541 8000.3 .03970 .3505 . 00162 287.06 135.18 . 46154 1.00046 .6642
600. .1413 8738.3 .03962 .3504 . 00166 304. 94 143.41 .53413 1.00043 .6842
650. .1304 9480.7 .03953 .3504 .00154 322.57 151.42 .61109 1. 00039 .6843
700. .1211 10232.5 .03940 .3504 . 00143 340.05 159.23 .69213 1.00036 .6839
750. .1130 10993.0 .03925 .3503 .00133 357.44 166.87 .77731 1.00034 .6837

800. .1060 11765.0 .03906 .3503 .00125 374. 61 174.35 .86644 1.03032 .6835
850. .0998 12549.9 .03684 .3503 . 00118 392.19 161.69 . 95940 1. 00030 .6634
900. .0942 13349.1 .03859 .3503 .00111 409.62 188.69 1.05604 1.00028 .6834
950. .0893 14163.6 .03831 .3503 .00105 427.12 195.98 1.15627 1. 00027 .6836

1000. .0 848 14993.8 .03801 .3503 .00100 444. 71 202.95 1.25996 1. 0OC26 .6836
1100. .0771 16691.1 .03739 .3502 .00091 475.56 216.59 1.46438 1. 03023 .69L6
1200. .0707 18447.3 .03672 .3502 .00083 511.01 229.87 1.69421 1.00021 .6911
1300. .0652 20261.9 .03603 .3502 .00077 546.94 242.83 1.93735 1.00020 .6916
1400. .0606 22134.2 .03534 .3502 .00071 583. 36 255.50 2.19362 1. 000 18 .6921
1500. .0565 24064.8 .03464 .3502 .00067 620.42 267.90 2.46315 1.00017 .6924

1600. .0530 26044.6 . 03398 .3502 .00062 658.13 280.05 2.74669 1. 00016 .6924
1700. .0 499 26105.6 .03329 .3501 .00059 697.69 291.97 3.04593 1.00015 .6916
1800. .0 471 30290.2 .03253 .3501 .00056 740.84 303.67 3. 36433 1. 03014 .6896
2000. .0424 35359,9 .03056 .3500 .00050 850.63 326.46 4.08594 1. 00013 .6784
2200. .0385 42378.5 .02754 .3496 .00046 1030. 76 345.03 4.99720 1.00012 .6456
2400. .0 352 53256.2 .02336 .3486 .00042 1352.72 366.72 6.21020 1. 00011 .6340
2600. .0323 70753.3 .01861 .3465 . 00039 1919. 68 388.49 7.78488 1. OGOlO .5562
2800. .0296 98166.3 . 01420 . 3426 .00036 2854. 15 410.92 9.67467 1.00009 .5157
3000. .0 271 138607.2 .01070 .3358 .00035 4271. 99 434.69 11.77275 1. 00306 .4899
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.ifO MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
riFRTVATT VFLI[lt\l.VHI XVC ENERGY DP ^niiunur oU Uri u

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.935 .01295 1.1876 .9279 218.1* 223.5 11*. 091 4.69 6.39 1271.
it*. .01296 1.1902 .9278 218. 8 221*.

0

11*. 122 4.71 6.41 1273.
15. .01309 1.0718 .9211 225.1* 230.6 14.581 4.91 6.94 1231.
16. .31325 1.001*2 .9025 232.5 237.8 15.01*3 5.10 7.38 1205.
17. . 01341 .91*01 .8872 2i*D.0 21*5.1* 15.505 5.29 7.85 1181.
18. .01358 .8826 . 8729 21*8. 0 253.5 15.965 5.45 8.32 1160.
19. .01378 .8191 .8576 256.5 262.0 16.1*29 5.60 8.84 1137.
20. .01399 .7523 .81*02 265. 6 271.2 16.898 5.73 9.40 1111.

• O c 17 A n n n• o u u u 9 A c; i. If • 0 ? 0 D • ? 4 n c A1 u • b 0 1057 •

zw. .01508 .1*831 . 71*51* 308. 2 311*.

2

18. 852 6.09 12. 37 991.
• 25.957 .01590 .31*37 .6691* 331*. 2 31*0.6 19.906 6.19 14.74 905.
• 25.957 .20'»96 .0579 . 0229 61*8.3 730.3 34.929 6.89 16.79 376.

26. .20572 .0583 .0228 61*8.7 731.0 34.958 6.88 16.71 376.

28. .236i»8 .071.5 .0193 667. 3 761.9 36.100 6.62 14.44 403.
30. .26<»2e .0881* .0170 683.8 789.5 37.055 6.51 13.33 425.
32. .29036 .1009 .0153 699. 3 815.1* 37.893 6.44 12.66 445.
3(». .31537 .1126 .0139 711*.

1

81*0.3 38.646 6.39 12.20 464.
36. .33963 .1237 .0128 728.5 861*. 1* 39.334 6.35 11.88 481.
38. "7 CJX "7 O• O OO 0 C • 1 -5H J • U XI 7 f **t • 0 A A7 Q T Q Q 7 n 11 • B /. Q 7

i»0. .38659 .11* 1*6 .0112 756.1* 911.0 40.563 6.30 11.46 513.
1*2. .'»0952 .151*7 .0105 770.0 933.8 41.113 6.29 11.32 528.

.<i3217 .161*5 .0 099 783.1* 956.3 41.641 6.28 11.20 542.
'•6. .'»5<«60 .171*2 . 0091* 796.7 978.6 42.137 6.27 11.11 555.

itS. .i»76 8<» .1837 . 0089 810.0 1000.7 42.608 6.27 11.03 568.
50. .'»9892 .1931 .0085 823.1 1022.7 43.057 6.27 10.96 581.
55. .55355 .2162 . 0077 855.8 1077.2 44.097 6.28 10.85 611.
60. .60758 .2387 . 0070 888.3 1131.3 45.039 6.30 10.79 639.
65. .6 6116 .2610 .0061* 920. 7 1185.2 45.900 6.35 10.77 666.
70 . . 71'»*»1 . 2829 . 0 059 953 .

3

1 2 39 . 1 46 . 699 6.41 10.78 690 .

75. .767<»1 .301*7 .0055 986.1 1293.1 47.444 6.48 10.82 713.
80. .82020 .3263 . 0 051 1019.

3

131*7.1* 48.145 6.58 10. 89 735.
90. .92533 .3691 .001*5 1087.0 11*57. 1 49.439 6.81 11.08 775.

100. 1. 03002 .1*116 .001*1 1157.1 1569.1 50.617 7.08 11.32 811.

110. 1.13l»38 .1*539 . 0037 1229.8 1683.5 51. 705 7.37 11.59 845,
120. 1.23851 .1*959 .0031* 1305.1* 1800.8 52.726 7.67 11.67 876.
1<»0. l.<«'t630 .5796 .0 029 11*65.1 201*3.6 54.596 8.23 12.40 935.
160. 1. 65365 .6630 .0 025 1635.0 2296.1* 56.282 8.70 12.86 990.
180. 1.86072 .71*62 .0022 1813.1* 2557.7 57.821 9.09 13.25 1043.
? n n & • U D r D U • u u c u 1 QQA 7 2525 8 5 7

•

Coo 13*55 1 U 3 0 .

220. 2.2 7i»3i» .9121 .0018 2189.7 3099.1* 60.537 9.66 13.80 1142.
2i«0. 2.'f8098 .991*9 .0017 2385.

0

3377.1* 61.746 9.85 13.99 1189.
260. 2.6875'* 1.0777 .0015 2583.6 3658.7 62.873 10.00 14.13 1234.
280 . 2.89'»05 1.1601* .0011* 2781*.

9

391*2.5 63.924 10.11 14.24 1279,

300. 3.10031 1.21*30 .0013 2988.0 1*228.2 64.909 10.19 14.32 1322.
350. 3.61625 1.1*1*96 .0011 3500.

9

1*91*7.1* 67.127 10.30 14.43 1425.
i«00. ".13206 1.6560 .0010 1*017.5 5670.3 69.058 10.35 14.43 1522.
(»50. <».6i»779 1.3621* . 0 009 1*535.9 6395.0 70.764 10.37 14.50 1613.
500. 5.1631*6 2.0687 . 0008 5055.1 7120.5 72.292 10.39 14.52 1700 .

550 . 5.6 791

0

2.2 750 . 0007 5571*. 9 7 8 'S* 5 73.6 77 10.40 14.53 < 7 fl 01 / oc .

603. 6.191*71 2.1*813 .0007 6095.7 8573.6 74.939 10.42 14.55 1861.
650. 6.71030 2.6875 .0006 6617.1* 9 3D1.

5

76.101 10.45 14.57 1936,
700 . 7.22588 2.8938 . 0006 711*0. 7 10031.0 77.189 10.48 14.60 2008 .

750 . 7.7<»1«*5 3.1000 . 0005 7666.0 10762.5 78.199 10.52 14. 64 2077.

800. 8.25701 3.3063 .0005 8193.3 111*96.1 79.147 10.57 14.69 2144.
850 . 8.77256 3.5125 . 0 005 8723.5 12232.5 80.039 10.63 14.75 2208.
900. 9. 28811 3.7187 . 0001* 9256.7 12971.9 80.883 10 .70 14.82 2270.
950. 9. 3 03 66 3.9250 . 0 001* 9793.

3

13711*. 8 81.635 10.77 14.90 2330.
1 000. 10.31920 i*.1312 .0001* 10333.8 11*1*61.5 82.450 10.86 14.98 2388,
1100. 11.35028 1*. 51*36 . 0 001* 111*29.2 15969.3 83.877 11.04 15.16 2498,
1200 . 12. 38135 i*.9561 . 0003 1251* I*. 1 171*96. 6 85.198 11. 24 15.36 2603.
1300. 13.<*12'*1 5.3685 .0003 13679.7 1901*1*.

6

86.436 11.45 15.58 2702,
litOO. 11*. <*l*3«*9 5.7809 . 0003 11*836.9 20611*.

2

87.607 11.68 15. 90 2797,
1500. 15.1*71*59 6.1931* .0003 16016.2 22206.1 88.719 11.91 16.03 2888,

1600. 16.50580 6.6058 . 0003 17217.5 23819.

8

89.754 12.14 16.27 2975,
1700. 17.53728 7.0182 .0002 181*1*3.0 251*57.9 90.742 12.39 16.52 3059,
1800. 18.56935 7.1*306 .0002 19695.6 27123.1* 91.693 12.68 16.81 3139.
2000 . 20.63822 8.2555 . 0002 22306.3 30 561.6 93.514 13.47 17.64 3288.
2200. 22.721*01 9.0803 . 0 00 2 25131.1 31.220.7 95.249 14.89 19.16 3418.
2(.00. 21*. 85299 9.9052 .0002 28360.6 38301.8 97.018 17.46 21.98 3530,
2600. 27.071*90 10.730D . 0 002 32311.

3

1*311*1. 3 98.952 21.84 26.6 7 3631.
2800. 29.1*7226 11.551*3 . 0001 371*50.7 1*9239.6 101.214 28.70 34.68 3733.
3000. 32.16812 12.3797 . 0 001 1*1*399. 1* 57266.

7

103.987 38.56 46. 24 3843.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN lISOBftRS, SI UNITS)

.i»0 MPA ISOBAR

TEMPERATURE DENSITY VCDH/DVI- V(DP/DUI^ -V(OP/OV) (Otf/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
V I p CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU H/KJ MPA 1 /K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

13.935 77.2399 631.3 .25599 91.7322 . 01011 71.. 18 257. 26 .00051. 1. 25236 2.211.6
Ik. 77.1782 63l«.3 .255i»l 91.8568 .01010 7I..8I. 251.. 75 .00051. 1. 25 215 2.1808
15. 76.3720 617.1 .2i»570 81.8567 .01125 83.51 221.. 16 .00057 1. 21.931 1. 861.2

16. 75.i»90'» 619.9 . 23'»27 75. 8051 . 01191 89.50 199.1.9 .00058 1. 21.621 1.61.51
17. 7<*.5686 619.9 .22511 70.0983 .01266 93.1.6 179.63 .00058 1. 21.298 1.5081
18. 73.6116 619.2 .21750 61.. 9667 . 0131. <. 96.28 163.38 .00057 1. 23961. 1.1.118
19. 72.5911 612.8 . 2109'» 59. '.563 .011.1.2 97.90 11.9.60 .00055 1. 23607 1.3507
20. 71.5035 602.0 .20502 53.7931 . 01562 99. 33 137. 75 .00053 1. 23228 1.3039
22. 69.1127 573.7 . 19'.81 1.2.9569 . 01862 101. 87 118.25 .00050 1. 22397 1.21.02
2(>. 66.297<« 531. <» .181.72 32.0293 . 02327 101.52 102.22 . 0C01.5 1. 211.21. 1.21.51
25.957 62.9088 '»76.2 .17182 21. 6193 .03096 98.50 83.30 .00038 1. 20259 1.3217

* 25.957 i>.8790 206.9 .06820 .2826 .08113 25.16 15.16 .00111 1. 011.78 1.0118
26. <».861S 207.6 . 06823 .28 35 . 08050 25. 15 15. 18 .00111 1. 011.72 1.0085

28. 1..2287 235.9 .06888 .3152 . 06120 25.51 16.05 .00150 1.01280 .9083
30. 3.781.2 262.8 .06889 .331.1. .05072 26.38 16.9'. .00188 1.0111.5 . 8556
32. 3.1.1.1.0 288.1. .06878 .31.75 . fli.389 27. 51 17. 83 .00227 1.0101.2 . 82 05
3i>. 3.1708 313.0 .06871 .3570 .03898 28.69 18.71 .00267 1. 00959 .7960
36. 2.91.1.1. 337.0 .06868 .361.1 .03525 29.92 19.59 .00308 1. 00890 .7778
38. 2.7521. 360.6 .06860 .3697 . 03229 31.18 20 .1.5 .0C350 1. 00832 .7637
1.0. 2.5867 383.8 .06850 .371.1 .02986 32.1.6 21.31 . 00391. 1. 00782 . 7522
1.2. 2.1.1.19 1.0 6. 8 .0681.0 .3777 .02781 33. 71. 22.15 .001.1.0 1. 00738 .71.27
ki*. 2. 3139 1.29.7 .06828 .3807 .02607 35. 03 22.97 .001.87 1.00699 .731.7
1.6. 2.1997 1.52.3 .06817 .3832 . 021.56 36. 31 23.79 .00535 1.00661. .7277

I.S. 2.0971 1.71*.

8

.06806 .3853 .02323 37.58 21.. 59 .00585 1. 00633 .7217
50. 2.001.3 1.97.2 .06793 . 3871 . 02205 38. 81. 25.38 .00636 1. 00605 .7166
55. 1.8065 553.3 .06751. .3905 . 01962 1.1.91 27.32 .00770 1. 0051.5 . 7073
60. 1.61*59 609.6 . 06705 . 3929 .01770 1.1.. 89 29.18 .00910 1.001.97 .7016
65. 1.5125 66 6.8 .0661.1. .391.7 .01615 1.7.97 30 .99 .01060 1. 001.56 .6958
70. 1.3998 725.3 .06567 .3960 .011.87 50. 82 32.71. .01212 1. 001.22 .691.8
75. 1.3031 735.3 .061.78 .3970 .01373 53.66 31.. 1.5 .01370 1. 00393 .691.8
80. 1.2192 81.7.1 .0 63 77 .3978 . 01285 56.16 36.11 .0152 3 1.00368 .6999
90. 1.0807 977.3 .0611.1. .3989 .01133 62.68 39.31 .01885 1.00326 .691.7

100. .9709 1115.1. .05900 .3996 . 01015 68.6 3 1.2.37 .0221.9 1. 00293 .6986

110. .8815 1261.0 .05657 .1.001 .00919 76.60 1.1.. 80 .02700 1. 00266 .6777
120. .8071. 11.12. 7 . 051.33 .1.001. . 0081.0 83.17 1.7.63 .03125 1. 0021.3 .6796
11.0. .6911. 172 8.7 .05066 .1.008 .00717 96.33 53.01. .01.01.1. 1. 00208 .6829
160. .601.7 2053.6 .01.773 .1.010 . 00626 109. 37 58. 18 .05061 1. 00182 .681.3

180. .5371. 2382.1 .01.561. .1.010 .00556 122.06 63.09 .06172 1. 00162 .681.7
200. .1.837 2710.2 . 01.1.09 .1.010 . 00500 131.. 21. 67.83 .07372 1.0011.6 .681.8

220. .1.397 3037.0 .01.292 .1.010 . 001.51. 11.5.85 72.1.0 .08651. 1.00133 .6850
21.0. .1.031 3359.8 .01.206 .1.010 .001.16 156.90 76.81. .10018 1.00121 .6851
260. .3 721 3678.3 .01.11.2 .1.010 . 00381. 167. 1.2 81.17 .111.61 1.00112 .6852
280 . .31.55 3992.1 .01.096 .1.010 .00357 177.1.6 35.38 .12983 1. 00101. .6851

300. .3225 1.301.1. .01.062 .1.039 .00333 187.07 89.50 .11.582 1. 00097 .6850
350. .2 765 5058.1. .01.011. .1.008 . 00285 209.55 99.1.1 .1890 3 1. 00083 .681.7

1.00. .21.20 5800.1 . 03991. .1.006 . 00250 230 .36 108.88 .23666 1. 00073 .681.3
1.50. .2152 6533.5 .03985 .1.007 . 00222 21.9.99 117.96 .28850 1. 00065 .681.1

500. .1937 7268.0 .03977 .1.006 .00200 268.31 126.71 .31.1.21 1.00058 .681.3

550. .1761 8001.8 .03971 .1.006 .00182 287.07 135.19 .1.0 392 1. 00053 .681.2
600. .1611. 8739.8 .03963 .1.005 . 00166 301.. 95 11.3.1.1 .1.671.1. 1. 0001.9 .681.2

650. .11.90 91.82.1 . 03951. .1.005 .00151. 322.58 151. 1.2 .531.79 1.0Q01.5 .681.0

700 . .1381. 10231..

0

.0391.1 .1.005 .0011.3 31.0. 05 159.23 .60571 1. 0001.2 .6839
750. .1292 10991..

5

.03925 .1.001. . 00133 357.1.1. 166.87 .68025 1. 00 0 39 .6837

800 . .1211 11766.5 .03907 .1.001* .00125 371.. 81 171.. 35 .75821. 1.00036 .6835
850. .111.0 12551.5 .03885 .1*001* . 00113 392. 19 181.69 .83953 1. 00031. .6831.

900. .1077 13350.7 .03860 .1.001. .00111 1.09.62 188.83 .921.15 1. 00032 .6831.

950. .1020 11.165.1 . 03832 .1.001. .00105 1.27.12 195.98 1.01185 1.O0Q31 .6836
1000 . .0969 11*995. <. .03801 .1.003 .00100 1.1.1.. 71 202.95 1.10261 1. 00029 .6838
1100. .0381 16692.7 .03739 .1.003 . 00091 1.75.56 216.59 1. 2811.6 1. 00027 .6906
1200. . 0803 181.1.8.9 .03672 .1.003 . 00033 511.01 229.87 1.1.8256 1. 00021. .6911
1300. .0 71.6 20263.5 .03603 .1.003 .00077 51.6.93 21.2.83 1.69531 1.00022 .6916
11.00. .0692 22135.5 .03531. .1.002 . 00071 583. 35 255. 50 1.91955 1. 000 21 .6921
1500. .0 61.6 21.065.3 .031.65 .1.002 . 00067 620. 37 267.90 2.15535 1.00019 .6921.

1600. .0606 2601.2.8 .03399 .1.002 .00062 657.99 280.05 2.1.0333 1.00018 .6921.

1700. .0570 28093.3 .03330 .1.002 .00059 697. 33 291.97 2. 661.86 1.00017 .6917
1800. .0539 30271.1 .33256 .1.002 . 00056 71.0. 02 3C3.67 2.91.275 1.00016 .6898
2000. .01.85 35276.0 .03065 .1.000 .00050 81.7.52 326. 1.6 3.57013 1. OQ015 .6791.

2200. .Oi.I>0 1.2109.6 .02775 .3996 . 0001.6 1020.1.0 31.5. 02 1.. 35667 1.00013 .61.79
21.00. .01.0 2 52558.9 .02372 .3986 . 0001.2 1326.15 366.69 5.39833 1. 000 12 .607 7

2600. .0 369 69212.1. .01907 .3963 .0 00 39 1861. 36 388.1.0 6.7521.1. 1. 00 0 11 . 5606
2800. .0339 95131.3 .011.67 .3921 .00036 271.1.70 1.10 .70 8. 38750 1.00010 .5195
3000 . .0311 1331.55.3 . 01112 .381.8 . 00035 1.078. 51. 1.31.. 27 10. 21507 1.00009 .1.923
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSJ

.i»5 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.951 .0129i» 1.1908 .9284 218.4 224.2 14.092 4.70 6.39 1273.
1<». .01295 1.1978 .9284 218.7 224.5 14.116 4.71 6.40 1276.
15. .01309 1.0769 .9229 225.3 231.2 14.574 4.91 6.94 1234.
16. .0132i> 1.0090 .9041 232.4 238.3 15.036 5.10 7.37 1203.
17. .013<«0 .9507 .8892 239.9 245.9 15.494 5.28 7.82 1186.
18. .01357 .8876 .8 744 247.9 254.0 15.956 5.46 8.31 1163.
19. .01376 .8243 .8692 256.4 262.5 16.419 6.60 8.82 1140.
20. .01397 .7601 .8420 265.4 271.6 16.886 5.73 9.37 1115.
22. . 0 1<*<>5 .6269 .8017 2 65.1 291. 6 17. 840 5.94 10.65 1060 •

Zk. .01606 .4892 .7477 307.7 314.6 18.836 6.08 12.31 995.
26. .01588 .3456 .6711 334.2 341.4 19.906 6.19 14.74 907.

» 26.559 .01617 .3101 .6 442 342.6 349,9 20.231 6.23 15.52 879.
• 26.559 .18180 .0554 .0262 647.4 729.2 34.521 6.95 17.79 377.

28. .20287 .0682 .0229 661.8 753.1 35.396 6.72 15.56 397.
30. .22901 .0833 .C198 679.4 782.4 36.410 6.57 13.99 421.
32. .25315 .3966 .0177 695.5 809.5 37.282 6.48 13.11 442.
3<t. .27606 .1089 .0160 710.9 835.1 38.059 6.42 12.54 461.
36. .2981<« .1204 .0147 725.6 859.7 38.764 6.37 12.14 479.
38. .31962 .1314 .0137 739.9 883.7 39.413 6 . 34 11.85 496 .

1*0. .3'«065 .1420 .0128 753.9 907.2 40.015 6.32 11.63 511.
1*2. .36132 .1523 .0120 767.7 930.3 40.578 6.30 11.46 526.
•*•*. .38171 .1624 .0113 781.3 953.1 41.108 6.29 11.33 541.
(»6. .40187 .1723 .0107 794.8 975.6 41.609 6.28 11.22 554.

ifS. .'»2183 .1819 .0102 808.1 998.0 42.084 6.28 11.13 568.
50. .1*1*1 f>3 .1915 .0097 821.4 1020.1 42.537 6. 28 11. 06 681.
55. .<»90S5 .2149 .0087 854.3 1075.0 43.583 6.28 10.92 611.
60. .53885 .2377 . 0079 886.9 1129.4 44.531 6.31 10.95 639.
65. .58671 .2601 .0072 919.5 1183.5 45.396 6.35 10.81 666.
70. .63'»2'» .2822 . 0 066 952. 2 1237.

6

46.198 6. 41 10.82 690.
75. .68151 .3041 . 0062 985.1 1291.8 46.945 6.49 10.85 713.
80. .72857 .3259 .0058 1018.4 1346.

2

47.648 6.58 10.91 736.
90. .8222<» .3689 .0 051 1086.2 1456.2 48.944 6.31 11.10 775.

100. .9i5if7 .4115 .0046 1156.3 1568.3 50.124 7.08 11.33 812.

110. 1.00837 .4539 . 0041 1229.2 1682.9 51.213 7.37 11.60 846.
120. 1.10105 .4961 .0038 1304.9 1800.3 52.235 7.67 11.88 877.
1<»0. 1.28591 .5799 .0032 1464.6 2043.3 54.107 8.23 12.41 935.
160. 1.47035 .6634 .0028 1634.6 2296.2 55.794 8.70 12.87 991.
180. 1.65450 .7467 .0025 1813.0 2557.6 57. 333 9.09 13.25 1043.
200 • 1.838 46 .8297 .0 023 1998.5 2825.

8

58. 746 9.41 13. 56 1094.
220. 2.02229 .9127 .0021 2189.4 3099.4 60.050 9.66 13.30 1142.
2'«0. 2.20601 .9956 .0019 2384.7 3377.5 61.260 9.85 13.99 1189.
260. 2.38966 l.d 784 .0017 2683.4 3658.

8

62. 386 10. 00 14.13 1235.
280. 2.573 25 1.1611 .0016 2784.7 3942.6 63.437 10.11 14.24 1279.

300. 2.75664 1.2437 .0015 2987.9 4228.4 64.422 10.19 14.32 1322.
350. 3.21529 1.4503 .0013 3500.7 4947.6 66.641 10. 30 14.43 1425.
<»00. 3.673 82 1.6568 .0011 4017.4 5670.

6

68.572 10. 35 14.48 1622.
<»50. 4.13227 1.8632 .0010 4535.8 6395.4 70 .278 10.37 14. 50 1614.
500. 4.59066 2.0695 . 0009 5055.0 7120.8 71.806 10.39 14.52 1700.
550. 5.04901 2.2758 .0008 5574.8 7846.9 73.191 10.40 14.53 1783.
600. 5.50735 2.4821 . 0 00 8 60 95.7 8574.

0

74.453 10.42 14.55 1861.
650. 5.96566 2.6884 . 0007 6617.4 9301.9 75.615 10.45 14.57 1936.
700. 6.42396 2.8946 .0 006 7140.

7

10031.4 76. 703 10.48 14. 60 2008.
750. 6.88225 3.1009 . 0 006 7665 .9 10762.9 77.714 10.52 14.64 2078.

800. 7.34053 3.3071 .0006 8193.

3

11496.5 78.661 10.57 14.69 2144.
850. 7.79880 3.5134 .0005 8723.4 12232.9 79.553 10.63 14.75 2208.
900. 8.25707 3.7196 . 0005 9256.7 12972.3 80.397 10.70 14. B2 2270.
950. 6.71534 3.9258 .0005 9793.3 13715.2 81.199 10.77 14.90 2330.

1000. 9.17360 4.1321 . 0005 10333.8 14461.9 81.964 10. 36 14.98 2388.
1100. 10.09011 4.5445 . 0004 11429.2 15969.8 83.391 11.04 16.16 2498.
1200. 11.00662 4.9570 . 0004 12544.1 17497.0 84.712 11.24 16.36 2603.
1300. 11.92313 5.3694 .0003 13679.6 19045.1 85.950 11.45 15.58 2702.
1<»00. 12.83964 5.7818 .0003 14836.8 20614.7 87.121 11.68 15.80 2797.
1500. 13.75618 6.1943 . 0003 16016.2 22206.4 88.233 11.91 16.03 2888.

1600. 14.67280 6.6067 . 0003 17217.3 23820.1 89.268 12.14 16.27 2976.
1700. 15.58965 7.0191 .0003 18442.5 25457.9 90.256 12.39 16.52 3059.
1800. 16.50700 7.4315 . 0 00 3 19694.5 27122.6 91.206 12.67 16.80 3140.
2000. 18.34565 8.2564 . 0002 22301.3 30556. 8 93.026 13.43 17.60 3289.
2200. 20.19848 9.0812 .0002 25113.5 34202.9 94. 755 14.79 19.06 3420.
2'»00. 22.08751 9.9061 .0002 28311.1 38250.5 96.509 17.24 21.73 3633.
2600. 24.05444 10.7309 .0002 32192.0 43016.6 98.414 21.39 26.36 3634.
2800. 26.16841 11.5557 . 0 002 371 96 .7 48972.5 100.623 27.87 33.74 3737.
3000. 28.53263 12.3806 . 0002 43910.7 56750.4 103.311 37.20 44.65 3851.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.1*5 MPA ISOBAR

HPERATURE DENSITY VCDH/DV)p V<OP/OU)y -V(OP/OV»^ THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ 7

X la'

13.951 77.2682 632.9 .25593 92.0130 .01009 74.39 257.57 .00054 1. 25246 2.2114
1<». 77.220'f 637.1 .25549 92.4910 . 01004 74. 88 255,65 .00055 1. 25229 2. 1335
15. 76.'»169 618.8 • 246C9 82,2925 .01121 83. 56 224, 94 .00057 1 . 24947 1.8679
16. 75.538'* 621 .5 .23 4 63 76.2168 . 01186 89.57 200.17 .00 058 1. 24638 1. 6477
17. 7't.6359 624.1 . 2255 3 70.9596 .01253 93.58 180.43 .00 058 1.24322 1.5030
18. 73.6679 621.2 .21781 65.3899 .01337 96. 39 163. 94 ,00057 1.23983 1.4128
19. 72.6516 614.9 . 21124 59. 8860 . 01435 98. 03 150, 12 ,00 055 1,23628 1.3510
20. 71.5763 60 5.4 .20534 54.4031 . 01548 99.49 138.28 .00053 1, 23 253 1.3024
22. 69.1922 576.3 .19508 43.3793 , 01848 102.06 113.70 .00050 1. 22425 1.2387
2<f. 66.3999 534.6 .18505 32.4811 .02302 101. 77 102.67 .00045 1,21459 1.2414
26. 62.9732 477.9 .17207 21. 7659 . 03083 98, 75 88,50 .00036 1, 20281 1. 3205

26. 559 61.8352 46 2.1 . 16730 19. 1753 . 03360 97. 35 84.64 .00037 1, 19891 1.3497
26.559 5.5006 207.2 . C6848 .3048 .08585 26.38 15.64 .00097 1.01667 1. 0548
28. '».9293 228.8 .06903 .3363 .06801 26. 33 16,23 .00124 1, 01493 .9590
30. it. 3667 256.7 .06911 .3638 . 05449 26.94 17.09 .00159 1, 01322 , 8873
32. 3.9 50 3 283.2 . 06901 . 3817 . 04630 27.97 17,96 .00194 1.01195 .8420
3<». 3.622<> 30 8.4 . 06896 .3944 , 04065 29. 09 18, 83 . 00231 1. 01096 .8117
36. 3.3541 332.8 .06894 .4039 .03647 30.27 19.70 .00268 1 , 01014 . 7897
38. 3.1287 356.7 .06886 .4112 . 03322 31. 50 20 , 55 .00306 1, 00946 . 7731
i»0. 2.9356 380 .3 . 06875 .4169 .03058 32, 76 21,40 .0C345 1. 00837 .7599
<»2. 2.7676 403.6 .06364 .4216 .02840 34. 02 22, 23 .00336 1, 00836 .7492
i»<i. 2.6198 42 6. 7 . 06851 .4254 .02654 35.28 23.06 .00428 1, 00792 ,7402
46* 2.<«88<» 449.6 .068 39 .4266 .02495 36.55 23,87 ,00471 1, 00752 ,7324

k6. 2.37C6 472. 3 .06826 .4313 . 02356 37. 81 24.67 .00516 1. 00716 .7258
50. 2.26i»(> 494.9 .06812 .4336 . 02233 39. 06 25,45 .00562 1. 00684 . 7202
55. 2. 0385 551 .4 .06771 .4380 .01981 42.11 27,38 .00681 1.00616 .7100
60. 1.8558 608.0 .06721 .4411 .01784 45,06 29.24 ,00806 1.00560 . 7037
65. 1.7044 665.4 .06658 ,4433 . 01625 48. 13 31.04 .00940 1. 00514 .6974
70. 1.5767 724.1 .06580 .4450 • 0 1494 50 .97 32. 79 • 01076 1, 00476 ,6961
75. 1.4673 784.3 .06490 .4463 .01384 53.80 34.49 .01216 1.00443 ,6960
80. 1.3 726 846.3 .06388 .4473 .01290 56.29 36.15 , 01353 1, 03414 , 70 39
90. 1.2162 976.7 .06154 .4487 . 01136 62. 80 39,35 ,01675 1.00 367 , 6953

100. 1. 0923 1114.9 . 05908 .4495 .01016 68.74 42.40 .01999 1, 00329 ,6990

110. .9917 1260.8 .05664 .4501 .00920 76.65 44.81 .02399 1. 00299 .6782
120. .9082 1412.5 .05439 .4505 .00841 8 3. 21 47,64 .02777 1, 00274 . 660 0

1<»0. .7777 172 8.9 .05060 .4510 .00718 96. 36 53,05 , 03594 1,00234 .6832
160. .6801 2054.0 .04777 .4512 .00627 109.40 53,18 ,04499 1. 00205 .6845
180. . 6a<><i 2382.6 .04567 .4513 .00556 122.08 63, 10 .05487 1. 00182 .6849
200. .5439 2710 .8 .04411 .4513 .00500 134.26 67.83 .06555 1.00164 . 6849
220. .4945 3037.8 .04294 .4513 .00454 145. 87 72,41 ,07694 1, 00149 .6851
2if0. .4533 3360.

6

.04208 , 4513 .00416 156.92 76,85 .08907 1,00137 .6852
260. .4185 3679.2 .04144 ,4513 , 00384 167. 43 81, 17 . 10191 1. 00126 .6852
280. .3886 3993.1 .04098 .4512 .00357 177.47 85.38 . 11544 1.00117 .6852

300. .362 8 4302.5 .0 40 64 .4512 . 00333 187. 08 89,50 .12965 1. 00109 .6851
350. .3110 5059.6 .04016 .4511 .00285 209.56 99.42 .16807 1.00094 .6847
(»00. .2722 5801.5 .03995 .4510 . 00250 230. 37 108,88 .21041 1. 00082 .6844
<»5a. .2420 6534.9 .03986 .4509 .00222 250, 00 117.96 .25650 1.00073 .6841
500. .2178 7269.4 .03978 .4508 ,00200 268, 82 126,71 ,30603 1. 00066 .6843
550. .1981 8003 .

2

.03971 .4507 , 00182 287. 07 135, 19 .35911 1. 00060 .6343
600. .1816 8741.2 .03964 .4507 .00166 304.95 143.41 ,41557 1. 00055 ,6842
650. .1676 948 3.6 .03954 .4506 . 00154 322.53 151,42 .47544 1.00 051 .6640
700. .1557 10235.5 .03941 .4506 .00143 340.05 159.23 .53849 1.00047 ,6639
750. .1453 10996.

Q

.03926 .4506 .00133 357.45 166, 87 . 6D475 1. 00044 .6837

800. .1362 11768.0 .03907 .4505 .03125 374, 82 174,35 ,67408 1.00041 .6835
850. .1282 12553.0 .03885 .4505 .00118 392.20 181.69 .74639 1.00039 .6634
900. .1211 13352.2 . 03860 .4505 .00111 409.63 188,89 .82156 1.00036 . 6634
950. .1147 14166.7 .03832 .4505 . 00105 427, 13 195,98 .89953 1. 00 0 35 .6836

1000. .1090 14996.9 .03802 .4504 .00100 444, 71 202,95 .9802C 1. 00 0 33 ,6638
1100. .0991 16 69 4.3 .03739 .4504 . 00091 475.56 216.59 1.13918 1. 0Q030 ,6906
1200. .0909 18450.5 .03673 .4504 . 00083 511.01 229.87 1.31795 1. 00027 ,6911
1300. .0839 20265.1 .03604 .4503 ,00077 546.93 242, 83 1. 50706 1. 00025 ,6916
1<»00. .0779 22136.9 .03534 ,4503 .00071 583.33 255,50 1.70638 1. 00023 .6921
1500. .0 727 24066.0 .03465 ,4503 . 00067 620. 33 267,90 1.91596 1. 00022 .6924

1600. .0682 26041.6 .03399 .4503 .00062 657. 87 280.05 2.13630 1,00021 ,6925
1700. .0 641 28092.5 .03331 ,4502 . 00059 697, 03 291,97 2, 36854 1. 0C019 , 6918
1800 . .0606 30255.6 .03258 .4502 .00056 739,34 303.67 2.61504 1, 0C018 .69C1
2000. .0545 35206.7 . 03073 .4500 .00050 844. 78 326,45 3. 1&974 1. 00016 .6602
2200. .0 495 41887o3 .02793 .4496 .00045 1011.82 345.01 3.86078 1. 00015 ,6498
2<»00. .0453 51981.3 .02403 .4485 . 00042 1304, 12 366,66 4.77168 1. 00014 ,6110
2600. .0416 67934.9 .01947 .4461 .00039 1812.99 388.31 5.95663 1. 00013 ,5645
2800. .0 382 92732.4 .01509 .4416 . 00 036 2648, 30 410.52 7.39471 1. 00012 .5230
3000. .0 350 129163.9 .01151 .4339 .00035 3917. 37 433.91 9.01166 1.00011 .4946
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS»

.50 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.968 .0129'* 1.191*0 .9290 218.1* 221*.

9

11.. 093 1..70 6.39 1271..

1(». .01291* 1.2053 .9289 218.6 225.1 11.. 109 1.. 70 6.38 1279.
15. .013C8 1.0819 .921*6 225.2 231.7 11.. 567 1..91 6.93 1237.
16. .01323 1.0138 .9058 232.3 238.9 15.028 5.10 7.37 1210.
17. .01339 .9559 . 8908 239.7 21.6.1. 15.1.86 5. 28 7. 81 1189.
18. .01356 .8927 .8759 21*7.7 251..

5

15.91*7 5.1.5 8.29 1166.
19. .013 75 .8295 .8607 256.2 263.1 16.1*09 5 .60 8. 81 111.2.

20. .01396 .7653 .81*36 265.1 272.1 16.875 5.73 9.35 1118.
22 . « 0 lU • D 0 & O A n 7 R

» o U 0 9 9 ft Q
. 1 17.827 5 • 9*f lU . b & A net

2i». .01501* .'952 .7500 307. 3 311..

9

18.818 6.08 12.25 998.
26. .01581* .3527 .671*6 333.6 31*1.5 19.882 6. 19 11.. 61 912.

• 27.116 .0161*5 .2721* .6200 350.7 358.9 20.537 6.26 16. S

2

850.
• 27.116 .16290 .0 528 .0296 61.6.2 727.6 3'*. 11*1 7. 00 18.92 378.

28. .175<*2 .0611* .0270 655.7 71.3.1. 31*. 711* 6.81. 17.03 391.
30. .2 00 51* . 0780 . 0229 671*.

7

775. 0 35.803 6.61. 11.. 78 1*17.

32. .22323 .0923 .0203 691.6 803.2 36.717 6.53 13.52 1*39.

3'». .21*1*52 .1051 .0183 707.5 829.7 37.520 6.1.5 12.90 1*58.

36. . 261*89 .1171 .0167 722.6 855. 0 38.21*3 6.39 12.1.1 1.77.
1 ft • 2 dif 62 « 1 2 65 • C 1 5'f 38*905 O . .3 D 12.07 1*91* •

<»0. .30387 .1391* .011*1. 751.1* 903.1. 39.517 6.33 11.81 510.
1*2. .32275 .1500 .0135 765.1* 926.8 1*0.088 6.32 11.61 525,

.31*133 .1603 .0127 779.2 91.9.9 1*0.621* 6. 30 11.1*6 5<*0,

kb. .35967 .1703 .0120 792.8 972.7 1*1.131 6.29 11.33 551*.

1*6. .3 77 82 .1802 .0111. 806.3 995.2 1.1.611 6.29 11.22 567.
50. .39579 .1899 .0108 819.7 1017.6 1.2.067 6.28 11.11* 580.
55. .1*1*015 .2136 .0097 852.8 1072.8 1.3.121 6.29 10.99 611.
60. .1*8388 .2366 .0088 885.6 1127.5 1.1.. 071. 6. 31 10.90 639.
65. .52716 .2593 . 0080 918.3 1181.9 1.I..91.3 6.35 10.86 666.
f u • • !> r U 1

U

• U 0 f * 'Jt> 1 • 1 i 9 7 fi 9 • f O k. 1o •
'in fl
i. U • 0 o 07U •

75. .61279 . 3036 . 0 069 981*.

1

1290.5 1.6. '.98 6.1.9 10.88 711*.

80. .65527 .3251* . 0061* 1017.1* 131.5.1 1.7.202 6.59 10.91* 736.
90. .73977 .3687 . 0 057 1085.1. 11.55.3 1.8.501 6.81 11. 12 776.

100. .82383 .1*115 . 0051 1155.6 1567.6 1.9.683 7.08 11.35 812.

110. .90757 .1*51*0 .001*6 1228.5 1682.3 50.773 7.37 11. 61 81.5.

120. .99107 .1*962 .001*2 1301..

3

1799.8 51.796 7.67 11.89 877.
li»0. 1.15760 .5802 . 0036 11*61*. 2 201*3. 0 53.669 8.23 12.<*2 936.
160. 1.32371 .6638 .0031 1631*.

2

2296.0 55.357 8.70 12.88 991.
180. 1.1*8953 .71*72 .0028 1812.

7

2557.5 56. 897 9.39 13.26 101*1..
9 n nc U U • 1 • 655 16 a 7 n 7 n rt 9 c

• u U C 7 c 0 c 7 • r
c; A 7 1 n

i. 0 • 9 O 1 U 7 *v •

220 . 1.82065 .9133 .0023 2189.2 3099.5 59.611. 9.66 13.80 111.3.

2'»0. 1.98605 .9962 .0021 2381..

5

3377.5 60.821. 9.85 13.99 1190.
260. 2.15136 1.0790 .0019 25 83.2 3658.9 61.951 10.00 11*. 11* 1235,
280. 2.31662 1.1618 .0018 2781*.

5

391.2.8 63.002 10. 11 11*. 21* 1280,

300. 2.1.8169 1.21*1*5 .0017 2987.7 1.228.6 63.987 10.19 11*. 32 1323.
350 . 2.891*53 1. 1*511 .0011. 3500 .6 1.91.7.9 66.206 10.30 11*. 1*3 11*26.

itOO. 3.30723 1.6576 .0013 1*017.3 5670.9 68.137 10.35 11*. 1.8 1523.
'•50

.

3.71985 1.861*0 .0011 1*535. 8 6395.7 69.81.1. 10.37 11*. 50 1611*.
50Q. 1*. 132 1*2 2.0703 .0010 5055.0 7121.2 71.371 10.39 11*. 52 1701.
550. 1. C #. 1. o c 2.2 767 . 0 009 5571* . 8 78 1.7 . 2 7 2 • 756 10 . 1.0 4 t. C 7m • 7 J 4 7 0 71 r 0 0 •

600. '.9571*6 2. '830 . 0 008 6095.6 8571.. 1. 71.. 018 10.1*2 11.. 55 1862.
650. 5.36991* 2.6892 . 0 008 6617.3 9302.3 75.180 10.1*5 11.. 57 1937.
700. 5. 7821*2 2.8955 . 0 007 71'«0 .6 10031.8 76.268 10 .1*8 11.. 30 2009.
750. 6.191*88 3.1018 . 0007 7665.9 10763.3 77.279 10.52 11.. 61* 2078.

800. 6.60731* 3.3080 .0006 8193.2 111.96.9 78.226 10.57 11*. 69 211*5.

850. 7.01979 3.511.3 . 0 006 8723.'. 12233.3 79. 118 10.63 11*. 75 2209.
900. 7.1*3221* 3.7205 .0006 9256.6 12972.8 79.963 10.70 11*. 62 2270.
950. 7.81*1*68 3.9267 . 0005 9793.3 13 715.6 80.765 10.77 11*. 90 2330.
1000. 8.25712 (*.1330 . 0005 10 333.8 11.1.62.3 81.530 10.86 11*. 98 2388.
1100. 9.08198 1*. 51*51* . 0 005 111*29.2 15970.2 82.956 11.01* 15.16 21*99.

120D. 9.90685 1*. 9578 . 0 001. 12^1*1.. 0 171.97.5 81.. 278 11.21* 15.36 2603.
1300. 10.73170 5.3703 . 0 00 1. 13679.6 1901*5. 5 85.516 11.1.5 15.58 2703.
11*00. 11. 55656 5.7827 .0001* 11*836.8 20615.1 86.686 11.68 15.80 2797.
1500 . 12.3811.5 6.1951 . 0003 16016.1 22206.8 87.799 11.91 16.03 2888.

1600. 13.2061*1 6.6076 . 0 00 3 17217.1 23820.3 88.833 12.11. 16.26 2975.
1700. 11*. 03155 7.0200 . 0003 181*1*2. 1 251.57.9 89.821 12. 38 16.51 3059.
1800 . 11*. 85713 7.'*32'^ . 0 00 3 19693.5 27122.1 90.771 12.66 16.79 311*0.

2000. 16.51165 8.2573 . 0003 222 ?7.0 30552.8 92.589 13.1.0 17.57 3290.
2200. 18.17829 9.0821 . 0002 25098. 7 31.187. 8 91.. 312 11*. 71 18. 97 31*22.
2i«00. 19.87583 9.9070 .0002 28269.2 38207.1 96.051. 17.05 21.52 3535.
2600. 21.63989 10.7318 . 0 002 32091.0 1.2910.9 97.931. 21.00 25.9 2 3633.
2800. 23.52951 11.5566 . 0 002 36981.9 1.871.6.6 100.099 27.16 32.91* 371*0.

3000. 25.63286 12.3815 . 0 002 1*31*97.1 56313.

6

102.715 36.31. 1.3.31 3853.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

.50 MPA ISOBAR

.HPERATURE DENSITY VCOH/OVJp V<OP/OUIy - V<OP/OV)^ I D V/ Oft^V THERMAL VISCOSITY THERMAL lELECTRir PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU H KJ/K6 MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X lfl2 X lo-* X 10^

13.968 77.2965 63i|.5 .25586 92.29'«1 . 01007 74.59 257.88 .00054 1. 25256 2.2082
l<t. 77.2625 639.9 .25557 93.1235 .00998 74.91 256.56 .00055 1. 25244 2.1862
15. 76.'»616 620. <« . 2«»6«»7 82. 7270 . 01118 83.62 225.71 .00057 1.24962 1.8716
16. 75.5862 623.1 .23'499 76.6271 .01182 89.65 200.85 .00058 1.24655 1.6502
17. 7I..6876 626.0 .22585 71.3910 . 0121*8 93.67 181. 04 .00058 1. 24340 1.5095
18. 73.7238 623.1 .21812 65. 8110 . 01331 96.50 164.50 .00057 1.24003 1.4138
19. 72.7116 617.0 .21153 60.3138 . 011*27 98. 16 150.63 .00055 1.23649 1.3513
20. 71.6'il2 607.7 .20563 51*. 821*2 .01539 99.63 138. 76 .00054 1.23276 1.3022
22. 69.2711 57 8.8 . 19535 U3. 7989 .01831* 102.25 119.14 .00 050 1. 22452 1.2373
2<i. 66.5013 537.8 .18538 32.9286 . 02278 102.02 103.11 .00045 1. 21494 1.2379
26. 63.1156 <«82.2 .17263 22.2621* . 03030 99.09 88.98 .00039 1. 20330 1.3120

27.116 60.7811 .16287 16.5588 .0 371*1* 96.11 81.33 . 00034 1.19531 1.4065
27.116 6.1386 207.3 .0687'! .321*0 . 09121* 2 7.63 16.10 .00086 1.01862 1.1024
28. 5.7006 221.3 . 06912 .3503 .07695 27. 33 16.44 .00101 1.01728 1.0239
30. (».9e66 250 .6 .06931 .3891 .05897 27.58 17.25 .00135 1. 01511 .9245
32. «».i»797 278.0 .06923 .1*133 .04901 28.47 13. 10 .00168 1. 01356 . 8661
3<>. <».0897 303.7 .06919 .1*300 . 01*21*7 29.51 18.96 .00201 1.01238 .8287
36. 3 . 7752 328.6 .06920 .1*1*22 .03778 30.64 19.81 .00235 1. 01142 .8025
38. 3. 5135 352.9 . 06912 . 1*515 . 03420 31 • 83 20 . 66 . 0 0 270 1. 01063 . 78 31
<»0. 3.290 9 376.9 . 06900 .1*588 .03134 33.06 21.49 .00306 1.00995 .7660
<i2. 3.098<> <»0 0.5 . 06888 .1*61*7 . 02900 34.30 22. 32 .00343 1. 00937 .7559
<><•. 2.9297 <«23.S .06B7(» .1*696 .02703 35.54 23.14 .00381 1.00835 .7458
<i6. 2.7803 <»(>6.9 .06861 .1*736 .02535 36. 79 23.95 .00421 1. 00 840 .7373

i»8. 2.6<t68 <»69.e .a68<»7 .1*769 . 02389 38.04 24.74 .00461 1. 00800 .7300
50. 2.5266 '»9 2.6 . 06832 .1*797 . 02261 39.28 25.53 .00502 1. 00763 .7239
55. 2.2719 549.5 .06789 .1*852 .02000 42.31 27.44 .00610 1.00686 .7127
60. 2.0666 606. i» .06737 .1*890 . 01797 45.24 29. 30 .00723 1.00624 . 7058
65. 1.8970 66i». 1 . 06672 .1*918 .01635 48.30 31.10 .00844 1. 00573 .6990
70. 1.75'»1 722.9 .06593 .1*939 . 01502 51 . 12 32. 84 . 0 0 967 1. 00529 . 6974
75. 1.6319 78 3.3 .06602 .1*951* .01389 53.93 34.54 .01093 1.00493 .6971
SO. 1.5261 8if5.<f .06399 .1*967 .01294 56.42 36.19 .01217 1.00461 .7013
90. 1.3518 976.0 . 0 61 6i» .1*981* .01139 62.92 39. 39 .015C7 1. 00408 .6953

100. 1.2138 111<*.<» .05917 .1*995 . 01018 68.86 42.44 .01300 1. 00366 .6994

110. 1.1018 126 0.5 .05671 .5002 .00921 76.70 44.62 .02158 1.00332 .6786
120. 1.0090 1<>12.<» .05<><f5 .5007 .00842 83. 26 47.65 .02499 1. 00 304 .660 3

1<»0. .863 9 1729.0 .05065 .5012 . 00718 96.40 53.05 .03235 1.00261 .6334
160. .7555 205(t.3 .0<»781 .5015 .00627 109.43 58.19 .04050 1. 00228 .6347
180. .6711. 2383.0 .O't570 .5016 .00556 122. 11 63.10 .04940 1.00202 .6650
200. .60<»2 2711.5 . 0 <»'tl(> .5016 .00500 134. 28 67.83 • 05901 1.00182 .6850
220. .5<>93 3038.5 .0'«296 .5016 . 00454 145.89 72.41 .06927 1. 00166 .6852
2<»0. .5035 3361.5 .0'«210 .5016 .00416 156.93 76.85 .08018 1. 00152 .6853
260. .<»6<>8 3630.2 .0<»1'»6 .5016 . 00384 167.45 81.17 .09174 1. 00140 .6853
280. .«»317 399«».l .0'»099 .5015 .00357 177.48 85.39 .10392 1.00130 .6352

300. .(>030 '«3S3.6 .0'«0 65 .5315 . 0D333 187. 09 89.50 . 11671 1. 00121 .6351
350. .31*55 5060.9 .0<«017 .5013 . 00285 209.57 99.42 .15130 1. 00104 .6347
400. .302<« 5832.8 .03996 .5012 . 00250 230.37 108.88 .18941 1.00091 .6644
(»50. .268 6 6536.2 .03987 .5011 .00222 250.00 117.96 .23090 1.00061 .6841
500. .2(»20 7270.8 .03978 .5010 .00200 268. 82 126.71 .27548 1.00073 .6643
550 • .220 0 800 <*• 6 . 0 3972 .5009 . 00182 287.08 135 . 19 .3232 6 1. 00066 .6843
600. .2017 87«»2.7 .0396<> .5009 . 00166 304. 96 143.41 .37408 1. 00061 .6642
650. .1862 9'»85.1 .03955 .5008 .00154 322.58 151.42 .42797 1.00056 .6840
700. .1729 10237.0 .039i»2 .5007 .00143 340. 06 159.23 . 48471 1.00052 .6839
750. .161<« 10997.5 .03926 .5007 . 00133 357. 45 166.87 . 54435 1. 00049 .6637

800. .1513 11769.5 .03908 .5007 . 00125 374. 82 174. 35 .60676 1. 00046 .6835
850. .l'»25 1255it.5 .03886 .5006 .00118 392.20 181.69 .67183 1.00043 .6834
900. .13<»5 13353.8 .03860 .5006 . 00111 409.63 188.89 . 73950 1.0D041 .6834
950. .1275 1<»1&8.3 .03833 .5006 . 00105 427.13 195.98 .80967 1. 00036 .6636

1000. .1211 l'>998.5 .03802 .5005 .00100 444. 72 202.95 .88228 1. 00036 . 6838
1100. .1101 16695.9 . 037i.n .5005 .00091 475.56 216.59 1.02536 1.00033 .6906
1200. .1009 18i»52.1 .03673 .50Q1* .00083 511.01 229.87 1.18626 1.00030 .6911
1300. .0932 20266.7 .0360<« .5001* . 00077 546.93 242.83 1. 35646 1.00028 .6916
1(»00. .0865 22138. i» .03535 .5001* . 00071 583.32 255.50 1.53585 1.00026 .6921
1500. .0808 2(»066.8 . 03<»66 .5001* . 00 067 620. 30 267.90 1.72445 1. 00024 .6925

1600. .0757 260'>0.8 .031*00 .5003 .00062 657. 77 280.05 1.92269 1.00023 .6925
1700. .0 713 28087.9 .03333 .500 3 . 00059 696. 78 291.97 2. 13154 1. 000 21 . 6919
1800. .0673 302<»2.7 .03260 .5003 .00056 738.77 303.67 2.35300 1. 00020 .6903
2000. .0606 351i»8.i» . 03079 .5001 . 00050 842.45 326.45 2.84995 1.00018 .63G9
2200. .0550 <fl699.<> .02808 .1*996 .00045 1004.56 345.01 3.46565 1. 00017 .6515
2<>00. .0503 511*92.

8

.02'f29 .1*981* .00042 1285.48 366.63 4. 27367 1. 00015 .6133
26DD. .0'»62 66853.3 .01982 .1*959 . 00039 1772.03 388.25 5.32506 1. 00 014 .5680
2800. .0<>25 90600.8 .015'»7 .1*912 . 00036 2569. 10 410. 36 6. 6D647 1. 00013 .5261
3000. .0390 125516.5 .01185 .1*830 .00035 3780.36 433.60 8.05466 1.00012 .4967

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITS)

.55 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY Ctf C» VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 13.985 .01293 1. 1972 . 9296 218. <* 225. 5 11*. 094 4.70 6.39 1276.
Ik. .0129i» 1.2128 .9295 218.5 225.7 11*. 103 4. 70 6.37 1282.
15. .01307 1.0870 .9261. 225.1 232.3 14.560 4.91 6.93 1239.
16. .01322 1.0 269 .9080 232.1 239.1* 15.017 5.10 7,34 1216.
17. .01338 . 9613 .8923 239 .6 21*7.0 15.1*78 5.28 7.80 1192.
18. .01355 . 8977 .8775 21*7.6 255. 0 15.938 5. 44 8.28 1168.
19. .0137it .83if7 . 8 623 256.0 263.6 16.1*00 5.59 8.79 1145.
20. . 01395 .770'f .81*52 261*. 9 272.6 16.861* 5.72 9.33 1121.
22. .ai'*l*2 .6376 . 8052 281*. 6 292.5 17. 811* 5. 94 10. 59 1066.
21*. .015 01 .5022 .7523 306.9 315.2 18.300 6. 08 12.18 1003.
26. .01581 .3597 .6780 333.0 31*1.7 19.858 6.19 14.49 918.

• 27.636 .016 7lf .2'»27 .5967 358.6 367. 8 20. 331 6.30 17.66 825.
• 27.636 . l'»71'f . 0 500 . 0 331 &'«l*. 6 725.5 33. 781 7.07 20.19 378.

28. .15228 .05i>0 .0317 61*8.9 732. 7 31*. 039 6.98 19.07 384.
30. . 17696 .0725 . i 26<* 669.7 767 . 0 35. 223 6.72 15.74 412.
32. .19860 .0878 . 0 230 687.5 796. 8 36.1 85 6.58 14.21 435.
31*. . 21862 .1013 . 0 206 701*.

0

821*. 2 37. 018 6.49 13. 30 456.
36. .23763 .1138 . 0188 719.5 850.2 37. 761 6.42 12.71 475.
38. .25595 .1256 .0173 731*. 1* 875. 2 38.1*37 6.38 12.30 492.
1*0. .27375 .1368 .0161 71*8.9 899.5 39.060 6.35 12.00 509.
1*2

,

.29117 .ll»76 . 0 150 763. 1 923. 3 39,639 6. 33 11.77 524.
ki*. .30828 .1581 . Q 11*1 777. 1 91*6.6 40.182 6.31 11.59 539.
i*b. .32515 .168<t .0133 790. 8 969. 7 40 ,694 6.30 11. 1*5 553.

1*6 . .3'«181 .178'* .0127 801*. 1* 992.1* 41.178 6.30 11.33 567.
50. . 35829 .1 883 .0120 817.9 1015.0 41.639 6.29 11.23 580.
55. .39892 .2123 .0107 851.2 1070.6 42.701 6.30 11.06 610

.

60. .<»3891 .2356 .0097 881*.

2

1125.6 43, 658 6. 32 10.95 639.
65. ,i*7i'*i* .258l» .0089 917.1 1180.2 44.531 6.36 10.90 666.
70. .51763 .2809 .0082 950.0 1231*. 7 45. 339 6.41 10.89 691.
75. .55657 .3031 .0076 983.1 1289.2 46.091 6.49 10.91 714.
80. .59530 .3250 .0071 1016.5 13«*3.9 46.797 6,58 10.96 736.
90. .67230 .3685 .0063 1081*. 6 11*51*. 1* 48. 099 6. 31 11.14 776.

100. . 7i»e86 .'(ll't .3056 11 51*. 9 1566.8 49.283 7.08 11 ,36 812.

110. . 8 25 0 9 .'«5'tO .0 051 1227,9 1681.

7

50. 3 75 7.38 11.63 846 .

120. .90110 .i»96i» . 0 01*6 1303.7 1799.3 51. 398 7. 67 11.90 877.
Ihi. 1.05263 .5805 .001*0 l'*63. 7 201*2. 7 53.273 8.23 12. 42 936.
160

.

1. 20373 .66't2 .0035 1633.8 2295.8 54.962 8. 70 12.88 991.
180. 1. 35<t55 .71*76 . 0031 1812. 1* 2557.1* 56.502 9.09 13. 26 1044.
200 . 1.50518 .8308 . 0 028 1997.9 2825.7 57.915 9.41 13.56 1094.
220. 1.65568 .9139 . 0 025 2188.9 3099.5 59.220 9. 66 13.81 1143.
2i»0. 1.80607 .9968 . 0023 2381*. 3 3377.6 60.430 9.85 14.00 1190.
260. 1.95639 1.0797 . 0021 2583.0 3659.1 61.557 10.00 14.14 1236.
280. 2.10665 1.1625 .0020 2781*.

3

391*3.0 62.609 10.11 14.25 1280 .

300. 2.2567<t 1.2<»52 .0018 2987.6 1*228. 8 63.594 10.19 14.32 1323.
350. 2.63208 l.ifSie .0016 3500.5 1*91*8.1 65.312 10.30 14.43 1426.
itOO. 3.00729 1.658'f .0011* 1*017. 2 5671.2 67. 744 10.35 14.48 1523.
•SO. 3.382«»2 1.86'»8 .0012 1*535.7 6396.0 69.450 10.37 14.50 1615.
500. 3.757<»9 2.0712 .0011 5051*.

9

7121.5 70 . 978 10. 39 14.52 1701.
550 . 1*. 13253 2. 2 775 . 0010 5571*. 7 781*7. 6 72. 363 10 .40 14 . 53 1783 .

600. <*. 50755 2.'»838 . 0009 6095.6 8571*. 7 73.625 10.42 14.55 1862.
650. '.8825I* 2.6901 . 0008 6617.

3

9302.7 74.787 10.45 14.57 1937.
7G0. 5.25753 2.896<» . 0 008 711*0.6 10032.2 75.875 10.48 14.60 2009.
750. 5.63250 3.1326 . 0007 7665.9 10763.7 76.886 10.52 14.64 2078.

800 . 6. 007(»6 3.3089 . 0 007 8193.

2

111*97. 3 77.833 10.57 14.69 2145 .

850. 6.3a2<.2 3.5151 . 0006 8723.1* 12233.7 78.725 10.63 14.75 2209.
900. 6.75737 3.721'* .0006 9256.6 12973.2 79.569 10.70 14. 82 2271.
950. 7.13232 3,9276 . 0 00 6 9793.

3

13716.1 80 .372 10.77 14.90 2330.
1000. 7.50727 If. 1338 . 0 006 10333.

7

11*1*62. 7 81.137 10. 86 14.98 2388.
1100. 8.25715 51*63 .0005 111*29.2 15970.6 82.563 11.04 15.16 2499.
1200. 9.00703 i».9587 . 0 005 1251.1*.

0

171*97.9 83.885 11.24 15.36 2604.
1 300. 9.75690 5.3712 . 0 00 <« 13679.6 1901*5.9 85.123 11.45 15. 58 2703.
1(»00. 10.50677 5.7836 . 0 001* 11*836.8 20615.5 86.293 11.66 15.80 2798.
1500. 11.25667 6.1960 . 0 001* 16016.1 22207.2 87.405 11.91 16.03 2688.

1600. 12.00663 6.6085 .0003 17217.0 23820.7 88.440 12.14 16.26 2976.
1700. 12. 756 75 7.0209 . 3003 181*1*1. 8 251.58.0 89.428 12.38 16.51 3060.
1800 . 13.50724 7.1*333 .0003 19692.7 27121.7 90.378 12.65 16.79 3140.
2000. 15.01115 8.2582 . 0003 22293.3 3051*9.1* 92.194 13.38 17.55 3290.
2200. 16.52556 9.0830 .0003 25085.9 31*175.0 93.913 14.64 18,89 3423.
2i»00. 18.06676 9.9079 . 0 002 28233.1 38169.9 95.644 16.88 21,34 3538.
2600, 19.66561 10. 7327 . 0002 32QCl*.l 1*2820.2 97.503 20.66 25,55 3641.
2800. 21.37332 11.5575 . 3002 36797.0 1*8552.3 99.629 26.56 32,25 3743.
3000. 23.26633 12.3821* .0002 1*311*1.3 55937.8 102.182 35.05 42.15 3855.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (IS03ARS, SI UNITS)

.55 HPA ISOBAR

MPERATURE DENSITY tf tDH/Dtfl„ V(DP/DU),, - V(DP/DV)t (OV/OTVV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
r V 1 P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KJ/K G MPA 1 /K H/K* M KG /M* S CO U / Li D

X 10^ X 10^ X 10^

13. 985 7 7

•

32h8 636. 2 • 255 79 92.5 755 . 01004 7** . 60 258 . 19 • 0 0 05 5 1 • 25266 2* 2050
1<>. 6lt2 . 7 • 2556'* 9 3. 7544 . 00 991 7*» • 95 25 7. .0 0 055 1. 25259 2*1890
15. 7 6 • 5 060 622. 0 . 2'»685 8 3. 16 0

1

• 0 1 114 63.68 226 . 't9 .00057 1 . 24978 1*8753
16. 75« 65'f9 628.1 • 2 3 5 7 7 7.6879 • 01169 89.76 201. 83 « 0 C 0 S 8 !• 24679 1*6508
17. 7km 7391 62 7 • 8 • 22617 71. 820 6 • 0 1242 93. 77 181*65 • 00 0 5 8 !• 24358 1*5111
4lo . r S • f f y o 625.0 • 21843 66.2301 • 0 1 3 25 96 . 61 165 . 06 .00057 1 • 240 22 1*4148
19. 72« 7 71

3

61 9*2 • 21 1 8 3 60 . 7395 . 01420 OA 9Q 151 • 1 . 00 0 55 1 • 236 70 1*3517
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN <ISOBARS, SI UNITS!

.60 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/K6 CU M- MP A/ KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• i<>.aoi .01293 1.2078 .9302 216.4 226.2 14.096 4.70 6.38 1280.
15. .01306 1.0920 .9281 225.0 232. 8 14.553 4.90 6.92 1242.
16. .01321 1.0321 .9095 232.0 239.9 15.010 5.10 7.33 1219.
17. .01337 .9660 .8938 239. 5 247.5 15.469 5.28 7.79 1194.
18. .0135i> .90 27 .8790 247.4 255.5 15.929 5.44 8.27 1171.
19. .01373 .8398 .8638 255.8 264.1 16.390 5.59 8.77 1148.
20. .01393 . 7755 . 8468 264. 7 273. 1 16. 854 5. 72 9.31 1123.
22. .6<>28 .8069 284.3 292.9 17.8 01 5.93 10 . 56 1069.
2<». .ai'>99 .5082 .7545 306.5 315.5 18.783 6.08 12.12 1007.
26. . 0 15 77 .3665 .6813 332.4 341.9 19.835 6.19 14.38 923.
28. .0169<> .2216 .5810 364.

1

374.2 21.0 31 6.32 18.56 807.

• 28.123 . Ol7i](> .2190 .5735 366.3 376.6 21.114 6.34 18.60 802.
• 28.123 .13376 .01*72 .0369 642.7 722.9 33.437 7.13 21.64 378.

30. .156 99 .0666 . 0 302 664.2 758.4 34.660 6.81 16.93 407.
32. .17792 .0831 .0260 683.2 790.0 35.679 6.64 14.33 431.
31*. .19695 .0971. .0231 700.4 818.5 36.546 6.53 13.74 453.
36. .21<»86 .ItOk .0209 716.4 845.3 37.310 6.45 13.03 472.
38. •2 32 02 .1226 .0192 731.6 870.8 38.001 6.40 12.55 490.
40. .2<»86i» .13<»2 .0178 746.4 895.6 38.635 6. 36 12.20 507.
kZ. .26<>85 .11*53 .0166 760.8 919.7 39.223 6.34 11.93 523.
hi*. .2807i» .1560 .0156 774.9 943. 3 39.773 6.32 11.73 538.
i»6. .29637 .1665 .0147 788.8 966.6 40.291 6.31 11.56 552.
l»8. .31179 .1767 .0139 802.5 989.6 40.780 6.30 11.43 566.

50. .3270«» .1867 .0132 816.1 1012.4 41.245 6.30 11.32 579.
55. .36<>56 .2110 .0118 849.7 1068.4 42.314 6.30 11.13 610.
60 . .I»01't3 .2346 .0107 882.9 1123.7 43.2 77 6.32 11.01 639.
65. .<»378<t .2576 .0097 915.9 1178.6 44. 154 6.36 10.94 666.
70. .'»7391 .2802 . 0 090 948 . 9 1233.3 44.965 6. 42 10.93 691.
75. .50972 .3025 .0083 982.1 1287.9 45.719 6.49 10.94 714.
80. .5«»533 .3246 .0073 1015.6 1342.8 46.427 6.58 10.99 736.
90. .61608 .3682 .0068 10 83.

8

1453.4 47.731 6. 82 11.16 776.
100. .68639 .4113 .0061 1154.2 1566.1 48.917 7.08 11.38 813.
110. .75637 .4541 .0055 1227.3 1681.1 50. 010 7.38 11.64 846.

120. .8 2612 .4965 .0051 1303.2 1798.8 51.035 7.67 11.91 878.
.96515 .5808 .0043 1463.2 2042.3 52.911 8.23 12.43 937,

160. 1.10375 .6646 .0038 1633.4 2295.7 54.600 8.70 12.69 992.
180. 1.2'»207 .7481 .0034 1812.0 2557.3 56.141 9.10 13.26 1044.
200 . 1 . 380 20 • 8 314 .0 030 1997.6 2825.7 57.555 9.41 13 .57 1095.
220. 1.51820 .9145 .0027 2188.7 3099.6 58.860 9.66 13.61 1143.
2<»0. 1.65609 .9975 .0025 2384.1 3377.7 60.070 9.85 14.00 1190.
260. 1.79391 1.0804 . 0023 2582.8 3659.2 61.197 10.00 14. 14 1236.
280. 1.93167 1.1632 .0021 2784.1 3943.1 62.249 10.11 14.25 1280.
3 00. 2.06928 1.2459 .0020 2987.4 4229.0 63.234 10.19 14.32 1 324.

350. 2.i>1338 1.4526 .0017 3500.4 4948.4 65.453 10.30 14.44 1427.
<»00. 2.7573if 1.6592 .0015 4017.1 5671.5 67.384 10.35 14.48 1523.
>50. 3.10122 1.8656 .0013 4535.6 6396.3 69.091 10.37 14.50 1615.
500. 3.(»i»506 2.0720 .0012 5054.8 7121.9 70.619 10. 39 14.52 1701.
550 . 3. 78885 2.2783 .0 011 5574.

7

7848.

0

72.0 0 4 10.40 14 . 53 1784 .

600. '1.132 62 2.4847 .0010 6095.5 8575.1 73.266 10.42 14.55 1662.
650. l».<«7637 2.6909 .0009 6617.2 9303.1 74.428 10.45 14.57 1937.
700. i«.S 2011 2.8972 .0009 7140.6 10032.6 75.516 10.48 14.60 2009.
750. 5.1638't 3.1035 .3008 7665.8 10764.1 76.527 10.52 14. 64 2079.
800. 5.50756 3.3097 .0008 8193.2 11497.7 77.474 10.57 14.69 2145.

850. 5.85128 3.5160 .0007 8723.3 12234.1 78.366 10.63 14.75 2209.
900. 6.19«t99 3.7222 .0007 9256.6 12973.6 79.211 10.70 14.82 2271.
950. 6.53869 3.9285 .0 006 9793.3 13716.5 80.013 10.77 14.90 2331.

1000. 6.88239 4.1347 . 0 006 10333.7 14463.2 80.773 10.86 14.98 2389.
1100. 7.56979 4.5472 . 0005 11429.2 15971.0 82.204 11.04 15.16 2499.
1200. 8.25718 4.9596 .0005 12544.0 17498.3 83.526 11.24 15.36 2604.
1300. 8.9<«I«56 5.3721 .0005 13679.6 19046.

3

84.764 11.45 15.58 2703.
li>00. 9.63195 5.7845 . 0004 14836.8 20615.9 35.934 11.68 15.60 2798.
1500. 10.31935 6.1969 .0004 16016.0 22207.6 87.047 11.91 16. D3 2888.
1600. 11.00661 6.6094 .0004 17216.9 23821.0 88.081 12.14 16.26 2976.

1700. 11.69'»'*1 7.0218 .0034 18441.5 25458.1 89.069 12.38 16.51 3060.
1800. 12 . 3823<t 7.4342 .C003 19692.0 27121.4 90.018 12.65 16.78 3141.
2000. 13.760 76 8.2591 . 0 003 22290.0 30546.5 91.833 13. 36 17.52 3291.
2200. IS.li^Sf^O 9.0339 . 0003 25074.8 34163.8 93.548 14.58 18.63 3424.
2i»00. 16.56955 9.9088 .0003 28201.7 38137.4 95.273 16.74 21. 19 3540.
2600. 18.02131 10.7336 . 0002 31928.3 42741.1 97.111 20.37 25.23 3644.
2800. 19.57860 11.5564 .0002 36635.

7

48382.9 99.204 26.03 31.65 3746.
3000. 21.29856 12.3833 .0002 42830.8 55610.

0

101.702 34.18 41.14 3857.
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TABLE 8

THERMOOYNflMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS

>

.60 MPA ISOBAR

TEMPERATURE DENSITY V ( DH/DI/>p V(OP/OUJy - (DV/DT)|/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CJ M/KJ MPA 1/K W/K-H KG/M-S SQ M/HR
X 102 X 10^ X 10'

* 1<>.001 77.3529 6i»0.& .25573 93.i.2'.3 . 00996 75.01 258. 50 .00055 1. 25276 2.1983
15. 76.550<« 623.6 .2«t723 83.5919 .01110 83.73 227.26 .00057 1. 21.991. 1.8790
16. 75.7022 630.0 .23579 78.131.9 .01161. 89. 83 202.51 .00058 1.21.696 1. 6530
17. 71*. 7902 629.7 . 226I.9 72.21.85 .01237 93. 86 182. 26 .00058 1.21.376 1.512 7

18. 73.83't5 627.0 .21873 66.61.72 .01319 96. 73 165.61 . 0C057 1. 21.01.1 1.1.158
19. 72.8306 621.3 .21212 61.1633 .011.12 98.1.1 151.65 .00055 1. 23691 1. 3521
20. 71.7697 612.1 .20621 55.6607 .01521 99.92 139.71 . 00051. 1.23321 1.3020
22. 69.'»268 583.9 .19588 '.'..6299 . 01806 102.62 120.02 .00050 1. 225Q6 1.231.6

66. 7023 .7 • 18601 33. 8976 .0 2226 10 2.50 10 3.99 . 30 01.6 1. 21563 1.2299
26. 63.3921 t*9a.i* .17372 23.2325 . 02933 99. 71. 89. 93 .00039 1.201.21. 1.2967
28. 59.0308 '•17.9 . 15561. 13.0801 . ai*i*i*Z 93.92 76 .36 .00031 1.18935 1.5092

• 28.123 58.6975 <»16.7 .151.22 12.8519 .01.1.62 93. 1.2 75.1.8 .00031 1. 18821 1.5021.
28.123 7. '•761 207.0 .06917 .3528 .101.51. 30.27 17.01 .00067 1. 02271 1.2163
30. 6.3700 238.0 . 0696'. .1.21.5 . 07115 29.16 17.61. .00097 1.01933 1.0231
32. 5.6207 267.1* .06962 .1.671 .05565 29.63 18.1.1 .00126 1.01701. .921.6
31*. 5.0773 29i«.i« .06966 . 1.91.6 . 01.667 30. 1.1. 19.22 .00157 1. 01538 . 8679
36. <».65<«2 320 .2 .06972 .511.0 .01.069 31.1.1. 20.05 .00187 1.011.09 .8309
38. If. 3100 31.5.3 .06966 .5285 . 03633 32.53 20.67 . 0C217 1. 01305 .801.9
<»0. <».0220 370.0 • 0 69 5 3 .5397 .03297 33. 69 21.69 .0021.7 1. 01217 .7853
1*2. 3.7758 39l».2 .06938 .51.86 .03026 31.. 86 22.51 .00279 1.0111.2 .7701
1*1*. 3.5621 <fl8.0 .06922 .5558 . 02806 36. 06 23.31 .00311 1.01077 .7577
kb. 3.3 7<»Z '»ltl.6 .06906 • 5617 . 02619 37.30 21.. 11 . 0C31.1. 1.010 20 . 71.71.

1*6. 3.2072 <»6l».9 .G6889 .5667 .021.56 38.52 21.. 90 .00378 1.00970 .7388

50. 3.0577 i>8 6.1 .06872 .5708 . 02319 39. 73 25.67 .001.1 3 1.00921. .7315
55. 2.7*»30 5i»5.8 .06821. .5788 .02036 1.2.71 27.57 . 00501. 1.00829 .7183
60. 2.<»911 603.3 .06768 .581.3 . 01821. 1.5.61 29.1.2 .00599 1. 00753 .7100
65. 2.2839 661.5 .06701 .5863 . 01655 1.6.63 31 . 21 .00700 1.00690 .7023
70. 2.1101 720.7 .06620 .5913 .01516 51.1.3 32.91. .00803 1.00637 .6999
75. 1 . 961 6 781

.

.06526 . 5935 . 011.0

1

51.. 20 31.. 63 . 0 D 90 9 1 . OC 592 .6993
80. 1.8338 8if3.B .061.21 .5953 .01303 56.68 36.28 . 01012 1. 0Q551. . 7036
90. 1.6232 97l».8 . 06183 .5977 .0111.1. 63. 16 39.1.6 .01256 1.001.90 .6970

100. l.<»569 1113.6 .05933 .5993 .01022 69.08 1.2.51 .01500 1. 001.1*0 .7002
110. 1.3221 1260.1 .05681. .6003 . 00921. 76. 81 ...85 .01797 1.00399 .6795

120. 1.2105 li»12.2 .051.57 .6010 .0081.3 63.35 1.7.67 . 02082 1. 00365 .6810
1<>0. 1.0361 1729.2 . 05071. .6016 . 00719 96.1.7 53.07 .02696 1.00313 .6839
160. .9060 205i».9 .01.786 .6022 .00627 109.1.9 58.20 .03376 1.00273 .6850
180. .8051 Z38i*.0 .01.5 76 .6023 .00556 122.16 63.11 .01.118 1. 00 21*3 .6853
200. .7245 2712.8 .D<.'.20 .6021. . 00500 13'.. 32 67.81* .31.919 1.00218 .6652
220 . . 6587 30<»0 .

1

. 01.301 . 6021. . 001.51. 11.5. 92 72 . 1.2 . 05 775 1 . 00199 .685*.
2i«0. .6036 3363.3 . 01.21'. .6023 .001.16 156.96 76.86 .06686 1.00162 .6851*

260. .5571* 3682.1 .01.150 .6022 . 00 381. 167.1.8 61.18 .0761.9 1.00168 .6851.
280. .5177 3996.2 . 01.103 .6022 .00357 177.51 85.39 .36661. 1.00156 .6851*

300. .'>833 if30 5.9 .01.068 .6021 . 00333 187. 12 89.51 .09731 1. 0011.6 .6652

350. .'fl'f't 5063.3 .01.020 .6019 .00285 209.59 99.1.2 .12615 1.03125 .661*6

i^OO. .3627 5805. <t .03998 .6017 . 0021.9 230. 39 108.88 .15792 1. 00109 .661*1*

<»50. .3225 6539.0 .03989 .6016 .00222 250.02 117,96 .19250 1.00097 .681*2
500. .2903 7273.6 .03980 .6011. . 0Q200 268. 83 126.72 .22966 1.00087 .681*3

550. .2639 8007.5 .03971. .6013 .00181 287. 09 135.19 .2591.8 1.00080 .661*3

600 . . 2*12 0 87if 5 .6 . 0 3966 .6012 . 00 166 301.. 97 11.3. 1.2 .31181. 1.00073 . 661*2

650. .223'» 9i»88.a . 03956 .6011 . 00151. 322. 59 151.1.2 . 35675 1.00067 .661.0

700. .2075 10239.9 .0391.3 .6011 . 0011.3 31.0. 07 159.21. .1.01.05 1. 00063 .6839
750. .1937 11000.5 . 03926 .6010 . 00133 357.1.6 166.87 .1.5375 1.00058 .6837
800. .1816 11772.6 .03909 .6009 .00125 371.. 83 171.. 35 .50577 1. 00055 .6635

850. .1709 12557.6 .03887 .6009 . 00 117 392. 21 181 .69 .56000 1.00051 .6831.
900. .161 <« 13356.9 .03861 .6006 . 00111 1.09. 61. 188.90 .61639 1. 0001*9 .6831.

950. .1529 l'»171.i» .03833 .6008 .00105 1.27.11. 195.98 .671.88 1.0001.6 .6836
1000. .l'»53 15001.7 .03803 .6008 .00100 1.1.1.. 72 202.95 .73539 1. 03 0 1.1. .6838
1100. .1 321 16699.1 . 0371.0 .6007 . 00091 1.75.56 216. 59 . 851.63 1. 00 01.0 .6906
1200 . .1211 18i»55.i» .03671. .6006 .00083 511.01 229.87 .98872 1. 00036 .6911
1300. .1118 20269.9 .03605 .6006 . 00077 51.6.92 21.2.83 1.13057 1. 00 031. .6916
1<»00. .1038 221'»1.3 .03535 .6006 .00071 583.31 255.50 1.28006 1. 00 0 31 .6921
1500 . .0969 2'»0&8.9 .031.67 .6005 . 00067 620. 2'. 267. 9C 1.1.3720 1. 00329 .6925
1600. .0909 260i»a. 3 .031.01 .6005 .00062 657.61 280.05 1.60232 1. 00027 .6926

1700. .0855 28081.2 .03335 .6001. .00059 696. 36 291.97 1.77613 1.00026 .6921
1800 . .0808 30222.7 .03261. .6001. . 00056 737. 85 303.67 1.96015 1 . 00 0 21. .6906
2000 . .0727 35055.2 .03090 . 6002 .00050 638.71 326.1.5 2. 37121 1. 00022 .6820
2200. .0660 'fl397.5 .02833 .5997 .0001.5 992. 86 31.1.. 99 2.87579 1. 00020 .651.2

2<»00. . 0 60<« 50706.3 . 021.73 . 598'. . 0001.2 1255.1.1. 366 .59 3.53275 1. 00018 .6186
2600. .0555 65109.8 .0201.1 .5956 .03039 1705.97 388.13 1.. 36721. 1. 03 0 17 .571.0

2800 . .0511 87207.1 .01612 .590 1. .03 036 21.1.1.16 1.10.10 5.1.3565 1. 00015 .5318
3000. .0if7C 119609.2 .0121.6 .5811. . 00031. 3558.1.2 1.33.10 6.63130 1 . 00011. .5038
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN <ISOBARS» SI UNITS)

.65 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY Ctf CP VELOCITY
nrp Tu A T T i/rUC^XVH 1 XVC npp T WATT UP Ur dUUNU

V n r* A / ^ KJ/KG KJ/KG*K KJ / KG"K M/S

« 11* n 1 ft 4 9 4 4 1X « C X X X 07 ft 7. 7 0 U r
94 A CCl 0 . 9 9 9 C QC c b . 7 11m no? H. 70 C 7 Ab • J 0 1 281 •

I 1 _ fi Q 7n . 7 C 7O 99L. Qc t *T . 7 97 7 L.£ 0 O • H 1 H . 5 HD Ia. onH • 7U A. Q 9b . 9 £ XZh^ •

16* A 4 1 9 n 1.0 37*» .9110 231.9 2'»0 .4 15.002 5.0 9 7.32 1 ZZXm
• U 1 O OD 071 1• 7 r X X A Qt; 7• 0 79 0 9 7Q 7£ 0 7 . 0 9ii.A nCHO* U 1. 7 . H c 979 . £ r

7 7 A 1 1 Q7X 1? r «

1 A • U X o ?o Q n 7 ft.t 7 U f D A A n. 0 0 U 9 9l»7 7 9c:& n£9D • U 5 . HH A 9 C0 . £ b 4 4 7i»X X r H«
4 a19 • • 0 13 72 • 8*»'»9 A CC

T

. 0 b90 255. 6 Zh^ . 6 16.383 5.59 8.76 1 15 1 .

CM • • U 1 0 7 £ 7 A n A. ( 0 U D Alk Alk tOH . 9 977 A£ r 0 « b ID . 0 *. J c 799 . f £ Q 9 07 • C 7 1126.
CC • n 4 fi 7 Q• umo 7 • D H O U A n A A. 0 u 0 0 9 Afk n£ OH . U 9 07 <£ 7O . H IT 7 Aft C Q 79.70 4 0 C 7X U • 9 0 4 n 79X U r £ •

.01<»97 .51<*1 . 7567 306.2 315.9 18.767 6.08 12.07 1010.
26. .0157"* .37i»6 .681.7 331.8 31.2.1 19.812 6.19 11.. 25 929.
9ft ft 4 A A A• U lO oO 9 9 Q 1• c C 7 1 R A & 9. 9 0 0 c 7fc 7 100 0 . X 77(« 40 f H. 1 9 n 0 Q f>£ U . 7 7H £. 7 9b . Oc 16 • 28 8 l^t •

» 9 a . e R 7C O • 7 O J • 0 1 7 3*» .18 92 . 5 51

1

7 71* ft 385. 3 Pi 7 on£ X . 0 7U 6.37 9n 1 A£ u • X 0 771*f r H •

C 0 • 7 o o 1 ?? 9 1• X Cc £ X • 0 ''f 3 n ikft Q• U H U 7 A£&n ^0 HU . 9 7 1 Q Qf X 7 • 7 7 7 1 nc;0 0 . X u 9 7 9n 97 79£ 0 • 0 £ 7 7 A0 r 0 .

J u • « 1 39 72 « 0 60 If .03 658 » 3 7'»9. 1 3*». 1 03 6. 91 18. 1*6 W^Z •

<>£ • • XDU C

9

• 0 78 3 ft 9Q9• M CjC (i7 A 70 f 0 • # 7 A 9 Q
r 0 £ . 7 7c; 4 0 709 . 1 "a 0 A. 74D « r X 4 c; c £X9 . 00 /*.9 AH£ 0 .

4 7A C 1
. 0 9 3^ rt 9 C "7

• U c 9 f 696 .

6

A 4 9 70 1 £ . r 36. 097 £. C 7b . 9 * 1 'f « 2 3 H 9 U •

36* • 1955'» .10 70 .02 32 74 7 4
f 1 0. 1 6 'f 0 . 2 36 . 885 6 . ^7 13.37 't70 .

7 Ao o • u £ X 1 1 H 1 1 QA• X X 7 D ft 9 1 9. U C X c 79ft 7r CO • f 0 bo . H 77 C Q9Of . 9 7£ C. f. 9b . H£ 49 ft 4l£ • 0

1

f> AOHO7 .

itO. .22736 .1315 .0196 71.3.8 691.6 38.2 38 6.38 12. (iO 506.
1*2. .2'.256 .1429 • 0162 758.1. 916.1 38.835 6.35 12.10 522.

•
9 CT i. 9 .19 07 .0171 7 7 9 T( f c* f 9'>0 • 0 39 .393 6. 11.87 C 7790 r .

• 2 72 0 2 • 1 b^f6 . il 161 786 . 6 963.6 39.9 16 6.32 11.69 551

.

d • • 2 SB'tO • 1 7*»9 * 0 152 800.6 966. 8 6.31 11 • 5*f 565 .

9 0 « • 3 0 0 60 • 1 951 • 0 1h5 8 1 H • H 10 0 9.7 H 0 • 6 79 6.31 1 1 • h1 c 7a

55 • • 335'f9 . 20 97 .0129 8'*8.

1

1 066.

2

• 956 6.31 11.20 610 •

b U •
7 ca 79

. c 0 o9 .01 16 861.5 1 1 21 • 8 2 . 9 2** 6.33 11.06 C7 0DO 9 .

65 • • '(03 50 « 2 568 .0106 91'*. 7 1 1 76.

9

^3 •805 6 . 36 10.99 666 .

70 • • *»3692 • 2796 • 0 097 9'»7 • 8 1231.

6

''•619 6 . (»2 10.96 691

.

75. .if/oog .3020 . 0090 981.1 1286.6 if 5. 3 76 6.50 10.98 71<*.

80. .50305 .32*»2 .006^ lOltf.7 13i»l. 6 '»6.065 6.59 11.02 736.
90 • • 5 66 5

1

• 3680 .0 07'* 1083.0 l'»52 . 5 '7» 392 6.82 11.17 777.
1 0 0 • • '113 . 0 066 4 1 C7 C1190.9 4 CCC 71 9b9 •

0

H 0 • 9 0 J 7 no
r • U 7 4 4 7Q11.0? A 4 7010.

110* • 698 22 . 5'»1 • 0 0 60 1226 .

7

16 80.5 * 9 • 6 7'* 7 "7ft
r . Oo 11.65 A I. 7OH / •

1 CM •
7C9 CA

• r D£ DO Zi. Q A 7 n n c;
. u u 9 9 1 70 9 AX OU c . 0 X f 7 0 . H c n 7 n n9 U • r u u 7 fi7 11 9 9XX . 7£ A7 A0 r 0 .

1 'tO • A 04 4 7• 0 71 10 C ft 4 4
• 9 0 XI n ftt.7 4 t* A9 A1 HO£ . 0 2 0 ^2 .

0

K9 C 7A9c . 9 f 0 A 9 70. £0 4 9 fill.1£ . HH Q777O f «

1 60 • 1*0 19 15 •6651 • 0 O'l 1 16 33.0 2295 •

5

B't • 2 68 6.71 12 .89 992 •
'1 ft n1 o u • 1*1 If69 0 . 7 86 « 0 0 36 1811.7 2557.

2

55.809 9.10 4 7 9 71 0 . £ f
1 n fa RL U H9 •

7 n nc u u • 4 9 7li 1. K A 7 1 Q
• 0 ox 7 .0033 4 a 07 71 7 7r .0 9 A 9C 7coco % f

c 7 9979 r . £ £ 0 Q l» 47. HX 1 7 t;7X 0 . 9 r X U 79 .

220. 1.1.0187 .9151 .0030 2188.1. 3099.6 58.529 9.66 13.81 1141*.
2'tO. 1.52919 .9981 . 0027 2383.8 3377.8 59.739 9.85 l^f .00 1191.
260 . 1 • 656'»3 1.0310 . 0 025 25 82 . 6 3659.3 60 . 666 10.30 l^f . 1 ^ 1237 •

2 8 0. 1 « 78 362 1.1 639 .0023 2 7 8i». 0 391.3. 3 61 .918 10.11 l^i. 25 1261.
7 n n0 u u . 1 • 910 66 1 . 2 '66 . 0022 2987.3 1.2 29 . 2 62.901. 10.19 4 ii 77IH . 9 0 4 79f>X 0£H •

350 . Cm Zco 32 1 • '53i# .0019 350 0 . 3 1.91.8. 7 65. 1 23 10.30 l^f • 1h27 •

(f 00 . 2 •5 tt585 1.6600 .3016 1.0 17 . 0 3b7\ .

8

6 7.351. 10.35 l**. *»8 1 52'f •

ifSO • 2* 86329 1 . 8661. .0 011. 1.535. 5 6396.

7

68 . 761 10.37 14.50 1 £.4 cibi9 •

500 . 3*160 69 2.3 728 • 0 013 5 051.. 8 7122 . 2 73 .289 10 .39 l^t . 52 1702.
550 . 3 • '96 05 2.2 792 .0 012 557*.. 6 7 81. 8.3 71.6 71. 1 0 .1.0 1** .53 176'*

.

603. 3.81538 2.1.855 .0011 60 95.5 8575.5 72.936 10.1.2 ltf.55 1663.
650. *». 13269 2.6918 .0010 6617.2 9303.5 71.. 3 98 10.1.5 1'*.57 1938.
700. U50 0 C 2. 8981 . 0 009 711.0 .

5

10033.

0

75.186 1 0 . 1.8 l^t • & 0 2010 .

750 . 76729 3.10'.'. . 0009 7665.

6

10761.. 5 76. 197 10.52 20 79.
800 . 5. 08'»57 3.3106 . 0 008 8193.2 111.98 .

1

77. 11.1. 10 .57 1**. 69 21*»5 •

850 . 5 . (»01 85 3. 51 69 .3 008 8723.

3

12231*.

5

78. 3 36 10.63 l^*. 75 2 2C9.
900 . 5. 71912 3. 7231 . 3 007 9256.

6

12971. . 0 78.880 10 .70 l^f . 6 2 2271

.

950 . 6.0 3639 3 . 92 93 . 0007 9793.

2

13716.

9

79. 683 10.77 l^t. 90 2 331.
10 00 . 6.35365 1. • 1 356 . 0007 10 333.7 11. 1.6 3.6 8 0 . 1. 1.8 10 . 86 4 f. OAXH • 7O 9 7n

Q

£ 0O7 .

1100. 6.98817 1.. 51.80 .0006 im29.i 15971.5 81.871. 11.01. 15.16 21.99.
1200. 7.62269 i».96a5 . 0035 125t»i».0 171.98.7 83.196 11.21. 15.36 2601..

1300. 8.25720 5.3729 . 0005 13679.6 1901.6.8 81.. 1.31. 11.1.5 15.58 2703.
i(»oa. 8.89171 5.7851. . 0C05 l'»836.7 20616.1. 85.601. 11.68 15.80 2798.
1500. 9. 52621* 6.1978 .3001. 16016.

0

22208.0 86.716 11.91 16.03 2889.
1603. 10.160 81 6.6102 .0031. 17216.

8

23821.3 87.751 12. 11. 16.26 2976.

1700. 10.79551 7.3227 . 3001. 16*»'»1.2 251.58.3 88.739 12.38 16.50 3060.
1800. 11. !« 3050 7.1.351 .OOQi. 19691. 27121.2 89.688 12.61. 16.77 311.1.

2000. 12.70276 8.2600 .3033 22267.2 3051. 1..C 91.501 13.31. 17.50 3292.
2200. 13.98319 9.0 81.8 . 0003 2506<f.9 31.151..

0

93.213 11.. 53 18.77 31.25.

2<fOO. 15.28it<t8 9.9096 .0003 2817'».0 38138.9 91.. 927 16.62 21. D5 351.2.

2600. 16.63065 10.731.5 . 0003 31861.5 1.26 71.1. 96.751 20.12 21.. 91. 361.6.
2800. 18.06156 11.5593 . 0 002 36't93.'* 1.8233.1. 98.811. 25.57 31.13 3 71.8.

3000. 19.636 75 12.381.2 . 3002 '2556.

9

55320.

8

101.265 33.1.1 1.0.25 3858.
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TABLE 8

THERHOOVNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS

»

.65 HPA ISOBAR

TEMPERATURE DENSITY VIDH/OVI V(DP/DU»„ -W(DP/Otf»_ <OW/DT»/tf THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
/ W I p CONDUCTIVITY DIFFUSIVITY CONSrANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA l/K M/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

Qid 77 . 381

1

6'»2 .3 .25567 93.71 75 . 00993 75. 21 258. 81 .30 055 1.252 86 2 . 195 1

15 • 76 .59'»5 625. 1 .2'»760 OH. GZcH .01107 8 3.79 226.0k • 00 05 7 1 • 250 09 1 . 6 6 ? 6

75.7 49 3 V ox • 0 . 2 36 1

1

7ft c;An(^/ 0 . 7 O U 7 . Ul 1. J J n n n c A 1 . 2(*71

2

1 . 65 5 3

17, 7it.8i>ll 631.5 .22680 72.67<»7 . 01232 93.95 182. 88 .00058 1.2(»39(. 1.51(«3
18. 73.889<» 628.9 .21903 67.062(1 .01313 96.8(» 166.17 .00057 1.2'»061 l.(»168
19. 72.8896 623.3 .212<>0 61.5851 .01(«05 98.5'» 152.16 .00056 1.23711 1.3525
20. 71.8 33<» 61i».3 .20650 56.0762 .01513 100.06 1(«0.19 .0005(4 1.233(»3 1. 3oao
22. 69.5037 586.3 .1961'» <»5.0<»1<> .01795 102. 80 12Q.(«5 .00051 1. 22533 1. 233<«
21*. 66.8000 51.7.8 .18632 3<t.3<»38 .02203 102. 7(» 10(».(.2 .Q00i«& 1.21597 1.2266
26. 63.5279 «t95.2 .171*23 23.8007 . 02877 100. 07 90. («0 . 000(»0 1.20'»71 1.2869
28. 59.2<»93 '»23.3 .15662 13.57l»'» .0(*319 9(».(»1 76.91. .00031 1.19009 1.1*698

28. 583 57.6537 399.3 .l'*999 10.9068 . 05053 91.98 72. 83 .00028 1. 18(f67 1.5975
26. 583 6.1825 206.6 .0693'» .3622 .11285 31. 70 17.1*7 .00060 1. 02(»87 1.2e<»8
30. 7.1571 231.3 .06975 .'»32'» .07982 30.23 17.87 .00082 1.02173 1.0912
32. 6.2(>03 262.0 .06980 .(•886 . 05979 30.30 18.59 .00112 1.01893 .9607
3<». 5.6013 289.8 .06988 .523(. .0(>912 30.96 19. 37 .001(«0 1. 01696 .6907
36. 5.11i»0 316.0 .06999 .51*71* .0(»232 31.86 20.17 .00168 l.OlSitg .8(<68

38. i».7226 3ifl.6 .06993 .565 0 .03750 32. 91 20. 99 . QG196 1. 01(*30 .3168
l>0. i».39e3 366.5 .06980 .5786 .0338(» 31*. 03 21.80 .00225 1.01332 .79'»6
1*2. (>.1228 391.1 .0696I> .5893 .03095 35.18 22.60 . 0D25(« 1. 012'»8 . 7776
1*1*. 3.88'f7 '15.2 .069<>6 .5979 . 02859 36. 36 23.1*0 . 0026i« 1.01175 .76'»0
<»6. 3.6762 <t39.0 .06929 .60(>9 .02662 37.56 2(».19 .0C315 1. 01112 .7527
<»6. 3.<»916 <»62.6 . 06911 .6108 .02(»9(t 38.76 2(».97 .aC3i»6 1.01056 .7(»33

50. 3.3267 1*63. <3 .06892 .6158 . 0231*9 39.96 25. 75 .00379 1.01006 . 735(,
55. 2.9807 51*1*.

0

. 068(>2 .6252 .02058 1*2.91 27.61* .001*63 1.00901 .7211
60. 2.70(»7 601.8 .06761* .6317 .01638 1*5.79 29. (*6 .00551 1. 00817 .7121
65. 2.«»783 660.2 .06716 .6361* .01665 (,8.80 31.26 .006(*5 1. 007(,9 .7039
70. 2.2687 719.6 .06633 .6398 .01521* 51.59 32,99 . 007(,0 1.00691 .7012
75. 2.1273 780.5 .06538 .61*25 .011*06 51*. 3(* 3(*.68 .00838 1. 006(*2 . 7005
80. 1.9879 61*3.0 .061*33 .6(«(»5 .01307 56.81 36.33 .0093(* 1. 00600 .701*5
90. 1.7590 97(..3 . 06193 . 61*71* . 0111*7 63.28 39.50 .01159 1.00531 .6976

100. 1.57B5 1113.2 .059(t2 .61*92 .01021* 69.19 (,2.51* .01385 1.00(*76 .7006
110. 1.4322 1259.9 .05691 .6501* .00925 76. 86 (*(*.e6 .Q1658 1. 00(*32 ,6600

120. 1.3112 1(>12.2 .05(*63 .6512 .008(*i> 93. (*0 (*7.68 .01921 1.00396 .6811*
IdO. 1.1222 1729. i» .05079 .6521 .00719 96.50 53.06 .a2(*89 1.0Q339 .681,2
160. .9812 2055.3 .0'*792 .6526 .00627 109.52 58.21 .03117 1. 00296 .6852
160. .6719 2361*.

5

. 0(*579 .6527 . 00556 122. 18 63.12 .03802 1.00263 .685(,

200. .78»»7 2713. i» .01*1*22 .6528 .00500 131*. 31* 67.85 . a(t5(*2 1. 00237 .6853
220. .7133 301*0.6 . 0(*30'* .6528 .001*51, 1(*5.9(* 72. (*2 .05332 1.00215 .6855
21*0. .6539 336(>.l .01*216 .6527 . 001*16 156. 98 76.86 . 06173 1.00197 .6855
260. .6037 3683.1 .0(*152 .6526 .00381* 167.1,9 81.18 .07062 1.00182 .6855
280. .5607 3997.3 .0(*10(* .6525 . 00356 177,52 85.39 .08000 1.00169 .685(*

300. .523<t («307.0 . 0(*a70 ,6525 .00333 187. 13 89.51 .08985 1.00158 .6852

350. .1*1*69 506<».6 . 0(*C21 .6522 , 00285 209.60 99. (*2 .1161*7 1.00135 .681*6

(tOO. .3926 5606.7 .03999 .6520 .0021*9 230.1,0 103.88 .11*580 1.00118 .681*1*

1*50. .31*92 65(t0.3 .03990 .6518 .00222 250.02 117.96 .17773 1.O01O5 .681,2
500. .31(»(« 7275.0 .03981 .6517 . 00200 268. 6(* 126.72 .21203 1.00095 .661*3

550. .2659 6008.9 .03975 .6516 . 00181 287.10 135.19 .21*880 1. OD086 .661*3

600. .2621 87i»7.0 .03966 .6511* .00166 30(*.97 1(*3.(*2 .26790 1.00079 .681,2
650. .21*20 9(t89.5 .03957 .6513 .00151* 322.60 151. (»3 .32936 1. 00073 .681,0

700. .22(.7 102(tl .(» .0391*1* .6513 . 0011*3 31,0. 07 159.21* . 37302 1. 00068 .6839
750. .2096 11002.1 .03928 .6512 . 00133 357. (*6 166.68 .1*1691 1.00363 .6837
800. .1967 1177 (i.l .03909 .6511 .00125 371*. 83 171*. 36 .(,6692 1.0Q059 .6835

850. .1651 12559.1 .03887 .6510 . 00117 392.21 181.69 .51699 1. 03056 .6834
900. .171*9 13358.1* .03662 .6510 . 00111 409. 64 168.90 .56905 1.00053 .6835
950. .1657 11*172.9 .03634 .6509 .00105 427.14 195.98 . 62303 1. 00050 .6636
1000. .1571* 15003.2 .03601* .6509 .00100 444. 72 202.95 .67890 1.00047 .6838
1100. .11*31 16 70 0.7 .0371*1 .6508 .00091 475.56 216. 59 .78896 1. 00343 .6907
1200. .1312 161*57.0 .0 36 71, .6508 . 00083 511. 01 229.67 .91274 1. 03040 .6911
1300. .1211 20 271.5 .03605 .6507 .00077 546.92 242.63 1.04368 1.03 336 .6916
11*00. .1125 2211*2.6 . 03536 .6506 . 00071 583.30 255.50 1.16166 1.03334 .6921
1500. .1050 21*070.0 .03467 .6506 .00067 620.22 267.90 1.32672 1.00332 .6925
1600. .0981* 2601*0.1* .03402 .6506 . 00062 657.55 280.05 1.47911 1. 030 30 .6926

1700. .0926 26078.7 .03335 .6505 .00059 696.22 291.97 1.63946 1. 00028 .6921
1800. .0875 30211*.

8

.03265 .6505 . 00056 737.47 303.67 1.80913 1.00326 .6907
2000. .0787 35017.2 .03095 .6502 .00050 837.18 326.45 2.1B740 1. 3C024 .6825
2200. .0715 1*1273.8 .02644 .6497 . 00045 988.05 344.99 2.61*989 1. 00022 . 6554
2(*ao. .0 651* 50383.2 .02491 .6483 . 00042 1243.08 366.57 3.24990 1.00020 .6236
2600. .0601 61*392.

6

.02067 .6455 . 80039 1678. 78 388. 09 4. 02994 1.00016 .5766
2600. .0551* 85609.3 .01640 .6400 .00036 2388.45 410.00 4.98954 1.00017 .5343
3000. .0509 117169.7 .01273 .6307 .03034 3466. 74 432.89 6.08809 1.00315 .5027

• THO-PHASE BOUNDARY

6-165



TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN CISOBARS, SI UNITS)

.70 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/K6 CU M-HPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

lif,03i» .01292 1.2145 .9313 218 .5 227.5 14.098 4.71 6. 38 1283.
15. .01305 1.1212 .930 7 224. 8 233. 9 14.539 4,90 6.88 1254.
16. .01319 1.0426 .9125 231.6 241.0 14.995 5.09 7.32 1224.
17. .01335 .9761 .8968 239.2 248. 5 15.453 5. 27 7. 77 1199.
18. . 01352 . 9125 .6820 247.

1

256.6 15.911 5.44 8.24 1176.
19. .01371 .8500 .8668 255.5 265, 1 16.371 5.59 8.74 1153.
20 . .01391 .7857 .8500 264. 3 274.1 16.833 5 ,72 9,28 1129.
22. . 01437 .6554 .8104 283. 7 293.6 17. 774 5,93 10,48 1076.
2'». . 0 lU'iS .5200 . 7588 305. 6 316. 2 16. 751 6. 08 12,02 1014.
26. .01571 .3816 .6878 331.3 342.3 19.789 6.18 14,14 934.
28. .01682 .2364 .5913 362.1 373.9 20.959 6.31 18,03 822 .

• 29.019 .01767 .1659 .5291 381.6 393. 9 21.662 6,41 21.70 749.
29.019 .11211 .0412 . 0451 638.0 716.5 32.781 7.26 25.29 378.
30. .0537 .0395 651. 7 738.8 33.540 7, Q4 20.53 396.
32. .t'*i*<)2 .0733 .0327 673.9 775.3 34.719 6.78 16.59 424.
3'». .16265 .0894 . 0285 692.7 806.6 35.667 6.61 14, 79 447.
36. .17893 .1036 .C255 7C9. 6 835.0 36.481 6.50 13, 75 468.
38. .19lf32 .1166 .0232 725.8 661.8 37.206 6.43 13,08 487.
kO, .20911 .1289 . 0 214 741 .

1

887.5 37.864 6.39 12 • 3 2 504.
<»2. .223«»i. .1406 .0199 756.0 912.4 38.471 6.37 12,28 521.
(f<f. . 2371*2 .1518 .0186 770 .5 936. 7 39.036 6. 35 12,02 536.
(»6. . 25114f .1626 .0175 784.7 960.5 39.566 6.33 11. ei 551.
t«8. .26«»63 .1732 .0166 798.7 984.0 40.065 6.32 11.64 565.

50. .2 77 93 .1835 .0157 812.6 1007.

1

40.537 6.32 11.51 578.
55. .31056 .2085 .0139 846.6 1064,

0

41.622 6.32 11.27 610.
60. .3i»255 .2325 .0126 880.1 1119.9 42.596 6.33 11,12 639.
65. . 37'»06 .2560 .0115 913.4 1175.

3

43.481 6. 37 11.03 666 .

70. .i»0522 .2789 .0105 946.7 1230.4 44.2 98 6.42 11,00 691.
75. . '»3612 . 3015 . 0 098 980.1 1285.

4

45.057 6.50 11,01 715.
80. .If 6681 .3238 .0091 1013.7 1340.5 45.766 6.59 11. C4 737.
90. .5277'. .3678 . 0060 1082.2 1451.

6

47.078 6.82 11.19 777 .

100. .58822 .4112 .0072 1152.8 1564.6 46.26)' 7.09 11.41 814.
110. .61*838 .4542 .0065 1226.0 1679.9 49, 363 7. 38 11.66 847.

120. .70831 .4968 .0 059 1302.1 1797.9 50.390 7.67 11.93 879.
11*0. .82769 .5814 . 0051 1 4 62 .

3

2041.7 52.269 8.23 12.45 938.
160. .9<«662» .6655 .0044 1632.6 2295.3 53.960 8.71 12.90 993.
180. 1.06532 .7491 .0 039 1811.4 2557.1 55.502 9. 10 13. 27 1045.
200. 1.18381 .8 325 . 0035 1997.0 2825.7 56.916 9.41 13.57 1096.
220 . 1. 302 16 . 9157 . 0 032 2186.1 3099.7 56.222 9. 66 13. 82 1144.
2<«a. l.'»20'»l .9988 .0 029 2383.6 3377.9 59.433 9.35 14,00 1191.
260. 1.53859 1.0817 . 0027 25 82.4 3659.5 60.560 10.00 14.14 1237.
28G. 1.65671 1.1646 .0 025 2783.8 3943.5 61.612 10.11 14.25 1281.
300. 1.771.70 1.2474 .0023 2987.1 4229.4 62.596 10.19 14.33 1324.

350. 2.06970 1.4541 .0 020 3500.1 4948.9 64.817 10.30 14.44 1427.
1*00. 2.36456 1.6607 .0018 4016.

9

5672.1 66.748 10. 35 14. 46 1524.
t»50. 2.65935 1.8572 .0 016 4535.5 6397.0 68.455 10.37 14.50 1616.
500. 2. 95408 2.0737 .0014 5054.7 7122.

6

69.983 10.39 14.52 1702.
550. 3.24878 2.2800 .0013 5574.5 7848.7 71.368 10.40 14.53 1764.
6 00. 3 . 54346 2.4863 .0 012 6 095.5 65 75.

9

72,630 10. 42 14.55 1 863.
650. 3.83811 2.6927 .0011 6617.2 9303.8 73.792 10.45 14.57 1938.
700. 4.13275 2.8989 .0010 7140.5 10033.4 74.880 10.48 14.60 2010.
750. 4.42738 3.1052 . 0 009 7665.6 10764.9 75.891 10.52 14.64 2079.
800. 4.72201 3.3115 .0009 8193.1 11498.5 76. 838 10.57 14.69 2146.

850. 5.01662 3.5177 . 000 6 8723.

3

12234.9 77.731 10.63 14.75 2210.
900. 5.31123 3.7240 . 0 008 9256.5 12974.4 78.575 10.70 14.82 2272.
950. 5.60584 3.9302 .0007 9793.2 13717.3 79.3 77 10.77 14.90 2331.

1000. 5.90045 4.1365 . 0 007 10333.7 14464.

0

80.142 10.86 14.98 2389.
1100. 6.48965 4.5489 . 0 006 11429.

1

15971.9 81.569 11.04 15.16 2500.
1203. 7.07884 4.9614 . 00 06 12544.0 17499.2 82.890 11.24 15.36 2604.
1300. 7.66803 5.3 738 .0 005 13679.6 19047.2 84.128 11.45 15 ,58 2703.
ii«oa. 8.25722 5.7863 . 0 005 14636.7 20616.

8

65.299 11.68 15.80 2798.
1500. 8.84643 6.1987 . 0005 16015.9 22208.4 66.411 11. 91 16.03 2889.
1600. 9.43567 6.6111 .0004 17216.7 23821.7 67.445 12,13 16.26 2976.

1700. 10.02503 7.0236 .0004 18441.0 25458.5 66.433 12.37 16.50 3060.
1800. 10 .61465 7.4360 .0004 19690.8 27121.1 89.382 12.64 16.77 3141.
2000. 11.79592 8.2608 . 0004 22284.7 30541.8 91,194 13.32 17.48 3292.
2200. 12.98451 9.0857 .0003 25056.2 34145.3 92.903 14.48 18.72 3427.
2<>oa. 14.19176 9.9105 .0003 28149.2 38083.5 94.610 16.50 20.92 3 544.
2600. 15.4 3917 10.7354 .0003 31601.9 42609.3 96.419 19.89 24.69 3648.
2800. 16 . 7 62 4 2 11.5602 . 0 00 3 36 366.6 48100.3 98.456 25, 15 30.65 3751.
3000. 18.21479 12.3851 .0002 42312.9 55063.2 100.864 32,73 39.46 3860.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.70 MPA ISOBAR

TEMPERATURE DENSITY V(OH/DV»o V(OP/OU\, -V(DP/D«>y (OV/OTI/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
*

'
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

l'«.03'> 77.1*091 6i*<*.0 .25560 91*. 0105 .00991 75.1*2 259.12 .00055 1. 25296 2.1920
15. 76.6375 63"*.

7

. 2'*77i* 85.921*6 .01083 83. 85 228. 80 .00057 1. 25021* 1. 8761
16. 75. 7962 63 3. 6 . 236'*3 79 .021*7 . 01155 89.99 203. 88 .00058 1. 21*729 1 . 6576
17. 71*. 6 91

6

633.3 .22711 73.0991 . 01227 91*. 05 183.1*9 .00058 1. 2<»'*12 1.5159
18. 73.91*1*0 630.7 .21933 67.1.756 .01307 96.95 166. 73 .00057 1.2<*080 1.1*179
19. 72.9'»82 625.1* .21269 62.0050 . 01398 98.66 152.68 .00056 1.23732 1. 3529
20. 71.8967 616. (* .20678 56.4*899 . 01505 100. 21 11*0 .66 .00051* 1.23365 1.3020
22. 69.5856 589.9 .1961*2 1*5.6088 . 01777 103. 00 120.92 . 00051 1.22561 1.2306
2i». 66.8966 550 .9 .18662 31*. 7861 .02181 102.97 101*. 85 . 0001*6 1.21630 1.2235
26. 63.6599 '9 9.3 .171*71 21*. 2906 .02832 100.38 90.86 . 00 01*0 1.20516 1.2796
28. 59.'*60'» 1*2 8.5 .15755 11*. 0551 . 01*207 91*. 89 77.51 .00032 1.19081 1.1*721*

29.019 56.5997 385.0 .11*582 9.3871 . 05636 90. 1*9 70.31 .00027 1.18110 1.6861
29.019 8.9195 206.1 .0&9<«8 o3676 .12267 33.26 17.91* .00053 1.02711* 1.3637
30. 8.0336 221*. I* .06982 .1*315 .09151 31. 56 18. 11* .00069 1.021*1*2 1.1801
32. 6.8999 256.5 .06995 .5059 .061*66 31.07 18.78 .00098 1.02095 1.0029
31*. 6.11*83 285.1 .07009 .51.96 . 05186 31.52 19.53 .00125 1.01865 .9160
36. 5.5888 311.9 .07026 .5789 .01*1*09 32.32 20.31 .00151 1.01691* .861*0

38. 5 . 1 1*6

1

337.8 .07021 .6002 . 03873 33. 30 21.10 .00178 1.01559 .8291*

itO. I*. 7823 363.2 .07007 .6161* . 031*76 31*. 37 21.90 .00205 1. 011*1*8 .801*1*

1*2. 1*. 1*755 388.0 .06990 .6291 . 03165 35. 1*9 22.70 . 00232 1.01355 .7851*

kk. l*.2119 1*12 .1* .06971 .6393 .02911* 36.65 2 3.1*9 .00261 1.01275 .7701*

1*6. 3.9819 1*36. I* .06952 .61*76 .02706 37.83 21*. 28 .30290 1. 01205 . 7581
1*6. 3.7789 1*60 .2 .06933 .651*5 .02530 39. 01 25. 06 .00319 1.0111*3 .71*79

50. 3.5980 1*83.3 . 06913 .660 3 . 02379 1*0. 20 25.82 . 0031*9 1. 01088 .7391*
55. 3.2198 51*2.2 .06860 .6713 .02078 1*3.12 27.71 .001*28 1.00973 .721*0

60. 2.9193 600.3 . 06800 .6788 .01852 1*5. 98 29.51* .00510 1.00 882 .711*2

65. 2.6731* 658.9 .06730 .681*3 . 01671* 1*8.97 31. 32 .00598 1.00808 .7055
70. 2.1*678 718.5 .0661*7 .6883 .01531 51. 75 33. 05 .00686 1. 0071*6 .7025
75. 2.2929 779.6 .06551 .6911* .011*12 51*. 1*8 31*. 73 .00777 1. 00693 .7016
80. 2.11*22 81*2.2 .061*1*1* .6937 .01311 56.91* 36.37 .00866 1. 0061*7 . 7051*

90. 1.89'*9 973.7 .06202 .6970 .01150 63.1*0 39.51* .01076 1. O0572 .6982
100. 1.7000 1112.8 .05950 .6991 .01025 69. 30 1*2.58 .01286 1. 00513 .7010
110. 1.51.23 1259.7 . 05698 .7005 . 00926 76.92 '*i*.87 .01539 1.001*65 .6801*

120. 1.1*118 1<*12.1 .051*69 .701'* .0081*5 83.1*5 '*7.69 .01781. 1.001*26 .6818
1<>0. 1.2082 1729.5 .05081* .7025 . 00720 96.51* 53. 09 .02311 1.00361. . 681*1.

160. 1.C561* 2055.6 .01*796 .7030 .00627 109.55 58.21 .02891. 1.00319 .6851*

180. .9387 2385.0 . 01*583 .7032 . 00556 122.21 63.12 .03531 1. 00283 .6856
200. .81*1*7 2711..1 .Oi*<>25 .7032 .00500 131*. 36 67.85 .01*219 1.00255 .6855
220. .7680 301*1.6 .01*306 .7032 . 0Di*5'« 11*5.96 72.1*3 . 01*953 1. 00232 .6856
2t*0. .701*0 3365.0 .0<«218 .70 31 .001*16 157.00 76.87 . 05733 1.00212 .6856
260. .61.99 3631*.

0

.01*151* .7030 . 00381* 167.50 81.19 . 06560 1. 00196 .6855
280. .6036 3998.3 .01*106 .7029 .00356 177. 53 85.1*0 .071.30 1.00182 .6855
300. .5635 1*308.1 .01*071 .7029 .00333 187.11* 89.51 . 0831*5 1. 00170 .6853

350. .1*832 5065.8 .01*022 .7026 .00285 209.61 99.1*3 .10818 1.0011*6 .681*8

1*00. .1*229 5308.0 . 01*000 .7023 . 0021*9 230.1*0 108. 89 .1351*2 1.00127 .681*5

(*50. .3760 651*1.7 .03991 .7021 .00222 250.03 117.97 .16507 1.00113 .681*2

500. .3385 7276.1* .03982 .7020 .00200 268. 85 126.72 .19693 1.00102 .681*3

550. .3078 8010.1* .03975 .7018 . 00181 287. 10 135.19 .23107 1.0C093 .681*3

600. .2822 871*8.5 .03967 .7017 .00166 301*. 98 l'*3.l*2 .26738 1. 00085 .681*2

650. .2605 91*91.0 .03958 .7016 .00151* 322.60 151.1*3 .30589 1.00079 .681.0

700. .21*20 1021*2.9 .0391*1* .7015 . 0011*3 31*0. 08 159.21* .31*61*3 1. 00073 .6839
750. .2259 1100 3.6 .03929 .701'* .00133 357. 1*7 166. 88 . 38901. 1. 00068 .6837
803. . 2118 11775.6 .03910 .7013 .00125 371*. 83 171*. 36 .1*3363 1. 00061* .6835

850. .1993 12560.7 .03888 .7012 . 00117 392.22 181.69 .1*8012 1.00060 .6834
900. .1883 13360.0 .03862 .7012 .00111 1*09.6'* 188.90 .5281*7 1.00057 .6835
950. .1 78'. l'*17i*.5 .03831* .7011 .00105 1*27. 11* 195.98 .57860 1. 00051* .6836

1000. .1695 1500 1*.

8

.03801* .7010 .00100 1*1*1*. 73 202.95 .6301*7 1. 00051 .6838
1100. .15'*1 16702.3 .037'»1 .7010 .00091 1*75.56 216.60 .73268 1. 00046 .6907
1200. .11*13 181*58.6 .0367'* .7009 . 00083 511.01 229.87 .81*762 1. 00043 .6911
1300. .1301* 20273.2 .03605 . 7008 . 00077 51*6.92 21*2.83 . 96921 1.00039 .6916
11*00. .1211 2211*1*.!* .03536 .7008 .00071 583.30 255.50 1.09735 1.00036 .6921
1500. .1130 21*071.2 .03'»67 .7007 . 00067 620. 20 267.90 1.23203 1. 000 34 .6925
1600. .1060 2601*0.7 .031*02 .7007 .00062 657.1*9 280.05 1.37350 1.00032 .6926

1700. .0998 28076.7 .03336 .7006 . 00059 696. 07 291.97 1.52233 1.00C30 .6922
1800. .09'*2 30208.0 .03267 .7005 . 00056 737.13 303 .67 1.67972 1.00028 .6908
2000. .08'*8 31*983.6 . 03099 . 7003 . 00050 835. 81 326.1*5 2.05000 1.00026 .6829
2200. .0770 1*1163.7 .02853 .6997 .0001*5 983.76 3i*t*.9S 2. '5673 1.00023 .6564
2<*00. .0705 50095.6 .02508 .6983 . 0001*2 1232. 07 366.56 3. 00 81*9 1.00021 .6225
2600. .0648 63753.9 .02090 .6953 . 00039 1651*. 55 388.05 3.7253i^ 1. 00020 .5790
2800. .0597 81*562.7 .01666 .6897 . 00036 231*1.1*3 1*09.90 .6D92i^ 1. 00018 .5366
3000. .05'*9 111*990.9 .01299 .6799 .00031* 338'*. 8'* '*32.70 5. 62467 1.00017 .5044
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TABLE 8

THERMOOYNAHIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.75 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

14 • 0 51 .012 91 1.2178
1 1^.
J. p • . C 13 C If 1.12 7 7

16 • .01319 1.0 478
1 7» .0133'* • 9 81

Q

18 • • 0 13 5

1

• 9 1 74
19« .913 70 • 8 550
20. .01390 .79G7
22. .01i»36 .66 08

2 . 0 lit 9

3

.52 58
2 6. « 0 15 68 • 3 8 84

26» . 016 76 • 2 468

29 » ^ 3

3

• 0 18 01 • 1 445
29* k 3 • 1 03 16 . 0 381

• 110 69 .0 463
i 2 » . 1 31<»6 . 0681

, 1 1,8 79 • 0 852
3e» .16i»'.8 • laoi
3S, ,17920 .1136
'0 • .19327 a 1 262
'2 • .20686 * 1 382
U'* • .220 09 .1497
f+b ,2 33 31, • 1 60 7

^8 • . 2'»5 76 0 1 7 15

50 • • 258 29 .1813
55 • • 28898 .20 72
60 • . 3 19C 0 • 2 315
65. .3<»e55 .2552
70. .37775 .2763
75 • . '»Q6 68 .3010
80 • • 35 ifl . 32 35
90 • . I* 92 k 1 • 3 6 76

ICO. .51.896 • 41 1

2

110. .6 0518 , if 543

120 • • 661 18 .4970
l^Q • . 772 70 -5 817
160 • .883811• U U u u .6659
180. . 994*62 .7496
20 0 . 1.10525 .8330
2 20. 1.215 75 • 9 163
2 *» 0 . 1 • 3 2 6 1** • 9994
260. i • H 0 D H o 1.0824
7 ft n 1 . 5 '6 7 3

30 0 . A * %J J \J %J 1 1.2 481

350. 1.9 322 3 1 , i( 5 If 9

0 0 • 2.20 7'*5
i. C fl 2 . 3 26 0 1.8680
50 0. 2.75770 2.0745
550. 3.03275 2.2809
6 00. 3.30779 2.4872
D 7 J .

1 C A7 fl no * 7 OC 0 U 2 • 6935
7 n f\ 7 «c 7 A10 • O ? r 01 7 A Q Q A

yen 4 « 1 323 0 3.10 61
8 0 0 . ( £i n 7 7 R4 • *» U f f 0

ft C 0 H » 6 82 76 3.51 86
900. 4.95773 3.72 49
950. 5.232 70 3.9311

10 00 . 5.50767 '..1373
1100. 6.05759 '..51.98

1200. 6.60751 1..9623
1300 . 7. 1571.2 5.3 71.7

lifOO . 7.70733 5.7872
1500. 8.25725 6.1996
1600 . 8.80722 6.6120

1700. 9.35728 7.02<.5

1300. 9.90758 7.1.369
2000 . 11.01001 8.2617
2200 . 12.11903 9.0866
2i»oa. 13.2'.i»89 9.9111,
2600. 11*. 1.0696 10.7363
2800 . 15.6371.1 11.5611
3000. 16.98'.32 12.386C

HPA/K KJ/KG-K K J /KG K J /KG-K K J / KG-*K M/S

. 9319 218. 5 228.2 1 1. . 0 99 71 6.3 8 1281*.

.9313 221.. 7 2 31. . 5 11. . 5 3 2 1. . 90 6.86 1257.

. 9 1 1.

0

231.6 21.1 • 5 11.. 987 5.09 7.31 1226.
. 8983 2 39.1 21.9.

1

15. 1.1.5 5. 27 7.76 1202,
.6835 2 1.6 .

9

257.1 15.903 5 . 1.1. 8.23
0 8 683 2 55.3 2 65.6 16.361 5.58 8.73 1156.
.8516 261..

1

271..

6

16.823 5.72 9.26 1132.
.8122 283.5 291*.

2

17.761 5. 93 10 .1.5 1079.
. 7609 30 5,1. 316. 6 18.731. 6.38 11.97 10 17 .

.6909 330 , 7 31,2, 5 19. 767 6.18 11.. C 939.

.5963 361 • 2 373. 7 20.923 6.31 17.6'. 8 31.

.5072 389.2 1.0 2 . 7 21 . 9 30 6 . 1.5 23. I.!. 725

,

. 0 1.97 635 .1 712 . 5 3 2 • 1.62 7.36 27.61. 3 78.

. 01.51. 61.'.. 2 727. 2 32.9 58 7.19 23.52 3 89.

.0366 668.7 767 . 3 31. . 251. 6.86 17.71 1*19 .

.0 315 688 .6 8 0 0 .2 35.2 52 6.66 1 5 . 1.

1

I.I.I..

. 028a 706. 3 829.7 36.095 6.53 11.. 16 1.66.

.025'. 722.6 357. 2 36.833 6. (.6 13. 38 1.35.

. 0233 738.5 88 3.1. 37.510 6 . 1.1 12 .85 50 3.

.0216 753.6 908.7 3 8.127 6.38 12 , 1.6 52 0,

.020 2 76 8. 3 9 33.3 38.70 0 6.36 12.17 535 •

. 0 19C 782.7 95 7.1. 39.2 36 6.31. 11 .91. 550 .

. 0 179 796.8 981.1 39. 71.0 6.33 11. 76 561. ,

.0170 810.8 1 0 0 1. . 5 1.0 . 2 1

7

6.32 11.51 578 •

.0150 81.5 . 0 10 61.6 1.1 , 3 09 6.32 11. 31. 610 •

.0135 878.8 1118.0 1.2 . 2 89 6.31. 11.17 639.

.0123 912.2 11 73 .

6

1.3 . 1 78 6.37 11.08 666 .

.0 113 91.5.6 1228.9 1.3.998 6.1.3 11.01. 691.

.0105 979.1 1281..

1

1.1.. 759 6.50 11. Ci. 715.
. 0 093 1012.

8

1339.3 1.5. 1.72 6.59 11.07 737.
. 3086 1081.1. 11.50.7 1.6. 731. 6.82 11.21 777.
. 0077 1152.1 1563.8 1.7.97'i 7.09 11.1.2 811..

. 0 070 1225.1. 1679.3 1.9.073 7.38 11.68 31.3.

. 0 061. 1301.5 1797.1. 50.101 7.68 11,91. 879.

. 005 1, 11.61.9 201.1. 1. 51.981 8.23 12, 1.5 938.

.001.7 1632.2 2295.

1

53.673 8.71 12,90 993.
.001.2 1811.0 2557.0 55.215 9.1C 13.28 101.6.

. 0038 1996.7 2825.

7

56.630 9.1(1 13. 58 1096.
.0031. 2187.9 3099.7 57.936 9.66 13.82 111.5.
. 0 031 2363.1. 3378.

0

59.11.7 9.35 11., 00 1192.
. 0 029 2 5 82.

2

3659.6 60.275 10.00 11*. 15 1237.
. 0027 2783.6 391.3.6 61. 327 10.11 11.. 25 1232.
.0025 2987.0 1.229.6 62. 313 10.19 11*. 33 1325.

. 0 021 35 0 0.0 1.91.9.2 61.. 532 10.30 11*. 1*1* 11.28,

.0019 1.016.8 5672.1. 66.1.63 13. 35 11*. 1*8 1525.

.0017 1.535.1. 6397.

3

68. 170 10 .37 11*. 50 1616.
.0 015 5051..

6

7122.

9

69.699 10.39 11*. 52 17C3.
.0011. 5571*.

5

781.9.1 71.083 10.1.0 11*. 5 3 1785.
.0013 6 0 95.1. 8576.2 72.31.6 10.1.2 11*. 55 1863.
.0012 6617.1 9301., 2 73,508 10,1,5 11*. 57 1938.
.0011 711.0 .1. 10033.8 71.. 596 10.1,8 11*. 61 2010.
. OOlC 7665.

7

10765.

3

75 .606 10.52 11*. 65 2079.
.0009 8193.1 111,98.9 76.551. 10.57 11*. 59 211.6.

, 0 009 8723.

3

12235.

3

77.1.1.6 10.63 11*. 75 2210.
. 0 00 8 9256.5 12971*.

8

78.290 10.70 11*. 82 2272.
.CQOS 9793.2 13 717.7 79.092 10.77 11*. 90 2332.
.0 ooe 10333.7 11, 1,61.. 1. 79.858 10.86 11*. 98 2389.
. 0 0 0 7 111.29.1 15972.

3

81.281. 11. 31. 15,16 2503.
. u006 1251. 1..O 171.99.6 82.605 11.21. 15,36 2601..

. 0 006 13679.

6

1901.7. 6 33. 31.1. 11.1*5 15, 58 2701..

. 0 005 11.836.7 20617.2 85,011. 11.68 15,80 2798.

. 0 005 16015.9 22208.8 86.126 11.91 16, 0 3 2889.

. 0 005 17216.6 23822.

0

37.160 12.13 16,26 2977.

. 0 001. 181.1.0. 3 251.58. 7 8 8.11.8 12.37 16,50 3061.

.0 001. 19690.3 27121.0 89.097 12.63 16,77 311.2.

.COOi. 22282.1. 30539.9 90.903 13. 31 17, 1.7 3293.

. 0 00 3 25048.

3

31*137. 6 92.611. 11..'*'* 18.67 31.27.

. 0 0 0 3 28127.

0

38060.

7

91.. 315 16.1*0 20, 81 351.5.

. 0 0 0 3 3171.8.1. 1*2553.6 96. Ill 19.69 21., 1.6 3651.

. 0 00 3 36252.8 1*7980.3 98.125 21*. 78 30,23 3753.

. 0 00 3 1.2093.6 51.831. 8 100.1.91* 32. 11 38, 75 3862.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.75 MPA ISOBAR

MPERATURE DENSITY V (DH/D\/)p 7 ( OP/ DU)y - V ( OP/0 V)y ( 0 V / 0 T V THERMAL UISCOSI TY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY OIFFUSH/ITY CONSTANT NUMBER

K KG/CU H KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10^

051 77.4371 64 5.6 .25554 94.3031 . 00938 75.62 259. 43 .00055 1. 25306 2.1689
15. 76.6812 637.2 . 24782 66.4746 . 01077 83. 90 229.58 .03057 1.25040 1.3779
16. 75. 8429 635.4 .23674 79.4675 . 01150 90. 06 234. 56 .00058 1. 24745 1.6630
17. 74.9421 635.2 .22741 73.5219 .01222 94. 14 134.10 .00058 1. 24429 1.5176
18. 73.9982 632.6 .21963 67. 8869 .01301 97. 06 167.26 .00057 1. 243 99 1.4190
19. 73.0065 627.5 .21297 62.4230 .01391 98. 79 153. 19 .00056 1.23752 1.3534
20. 71.9596 618.6 .20706 56. S019 .01497 100.35 141. 14 . 3 0 054 1. 23387 1.3020
22. 69.6612 592.5 .19669 46.0331 .01764 10 3.16 121.36 .00051 1.22587 1.2294
2<». 66.9921 553.9 . 18691 3 5.2244 .0216 0 10 3.21 105.26 . 3 C 046 1.21663 1.2236
26. 63. 7896 50 3.3 .17518 24. 7737 .02739 10 0. 69 91. 31 .00040 1. 20561 1. 2728
28. 59.6744 435.6 .15846 14.7274 . 04049 95. 38 78.09 .00033 1. 19154 1.4441

29.433 55.5286 370.9 .14163 8.0260 .06319 88.93 67.91 .00025 1.177i»7 1.7696
29.i>33 9.6920 20 5.6 .06958 .3694 .13443 34.97 16. 42 .00 047 1. 02951 1.4557
30. 9. J339 217.0 .06983 . 4184 .10840 33. 34 18.47 .00056 1.02749 1.3031
32. 7.6071 251.0 .07009 .5181 . 07057 31.95 13.00 .00065 1. 02311 1.0532
3<». 6.7210 280.5 .07030 .5729 . 05494 32. 13 19.69 .00112 1. 02040 .9445
36. 6.0798 3Q7.7 .07053 .6066 .04601 32.80 20.45 .00137 1. 01844 .6827
38. 5.5804 334.1 .07049 . 6340 .04005 33. 70 21. 23 . 0C162 1. 01692 . 8428
<»0 • 5. 1 742 35 9.8 • 0 70 35 .6532 . 03572 34.73 22.01 .0 0188 1.01568 . 3146
kZ. 4.8342 384.9 .07016 .6681 . 03238 35. 81 22. 80 .00214 1 .01464 .7936
(»(». 4.5436 409.6 .06996 .6600 .02971 36.94 23.59 .00241 1. 01376 .777 0

<t6. 4.2911 433.9 .06975 .6897 .02752 38. 10 24.36 .0 0 266 1. 31 299 . 7636
48. 4.069C 457.9 .06955 .6977 . 02568 39. 27 25. 14 .O: 296 1.01231 .7526

50. 3.8716 481.6 . 06934 . 7044 . 02410 40 . 44 25.90 .0C324 1.01171 . 7434
55. 3.4604 540 .4 .06878 .7171 .02098 43. 33 27.73 .30398 1. 01047 .7269
60. 3.134 8 598.8 .06816 .7258 . 01866 46.16 29. 60 .30474 1. 00946 .7164
65. 2. 8690 657.7 . 06745 . 7321 . 01634 49.14 31.37 .00557 1. 00867 .7072
70. 2.6473 717.5 .06660 .7367 . 01538 51. 91 33.10 .00640 1. 00800 . 7038
75. 2 .4589 778.7 . 06563 .740 2 . 0 14 17 54. 62 34 . 76 . 0C725 1.00 743 .7027
30. 2.2967 341.5 .06455 .7429 . 01315 57. 07 36.42 .30808 1. 00694 . 7363
90. 2.C 30 8 97 3.1 . 06212 .7466 . 01152 63.52 39.58 .31304 1. 0C613 .6988

100. 1.8216 1112 .

4

. 05958 . 7490 .01327 69.41 42. 61 .31201 1.00550 .7014
110. 1.6524 1259.5 .05705 .7536 .00927 76.97 44.89 .01436 1. 00499 .6609

120. 1.5124 1412.0 .05475 . 7517 . 00646 83.53 47. 71 .01665 1. 00456 .6821
140. 1. 2942 1729.7 .05088 .7529 .00720 96.53 53.10 .02157 1. 00 390 .66''7
160. 1.1315 2056.

D

.04800 .7534 . 00628 1C9.58 58.22 .02702 1. 00341 .6656
180. 1.0054 2385.6 .34586 .7537 .00557 122.23 63.13 .03296 1. 00303 .6657
200. .9048 2714.7 .04428 . 7537 .00500 134. 38 67. 86 .33938 1.00273 .6656
2 20. . 8 22 5 3042 .

4

.3430 8 . 7537 . 03454 145 • 98 72. 43 • 0 4 62 4 1 . 0 0 2 46 .6856
240. .7541 3365.9 .04221 .7536 . 03416 157. 01 76. 67 .35353 1. 33227 .6856
260. .6962 3685.0 .04156 .7535 .0 3384 167.52 81.19 .06124 1.00210 .6656
280. .6465 3999.4 .04108 . 7534 .00356 177.55 85.40 .06937 1.00195 .6855
300. .6035 4309.3 . 340 73 .7533 . 0S332 187.15 89.52 . 07791 1.00182 .6853

350. .5175 5067.1 . 04023 .7530 . 00285 209.62 99. 43 .10099 1.00156 .6648
400. .4530 5809.

3

.04002 .7527 .00249 230 . 41 103.89 .12642 1.00137 .6845
450. .4028 6543.1 .03992 .7525 . 00222 250.04 117.97 .15410 1. 03121 .6642
500. . 3626 7277.8 . 03983 . 7523 . 00199 268. 85 126. 72 .18333 1.00109 .6643
550. .3297 8011.8 . 0 3 9 76 .7521 . 03181 287. 11 135.19 .21570 1.03099 .6843
600 . .3 023 6749 .9 . 03968 . 7519 . OG 166 3 04.98 143.42 .24963 1.00 0 91 .68 42
650. .2791 9492 .5 .03958 .7518 . 0C154 322. 61 151.43 .26554 1.0J034 .6840
700. . 2592 10244.4 .03945 . 7517 . 00143 340. 06 159.24 .32338 1.00078 .6839
750. .2420 11005.1 . 0 3929 .7516 .00133 357. 47 166. 88 .36316 1 . 00 0 73 .6837
800. .2269 11777.1 . 33910 .7515 .00125 374. 84 174. 36 .40477 1.00 068 .6335

850. .2135 12562.2 .03 888 .7514 . 00117 392.22 161.69 . 44 61

7

1.00064 .6834
900 . .2017 13361.5 .03863 .7513 . 00111 409. 65 168.90 .49329 1. 00061 .6835
950. .1911 14176.1 .03635 .7513 .00105 427. 14 195. 98 .54009 1. 00058 .6836

10 00 . .1816 15E36.4 .33804 .7512 .00100 444. 73 202.95 .58851 1.00055 .6538
1100. .1651 16703.9 .03741 .7511 .00091 475.56 216.60 .66369 1. 0C350 . 690 7

1 200. .1513 18463.3 . u3675 . 7510 .003 83 511.01 229.88 .79118 1. 00 0 46 .6911
1 300 . .1397 20274.

8

.03606 .7509 .00077 546. 92 242.63 .90467 1 . 30 0 42 .6916
1400. .1297 22145.9 .03536 .7539 . 00071 583. 29 255.50 1.02427 1.0C039 .6921
1500. .1211 24072.5 .03468 .7508 .00067 620.18 267.90 1.14996 1.00036 .6925
1600 . .1135 26041.1 . 33402 .7508 .00062 657. 44 2 80.0 5 1.28199 1.03034 .6926

1700. .1069 28075.1 .03337 .7507 . 33059 695. 94 291.97 1.42063 1. 03032 .6922
1800. .1009 30202.0 . 03268 .7506 .00056 736. 83 303.67 1.56759 1.03 0 30 .6939
2000. .0908 34953.6 .03102 .7504 .00050 834.56 326.45 1.89370 1.00027 .683 3

2200. .0825 41065.1 .02861 .7498 .03045 979. 91 344. 98 2. 28969 1. 00025 .6573
2400. . 0 755 49337.

3

. 02523 .7483 .00042 1222. 18 366.54 2.80007 1. 00023 . 6242
2600. .0694 63130 .0 . 02112 . 7452 .00039 1632. 77 388. 01 3. 46266 1.00321 .5812
2800. .0639 83441 .9 .01691 .7393 .00036 2299. 14 409.81 4.26134 1. 00019 .5389
30G0. .0569 113029.4 .01322 .7293 .00034 3311.13 432. 53 5.22462 1.00318 . 5C62
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDPOGEN (ISOBARS, SI UNITS)

.30 MPA ISOBAR

TEMPERATURE VOLUME ISOT HERM
DERIVATIVE

ISOCHORE
DERIVATIVE

K CU M/KG CU M-MPfl/KG HPA/K

l** . 0 6 7 « 01291 1.2 211 • 9325
15. . 31303 1.13142 .9 319
16 • . 01318 1. 05 30 • 9 15 5

17. • 0 13 3 3 .9 860 • 8 998
18. .01350 . 9223 . 8850
19. • 31369 .3601 .8693
20. .01388 .7958 .8531
22. .01<«3I« .6662 .8139
2'». . J l"* 91 . 5315 . 7631
26

.

.015 65 . 3 950 .6939
28. . 0 16 70 . 2 5^45 . 6010

29.828 • 0 1 8 37 • 1 2 "48 . I4 856
29.828 . 09519 . 0 3149 . 3 5145

3Q . . 0 97 83 .0379 • 0 526
32

.

. 1 19*45 .3 627 . 0 14O 8

3<< . .13656 .0610 . 03147

36. .15178 .0 966 . 0306
38. .16591* .1106 .0276
'0

.

. 1 7939 .1236 . 0 253
'«2

.

. 1923'« .1358 . 0 2314

. . 2 0'*91 • 1 ^475 .0218
't6. . 21720 .1588 • 0 205
^8. . 22925 .1697 . 3 193

5 0. . 2'»1 1

0

. 18 014 .0183
55

.

.27010 .20 60 . C 1 62
60

.

• 298*tO • 2 3 0 5 . 0 II45

65. . 32623 .251414 .0132
70. .35372 .2777 .0121
75 . • 3 8 0 93 • 3 0 0 5 • 0 112
8 J . . '•079'* . 3231 .0 105
90 • . '(61 '49 . 3 6 75 . 0 092

100. . 51U 61 .'4II2 . 0 082
110. •56739 .'45'43 . 0 0 714

120. .61995 . 14 9 72 . 0 063
1 itO . . 72'459 .5821 . 0 05 3

160. .82881 .6 663 .0 05 3

180. .93276 .7501 .OOI45

200. 1.0 3651 .8336 . OCitC

2 20 . 1 . 1 iiO 1

3

.9169 . 0 037
240

.

1. 2*4366 1.0000 . 0 C 33
260 . 1 . 3'4710 1.0831 . 0 031
280

.

1 . 1450 '49 1 .1660 . 0 0 29
30 3 . 1.553 77 1 • 2 1468 .0027

3 50. 1. 811914 1. "4557 . 0 023
'(00 . 2 . 36998 1 . 6 62 3 .0 020
1*50 % 2. 3279'4 1.8689 .0018
500. 2.58586 2.0 753 .0 016
550. 2.8'»373 2.2817 .0015
600 . 3.10158 2.14863 .0013
650 . 3.35914I 2. 691414 .0 012
70 0 . 3.61723 2. 9 0 u 7 .0011
750. 3. 8 75 0 4 3.1069 .0011
800 . "4. 132814 3.3132 . 0 CI 0

850. 14.39063 3.5195 . 0 009
900

.

"4. 6'48'42 3, 7257 . 3 039
950. "4.90621 3.9320 . 0 003

10 00 . 5.16399 14.1382 . 0 0 03

1100. 5.6795I4 14.5507 . 0 0 0 7

1200. 6.19509 14.9631 . 0 007
1300 . 6.71063 5.3756 . 0 006
li*S3. 7.22618 5.7880 . 0 006
1500 . 7.7<4l 73 6.2005 . 0 005
1600 . 8.25732 6.6129 . 0005

1700. 8.77300 7.0253 . 0 005
1800 . 9.28889 7.14378 .OOOI4
2000. 10.322314 8.2626 .OOOI4
2200. 1 1 . 3 61 7 8 9. 0 875 . 0 OOI4

2<«00. 12.'4l6'49 9.9123 . 0 003
2600. 13.50'409 10. 7372 . 0 003
2800. 114.65376 11.5620 . 0 003
3003. 15.90915 12.3869 . 0 0 0 3

INTERNAL
ENERGY
KJ/KG-K

218.5
2214.6

231.5
238.9
2146.8
255.1
263.9
283.2
305.0
330 .2
360.3

396.8
631. 9

635.3
663.2
68I4.I4

702.8
719.7
735.7
751.1
766,0
780 .6
7914.9

808.9
8I43.5

877.14

911. 0

914I4.5

978.0
1011.9
1080.6
1151.1.
12214.8

1300.9
11.61.1.

1631.9
1810.7
1996.1.
2187.6
2383.2
2582.

0

27 83.1.

2986.8

31499.9
I4OI6.7
1.535. 3

5051..

6

5571.. 1.

6 0 95.1.

6617.1
711.0. 1.

7665.7
819 3.1

8723.2
9256.5
9793.

2

10333.6
111.29.1
1251.14. 0

1-3679.5
11.836. 7

16015.9
17216.5

I8I.1.C.6

19689.8
22283.

3

2501.1. 2

28107.0
31700.0
3611.9.8
1.1895.2

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

228. 8 II4 . 1 00 1.. 71 6.38 1286.
235 . 0 II4 , 5 25 1. . 90 6.65 1259

.

21.2 .

1

II4.98O 5.09 7.30 1229.
21.9. 6 1 5 . 1. 3 7 5.27 7.75 I2QI4.

257.6 15.891. 5 . 1.3 8.22 1181

.

266.

1

16.352 5.58 8.71 1159.
275 .

1

16.312 5.71 9.21. 1 1 314

.

2914.7 17. 71.9 5.93 10.1.2 10 82.
317. 0 18.718 6.08 11. 92 1021.
3142.7 19.71.6 6. 18 13.91. 91.1..

373.7 20.890 6. 30 17.39 338 .

I4II.5 22.196 6.1.9 25.51 700 .

708.

1

32.11.5 7.1.3 30.1.9 378.
713.6 32. 330 7. 38 28.36 382.
758.7 33.790 6.95 19.10 1.15 .

793.6 31.. 81.9 6.71 16.11 1.1.1.

8214.2 35. 723 6.56 11.. 60 1.61..

852.5 36.1.87 6.1.8 13.70 1.81..

879.2 37.173 6.1.2 13.09 502.
905.0 37.801 6.39 12 .66 519.
929.9 38.381 6. 37 12. 33 531..

951..

3

38.923 6.35 12.07 51.9.

978. 3 39.1.33 6. 31. 11.87 561..

1001.8
1059.5
1116.1
1172.

a

1227.5
1282.8
1338.2
11.1.9. 8

1563.1
1678.7

1796.9
201.1.1
2291..

9

2556.

9

2825.

6

3099.7
3378.1
3659.7
391.3. 8

1.229.8

1.91.9.5

5672.

7

6397.7
7123.2
781.9. 1.

8576.6
9301..

6

IOO314. 2

10765.7
III499.3

12235.

8

12975.2
13718.1
II4I46I4.8

15972.

7

17500.0
1901.8.

1

20617.6
22209.3
23822. 14

251459.

0

27121.0
30538.2
314I3O.6
380140 . 2

142503.3
147872.8
51.622.5

39.911.
1.1.015
1.2.000
1.2 .893
I43.7I6
1.1.. 1.79

1.5.195
1.6.510
1.7. 7C2
1.8.801

1.9.830

51.711
53.1.01.

51.. 91.7

56. 363
57.669
58.880
60.008
61.060
62.01.6

61.. 265
66.197
67.901.
69.1.32
70.817
72.079
7 3.21.1
71.. 330
75.314C
76.283

77.180
78.0214
78.826
79.591
81.018
82.339
83.577
81.. 71.8

85.860
86. 891.

87. 882
88.331
90.61.1
92.3145
914. 039
95.823
97.816

130. 150

6. 33
6.33
6.314

6.38
6.143
6.50
6.59
6.82
7.09
7.38

7.68
8.23
8.71
9.10
9. 14I

9.66
9. 35

10.30
10.11
10.19

10.30
10.35
10. 37

10.39
IO.I4O

10.142
IO.I45
10.148

10.52
10.57

10.63
10.70
10.77
10.86
11.01.
11.21.

11.1.5

11.68
11.91
12.13

12.37
12 .63
13. 30
11..1.0

16, 31

19.50
21.. 1.1.

31.55

11.71
11.1.1
11.23
11.12
11.07
11.07
11.10
11.23
11.1.1.

11.69

11.95
12.1.6

12.91
13,28
13.58
13,62
II4. CI
11*. 15
1I..25

II.. 33

11.. 1.1.

11.. 1.8

11.. 50
11.. 52
11.. 53
11., 55
11.. 57
11.. 61
11.. 65
11.. 69

II.. 75
11.. 82
11. .90
11.. 98
15, 16
15,36
15.58
15 .SO
16. C 3

16. 26

16.50
16.76
17. 1.5

18.63
20.71
21.. 25
29.85
38. 10

577.
609.
639.
666.
691.
715.
737.
778.
815 .

81.8.

880.
939.
991..

131.6.

1097.
111.5.
1192.
1238.
1282.
1325.

11.28.

1525,
1616.
1703.
1765.
I86I4,

1939.
2011.
2080.
211,6,

2210,
2272.
2332,
2390 ,

2500.
2605.
27014.

2799 .

2889.
2977.

3061.
31142.

3293.
31428.

35147.

3653.
3755.
3863.
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TABLE 8

THERMOOYNaMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.80 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(DH/DV)„

KJ/KG

V(OP/DU)y -V(DP/DV)^ (DV/OT)p/V THERMAL VISCOSITY THERMAL OIELECTRIC PRANOTL

MPA-CU M/KJ
X 101

1/K

CONDUCTIVITY
H/K-M
X 10^

KG/M-S
X 10^

OIFFUSIVITY CONSTANT
SQ M/HR

NUMBER

11*. 067 77.<»651 61.7.3 .2551.8 91.. 5951. .00986 75.82 259.74 .00055 1. 25315 2.1858
15. 76. 7248 639. 7 .21.789 87, 0229 .01071 83. 96 230. 36 .00058 1. 25C55 1.8798
16. 75. 8891. 637.2 .237C6 79.9090 .0111.6 90.13 205.24 .00059 1.24761 1. 6623
17. 71.. 9923 63 7.

C

.22772 73,91.30 . 01217 94.23 184.71 .00058 1. 24447 1.5193
18. 71.. 0521 631..

5

.21992 68.2963 .01296 97.16 167.84 .00057 1.24118 1.4202
19. 73. 061. 1. 62 9.5 .21325 62.8392 .01381. 98. 91 153, 70 .00056 1.23772 1. 3539
20 . 72.0222 620.7 . 20731. 57. 3120 .011*89 100. 49 141.61 . 30Q54 1.23409 1.3021
22. 69.7362 595.0 . 19695 1.6.1.51.9 .01752 103. 36 121.79 .00051 1. 22613 1.2283
2'*. 67. 0865 556.9 . 18721 35.6589 .0211.0 10 3. 44 105.70 .0C047 1.21696 1.2178
26. 63.9171 537.2 .17561. 25.250 1. . 0271.8 101. 00 91.76 .00041 1.20635 1.2664
28. 59. 8722 1.1.0.8 .15929 15.2350 . 0391.5 95. 83 79.64 .00033 1.19221 1.4271

29. 828 51.. 1.335 356.9 .1371.1. 6.7925 . 0711*8 87.32 65.59 .00023 1.17378 1.9163
29.628 10.5055 205 .0 . 06963 .3666 .11.877 36.90 13.93 .00041 1. 03232 1.5640
33. 10.2218 20 8 .9 .06974 .3877 .13577 36. 0 0 18.91 .00045 1. 03114 1. 4894
32. 8 . 3 72 0 21.5. 1. .07019 . 521.6 . 07781. 32.98 19.24 .00074 1. 02545 1.1143
Zh. 7.3227 275.8 .07050 .5930 . 0581.1. 32. 30 19.88 .00100 1. 02224 .9767
36. 6.5883 30 3.6 .07080 .6361 .01.810 33. 31 20.60 .00125 1. 01999 .9031
33. 6.0261. 330 .1. .07078 .6661. .01.11.6 34.13 21.36 .00149 1. 01828 . 8572
UO. 5 . 5 71.

6

356.5 .07063 .6889 . 03672 35. 10 22. 13 .00173 1. C169C .8254
<»2. 5.1992 381.9 . 070 1.1. .7062 . 03311. 36.14 2 2.91 . 0D198 1. 01575 .802 0

hi*. l». 980 1 1.06.9 . 07022 , 720 0 .03030 37. 24 23.68 .00223 1.01478 .7839
i«6. 1..6 01.1 1.31.1. . 06999 .7312 .02799 38.38 24.45 . 0C249 1. 01394 .7693
l»8. 1..3621 1.55.6 .06978 .71.05 . 02605 39. 52 25.22 .00275 1.01320 .7574

50. 4.1476 479,5 .06955 .7482
55. 3.7024 53 8.7 .36896 .7626
60. 3.3512 597.4 .06833 .7726
65. 3.3 65 3 656.5 .06760 .7797
70. 2.8 271 716.5 .36673 .7850
75. 2.6251 777.8 . 36575 .7839
80. 2.4 513 84 0 .7 .06467 .7920
93. 2.1669 972.6 .06222 . 7962

100. 1.9432 1112.

C

.35967 .7990
110. 1 . 7 62 5 1259.3 .05712 . 80 0 7

120 . 1.6130 1412.0 .05481 .8019
140. 1.3801 1729.9 .05093 . 80 33
160, 1. 2065 2056.3 .04804 .8039
180, 1.0721 2386.1 . 04589 .8042
200. .9648 2715.4 .04430 .8042
220. .8771 3043.2 .04311 . 80 42
240. . 8041 3366.

8

.04223 . 8041
260. .7 42 3 3686.0 .04157 .8040
280. .6894 4003 .4 .04110 .8039
300. .643 6 4313 .4 .04075 .8037

350. .5519 5C66.3 .04025 .8034
400. .4831 5810 .6 . 043 C3 . 8031
450 . .4296 6544.4 .03993 .8028
500 . .3867 7279.3 .03984 .8026
550. .351 7 8013.2 .03977 .8024
600 . .3224 8751.4 .33969 .8022
650. .2977 9493 . 9 . 33959 .8020
700. .2 765 10245.9 .03946 ,8019
750. .2581 1103 6.6 .03930 ,8018
800 . .2420 11 773. 7 .03911 ,8017

850. .2278 12563.7 .03889 .8016
900. • 2151 13363.1 .03863 ,8015
950. .2038 14177.6 . 3 3835 ,8014

10 00 . .1936 15008.0 .03805 ,8014
1100. .1761 16 735.5 . 33742 ,8012
1200. .1614 18461.9 .33675 ,8011
1300 . .1490 2C276.4 . 3 360 6 ,8011
1400. .1384 22147,5 .03537 ,8010
1500 . .1292 24073.8 .03463 , 80 09
1600. .1211 26041 ,6 .G34C3 .8009

1700. .1140 28073,9 . 0 3338 . 80 3 8

1800. .1077 30196.8 .03269 .800 7

2000 . . 0 969 34926.6 . 031C5 .80 05
2200. .0880 40976.0 .02869 .7998
2400 . . 0 805 49603.9 .02537 .7983
2600. .0 741 6266C .6 . 02131 .7951
2600 . ,3682 82427.0 ,01713 .7890
3000. ,0629 111251.3 ,01345 .7786

THO-PHASE BOUNDARY

.02441 40. 69 25.98 . 3C302 1. 01255 . 7476

.02118 43.54 27.85 .00371 1. 01120 . 7299

.01880 46.35 29.66 . OC 44 3 1. 01013 .7186

. 01694 49. 32 31. 43 .00521 1. 03927 ,70 88

.01546 52. 06 33. 15 . 0C599 1. 038 54 . 7051

. 01423 54. 76 34.82 .03678 1. 00793 .7339

.01320 57.20 36.46 .00757 1.33741 .7373

. 01155 63.64 39.62 .00941 1. 03654 .6994

.01029 69.53 42.65 .01126 1. 00587 .7817

.00928 77. 03 44.93 .01346 1. 00532 .6813

.00846 83. 55 47.72 .01560 1. 00487 .6825

. 30720 96. 62 53.11 .02023 1. 00416 .6849

.00628 109.61 58.23 .02533 1. 03 364 .6853

. 03557 122.26 63. 14 .03091 1. 00 323 ,6859

.00500 134.41 67. 86 .03693 1. 00291 ,6857

. 03454 146. 00 72.44 . 04336 1. 03 265 ,6857

. 00416 157. 03 76.87 .05019 1. 00242 ,6857

. 03384 167.53 81. 19 .05743 1. 00224 ,6857

.00356 177.56 85.40 . 36505 1. 00208 ,6856

.00332 187.16 89.52 .07336 1.00194 ,6854

.03285 209.63 99.43 .09470 1. 00166 ,6849
, 00249 230. 42 108. 89 .11855 1

.

03146 .6845
,00222 250. 05 117.97 .14450 1. 00129 .6842
,00199 268. 86 126.72 .17238 1. 03117 .6844
, 00181 287. 11 135. 2C . 2C226 1. 33106 .6843
.30166 304. 99 143. 42 .23404 1. 03097 .6842
.00153 322.61 151.43 .25774 1. 00 090 .6840
.00143 340. 08 159.24 .30322 1. 00 08 3 .6839
.03133 357. 47 166. 88 . 34051 1. 00 3 78 . 6837
. 30125 374. 84 174.36 .37953 1. 03073 .6835

.00117 39 2. 2 2 181.69 .42021 1. 03069 .6834

.03111 409.65 183.93 .46252 1. 00 0 65 . 6835

.03105 427. 15 195. 98 .5C639 1. 33 0 61 .6836

.00100 444. 73 202.96 .55178 1. 03 0 58 .6838
. 3C091 475.56 216.60 .64121 1. 03 053 .69 37

. 00C83 511.01 229.88 .74180 1. 00 0 49 .6911

.03077 546. 92 242. 83 . 84820 1. 03045 .6916

.00071 583. 29 255.50 .96032 1. 30 0 42 .6921

. 00C67 620. 17 267. 9C 1. 07816 1. 0C039 .6925

.00062 657. 39 283.05 1.20191 1.00036 .6926

.00059 695. 82 291.97 1. 3320 3 1. 00 0 34 .6923

. 00056 736. 56 333.67 1.4695C 1. 00 0 32 .6910

.00050 833.46 326.45 1. 77454 1

.

03 3 29 .6836
.00045 976. 43 344.98 2.14382 1. 03 0 27 .6582
. 00C42 1213. 23 366. 53 2.61834 1. 0 3 0 24 .6257
.00039 1613. 06 337.98 3.23392 1.03022 . 5832
. 03036 2260.84 439.74 3.99580 1. 33 0 21 .5439
. 3G034 3244. 24 432.37 4.87643 1. 0 3 3 19 .5378
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TfiBLE 8

THERMODYNAMIC PROPERTIES OF NOPMAL HYDROGEN (ISOBARS, SI UNITS)

.85 MPA ISOBAR

MPERATURE VOLUME ISOTHER,^ ISOCHORE INTERNAL ENTHALPY ENTROPY CV C=> VELOCITY
OERItf ATI

E

DERIVATIVE ENERGY OF SOUND
K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

1(<. 0 8<« .01290 1. 2245 . 9330 218. 5 229.5 14.101 4.71 6.38 1287.
15. .01303 1.1407 . 9325 224. 5 235. 6 14.518 4.90 6.84 1262.
16. .01317 1.0581 .9175 231 .4 242.6 14.973 5.09 7.29 1232,
17 . .01333 .9909 .9012 238.8 25 0 .1 15.429 5.27 7.74 12C7.
18. .ai3<.9 .9271 . 8864 246. 7 258.

1

15.885 5.43 8.21 1184.
19. .01368 .3650 .6713 255.0 266.6 16.343 5.58 8.70 1161.
20. .01387 . 8 0 07 .8547 263.7 275.5 16.802 5.71 9.22 1137.
22. .311*32 .6714 .8156 282.9 295.1 17.736 5.92 10 .40 1085.
2't. .011*89 .5372 . 7651 304, 7 317. 3 18.703 6.0 7 11,87 1025.
26. .015 61 .4016 .6969 329.7 342.9 19.724 6.18 13.85 949.
28. .01665 .2619 .6055 359.4 373. 6 20.858 6.30 17. 16 845.

33. .01846 .1208 .4607 399.1 414.8 22.277 6.50 26.06 696.
30. 235 . 018 76 .1058 .4640 4C4.4 420. 4 22.461 6, 54 28. 17 675.
30 . 205 . 08797 .3 316 . 0 598 628.4 703.1 31. 827 7.56 34.05 377.
32. .108 59 .0569 . 0456 657. 2 749. 5 33.321 7 .05 20.87 410 ,

3<». .12567 .0 766 .0381 679.9 786. 8 34.453 6.77 16.93 438.
36. . litO 53 .0930 .0 333 699.1 818.6 35. 364 6.59 15.09 461.
38. . 15l«20 . 1075 . 0 299 716.6 847.6 36.150 6.50 14.04 482.
itQ. .16712 .1209 . 0273 732. 9 875, 0 36. 851 6. 44 13.34 500 .

1*2. .17952 .1335 .0252 748.6 901.2 37.489 6.40 12.85 518,
kt*. .19152 .1454 .0235 763, 7 926.5 38. 378 6.38 12.49 534.
i»6. .20322 .1 569 . 022G 778,5 951, 2 36.627 6. 36 12.21 549,
<*8. .214 68 .1680 . 0207 792.9 975.4 39.142 6.35 11.99 563.

50. .2 25 9'» .1788 .0196 8C7.1 999.2 39.627 6.34 11,81 577.
55 . .253<»3 .2048 .0173 841.9 1057.3 40, 737 6.33 11,49 609.
60. .28023 .2296 .0155 876.0 1114.

2

41.727 6.35 11.29 639.
65. .30655 .2536 .0141 909.8 1170.3 42.624 6.38 11,17 666.
70. . 33251 .2770 .0129 943.4 1226.0 43.45C 6.43 11.11 692.
75

.

.35821 .3000 .0120 977.0 1281.5 44.216 6.51 11.10 715,
80. .38370 .3227 .0111 101C.9 1337.1 44.933 6.60 11. 12 738.
90. . '3422 .3673 .0 098 1 0 79 . 8 1448.9 46.251 6.92 11.25 778.

100

.

. 481.30 .4111 . 0 087 1150.

7

1562.

3

47.445 7.09 11.45 815 .

110. . 5 34 0 5 .4544 . 0 079 1224.2 1678.1 48 .546 7.38 11.70 849.

120 . . 58357 .4973 . 0C72 1300,4 1796 4 49. 5 76 7.68 11.96 880 .

li»0 . .68215 .5824 . 0 062 1461.0 2040.8 51.458 8.23 12.47 939.
160. . 78030 .6667 . C 054 1631 .5 2294.7 53.152 8.71 12.91 994.
180 . .8 7817 .7506 . 0 048 1810.4 2556.8 54.695 9.10 13.29 1047.
200. .97586 .8342 . 0 043 1996.1 2825.6 56.111 9.41 13. 58 1097.
220. i.O 7342 . 91 75 . 0C39 2187.4 3099.8 57.413 9.66 13.82 1146.
2'»0. 1.170 87 1.0007 .u036 2383.0 3378.

2

58.629 9.85 14. CI 1193,
260 . 1.26825 1.0837 . 0 03 3 2581.8 3659.9 59.757 1 0 . J 0 14.15 1238.
280 . 1.36558 1.1667 . a 03C 2783.2 3944,0 60. 809 10.11 14.25 1283.
30 0 . 1.46279 1.2496 . 0 0 29 2986,

7

4230, G 61. 795 10.19 14.33 1326.

350 . 1.70580 1.4565 . 0 024 3499.

8

4949,

7

64.0 15 10.30 14.44 1429.
kOQ. 1.94868 1.6631 .0 021 4016.

7

5673,0 65,947 10.35 14.l»9 1525 .

1*50. 2.19148 1.8697 .0019 4535.2 6398,

0

67.654 10.37 14, 50 1617.
500. 2.43423 2.0761 . 0C17 5054.5 7123.6 69.182 10.39 14 .52 1703 .

550. 2.6 76 94 2.2825 .0015 5574.

4

7849,8 70,567 10.40 14,53 1785.
600. 2. 91963 Z .4889 .0014 6095 . 3 85 77 .

0

71 , 8 29 10.42 14.55 18 64.
650 . 3.16230 2.6952 .0013 6617.0 93C5.0 72,991 10.45 14.57 1939.
7C0. 3.4C496 2.9015 .0012 7140 . 4 10034.6 74.079 10.48 14. 61 2011.
750. 3.64760 3.10 78 .0011 7665.7 10766.1 75.090 10.52 14.65 2080 .

800 . 3.89024 3.3141 .0011 8193.

0

11499.7 76.038 10.57 14.69 2147.

850. 4.13287 3.5203 .0010 8723.2 12236.2 76.930 10.63 14.75 2211.
900 . 4. 37550 3. 7266 . 0 009 9256.

5

12975.6 77. 774 10.70 14.82 2272.
950 . 4.61812 3.9328 . 0 009 9793.2 13718.6 78.576 10.77 14. 90 2332.

10 09. 4.86074 4.1391 . 0 009 10333.6 14465,2 79. 341 10.36 14.98 2390 .

1100. 5.34597 4.5516 . 0 0 08 11429.1 15973.2 80.768 11.04 15.16 2500 .

1200 . 5.83119 4.9640 . 0 0 0 7 12543.9 175C0.

5

82.089 11. 24 15. 36 2605.
1 300. 6. 31641 5.3 765 . C007 13679.5 19048.5 83.327 11.45 15.58 2704,
1<«00. 6.80163 5.7889 . 0 006 14836.

7

20618.1 84.498 11.68 15.80 2799.
1500 . 7.28686 6. 2014 . 0 006 16015.8 22209.7 85.610 11.91 16. C 3 2890.
1600. 7.77212 6.6138 . 0 005 17216.5 23822.8 86, 644 12. 13 16.26 2977.

1700. 8.25746 7.0262 . 0 005 18440 .4 25459.2 87.632 12.37 16.50 3061.
1800 . 8.74299 7.4387 . a 005 19689.

4

27121.0 88.580 12.63 16.76 3142.
2000 . 9.71559 8.2635 .0 004 22278 .4 30536.7 90.390 13.28 17.44 3294.
2200. 10 .69365 9.0884 . 0 00 4 25034,

7

34124.

3

92.091 14. 36 18.59 3429.
2'»00. 11.68566 9.9132 . 0 004 28088.

7

38021.5 93.780 16.23 20.52 3548.
2 600. 12.70769 10.7381 . 0 00 3 31655.9 42457.5 95.554 19.33 24.06 3654.
2800. 13. 78641 11.5629 . 00 0 3 36056.0 47774.4 97.527 24.13 29.50 3757.
3000. 14.96167 12.3877 . 0 003 41714.6 54432.0 99.830 31.04 37.52 3865.

THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.85 MPA ISOBAR

n r C.r\M 1 UKC. n FW^ T T VU C IN J X 1 T V I Unf UVIp u f n D / rt 1/ k
I u w /U 1 kJ V T U P DM A 1 TU COMA 1 nTct crTDTr

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
K KG/CU M KJ/KG HPA-CU M/KJ MPA l/K W/K-M KG/M-S SO y/HR

X 10^ X 13^ X 10^

77.1»g30 &(.9.0 .2551.1 91.. 8871. . 0C983 76. 03 260.05 .03 055 1. 25325 2.1828
15. 76.7682 61.2.2 .21.796 87.5695 .01065 81.. 31 231.15 .00058 1. 250 70 1.8817
16. 75.9357 639.0 .23736 80.31.90 .0111.1 90.21 235.92 .00059 1.24778 1. 6647
17. 75.0 «1 638.8 .22801 71.. 3625 . 01212 91.. 32 185.33 .00058 1 . 24464 1.5210
18. 7I..1057 636.3 .22021 68.7039 .01290 97. 27 169.1.0 .00058 1.24136 1.4213
19. 73.1220 631.5 . 21352 63.2535 . 01377 99. 01. 151.. 21 .00056 1. 23792 1. 3545
20. 72.C 8'«'» 622.8 .20761 57. 7201. . 011.81 1 CO. 63 11.2.09 . 00 05 1. 1.23430 1.3022
22. 69.8106 597.5 . 19721 1.6. 871.0 .0171.0 103.51. 122.23 .00051 1. 22639 1.2272
Z^m 67.1 79 9 559.9 1 8 7 5 0 7C. n A Q 7O D . U 0 ^ 1 • 0 2120 10 3.67 1 0 6» 13 • 0 0 0 7 1 • c i / Co 1 • c i. V X

26. 6<..0'»25 511.0 .17608 25.7209 .02709 1C1.30 92.21 . 0 0 0 1.1 1. 20 648 1.260 3

28. 60 .06'tl 1.1.5.9 .16008 15. 7307 . 0381.9 96. 26 79.17 . 00 031. 1.19287 1. 4116

30. 5'«.16<»<» 351..

7

.13655 6.51.1.2 . 0731.6 87. 05 65.05 .30022 1. 17287 1 .9474
30. 205 53.3063 31.2.3 .13319 5.6395 .03228 35.80 63.31. .00021 1.16998 2.0793
30.205 11.3673 201..

3

.06965 .3589 . 16666 39. 20 19.1.7 .00036 1. 03467 1.6913
32. 9.2087 239.6 .07026 .5239 . 06710 31.. 22 19. 53 . 00061. 1. 02802 1.1936
31*. 7.9573 271.1 .07069 .6096 .0621.5 33.53 20. C8 .00090 1. 32418 1.0135
36. 7.116C 299.5 .07107 .6615 . 0501.0 33.86 20.76 .00113 1.02161 .9255
38. 6.1.85 0 326.7 .07108 .6972 .01.296 31.. 57 21.1.9 .00137 1. 01968 .8725
( (1 a A 7c3 • 7 0 OD n 7 Pi Q 5

• 0 3778 3 5 . 1. 9 2 2.25 e 0 C 1 6 0 1 • 01615 .836 8

kZ. 5.5 70 5 378.9 .07071 .71.35 . 03392 36.1.3 23.01 .30183 1.01689 .8109
i*tt. 5.2 211. 1.U1..1 . J701.8 .7591. . 03091 37. 55 23.78 .00207 1.01582 .7910
l»6. <..9 20 8 1.28.9 . 07021. .7722 . 0281.7 38. 66 21.. 51. .00232 1.01491 .7752
<*3. '..6582 1.53.3 .07000 .7827 . 0261.1. 39. 79 25.30 .0C257 1. 01411 .7623

50. (..1.26C 1.77.1. .06977 .7915 .021.73 1.0.92 26. 06 .00282 1.01340 .7518
55. 3.91.59 537.0 . 06915 .8080 . 02139 1.3. 75 27.91 . 00 31.8 1. 01194 .7328
60. 3.5685 596.0 .0681.9 .8192 .01891. 1.6.51. 29.72 .001.16 1. 010 79 . 723 8

65. 3.2622 655. 3 .06771. .8272 . 01701. 1.9. 1.9 31. 1.8 .001.89 1. 00986 .7105
70. 3.0071. 715 .5 .06687 .8332 .01553 52.22 33.20 .00563 1.00939 . 7364
7c:
f t» •

7 7 Q
• 0 63 66 ft 7 7C

• 01^29 5 • 9 0 34.87 • 0 0 636 1 n n ft z>1 • U U u HH • 7 0 5 0

80. 2.6062 91.0.

J

.061.79 .81.11 .01321. 57.33 36.51 .00712 1. 00787 . 7082
90. 2.3030 972.1 . 06232 .81.58 . 01158 63. 76 39.66 .03886 1. 00696 . 700 0

100. 2.061.8 1111.7 . 05975 .81.89 . 01030 69.61. 1.2.69 .31060 1.00624 .7021
110. 1 . 8 72 5 1259.1 .05719 .8509 . 00929 77. 09 1.1.. 92 .01267 1. 00565 .6818

120. 1.7136 11.11.9 .051.87 .8522 . 0081.7 83.60 1.7.73 .01469 1.00517 .6828
1.1.660 1730 .0 .05098 .8537 . 00721 96.66 53. 11 .01901. 1. 00442 .6852

160. 1.2816 2056.7 .01.807 .851.1. .00628 109.61. 58.21. .02385 1.00397 .6659
180. 1.1387 2386.6 .01.592 .851.7 . Q0557 122.28 63.11. .02910 1. 00 344 .6860
200. 1.021.7 2716.0 .01.1.33 .851.8 .00500 131.. 1.3 67.87 .03477 1.03309 .6858
ecu. Q 7 -1 A• T 0 i D n /i7 1 7 . 8 5 1.

7

• 00 *t5t» 1 1.6 . 3 2 72 . 1.1. • 0 U 0 8 2 1 • 0 0 2 81 • 6 65 8

2<»0. . 851.1 3367.6 .01.225 .851.6 . 031.16 157. 01. 76. 88 .04725 1.00258 .6858
260. .7885 3686.9 .01.159 .851.5 .00381. 167.55 81. 2C .05406 1. 03238 .6857
28Q. .7323 1.001.5 .01.111 .851.1. .00356 177.57 85.1.1 .05124 1.0G221 .6856
300. .6836 1.311.5 .01.076 .851.2 .03332 187.17 89.52 .36878 1.00236 .6854

350. .5862 5069.

5

.01.026 .8538 . 00285 209.61. 99.1.3 .09915 1.33177 .6849
<>00. .5132 5812.0 .01.001. .8535 . 3021.9 230. 1.3 109.89 .11160 1. u3l55 .6845
>»5a. .1.563 651.5.8 .33991. .8532 .00222 250.05 117.97 .13603 1. 03138 .6842
500. .1.108 7280.7 .03985 .8529 .00199 268. 66 12= .16227 1. 03124 .6844
550. . 3 736 8n I.. 7 . j3978 .8527 .03181 287. 12 135i ij .19040 1. 03113 .6843
6 00. . 31.2 5 875 2.9 . 0 39 69 • 8 5 25 • 0 0 1 66 3 0 • 99 11. 3 . 1+2 . 22031 1 . 00103 . 6842
650. .3162 91.95.1. . 03960 .8523 .00153 322. 62 151.1.3 .2520 3 1.00095 .6840
700. .2937 1021.7.1. .0391.6 .8521 .0011.3 31.0. 09 159.21. .29543 1.33089 .6839
750. .2 71.2 IIQJS.I .03930 .8520 .00133 357. 1.8 166. 88 .32052 1. 000 33 .6837
800. .2571 11 78 0.2 . 03911 .8519 .00125 371.. 81. 171.. 36 .35725 1.03077 .6835

850. .21.2 0 12565.3 . 33889 .8518 . 00117 392.22 181.70 . 39555 1.00073 .6834
900. .2285 13361..

6

.03861. .8517 .00111 1.09.65 188.90 .43536 1 . 03 369 .6835
950. .2165 11.17 9.2 .03836 .8516 .00105 1.27. 15 195.98 . 47666 1. 00065 .6836

1000. . 2057 150C9.5 .03305 .8515 .30100 1.1.1.. 73 202.96 .51938 1. 00062 .6838
1100. .1871 16707.2 .11371.2 .8511. . 0C091 1.75. 56 216.60 .60355 1.03056 .6907
1200 . .1715 181.63.5 .03675 .8513 .0C083 511.01 229.88 .69822 1 . 00 052 .6911
1300. .1583 20278.1 .03606 .8512 .00077 51.6.93 21.2. 83 . 79837 1. 3G048 .6916
iitoa. .11.70 2211.9.1 .03537 .8511 .00071 583. 28 255. 50 .90390 1. 30044 .6921
1500. .1372 21.075.2 .031.68 .8510 .0C067 620. 15 267.90 1. 31480 1. 03041 .6925
1600. .1287 2601.2.3 .031.03 .8510 .00062 657, 35 293.05 1.13126 1.03039 .6927

1700. .1211 28072.8 .03338 . 8509 . 0C059 695. 71 291. 97 1 .25368 1. OOu 36 .6923
1800. .111.1. 3C192.2 .03270 . 850 8 .0 0 056 736.31 305.67 1.3B296 1. 03034 .6911
2000. .1029 31.902 .2 .03108 .8505 . 0C05D 832. 1.5 326. 1.5 1. 66947 1. 03031 .6839
2200. .0935 1.0895.0 .02876 .81.99 . 0 001.5 973. 26 31.1.. 97 2.01534 1. 03028 .6590
2<.00. .0856 1.9391 .5 .02550 .81.83 .0031.2 1205.09 366. 52 2.45851 1.33026 .6272
2600. .0 787 62187.

8

.02150 .81.50 .00039 1595. 11 397. 95 3. 03295 1.03024 .5852
2800 . .0725 81502.3 .01731. .8387 .00036 2225. 91. 1.0 9. 67 3.74499 1. 00022 .5429
3000. .0668 109629.5 .01366 .8260 .00031. 3183. 25 1.32.23 4.57024 1.00020 .5094

TWO-PHASE BOUNDARY
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TABLE 6

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.90 HPA ISOBAR

TEMPERATURE

lit. 100
15.
16.
17.
18.
19i
20.
22.
24.
26.
28.

30.
30. 567
30.567
32.
34.
36.
38^
40.
42.
44.
46.
48.

50.
55.
60.
65.
70.
75*
80.
90.

100.
110.

120.
140.
160.
180.
200.
220.
240.
260.
280.
300.

VOLUME

CU H/KG

.01290

.01302

.01316

.01332

.01348

.01367

.01386

.01431

.01486

.01558

.01660

.01833

.01918

.08139

.0986if

.11588

.13047

.l<»37i»

.15620

.16611

.17961

.19079

.20173

.212<«6

.23862

.26408

.28905

.31367

.33802

.36216

.i«0998

. 1.5736

.50<«<«1

.5512<»

.73717

.82966

.92195
1.01411
1.10618
1.19817
1.29010
1.38193

ISOTHERM ISOCHORE
DERIVATIVE DERIVATIVE
CU M-MPA/KG MPA/K

1.2278
1.1472
1.0633
.9959
.9319
.8700
.8057
.6767
.5i»28

.(»081

.2691

.1312

.0889

.0281

.0507

.0721

.0893

.1044

.1182

.1311

.1<«33

.1550

.1663

.1773

.2035

.2286

.2528

.2 76<»

.2996

.322i»

.3671

.iflll

."545

.<»975
,^827
.6671
.7511
.83l»7

.9181
1.0013
1.084<»
1.1671.
1.2503

.9336
,9331
,9185
,9027
.8879
.8728
,8562
.8172
,7672
.6998
,6099

.4891

.<»42<»

.0 656
,0511
.0(fl3
.0362
.032'*'

,029't

.0271
,0252
.0235
.0 221

,0209
.i;i8<>

.0165
,0150
.0138
,0127
.0118
.OlQif
,0093
.008(»

.0077
,0065
,0057
,0050
.ao<«5
.OOitl

, 0038
.0035
.0032
.0030

INTERNAL
ENERGY
KJ/KG-K

218.6
224.4
231.3
238.7
2«f6.5

25<».8
263.6
282.7
30(».3
329.1
358.6

397.3
(»12.2
62<«.3
650.5
675.2
695.4
713.3
730.1
7«»6.0
761.4
776.3
790.9

805.3
840.3
87<..6

908.5
9'.2.3
976.0

1010.0
1079.0
1150.0
1223.6

1299.8
1460.5
1631.1
1810.0
1995.8
2187.1
2382.7
2581.6
2783.1
2986.5

ENTHALPY

KJ/KG

230.2
236.1
2i»3.2

250.7
258.6
267.1
276.0
295.6
317.7
31*3.2

373.5

i»13.8

<«29.5

697.6
739.3
779.5
812.8
8i»2. 7

870.7
897.3
923.0
948.0
972.5

996.5
1055.1
1112.3
1168.7
1224.6
1280.2
1335.9
14i>8.0

1561.

6

1677.5

1795.9
20i>0.5

229i«.5
2556.7
2825.6
3099.8
3378.3
3660.0
3944.2
<»230.2

ENTROPY

KJ/KG-K

lit. 103
li».511

li».965
15.1*21
15.877
16.333
16.792
17.721*
18.687
19.703
20.826

22.211
22.730
31.506
32.81*1
31*. 063
35.011*
35.821*
36.51*1
37.191
37.789
38.31*1*

38.865

39.355
1*0.1*72

1*1.469
1*2. 370
1*3.199
1*3.967
1*1*. 686
1*6.006
1*7.203

1*8.305

1*9.335
51.219
52.911*
51*. 1*58

55.871*
57.181
58.393
59.520
60.573
61.559

CV

KJ /

4.72
l*.90

5.09
5.27
5.1*3

5.58
5.71
5.92
6.07
6.18
6. 29

6.<»8

6.58
7.67
7.18
6.83
6.63
6.52
6.1*6

6.42
6.39
6.37
6.36

6.35
6.31*

6.35
6.38
6.i*l«

6.51
6.60
6.82
7.09
7.39

7. 66
8.23
8.71
9.10
9.1*1

9.66
9.85

10.00
10.11
10.19

CP

KG-K

6.38
6.83
7.28
7.73
6.20
8.68
9.20

10.37
11.62
13.76
16.96

21*. 86
31.31*

38.60
23.21
17.87
15.61*
li*.>*0

13.61
13. D6
12.66
12.35
12.11

11.91
11.56
11.34
11.21
11.15
11.13
11.15
11.27
11.1*7

11.71

11.97
12.1*8

12.92
13.29
13.59
13.83
11*. 01
11*. 15
11*. 26
11*. 33

VELOCITY
OF SOUND

M/S

1289.
1265.
1234.
1209.
1186.
1161*.
111*0.

1088.
10 28.
953.
851.

709.
650.
376.
405.
1*31*.

1*59.
1*60.

1*99.

517.
533.
546.
563.

577.
609.
639.
666.
692.
716.
738.
779.
815.
849.

861.
940.
995.

1047.
1098.
111*6.
1193.
1239.
1283.
1326.

350.
400.
450.
500.
550.
600.
650.
700.
750.
800.

,
850.
900.
950.

1000.
1100.
1200.
1300.
11*00.
1500.
1600.

1700.
1800.
2000.
2200.
21*00.

2600.
2800.
3000.

1.6111*6
1.81*086
2.07019
2.2991*5
2.52869
2.75790
2.98709
3.21627
3.1*1*51*1*

3.671*60

3.90375
1*. 13290
1*. 36201*
I*. 59118
5.0491*6
5.50773
5.965 99
6.1*2<>25
6.66252
7.34062

7.79920
8.25775
9.17625

10.09978
11.03610
11.99998
13.01590
11*. 1201*4

1.1*572
1.6639
1.8705
2.0770
2.283<«
2.1*897
2.6961
2.9021*
3.1087
3. 311*9

3.5212
3.7275
3.9337
i*.14O0
i*.552i*
i».9649

5.3771*
5.7898
6.2023
6.6147

7.0271
7.1*396
8.2644
9.0893
9.9141

10.7390
11.5638
12.3686

,0026
.0023
,0020
,0018
.0016
,0015
.0014
,0013
,0012
.0011

.0011
,0010
,0009
.0009
, 0008
,0008
,0007
, 0006
.0006
.0006

, 0005
,0005
,0005
.0001*

.0004
,0003
.0003
,0003

3499.7
1*016.6
1*535.1
5054.4
5571*. 3

6095.3
6617.0
711*0.3
7665.6
8193.

0

8723.2
9256.4
9793.1

10333.6
111*29.1
12543.9
13679.5
14836.7
16015.8
17216.4

181*1*0.2

19689.0
22276.7
25028.8
28071.9
31615.6
35970.1
1*151.9.2

1*950.0
5673.3
6398.

3

7123.9
7850.1
8577.1*
9305.4
10035.0
10 766.5
11500.1

12236.6
12976.1
13719.0
11*1*65.7

15973.

6

17500.9
1901*8.9
20618.5
22210.1
23823.1

251*59.5
27121.0
30535.1*
31*118.6
3800 i*.i*

1*21*15.6
47681*. 1*

51*257.6

63.779
65.711
67.1*18
68.91*6
70. 331
71.593
72.756
73.81*1*

71*. 85<*

75.602

76.691*
77.538
78. 31*0

79.106
80.532
81.853
83.092
81*. 262
85.371*
86.1*08

87.396
68.31*4
90.153
91.852
93.537
95. 300
97.255
99.529

10.30
10.35
10.37
10.39
10.1*0

10.1*2
10.1*5
10.1*8

10.52
10.57

10.63
10.70
10.77
10.86
11. 04
11.21*
11.1*5

11.68
11.91
12.13

12.37
12.62
13.27
14.33
16.15
19.17
23.85
30.58

11*. 1*1*

11*. "»9

11*. 50
11*. 52
11*. 53
11*. 55
11*. 57
14.61
11*. 65
11*. 69

11*. 75
11*. 52
11*. 90
11*. 98
15.16
15.36
15.58
15.80
16.03
16.26

16.1*9

16.75
17. H3
16.56
20.51*

23.69
29.18
36.98

1429.
1526.
1617.
1701*.

1786.
1864.
1939.
2011.
2060.
211*7.

2211-
227S
2332.
2390.
2501.
2505.
2704.
2799.
2690.
2977.

3061.
311*2.

3294.
3'*30.

3549.
3656.
3759.
3867.
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TABLE 8

THERHOOYNAHIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS* SI UNITS)

.90 NPA ISOBAR

MPERATURE DENSITY VIOH/DV)p -V<DP/OVI^ THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTI VITY DIFFUSIVITY CONST A NT 11 w n o i_ r\

^ u / u u n K J/ KG HPA— Pll M/K 1 HPA 1 / N H/K~ H KG/H~ S oy n ^ n ^
y 1A X u X 10^ X 10^

i inn f f • 7 c U O 65 0*6 .255 35 95. 1791 . 0 098

1

76* 23 260 . 36 • 00 05 5 1 . 25 3 35 2.1798
1 cX9. 7 & n 1 1 R 6*^ * . 7 .24604 no i 4 uc. . U X U P P 84.07 231.93 .00058 1.25065 1 . 0 0 -3 O
16. 75» 981 fl gt(Q , g •23767 80 . 7877 • 01137 90 • 28 20 6. 61 .00 059 1» 24794 1 • 66 7

1

X f . 75 • 0 91

7

6'^0 • 5 * 2 28 31 7't . 780 3 .0120 7 9 4* 42 185 • 9'f • 0 0 05 9 1 . 24482 1 • 52 2 7

7 *» • 1 59

1

63 8 • 2 • 22 0 49 69 . 10 97 . 01285 9 7.36 168 • 95 • 0 0 0 5 6 1 . 24 155 1 • 1*2 25
19. 73. 1793 633 .5 * 2 1380 63.6661 • 01371 99.16 154.72 .00 056 1 • 23812 1.3550
20 . 7E • 1 '62 62 * • 9 .20 7 88 5 8.1271 • 01473 10 0. 77 142. 56 • 0 0 0 55 1.2345 2 1. 30 2 3

22. 69.86i|i» 599.9 • 19747 if7.2907 .01728 103.72 122.66 .00052 1.22665 1.2261
2<». 67.2723 562.8 •18778 36.5169 •02101 103. 69 106.55 .00047 1^21760 1.2126
26 . 6'» • 165 9 51 * • 8 • 1 765

1

26. 185'* . 0 2673 101*60 92.65 . 0 0 041 1 • 20 6 9 0 1 • 25 1* 7

9 ACO. n 9 c: n 7o u • c 9 U r 1.C n ftH5 U • 0 i f^n AC• 1 D U O 7 1 0 . C L 7 & • u o r Dx 96.69 7Q 7 n
1 P . f u n n n 7. u U U 0 H I "1 0 7 c: nX • X P 0 P u 1 7 Q 7 C

ou . 363 . 7 .13627 7 1 i;f;7 • U D O 0 H 6 7*68 65 .69 . U U U £ o 1 1 7 P PX . X r H £ £ 1.8638
tn c 7o U « 7D r 3C • 1 OD!> T 5 ft 10& 0 • 0 1 9 ft ft

• X C O O D H . D J He • U"5HD ft c; t. 70 P . O f 6 1 . 1 n n n 1 Q
. U U U X 7 X • xo o U P 7 7 7 C Cc . c 0 D O

30 . 567 12 •2668 20 3 e6 • 06963 .31*58 • 1 8963 41 . 99 2 0.06 .00 03 2 1. 03752 1. 81*1*5

32 . 1 0 • 1 38 2 233.6 • 0 70 28 .51 1*** • 09936 35.77 19.87 . 0 0 0 55 1 -, n 7n ft ftX . U u o o 1. 2893
OH . pp. 1c o o . o n 7n A(^. U r U OD . DC c H . U O f X X 71. 7COH . OO p ii 7 nc U . 0 u n n n A n. u U U 0 u 1 n p p cX • U £ O £ P 1 n c; c n1 . u 7 o u

36. 7» 66't 7 295 . if • 0 71 34 .68^*6 . 05293 34. 45 20.93 . 00103. U U X W w 1. 02329 .950 1

38. 6.9569 323.1 .07138 .726<» .04457 35.04 21.64 .00126 1.02112 .8890
<iO. 6.1»019 3(^9.9 .07122 .7568 .03890 35.86 22.37 •0D148 1. 01942 . 81*68
i>2. 5. 9<»d5 376.0 .07100 .7799 • 0 34 74 36. 83 23. 12 .00171 1. 016 04 ,8201

5.5 677 l^Q 1 « 5 • 0 7 0 74 • 798 0 . 0 3153 3 7. 87 23.86 . 0 C 1 9 3 1 . n 1 A A ftX . U X o o o . 7961*

to. He D .
~

• 0 7 0 49 A 1 7. O 1 c o n P A QC^. U c O PO 38 .95 Pii f^ucH . OH n n ? 1 7. U U c X r 1.01588 .7612
,9572 *»5 1 • 1 * 0 70 24 ,521*5 . 0 2684 40.05 25. 39 .0 0 240 1.01502 .7671*

7U . . 706 8 * 75 . * . 0 6998 . 63^** . 0 2505 41 17 26. 1 h • 0 D 26

4

1 • 01425 . 7561
55 . t». 1908 53 5.3 • 06933 .853 0 * 0 2160 43 . 97 27 , 99 • 0 0 327 i- Dl 2 68 . 7359
60. 59'f* 6 . 0 68 65 .6656 * 01908 46. 73 29* 79 .00 39 2 1.011 46 • 72 30
65. 3 « '596 65 * • 1 .06 789 . 8 7^* 6 . U X f X H 49.66 3 1 * 5 n n i> A

1

. U U HO X X . U X U HO .7122
70. 3.1881 71i».5 .06701 .8813 .01560 52. 39 33.25 .aC531 1.0Q96<* .7077
75. 2.958'^ 776.1 • 06600 .8863 .01'*3i* 55.01* 31*. 92 .00602 1.0C391* .70 62
60 . A7 Q 7OO 3.0 • U O H ^ u A qh 1• O ^ U X n 1 7 p A

. U X 0 c O 57 46 36. 55 n n A 7 p. U U O r c 1 n n A 7i&X . U U O 0 H .7091
90, 2 . * 39

1

971.6 . 06241 • 8954 • 0 1 160 63* 68 39.70 .00836 1 • 00 737 .70 06
100. 2 • 1865 1111*3 • 05984 .6966 • 010 32 69. 75 42.72 .01001 X . U U O Q U . 7025
110. 1 • 9 82 5 1 PC A Q • 0 5726 .9010 n P Q -t A

• U b P O U 77.14 44.93 • 0 1 1 9 6 1*00599 .6822

120

.

1 • 8141 1*^1 1.9 • 05493 .9025 . U U O H O 6 3. 65 47 . 7W • 0 136 7 1 . 005 46 . 68 32
1^(0 • 4 cm a

i. . 7 7i. O 4 7 T fl pIf O U * . U P 1 U £ Q n z* p. P U H t n n 7 p 1. U U r c 1 Q c 7 np b . r u P 0 . X c n 1 7 Q ft. U X 1 P 0 •1 n n ftX . U U H O 0 C A ^. D O 7 H
160 . 1 .3565 205 7.0 . 0 4811 .9050 • 0 062 8 10 9* 67 58.24 .02253 1.00409 . 6861
1 60 . 1 • 205 3 238 7.1 0 if595 .9053 • 0 0557 122. 31 63.15 • 0 2 749 1 n n 7 ft i*X • U U O D H • 6661
200. 1.08(^7 2716.7 .04436 .9054 • 00500 134. 45 67.87 .03284 1. 00327 .6859
220. • 9861 30*^'^.7 .04315 .9053 •0Q454 146.03 72.45 .03656 1*00297 .6859
2'tQ . • 9 0 O O D O .3 . 0 42 2 7 • 90 52 • 0 0416 157» 06 76 .68 . 0 4464 1.00273 .665 9

£ ou . • O OH D t C ft 7 QOD 0 » • "3 * 0 41 61 Q n c -1

• Pi . U U 0 O H X D r . PO ft 1 p nOx . cU • U P 1 U r
1 n n p c pX . U U £ P £ . D 0 7 O

2 BO. • 7751 if 00 2.5 . 041 1

3

.9049 . u w o ^ o 17 7. 59 65 . 41 • 0 5785 1 . DC ? 7i* .6857
300 . . 723 6 431 2*7 • 0 40 78 • 90 4 7 • U U 0 o c 187.19 69.52 . 0 649 8 1 . 00 218 .6855

350 . .6206 5 070*8 • 0 40 2 7 .90 43 . 00 285 20 9. 65 99 . 44 . 0 8422 1 . nn 1 ft 7X • U U X O ( . 681*9

*t U II . _ C (."J p. P HO C ~ ox 0 • o n /. n ft c;
. U H u U P . ^ U O 3 . U U c HP 230. 44 10 6. 90 . X U PH

c

X . U U X DH . 68 1* 5
n 7 n• HO O U 6547 « 2 . 0 3995 .90 35 * 00222 2 50. 06 117. 97 . 12850 1 . 00146 c n ii 7

500. « '3'^9 728 2.1 • 0 3985 .90 32 .00 199 268 . 87 1 26 .73 . 15 329 1.00131 . 66 1* 1*

550. .3955 8016.1 .03979 • 9030 .00181 287*12 135.20 .17965 1.03119 .681*3

600. .362 6 6754.3 .03970 • 9026 . 00166 3135. 00 143,42 •20811 1.00109 .661*2
650 • ^ 33(i Q 9496 •

9

• U O 3o u • 90 26 .0015 3 322 • 62 151 • 43 • 23 80 6 1 . 00101 • 681*0

700 . . 310 9 J. U £ H 0 . p • U O 7 H r . P U C H nn 1 i»7. U X HO 3 40 . 09 1 *iQ- P LX " J . C H . 2 6961 1.00094 • 66 39
1 1 U U 7 * D * 0 39 31 on p 7 n n 1 7 7. U U xo 0 7 C 7 /.ftOP f . HO 166.66 7 n p 7 1.. 0 U £ / o 1 /I n n A 7X . u u u o r . 6837

800 . .2721 1 1 78 1 • 7 0 391

2

• 9 0 21 • 0 0125 3 74. 65 1 74. 36 . 33 74 5 1 . fl 0 A? .6835

A tin • £ 70 £ 1 2 56 6*9 * 0 3 6 90 .9020 n n 1 1 7
. U U 1 1 r

? Q P P 70 P C • CO 4 ft 1 7 nX Ox . r U 7 7 7 C P
• Or 0 D £ 1 n n 7 7X . U U U f 1

C A 7 Ia. D 0 0 H
900 . • 2*^2 0 1 77P»ft PX OO D Q

•

c . 03 864 • 7 U X 3 • U U X X X 409. 66 168 * 9

0

• 41 1 2 3 1 - n n n 7 7X . U U U f o .6635
950 . .2293 14 18 0.8 . u o o o o • 90 18 .00105 4 27 .15 1 95 . 98 .45 02 3 1 . n n n ft QX • U U U D p . 6836

1000. .2178 15011.1 .03906 • 9017 •00100 444. 74 202.96 .49056 1. 00066 .6836
1100. . 1980 16708.8 .037i»3 .9016 .00091 475.56 216.60 .57007 1. OOQ&O .6907
1200. • 1816 16465*1 .03676 .9014 . 00083 511. 01 229.68 .659tf9 1. 00055 .6911
1300. • 1676 20279.7 .03607 .9013 .00077 546.91 242.63 .75407 1.00051 .6916
1<»00. .1557 22150.7 .03537 .9012 .00071 583.28 255.50 .65374 1. 00 0 1*7 .6921
1500. .l'^53 24076.5 . 03<t69 .9012 . 00067 620.14 267.90 .958tt8 1. 00 01*1* .6925
1600. • 1362 26043.0 .a3i>0<* • 9011 .00062 657*31 280.05 1.06di^& 1. 000 1*1 .6927

1700. .1282 28072.1 .03339 .9010 .09059 695.61 291.97 1^16404 1.00039 .6921*
1600. .1211 30188*1 .03271 .9009 . 00055 736. 08 303.67 1. 30606 1. 000 36 .6912
2QO0. • 1090 34860 .0 .03111 .9006 • 00050 831. 52 326.45 1.57614 1. 00033 .681*2

2200. • 0990 40 821.1 .02883 .8999 •00045 970.36 344.97 1.90132 1. 00030 .6597
2U00. • 0906 49197.1 .02562 .8963 .00042 1197.62 366.51 2^31668 1.0J027 .6265
2600. .0833 61754.9 .02167 .6949 . 00039 1578.66 367.92 2.85503 1. 00025 .5670
2800. • 0 768 80655.3 .0175<. • 8664 . 00036 2193.96 409.6D 3.52300 1. 00023 .51*1*8

3000. • 070 8 108142.4 .01385 .8774 • 00034 3127.32 432.10 4.29912 1.00021 .5109
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSI

.95 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
OERItfATItfE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/< KJ/KG-K K J/KG KJ/KG-K KJ / KG-K M/S

• l<t»117 .01290 1.2311 .9342 218.6 230.8 14. 1 04 4. 72 6.38 1290.
15. . 0 130

1

1.1536 .9337 224. 3 236.7 14.505 4.90 6.82 1267.
16. .01315 1.0684 .9199 231.2 243.7 14.958 5.08 7.28 1237,
17. • 01331 1 . & 0 07 .9041 238.6 251.2 15.413 5.26 7. 72 1212.
18. e Q 13i«7 .9367 .8894 246 .

4

259.2 15.868 5.43 8.19 1189.
19. .01365 .8749 . 8742 254. 6 267 . 6 16. 324 5 .58 8.67 1166.
20. .01385 .3106 .8577 263.4 276.5 16.782 5.71 9.19 1142 ,

22. . 01't29 .6819 . 8189 282.4 295.0 17.712 5.92 10.34 1091.
2>». .01<«8lf .5484 .7692 304.0 318.1 18.671 6.07 11.78 1031.
26. .01556 .4145 .7027 328.6 343.4 19.683 6. 18 13.67 958.
28. . 0 1655 • 2 762 . 6 142 357.8 373.5 20. 796 6.29 16. 76 858 «

30. . 01820 .1401 .4968 395. 6 412. 9 22 . 1 51 6. 47 23. 98 721,
* 30. gi** . 0 196'» . 0 734 . 420 5 420.2 438.9 23.0 04 6.64 35.36 625

.

• 30. silt . 0 7532 . 0 246 .0 719 619.8 691. 4 31 . 1 76 7. 79 44.68 376.
32 . . 0 89 3'« . 0 441 . 0 5 76 642 .

9

727 . 8 32. 337 7.32 26.52 400,
3<». .10700 .0 675 .0458 670.2 771.9 33.675 6.90 18.99 431 .

36. . 121'tl • i 855 .0 393 691.4 806. 8 34.673 6.66 16. 24 457.
38. • 1 34 35 .1013 . 0 349 710 . 0 8 37.7 35.5 08 6. 54 14 .79 479,
hi. .l'»6'»2 .1155 .0316 727.2 866.3 36.243 6.47 13.89 498.
(i2. .15789 .1287 .0290 743.4 893.4 36.905 6.43 13.28 516.
<!<». . 1689'* . 1 412 . 0 269 759. 0 919.5 37.511 6.40 12.63 532

.

« 1 7967 . 1531 • 0 251 774 .

2

944 . 9 3 8.074 6.38 12.49 548 .

48. . 1901<f .1 646 .0 236 788 . 9 969.6 38. 600 6.36 12. 23 562 .

50. . 20 0 itO • 1 758 .0 223 803.4 993 . 8 3 9 . 095 6.35 12.01 576 .

55. . 225 37 .20 23 .0196 838. 7 1052.

8

40 • 221 6. 35 11.64 609,
60. • 2'»963 .2276 .0175 873 .2 1 110 .

4

41.223 6.36 11.40 639 •

65. • 2 73 40 . 2 521 . C 159 907.3 1167. 0 42.128 6.39 11 . 26 667 .

70. .29681 . Z 758 .0146 941.1 1223.1 42.960 6.44 11.19 692 ,

75. .31995 .2991 .0135 975.0 1279.0 43.731 6.51 11.16 716,
80. . 34289 . 3220 .0125 1009.

1

1334.

8

44.452 6.60 11.17 738.
90

.

.38829 .3669 .0110 10 78.2 1447.

0

45. 775 6.33 11.29 779,
100. .43326 .4111 . 0 098 1149.

3

1560.9 46.9 73 7.09 11.49 816 ,

HQ • .47789 . 4546 .0089 1222.9 1676.

9

48.0 76 7.39 11.73 849,

120. • 522 31 . 4 977 . 0 081 1299.

3

1 795 .5 49 . 1 08 7 .68 11 . 98 881

,

li*Q , . 610 66 .5830 .0 069 1460 .

0

2040.

2

5 0.993 8.24 12. 48 940 ,

160. . 69859 .6676 . 0 060 1630 .7 2294 .4 52.688 8.71 12 . 9 2 995 .

180

.

. 78625 .7516 . 0 053 1809.7 2556.

6

54.233 9.10 13. 29 1048 ,

200

.

. 8 73 72 . 8353 . 0048 1995.6 28 25.

6

55. 650 9. 41 13.59 1098,
220. .96105 .9187 .0043 2186.9 3099.9 56. 957 9.66 13.83 1147,
2i»0. 1. 04829 1. 0020 . 0040 2382.5 3378.4 58.169 9.85 14.01 1194.
260 . 1.1 3546 1.0351 .0037 2581 .4 3660 .

1

59.297 10.00 14. 15 1239.
280. 1. 22257 1.1681 . 0 034 2782.9 3944.

3

60. 349 10.11 14. 26 1283.
300 • 1. 30958 1.2510 . 0 032 2986.4 4230 .

5

61.336 10.19 14.33 1327,

350. 1.52705 1.4580 . 0027 3499.5 4950 .

2

63.555 10 .30 14 .44 1429.
i>00 . 1.7 443 9 1.6647 . 0 02 4 4016.5 5673.6 65.488 10.35 14. 49 1526.
1*50, 1. 96165 1.8713 . 0 021 4535.

1

6398.

6

67. 195 10. 37 14. 50 1618 .

500. 2.17887 2.0778 .0 019 5054.4 7124.3 68.723 10.39 14.52 1704.
550. 2. 39604 2.2842 .0017 5574.

3

7850.5 70.108 10.41 14.5 3 1786.
600. 2.61319 2.4906 . 0 016 6095.2 8577.7 71.370 10.42 14.55 1865 ,

650. 2.83032 2.6969 .0015 6617.0 9305.

8

72.532 10.45 14.57 1940.
700. 3.04744 2.9032 .0014 7140 . 3 10035.

4

73.621 10.46 14.51 2012.
750. 3 . 2 64 5 5 3.1095 . 0 013 7665.

6

10766.

9

74. 631 10.52 14. 65 2081 .

800 . 3.48165 3.3158 .0012 8193.0 11500.6 75.579 10.57 14.69 2147 .

850 . 3. 69875 3.5221 .0011 8723.

2

12237.0 76.471 10.63 14. 75 2211.
900. 3.91584 3.7283 .0011 9256.4 12976.5 77.315 10.70 14. 82 2273.
950 . 4.132 92 3.9346 . 0 012 9793.

1

13719.4 78. 117 10.77 14.90 2333.
10 0 0 . 4. 350 00 4.1403 .0 010 10333.6 14466.1 78.9 83 10.86 14.93 2390 .

1100. 4.78416 4.5533 . 0 009 11429.0 15974.

0

80.309 11.04 15.16 2501.
1200. 5.21831 4.9658 . 0 003 12543.9 17501.3 81.630 11. 24 15.36 2605.
1300. 5.65246 5.3782 . 0 007 13679.5 19049.3 82.869 11.45 15.58 2705.

6.0866C 5.7907 . 0007 14836.6 20618.9 84.039 11.68 15.80 2799.
1500. 6.52075 6.2031 . 0006 16015.8 22210.5 85.151 11.91 16. 03 2890.
1600. 6.95493 6.6156 .0 006 17216.

3

23823.5 86. 185 12.13 16. 26 2977.

1700. 7.38918 7.0280 . 0006 18440.1 25459.8 87.173 12.37 16.49 3 062.
1800. 7.82359 7.4404 .0005 19688.7 27121.1 88.121 12.62 16.75 3143.
2000. 8.69370 8.2653 .0005 22275.1 30534.2 89.929 13.26 17.42 3294.
2200. 9.56844 9.0902 . 0 004 25023.

3

34113.

3

91.627 14.30 18. 52 3431,
2(»00. 10.45498 9.9150 . 0 004 28056.5 37988.8 93.306 16.08 20.46 3551,
2600. 11.36694 10.7398 . 0 004 31578.5 42377.1 95.061 19. G 3 23.73 3658.
2800. 12.32689 11.5647 .0003 35891.1 47601.6 97.300 23.59 28.89 3761.
3000. 13.36856 12.3895 . 0 00 3 41397.1 54097.2 99.247 30.15 36. 48 3868.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

.95 MPA ISOBAR

TEMPERATURE DENSITY

K6/CU M

V(DH/DV),p VIOP/DUK, -V(OP/OW>, (DV/DTL/W THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
^ t r CONOUCTItflTV DIFFUSIVITY CONSTANT NUMBER

KJ/KG MPA-CU M/KJ
X 10^

MPA 1/K H/K-M
X 10^

KG/M-S
X 10^

SQ M/HR

77.5'»86 652.3 .25528 95.'.70<. .00978 76.1.3 260.68 .00056 1.2531.5 2.1768
15. 76.8546 61.7.2 .2<.811 88.6581 .01053 8<.. 13 232.71 .00058 1.25101 1.8855
16. 76.0277 6<.2.5 .23797 81.2251 .01133 90.36 207.29 .00059 1.21.810 1.6696
17. 75.1i»ll 6<.2.3 .22861 75.1966 .01202 9'..51 186.55 .00059 1.21.1.99 1.521.5
18. 7<».212i 61.0.0 .22078 69.5138 .01279 97.1.9 169.51 .00056 1.21.171. 1.1.2 3 7

19. 73.2363 635.5 .211.07 6(..0768 . t)136<. 99. 28 155.23 .00056 1.23832 1.3556
20. 72.2077 627.0 .20815 58.5320 .011.65 100.91 11.3.01. .00055 1.231.73 1.3025
22. 69.9576 602.1. .19773 1.7.701.9 . 01717 103.89 123.09 .00052 1.22690 1.2251
2<». 67.3636 565.7 .18806 36. 91.06 . 02082 101.. 12 106. 97 .0001.7 1.21792 1.2101
26. 6<t.2873 518. <. .1769'. 26.6<.'.2 .02637 101.89 93.09 . 0001.2 1.20732 1.21.93
28. 60.<i323 1.55.5 .16158 16.6892 .03680 97.11 80.21 .00035 1. 191.12 1.361*6

30. 5«..9325 371.5 .13984 7.6951 .06456 88.65 66.67 .00024 1.17546 1.8038
30.911. 50.9105 314.1. . 12438 3.7385 . 11248 85.78 58.95 .00017 1.16194 2.4303
30.911. 13.2772 202.8 .06955 .3265 .22031 45.46 20.72 .00028 1. 04058 2. 0362
32. 11.1936 227.3 .07024 .4932 .11669 37.80 20.29 .00046 1.03414 1.4235
3<». 9.31.62 261.6 .07102 .6307 .07259 35.29 20.55 .00072 1.02845 1.1057
36. 8.2 361. 291.3 .0 7162 .70 51 . 05574 35. 08 21.12 .00094 1. 02504 .9775
38. 7.1.1.30 319.5 .07168 .7540 .04629 35.54 21.79 .00116 1. 02261 .9068
1.0. 6.8297 346.7 . 07152

.07129
.7889 . 040 08

.03560
36.29 22.50 .00138 1. 02073 .8614

<i2. 6.3331. 373.1 .8153 37.20 23.24 .00159 1.01921 .8297
i>i>. 5.9192 398.8 .07101 .8359 .03218 38.19 23.98 .00181 1. 01795 .8060
l»6. 5.5658 424.1 .070 74 .8524 .02946 39.24 24.73 .00203 1.01687 .7874
i»8. 5.2591. 448.9 .07047 .8659 . 02724 40.32 25.48 .00226 1. 01594 .7726

50. 4.9901 473.4 .07020 .8770 .02538 41.43 26.22 .00249 1. 01512 .7605
55. 4.4372 533.7 .06952 .8978 .02180 44.19 28.06 .00308 1. 01343 .7339
60. 4.0060 593.2 .06882 .9119 .01922 46.93 29.85 .00370 1.01212 .7252
65. 3.6577 653.0 .06804 .9219 . 01724 49. 84 31.60 .00 436 1.01106 .7139
70. 3.3692 713.5 .06714 .9293 .01568 52.55 33.31 .00502 1.01019 .7090
75. 3.1255 775.3 .06613 .9348 .01440 55.18 34.97 .00569 1. 00945 .7073
80. 2.9164 838.6 .06501 .9391 . 01333 57.60 36.60 .00636 1.00881 .7100
90. 2.5754 971.1 .06251 .9450 . 01163 ^4.00 39.74 .00792 1. 00778 .7011

100. 2.3081 1111 .0 .05992 .9488 .01034 59.87 42.76 .00949 1.00697 .7029
110. 2.0925 1258.3 .05732 .9512 .00931 77.20 44.95 .01133 1.00632 .6826

120. 1.9146 1411.8 . 05499 .9529 .00849 33.70 47.76 .01314 1.00578 .6835
140. 1.6376 1730.4 . 05107 .9547 . 00721 96. 74 53.13 .01704 1.00494 .6856
160. 1.4315 2057.4 .04815 .9556 .00628 109.70 58.25 .02135 1.00432 .6863
180. 1.2719 2387.6 .04599 .9559 . 00557 122. 34 63.16 .02605 1.00384 .6863
200. 1.1445 2717.4 .04439 .9560 . 00500 134.47 67.88 .03112 1.00345 .6860
220. 1.0405 3045.5 .04318 .9559 .00454 146. 05 72.45 .03654 1. 00314 .6860
240. .9539 3369.4 .04229 .9558 .00416 157.03 76.89 .04230 1.00288 .6859
260. .3607 3683.9 .04163 .9556 .00384 167.58 81.20 .04840 1.00266 .6859
280. .8180 4003.6 .04115 .9554 . 00356 177. 60 85.41 .05432 1.00247 .6857
300. .7636 4313.8 .040 79 .9553 .00332 187.20 89.53 .06157 1.00230 .6855

350. .6549 5072.0 .04029 .9548 .00285 209.66 99.44 .07981 1.00197 .6850
400. .5733 5814.6 .04006 .9543 .00249 230.44 108.90 .09990 1. 00173 .6846
450. .5096 6543.5 .03996 .9539 . 00221 250. 07 117.98 .12176 1.00154 .6842
500. .4590 7283.5 .03986 .9536 .00199 268.88 126.73 .14525 1.00136 .6844
550. .4174 8017.5 . 03979 .9533 .00181 287.13 135.20 .17042 1.00126 .6843
600. .3827 8755.8 .03971 .9531 .00166 305. 00 143.43 .19719 1.00115 .6843
650. .3533 9498.4 .0 3961 .9529 . 00153 322.62 151.43 .22557 1. 00106 .6840
700. .3 281 10250.4 .03948 .9527 .00142 340.10 159.24 .25546 1.00099 .6839
750. .3063 11011.1 .03932 .9525 . 00133 357.49 166.88 .28687 1.00092 .6837
800. .2872 11783.2 .03912 .9524 . 00125 374.85 174.36 .31973 1.00087 .6835

850. .2704 12563.3 .03890 .9522 .00117 392.23 181.70 .35400 1. 00081 .6834
900. .2554 13367.7 .0 38 65 .9521 . 00111 409.66 188.90 .38963 1. 00077 .6835
950. .2420 14182.3 .03837 .9520 . 00105 427. 16 195.99 .42658 1.00073 .6836
1000. .2299 15012.7 .03806 .9519 .00100 444.74 202.96 .46481 1.00069 .6838
1100. .2090 16710.4 .03743 .9517 .00091 475.56 216.60 .54012 1. 00063 .6907
1200. .1916 18466.

8

.0 36 76 .9516 . 00083 311.01 229.88 .62483 1.00058 .6911
1300. .1769 20281.3 .03607 .9515 . 00077 546.91 242.83 . 71444 1. 00053 .6916
1400. .1643 22152.3 .03537 .9514 .00071 583.27 255.50 .80887 1.00050 .6921
1500. .1534 24077.9 .03469 .9513 .00067 620.13 267.90 .90809 1.00046 .6925
1600. .1438 26043.9 .03404 .9512 . 00062 S57. 27 280.05 1.01227 1. 00043 .6927

1700. .1353 28071.5 . 03339 .9511 . 00059 695.51 291.97 1.12174 1.00041 .6924
1800. .1278 30184.5 .03272 .9510 .00055 735.37 303.67 1.23726 1.00039 .6913
2000. .1150 34859.7 .03114 .9507 . 00050 830.67 326.45 1.49268 1.00035 .6845
2200. .1045 40753.2 .02889 .9500 . 00 045 967.69 344.97 1.79946 1.00031 .6604
2400. .0956 49018.5 .02573 .9484 .00042 1190. 76 366.50 2.19050 1.00029 .6297
2600. .0880 61356.3 . 02183 .9443 .00039 1563.53 387.89 2.69645 1.00027 .5887
2800. .0811 79875.6 .01773 .9382 .00036 2164.52 409.54 3.32519 1.00024 .5466
3000. .0 748 106772.3 .01404 .9268 .00034 30 75. 78 431.93 4.05742 1. 00 0 23 .5124
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

1.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KS-K KJ/KG KJ/KG-K KJ / KG-K M/S

• li».133 .01289 1.231*1* .931*7 218.6 231.5 11*. 105 l*.72 6. 38 1292.
15. .01300 1.1600 .931*3 221*.

2

237.2 11*. 1*98 *.90 6.80 1270.
16. .01315 1.0735 .9211* 231.1 21*1*.

2

11*. 951 5.08 7.27 1239.
17. .01330 1.0056 .9056 238.1* 251.7 15.1*05 5.26 7.71 1211*.
18. .01347 .9<*li* .8908 21*6. 2 259.7 15. 860 5.1*3 8.18 1191.
19. .01361* .8798 .8757 251*.

5

268. 1 16.315 5.57 8.66 1169.
ZD. .013d'> .8155 .8593 263.2 277.0 16.772 5.70 9. 17 111*5.

22. . 0 1^ 2 6 .6871 .8205 282.2 296.5 17.700 5.92 10.31 1091*

.

2<i. .ai'iS2 .5539 .7713 303.6 318.1* 18.656 6.07 11.71* 1035.
26. .01553 .1*207 . 7056 328.1 31*3.7 19.662 6. 16 13.59 962.
28. .01650 .2850 .6185 357.0 373.5 20.765 6.29 16.52 865.

30. .0 18 09 .11*85 .501*1 391*.

0

1*12.1 22.091* 6.1*5 23.26 731.
• 31.2if8 .02016 «059i* .3982 1*28.5 1*1*8.6 23.287 6. 70 1*0.61 600.
• 31.2<t8 .06965 .a 213 . 0788 611*, 7 681*. It 30.831* 7. 93 52. 16 371*.

32. .0801*3 .0367 .0 651* 63t>.l 711*.

6

31.790 7.50 31.66 393.
3i>. .09887 .0627 . 0502 661*.

9

763.8 33.285 6.97 20.32 1*27.

36. .11 3<;o .0 318 .01*26 687.3 800.5 31*. 337 6.70 16.91 1*51*.

38. • 125 87 .0982 .0375 70 6 . 6 832. 5 35.20 2 6.56 15 . 21 1*77.

<»0. .13759 .1123 .0339 721*.

3

861.8 35.951* 6.1*9 11*. 19 1*97.

(»2. .11*869 .1261* .0310 71*0.8 889. 5 36,629 6.1*1* 13. 51 515.
.1593'* .1391 .0287 756.7 916.0 37.21*5 6.1*1 13.01 531.

<»6. .16965 .1513 .0267 772. 0 91*1.6 37.815 6.39 12.61. 51*7.

<i8. .17971 .1629 , 0251 786.9 966. 6 38. 31*6 6.37 12. 35 562.

50. .1895<* .171*2 .0236 801.5 991.1 38.81*6 6.36 12.12 576.
55. .213i*5 .2011 .0207 837.1 1050.6 39.980 6.35 11.71 609.
60. .23663 .2267 .0185 871.9 1108.5 1*0.989 6.36 11.1*6 639.
65. .25931 .2513 .0168 906. 0 1165.1* 1*1. 898 6.39 11.31 667.
70. . 2 81 6<* .2 752 .0151* 91*0 . 0 1221.

7

1*2. 733 6. 1*1* 11. ?2 692.
75. . 30370 .2986 .011*2 971*.

0

1277.7 1*3.506 6.51 11.19 716.
80. .3255<* .3217 .0132 1008.1 1333.7 1.1*. 229 6.60 11.20 739.
90. .36878 .3668 .0116 10 77.1* 11*1*6.

1

1*5. 551* 6. 83 11.31 780.
100. .1*1157 .1*111 .0103 111*8.6 1560.1 1*6.751* 7.09 11.50 816.
110. .(* 51*03 .1*51*7 .0093 1222.3 1676.1* 1*7.859 7.39 11.71* 850.

120. .1*9627 .1*979 .0 085 1298.7 1795.0 1*8. 892 7.68 11.99 882.
140. .58028 .5833 .0073 11*59.6 2039.9 50.778 8.21* 12.1*9 91*1.

160. .663 86 .6680 .0063 1630.3 2291*.

2

52.1*71* 8. 71 12,93 996.
180. .7<*718 .7521 .0056 1809.1* 2556.6 51*. 020 9.10 13,30 101*8.

200. . 830 31 .8358 . 0 050 1995.

3

2 825.

6

55. 1*37 9. 1*1 13,59 10 99.
220. .91330 .9193 .001*6 2186.6 3099.9 56. 71*1* 9.66 13.63 111*7.
240. .99620 1.0026 .0 01*2 2382.3 3378.

5

57.956 9.85 11*. 02 1191*.

260. 1.07902 1.0858 .0039 2581.2 3560.3 59.081* 10.00 11*. 16 121*0.

288. 1.16179 1.1688 . 0036 2782.7 391*1*.

5

6 0.137 10.11 11*. 26 1261*.
308. 1.2'*'*<*6 1.2517 . 0 033 2986.2 1*230.7 61.121* 10.19 11*. 33 1327.

350. 1.1*5108 1.1*583 .0029 31*99.1* 1*950. 5 63.31*1* 10.30 lt*.(»i* 11*30.
400. 1.65757 1.6655 .0025 1*016.1* 5673.9 65.276 10 .35 11*. 1*9 1527.
i>50. 1.86398 1.8721 .0022 1*535.0 6399.0 66.983 10. 37 11*. 50 1618.
5O0. 2. 0 70 33 2.0786 . 0020 5051*. 3 7121*.

6

68.511 10.39 11*. 52 1701*.
550. 2.2 7666 2.2851 .0 018 5571*,

2

7850.9 69.896 10,1*1 11*. 53 1786.
60O. 2.1*8295 2.1*911* .0017 6095.2 8578.1 71.159 10.1*2 11*. 55 1865.
650. 2.68923 2.6978 .0015 6616.9 9306.1 72.321 10.1*5 11*. 5 7 191*0.
700. 2.89550 2.901*1 .0011* 711*0.3 10035.8 73.1*09 10.1*8 11*. 61 2012.
750. 3.101 75 3.1101* .0013 7665.6 10 767.

3

71*. 1*20 10.52 11*. 65 2081.
800. 3. 30800 3.3167 .0013 8193.0 11501.0 75.367 10.57 11*. 69 211*7.

850. 3. 511*21* 3.5230 .0012 8723.

1

12237.1* 76.259 10 .63 11*. 75 2211.
900. 3.7201*8 3.7292 .0011 9256.1* 12976.9 77.101* 10.70 11*. 82 2273.
950. 3.9 26 71 3.9355 .0011 9793.

1

13719.8 77.906 10.77 11*. 90 2333.
1000. 1*. 13291* 1*. 11*17 .0010 10333.6 11*1*65.5 78.671 10. 86 11*. 98 2391.
IIOO. 1*. 51*539 1*. 551*2 . 0009 111*29.0 15971*. 1* 80.097 11.01* 15.16 2501.
1200. 1*. 95781* l*.9667 .0 008 1251*3.9 17501.7 81.1*19 11.21* 15.36 2606.
1300. 5.37028 5.3791 .0008 13679.5 1901*9.8 82.657 11.1*5 15.58 2705.
I(f00. 5.78271 5.7916 . 0007 11*836.6 20619.3 83.828 11.68 15,80 2800.
1500. 6.19516 6.201*0 . 0 007 16015.8 22210.9 61*. 91*0 11.91 16.03 2890.
1600. 6.60763 6.6165 . 0006 17216.3 23823.9 85.971* 12.13 16. ?6 2978.

1700. 7.02016 7.0289 . 0006 181*39.9 251*60.1 86.961 12.36 16.1*9 3062.
1800. 7.1*3281* 7.1*1*13 .0 006 19688.1* 27121.2 87.909 12.62 16.75 311*3.

2000. 8.2591*1 8.2662 . 0 005 222 73.

7

30533.

1

89.717 13.25 17.1*1 3295.
2200. 9.09025 9.0910 .0005 25018.3 31*108.5 91.1*12 11*. 28 18.1*9 31*31.

2400. 9.93203 9.9159 .0001* 2801*2.3 37971*.

3

93.088 16. 02 20.39 3552.
2600. 10.79735 10.71*07 . 0001* 3151*1*. 2 1*231*1. 5 91*. 831* 18.90 23.58 3659.
2800. 11.70709 11.5656 . 0001* 35818.1 1*7525.2 96.758 23.35 28.52 3762.
3000. 12.69252 12.3901* .0C03 1*1256.5 5391*9.0 98.980 29.75 36.03 3869.

!

THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

1.00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/DV)p VCOP/DU)^ -V(DP/Ol/)^ (OV/DTIj/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY OlFFUSIVITY CONSTANT NUMBER

H/K-M KG/M-
X 10^ X 10-* X 10^

KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M;S SQ M/HR
fi3

"

ft* 133 77.5763 65<t.O . 25522 95.761'* . 0 0976 76.63 260 .99 .00 056 1 . 25 355 2.1739
1 5« 76 . 8975 6'»9 . 7 • 2'»818 B 9 . 1 999 .010 1*7 61*. 16 233.50 .00058 1.25116 1 . 8875
16. 76, D73l» 6(»lt.3 .23827 81.6612 .01128 90. '*3 207.98 .00059 1.21.626 1.6720
17. 75.1902 6'»i».l .22890 75.6113 . 01198 9<*.60 187.17 .00059 1.21.516 1.5263
18. 7'* . 2 6 6^*1 . 8 . 22106 69.9161 . 0127'* 9 7.59 170.06 ,0 0 058 1 . 21. 192 1 . 1*2 1*9

19 . 7 3 . 292 9 63 7.5 • 2 l<ft33 . 85 8 .01358 99. 1*0 155 . 7'* . n n n sfi. U U U ^ vJ 1 . 23852 1 . 35 63
20 . 72. 2 68 9 629. L .20 8'f2 58. 9352 • 011*58 101.01* l'*3. 51 .00055 1. 231.95 1. 3027
22. f U • U O U V 60 .8 . 19798 (ig , 1167 .01705 10'** 07 123.52 « 00 052 1.227 16 1 . 22 1*2

2'». 67* ^'il 568.5 . 1883<» 3 7.360 8 . 0206'* 10 '*. 3'* 10 7.38 ,00 01*7 1.21623 1.207 8

26. 069 622.0 .17735 27.097'* • 0 26 0'* 102.18 93.53 , 00 01*2 1.20 7 73 1 . 21. 1.

2

28. V U • O X f ^61*3 .16 2 32 17. 2762 * n ft

n

97. 53 80 c 7'* , U U U O V 1.191. 75 1 . 3671

30 • 55.2770 378.6 .1^128 3.2063 . 061<*2 89.37 67. '*1 , 00025 1. 17662 1 . 751*3

31. 2'»3 1(9, 609'> 33 0 . <» . 1197D 2. 91*53 •13519 8 6. 23 56 .77 ,00015 1. 15759 2. 6735
31.21*9 ll».3567 20 2.2 .0692'» .305'* .25798 1*9.57 21.1*5 ,00021* 1. 01.393 2.2575
32. 12. 1*337 220.6 .07011 .'557 .11*350 1*0. 72 20.61* ,00037 1. 03797 1.62C0
3l». 256.8 .07117 .631*0 .07916 36. 35 20.83 .00061. 1. 03061 1.161*7
36. 8.6336 287.3 .07190 .7230 . 05886 35.76 21.32 ,00086 1.02687 1.0079
38. 7.9'»'»<» 315.9 .07200 .7798 .01*815 36.06 21.95 ,00107 1. 021.11. .9260
kO. 7.2677 3if3.5 .07183 .8199 . 01*132 36.72 22.61* ,00128 1. 02207 . 871*9
kZ, 6.725«» 370.2 .07158 .81*99 .0 361*8 37.57 23. 36 ,oai'.9 1. 0201.1 .6398
l»<f. 6.2759 396.2 .07129 .8731 .0328'* 38.52 21*. 09 ,00170 1. 01901. .8139
<i6. 5.89<»3 <f21.7 . 07099 .8917 .02998 39.51. 21., 83 .00191 1.01787 .7936
<»8. 5.56«»7 't'»6.7 .07071 .9067 .02765 1*0.60 25,57 .00213 1. 01667 .7779

50. 5.2758 1*71.1* . 070<f2 .9192 . 02571 1*1. 68 26.31 .00235 1.01599 .761*9
55. i».685a 532.1 .06971 .9'.23 .02202 l*'*.i*l 28.13 .00291 1. 011.19 .71*20

60. <».226l 591.9 .06699 .9560 .01936 1*7,12 29.91 .00350 1.01279 .7271*

65. i.asbi* 651.8 .06819 .9691 .0173'* 50.02 31.66 .OCIS 1. 01167 .7156
70. 3.5506 712.5 .06728 .9772 .01575 52. 71 33, 36 .001*76 1, 01071* .7103
75. 3.2928 77l».i» .06625 .983'* .011*1*5 55,32 35,02 .0051.0 1,00996 .7081*

80. 3.0718 837.9 . 06513 .9881 . 01337 57. 73 36.61. . 00601. 1,00929 .7109
90. 2.7117 970.6 .06261 .991*6 .01166 61*. 13 39.78 .00753 1. 00619 .7017

100. 2.ii297 1110.6 .06001 .9988 .01035 69.98 1*2. 79 .03902 1.00 731. .7033
110. 2.2025 1258.6 .05739 1.0011* .00933 77.26 1*1*. 96 .01076 1.03665 .6631

120. 2. 0150 11*11.8 . 05505 1.0032 .0061*9 8 3.75 1*7.77 .0121*8 1.00608 .6839
1<*0. 1.7233 1730.6 .05112 1.0053 .00722 96.78 53.11* .01619 1.00520 .6859
160. 1.5(;63 2057.8 .01*819 1. 0062 . 00628 109. 71* 58. 2o .02028 1. 001.55 .6065
180. 1.3381* 2388.2 .01*602 1.0066 .00557 122.36 63.16 .021*75 1.001.01. .6861*

200. 1.20<*t. 2718.0 . 0'*(*'*1 1. 0067 . 00500 131*. ^9 67.89 .02957 1. 00363 .6661
220. 1.091.9 301*6.3 .0'.320 1.0066 . 001*51* 11*6.07 72.1*6 .051*72 1.00330 .6861
2<iO. 1.0038 3370.3 .0'*231 1 .0061* . Ogi.16 157. 09 76.89 .01*020 1. 00 303 .6860
260. .9268 3689.9 .01.165 1.0062 .00381. 167. 59 81.21 .01*599 1.0D280 .6859
280. .8607 1*031*.

6

.0'.116 1.0060 .00356 177.61 65. 1*2 .35209 1. 00260 .6858
300. .8036 1*315.0 . 01*081 1.0059 .00332 187.21 89.53 .05851 1, 0021.2 .6855

350. .6891 5073.3 .01.0 30 1.0053 . 30265 209.67 99.1.1. .07581* 1,00208 .6850
1*00. .6033 5815.9 .01.007 1.001*8 . 0021*9 230.1*5 108.90 .091.92 1.00162 .661.6

1*50. .5365 651*9.9 .03997 1.001*1* . 00221 250. 07 117.98 .11570 1. 00162 .661*3
500. .(*830 7281*.

9

.03987 1.001.0 .00199 268.68 126.73 .13801 1.0011*6 .681.1*

550. .<*392 8019.0 .03960 1.0037 .00181 287.13 135.20 .16193 1.00132 .681*3

600. .'*027 8757.2 .03972 1.00 31. . 00166 305.01 11.3. 1.3 .18736 1. 03121 .681*3
650. .3719 91.99.8 .03962 1.0032 .00153 322.63 151.1.3 .211.33 1. 00112 .681*0

700. .3'*5<* 10251.9 . 0391.8 1.0030 . 0011*2 31*0.10 159.25 .21.272 1.00101* .6839
750. .322'* 11012.6 .03932 1.0028 .00133 357.1*9 166.86 .27256 1.00097 .6837
800. .3023 11781*.

7

.03913 1.0026 . 00125 371*. 85 171*. 36 . 30376 1.00091 .6835

850. .261*6 12569.9 .03891 1.0025 .00117 392.23 161.70 ,33631* 1. 00066 .6831.
900. .2688 13369.3 .03665 1. 0023 .00111 1*09.66 188.90 ,37019 1.00081 .6835
950. .251*7 11.183.9 .03837 1.0022 .00105 1*27.16 195.99 ,1*0530 1.00077 .6836

1000. .21*20 15C11..3 .03806 1.0021 . 00100 1.1.1.. 71. 202.96 ,i*i*l&2 1. 00073 .6638
1100. .2200 16712.0 . 0371*3 1.0019 .00091 1.75.56 216.60 ,51316 1.00066 .6907
1200. .2017 18'.66.i. .03676 1.0018 . 00063 511. 01 229.88 ,59361* 1.00061 .6911
1300. .1862 20263.3 .03607 1.0016 .00077 51*6.91 21.2.81. ,67877 1.00056 .6916
11*00. .1729 22153.9 .03538 1.0015 .03071 583.27 255.50 ,76 81.8 1.00052 .6921
1500. .1611* 2'.079.3 .031.69 1. 0011. . 00067 620. 11 267.90 .66271* 1 .0001*9 .6925
1600. .1513 2601*'*.

8

.03'*0'* 1.0013 .00062 657.21* 280.05 .95170 1.0001.6 .6927

1700. .11*21* 28071.1 .0331*0 1.0012 .00059 695.1*3 291.97 1.06567 1. 0001.3 .6921.

1800. .131.5 30181.3 .03273 1.0011 .00055 735.67 303.67 1.17535 1.0001.1 .6911.
2000. .1211 3l.8'.1.2 .03116 1. 0008 . 00050 829. 88 326.1.5 l.'*1760 1. 00036 .661.7

2200. .1100 1*0690.6 .02891* 1.0001 .0001*5 965. 22 31*1*. 97 1.70792 1.00033 .6610
21*00. .1007 1*8853.5 .02581* .9981* .0001*2 1181*. 1.1 366.1*9 2.07706 1.00030 .633 9
2600. .0926 60988.9 .02198 .991*8 . 00039 151*9.51. 387. 87 2.55'*23 1.00028 .5903
2800. .0851* 79151*.

7

.01791 .9879 .00036 2137.29 1*09.1*8 3.11*781* 1. 00026 .51*62

3000. .0788 105501*.

7

.011*22 .9762 .00031* 3026.03 1*31.86 3.61*065 1. 00021. .5138

THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

1.292800 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCIT Y
DERIVATIVE DERIVATIVE ENERGY OF SOUND

. K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 1<».229 .01286 1.2537 .9367 218. 7 235.1* 14.112 4.73 6.38 1300.
15. .01296 1 ,1970 .9378 223.7 21*0 . 1* 14.459 4.89 5 . 74 1285 .

16. . 01310 1.1028 . 9299 230 . 5 21*7.1* 14.909 5.08 7.23 1253.
17. •01325 1.0 336 .9139 237. 7 251*. 8 15. 360 5.25 7. 56 1228.
18. .013<»1 .9688 .8991 21*5. <* 262. 7 15.811 5.42 8.12 1205

.

19. .01358 .9102 .881*2 253, 5 271.1 16.2 61 5.55 8.57 1184.
20. .01377 .8'»67 .8680 262.1 279.9 16.714 5.59 9.07 1161

.

22. .01i»20 .7166 .8300 280.7 299.1 17.630 5.91 10.17 1111.
2<>. .01(»71 .5882 .7826 301.7 32 0.7 18.569 6.06 11.47 1055.
26. .01537 .(•570 .7209 325.1* 345.2 19.549 6.17 13.16 987.
28.

i

.

. ai62<> .3269 .6<»11 352.8 373.8 20.604 6.27 15 .56 901

.

' 30. .01755 .1975 .5<t09 386.1 1*08. 8 21.812 6.40 20. 08 787.
' 32. .02020 . 0 718 . 3996 <*3'*.0 1*60.1 23.464 6.63 35 • 71 620 .

• 32. 976 . 0 312 8 -.00 01 . 1927 521. 6 562. 0 26.576 9, 38 -14527. 49 348

.

» 32.976 .032'tl -.0001 .1868 527.0 568.9 26,736 9.30 -13235 .43 351

.

.06012 .0298 .0915 621.0 698.7 30 . 694 7. 72 42. 2 8 404.
36. . 0 7672 . 0 58i« . 0 669 659. 2 758. 4 32.405 6. 98 23.22 441

.

: 3S. .08886 .0793 .0559 631*.

6

799.5 33.516 6. 71 18. S4 468.
<iO. . 09935 .0969 . 01*89 705.7 834.1 34.405 6.59 16.34 490.
42. • 1089<t ,1126 . 0 <*39 721*.

6

865 . 4 35 . 1 69 6.51 15.06 510 .

.11795 .1270 . Q<*01 71*2.2 394. 6 35. 848 6. 47 14. 20 528.
V6. . 1265<» . l'»05 .0369 758.8 922.4 36.465 6.44 13.60 545 .

48. . 13'>82 .1533 , 0 3 1*1* 771*. 8 949. 1 3 7,0 34 6.42 13.14 560 .

SiQ,. • li»286 .1655 .0322 790 . 3 975.0 37.563 6.40 12.79 575 .

,i
1 '55.'

"

. 1 621

8

. 1 9'»'» , 0 279 827. 7 1037.

3

38. 751 6.39 12.18 609.
60. .18072 .2211* .021*7 863.6 1097.3 39.795 6.39 11. 81 640 .

65. .19875 .2'»71 . 0223 898. 8 1155.7 40 .729 6.41 11.58 668.
70. .216<«0 .2720 .0203 933.5 1213.2 41.583 6.46 11.44 694.
75. .23379 .2961 .0187 968.0 1270.3 42.370 6.53 11.38 718.
80. .25096 . 3199 .0173 1002. 7 1327.1 43.103 6.61 11.35 741

.

!j 90. . 28'»83 .3660 , 0 152 1072,

7

1440 .

9

44. 445 6. 84 11.43 782.
100. .31826 .'111 . 0135 lli*<*.i* 1555.9 45.655 7.10 11.59 319 .

110. .35137 .1*553 .0 122 1218.7 1673.0 46.768 7.40 11. 81 853.

120. . 38<»25 .i»990 .0111 1295.5 1792.2 47.806 7.69 12.05 884.
1<»0. .'»'>956 .5853 . 0 091* 1<>56.9 2038.1 49.701 8.24 12.53 943.
160. .51<><«5 • 6705 .0 082 1628 .

1

2293 .

1

51.402 8.71 12.96 999,
180. .57907 .7551 .0073 1807.5 2556.

1

52.950 9. 10 13.32 1051.
200. .6<»351 .8392 .0065 1993.6 2825.5 54.369 9.42 13.61 1101.
220. .70781 .9229 .0059 2185.2 3100.

2

55.678 9.65 13.85 1150.
2<»0. .77202 1.006i« .0051* 2381.0 3379.1 55.892 9.86 14.03 1197.
260. .836 1 6 1.0897 . 0 050 25 80 .

1

3661 .

1

58. 0 21 10.00 14.17 1242.
2 80. .9002'» 1. 1729 • 0 01*6 2781.

7

3945.

5

59. 0 74 10. 11 14.27 1286.
300. .96<»25 1.2560 .0 01*3 2985.3 4231.9 60.061 10. 19 14.34 1329.

350. 1. 1 2<>16 1. 1»633 .0 037 31*98 . 7 4952.1 62 . 2 82 10 .31 14.45 1432 .

<>00. 1.28395 1.6702 . 0 0 32 1*015. 6 5675 • 7 64.215 10, 35 14. 49 1529.
1(50, 1. '«'»365 1. 8769 . 0 0 29 1*531*. 5 640 0. 9 65 .923 10.37 14.51 1620 .

500 . L 9 O tJ J O V 2.0 835 « 0 026 5 053.9 7126.

7

67. 452 10 . 39 14.52 1 706.
550. 1.76292 2.2900 .0021* 5573.9 7853.0 68.837 10.41 14.53 1788.

•fA
600. 1.92252 2. '•961. .0022 6094.9 8580.3 70.099 10 .42 14.55 1867.

i'\ 650

.

? - fi A?nQ& . u o& U 7 2,70 28 .0020 661 6 . 7 9308.4 71.261 10.45 14.5 7 1942.
1 700, 2. 2'»1 65 2 • 90 91 • 0 018 711*0 .

1

10 0 38.1 72.3 50 10 ,tf8 14.51 2 014.
750. 2. '(0120 3. 1155 .0 017 7665. 1* 10769.

7

77 ."^ fin 10.52 14 • 65 2083.
; 900. 2 .560 75 3 . 3218 .0016 8 19 2.8 115 03.3 7 4.308 10.57 14.70 2149 .

850. 2, 720 29 3. 5 280 . 0 0 15 8 723.

0

12239,8 75. 200 10.63 14. 75 2213.
900. 2 • 879 82 Z •? Si*Z .0011* 76.0 44 1 n . 7nXU.ru 14.62 2275.
950. 3. 03935 3.9't06 . 0 01 <* 9793.0 13722.2 75.846 10.77 14.90 2334.
1000. 3.19886 '».1<»69 .0013 10333.5 14469.0 77.612 10.85 14.98 2392.
1100. 3.51792 i».559<t .0012 11<*28.9 15976.9 79.038 11.04 15.15 2503.
1200. 3.83696 «».9718 .0011 1251*3.8 17504.2 80.360 11.24 15.36 2607.
1300. i».155 99 5.3843 .0010 13679.1* 19052.3 81.598 11.45 15.58 2706.
IdOO. <i.<»7502 5.7968 .0009 11*836.6 20621.9 82.768 11.58 15.80 2801.
1500. «».79<»05 6.2092 .0009 16015.6 22213.4 83.880 11.90 16. 0 3 2891.
1600. 5.11310 6.6217 . 0008 17216.0 23826.2 84.914 12.13 16.25 2979.

1700. 5.(»322Q 7.a3<«i . 0 008 181*39. 3 25462.0 85.901 12.35 16.t*9 3063.
1800. 5.75139 7.<»i»65 .0007 19686.8 27122.2 85.849 12.50 15.74 3144.
2000. 6.39059 8.2711. . 0 006 22266.9 30528.

7

88.654 13.21 17.36 3297.
2200. 7.03271 9.0963 .0006 21*991*.

9

34086.7 90. 341 14.15 18.36 3435.
2<»00. 7.68227 9.9211 . 0005 27976.3 37907.9 91.998 15.72 20. 06 3557.
2600. 8.3<f78<i 10.71(60 . 0005 31385.1 42177.2 93.705 18.28 22.90 3667.
2800. 9.0<«366 11.5708 .0005 351*79.5 47171.1 95.558 22.23 27.35 3771.
3003. 9.790 99 12.3957 .0001* i>06a<>.3 53262.1 97.666 27.91 33.90 3877.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

1.29280D MPA ISOBAR

TEMPERATURE DENSITY V(DH/OV)p tf (DP/DU>^ -V(DP/Dtf »^ (OV/DTytf THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY 3IFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10'

• l'»«229 77 • 7376 66 <>, 1 , 25'f'f 9 9 7,1*60 7 .00 961 77,80 262 .61 .00 056 1. 251*11 2. 1558
15. 77.1'«55 663 , 8 . 2'»860 92,31*20 .01016 81*, 50 238 . 11 . 00 058 1.25203 1.8998
16. 76.3 375 65*^ ,5 , 23996 6 **. 1 885 . 01105 90 • 85 212.01 .00 059 1 . 21*919 1. 6869
17. 75 .'f732 65'f, 2 , 23G SI* 78.00 93 . 01172 95^ 12 190 . 76 .00 059 1, 21*615 1.5371
18. 7i».567e 652. 2 . ZZZhi* 72. 2386 .0121*5 98 . 21 173.31 .00056 1, 21*298 1.1*325
19. 73 • 62'fO 6tf 9, 8 ,21587 67 • 0 u yi* . 01319 1 0 0 • 12 158. 77 • 0 0 0 5 7 1.23 968 1.35 96
2D. 72.619 6 6'»2,'* .20992 61 . '*90i* . 011*12 10 1> 81* l'*6 .28 .0 0 056 1, 23617 1.3325
22. 70.'»<»52 618.6 . 199'»2 50.1*817 .0161*1* 105. 07 126.02 .03053 1,22860 1,2197
2<». 67,9678 586,1 .18987 39.9775 . 01958 105.61 109.81 . 00 01*9 1. 22301 1.1929
26. 65.0753 5'*2 , 6 , 179'«9 29. 73 79 , 021*21* 103. 82 96 . 02 . 00 Oi*i« 1,213 03 1.2167
2S. 61,5718 1*6 6.1* , 16&a<< 20. 1288 .03185 99 . 77 83.56 .00037 1,19831 1.3029

30. 56 , 977 0 '•18,0 , 1<*8 33 11.26 05 , 01*8 0 3 9 3,03 71 , 26 .0 0 029 1, 18237 1 . 537 8

32. <,9, 500 3 317,8 . 1208<» 3, 5561* , 11236 85, 51 56. 75 .00017 1 . 15723 2.3697
* 32 . 976 3 1 • 9 7** 1 198,6 .0 60 98 * , 0026 -73,1 1*91*3 -5797, 63 35.91 n n n ft 1.

• 3D 0 01* 1. 09971 8. 9976
• 32.976 30 , 8 50 *» 199,5 • 061 81 -.00 28 -66, 33339 -5279, 20 31* • 93 .00005 1. 09609 8 . 75 8 7

3<». 16,6336 228.8 .07130 .1*952 .181*81 50, 09 2"*. 13 .03026 1. 05133 2.0372
36 . 1 3 , 0 35 2 Zf>l*. 2 , 0 7358 . 7615 .08789 1*1. 39 23. 0<* , 00 01*9 1, 03983 1. 2925
39. 11,25<»2 296,0 .07399 .8927 .06263 39.82 23.16 .00069 1,031*32 1.0782
kO. 10,0653 325,7 .07381 .9753 .05017 39.65 23.60 .00087 1,03066 .9727
kZm 9 , 1 792 3^1*.

Z

, 0 73'*5 1.0 331* . 01*250 1*0 , 01 21* . 1

7

.0 0101* 1, 02793 .9093
1*1* m 8 . 78 1» 3 81,8 .0730 2 1.0767 .0 3720 1*0 , 65 21*, 60 • 00122 1,025 78 . 8665
<|6. 7, 9028 '»08,6 . 07259 1.1102 . 0 3328 1*1, 1*1* 25.1*6 .03139 1. 021*02 .8353
'fS. 7. 'I 71* ^Zk.6 .07218 1.13 70 ,0 30 23 1*2, 33 26, 11* .3 3156 1, 02253 . 81 16

50 . 7. GOO 1 '»60 , 5 . 0 7178 1 . 1568 ,02777 1*3.27 26,83 .33171* 1.02125 .7930
55. 6. 1660 5 2 3,3 , 070 85 1 .1985 , 02329 1*5, 75 28,57 ,03219 1. 01870 . 761

0

60. 5, 5 33'» 58<>,& , 06998 1. 221*8 ,02020 1*8 . 30 3 0.30 .00266 1. 01677 .71*10

65. 5,0315 6'f5.7 ,0690 9 1.21*33 , 01793 51. 08 32,01 , 00316 1. 01521* .7256
70. It. 6210 707, l» ,06809 1.2567 . 01618 53.68 33,68 .00365 1.01399 .7180
75. lt.277i» 770,1 ,06699 1.2667 ,011*77 56.16 35,31 .001*16 1,01295 .7151
60. 3, 98l»8 83<t. 2 ,06581 1. 271*3 .01361 58. 52 36. 91 .001*66 1, 01206 .7162
90 • 3 • 510 9 963 ,

0

,06319 1.281*9 • 01180 61*. 85 1*0 .02 . 00582 1, 01062 . 7C 51
100. 3, l'»21 1109,

0

, 06351 1.2916 • 0101*5 70 . 65 1*3,01 .3 0698 1.03 950 .7055
110. 2 . 8 '•6 0 125 8,0 ,05780 1.2959 .00939 77.63 1*5,05 .00832 1.00860 .6855

120. 2,602 5 I'fl 1,9 , 0 55'»0 1.2987 . 00853 81*, 08 1*7.85 . 0 0965 1. 00786 .685 8

i<»a. 2,22'* <f 1731 ,a ,05139 1.3020 .00721* 97, 03 53, 21 ,01253 1.00672 .6872
160. 1 , 9'»3 8 2060 ,1 , 0'»8'fl 1.30 31* . 00629 109, 93 5 9.31 . 01571 1.00 587 .68 75
180. 1,7269 239 1

,

, Oit620 1.3039 .0 0557 122.52 63,20 .01917 1.03 521 .6872
200. 1.55i»0 2722,0 . 0'f't57 1. 301*0 ,00500 131*, 63 67.92 ,02291 1.001*69 .6868
220. l.'>128 3051.0 .Ol«33<» 1.3039 .001*51* 11*6.19 72.1*9 .02690 1.001*26 .6866
2<t0 . 1 , 2 95 3 337 5,6 • 0'«2 '(3 1.3036 . 001*16 157, 19 76.92 . 03 111* 1. 00 391 .6861*

260. 1. 1959 3695 ,6 .0<«176 1.3033 .03383 167, 68 81.23 .03563 1.00361 .6863
280 • 1,1108 '•010,8 , 0'»126 1.30 29 •0 3 356 1 77, 69 85. 1*1* . 3 1*0 36 1. 00 335 . 6661
300. 1,0 371 '»321 , 7 , 0't090 1, 3026 . 00332 187. 28 89.55 .01*533 1.00313 .6858

350

.

, 8896 508 0,6 , O'tO 38 1,3017 • 03281* 209. 72 99 . 1*6 .05875 1.00 268 .6852
<»00 . , 778 8 5823.6 .Z^tiii* 1.3006 • 0021*9 230,50 108.91 .37352 1. 00 235 .681*7

(»50. ,6927 6557.9 .O'»002 1,3001 . 00221 250 .11 117.99 . G 8960 1. 00209 .681*3
500. , 623 7 729 3,

1

• 0 3992 1, 2995 . 0 G 199 268.92 126.71* .13 688 1.03188 .681*5

550. .5 672 802 7.1* ,03985 1,2990 .00181 287. 16 135,21 .12539 1. 00171 .661*1*

600. .5202 8765,8 .03976 1,2995 .00166 305.03 11*3.1*3 . 11*507 1.03157 .681*3
650 . .'t803 950 8,5 , 03966 1.2981 . 00153 322.65 151 . i+i* .16591* 1. 83 1 1*5 • 681*1

700. .'»'»61 10260 .6 • 03952 1, 2978 . 0 0 11*2 31*0. 12 159. 25 . 18791 1. 33 1 31* .6839
750. .(»165 11021, If , 03936 1,2975 .00133 357.51 166.89 .21100 1. 03126 • 683 7

800. . 3 90 5 11 793 , 7 ,03916 1.2972 .00125 371*. 87 171*. 37 .23516 1. 03 118 . 6835

850. ,3676 12578,9 . 0389it 1.2969 . 00117 392. 25 181.70 .26036 1.03111 • 6835
900. , 3'»72 1 337 8, 3 , 0 3868 1. 2967 . 00 111 1*09. 68 188,91 .29655 1. 00105 • 6835
950. ,329 0 l'tl93.0 . 038'fO 1.2965 • 00105 1*27.18 195.99 .31371 1, 03099 • 6836

10 00. , 3 12 6 1502 3,5 .03809 1 . 2963 • U U X u u 1*1*1*. 76 20 2.96 . 31* 18 2 1, 00091* • 683 8

1100. .261*3 16721.3 . 037'.6 1,2960 •0G091 1*75.56 216,60 .39716 1.03086 • 6907
1200. .2606 18if77,9 ,03678 1,2958 •00083 511. 01 229.88 .1*591*2 1. 03079 • 6912
1300. ,2't0 6 20292,6 ,03609 1.2956 .00077 51*6.91 21*2.81* .52529 1. 00073 • 6917
li»00. ,2235 22163,3 , 03539 1.2951* • 00071 583, 25 255.50 .591*69 1.00067 • 6922
1500. ,2086 2i»3a8,0 ,031*71 1.2952 •00067 620.06 267.90 .66760 1. 03063 .6926
1600. ,1956 26051.0 .03'»06 1.2950 • 00062 657.08 283.06 . 71.1*12 1, 00059 . 6928

1708. .ISttl 28071. i» . 0331*3 1.291*9 •00059 695.03 291.98 .821*1*1* 1.03355 .6926
1800. .1739 30168,7 .03277 1.291*7 •0 00 55 731*. 77 303.68 .90905 1.30052 .6917
2000. .1565 31*757,2 .03128 1.291*3 .00050 826.22 326.1*5 1.09503 1, 00 01*7 .6859
2200. .1<»22 '»0'«02,6 .02921 1.2934 . 0001*5 953, 77 31*1*. 95 1.3151*9 1, 0001*3 .6639
2<*ao. .1302 i»8090,& ,02633 1.2911* .0301*2 1151*. 97 366.1*5 1.59239 1.00039 • 6361*
2600. .1198 59283,3 ,02270 1.2873 , 00039 11*81*. 60 387.76 1.91*833 1. 00036 • 5981
2800. .1106 75 80 7,3 ,01878 1.2791* ,00036 2010,71* 1*09.22 2.39296 1.00033 • 5568
3000. .1021 99603.9 ,01512 1.2660 ,00031* 2805,93 1*31.33 2.91717 1.03031 • 5212

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

I. SO MPA ISOBAR

TEMPERATURE VOLUME ISOrHORE
DERIVATIVE DERIVATIVE

K CD H/KG CU H-MPA/KG MP A/K

• li».296 .01285 1.2672 .9373
15. .01293 1.2227 .940 2

16« .0130 7 1 . 1 2 32 .9 358
17. .01321 1.0597 .9197
IS. . 0 13 37 .9938 • 9049
19. .01354 .9302 .8898
20. .01372 . 8675 . 8738
22. . 0 1414 • 7407 . 8365
2<». • 0 1464 .5103 ,7902
26. .01526 .4306 .7310
28. .01608 .3544 . 6555

30. .01726 .2295 .5622
32. . 01930 . 1106 a 4417
34. . 0 30 16 .0073 .2046
36. .05798 .0 408 . 0 942
38. .07082 .0656 .0737
iiO. .03105 .0857 .0620

. 090 06 .1030 .0546
1*1* m .09836 .1186 • 0492
46. . 10618 .1331 .0 450
48. .11365 .1467 .0416

50. •12085 .1597 .0 388
55. .13803 .1899 . 0 333
60. . 1 5439 .2178 .0 294
65 . .17022 . 2 443 .0 263
70. .18567 .2698 . 0239
75. .20084 .2945 .0220
80 . . 215 8 G .3186 9 0 20 3

90. . 2 4526 .3655 • C 177
100 . • 2 7427 .4112 . 0 158
110. . 30295 .4559 .0142

120 . . 3 31 42 . 4 999 .0129
1 40 # . 38790 .5668 .0110
160 . . 44397 .6724 . 0095
180 • . 499 77 • 7 572 .0 084
200. .55538 .3415 . 0 076
220. .61087 .9255 . 0069
240 • . 6 662 7 1.0091 • 0 06

3

260 • . » C 1 3 J 1 n Q 7 ^ .0058
280 . .77685 1.1759 .0054
300. . S 320 6 1.2 591 . 0050

350 . .96994 1.4 665 • 0 043
4 00. 1.1 0769 1.6735 . 0033
450 . 1.2 45 3 6 1.8803 .0 033
50 0. 1 . 3 82 97 2.0 869 . 0030
550. 1.52056 2.2934 . 0 027
600. 1.65812 2.4999 .0025
650 . 1 . 79566 2.706 3 .0 023
700 • 1.93 319 2.9127 . 0 021
750 . 2.0 70 7

1

7 11 on n n ? n• u u c u

800 . 2 . 2 0822 3.3253 . 0 019

Ac;'!
<3 . 7 J lb . u U 1 o

900 • 2. 48322 3.7379 .0017
950. 2 . 620 72 3. 9442 . 0 016

1000. 2.75821 4.1505 .0015
1100. 3.0 3319 4.5630 .0014
1200. 3.30816 4.9755 .0013
1 300. 3.58313 5.3880 .0012
litOO. 3.85809 5.8004 .0011
1500. 4. 13306 6.2129 .0010
1600. 4.40804 6.6253 . 0 009

1700. 4.68305 7.0373 . 0009
1800. 4.95814 7.4502 . 0 008
2000. 5.50898 8.2751 .0006
2200. 6.06215 9.0999 . 0 007
2400. 6.62127 9.9248 . 0006
2600. 7.19322 10.7497 .0006
2800. 7.78937 11.5745 .0005
3000. 8.426 75 12.3993 .0005

:i

» THO-PHASE BOUNDARY

T NTFP N&lAlii Cr^ nm k CUTUAI PY PMTPnpV Ctf CP wpi nrTTV
ENERGY OF SOUND
K J/KG-K K J/KG KJ/KG-K K J / KG-K M/S

218.8 238.1 14.117 4 . 74 6.38 1306.
223.3 242 .

7

14. 432 4.89 6.70 1295.
230. 0 249.6 14. 8 79 5.0 7 7.20 1263.
237.2 257.0 15.327 5. 25 7.62 1240 .

244 . 8 264.9 15.775 5.41 8.06 1217.
252.9 273.2 16.224 5.56 8.52 1194.
261. 4 282.0 16.674 5.69 9.00 1172.
279.8 301.

0

17.533 5.90 10.06 1123.
300.4 322.3 18.511 6.06 11. 32 1068.
323.6 346.5 19.474 6.17 12.91 1003 .

350.1 374.2 20.501 6.26 15. C4 923.

381.7 407.6 21.650 6.38 18.68 820.
423.2 452.2 23.086 6.57 27.51 662.
525.2 570.5 26.640 8.76 174.96 395.
631.9 718.9 30.922 7.27 33.56 434.
666.0 772.2 32. 366 6.84 22.59 466.
690.9 812.5 3 3.3 99 6.66 18. !>4 487.
712.1 847.2 34.246 6.57 16.44 508.
731.2 878.7 3i>.980 6.51 15. 21 526.
749.0 908.3 35.636 6.48 14. 37 544.
765.9 936.4 36.235 6.45 13.77 560.

782.2 963.4 36.787 6.43 13.31 575.
820 . 8 1 n 9 7 Q 7A n 10 O . U X o O . X X c . 7 n O U 7 .

ftR 7 7 X U 0 7 « J 7Q n Afk O . 4 X 19 A 71 c . U r
nOHU .

893 .5 1 148 •

9

4 0.039 6.43 11. 78 669.
QO A R7C o . 0 120 7.3 40.905 6.47 1 1 . S 0 695 .

963 . 8 1265.

1

41.7 02 6.54 11.51 720 •

998.8 1 322 .

5

42. 443 6.62 11. 46 743 .

1 n e<Q 71 u . 0 4 i. 7 7 9 /. 7 7 Q C ft f. 11.51 7 84 .

1141.5 1 552 .

9

45. 0 14 7.10 11.65 821 .

1216.2 1670.6 46.132 7.40 11.86 855.

1293.2 1790.3 47.175 7.69 12. 09 866.
1455.0 2036.9 49.075 6.25 12.56 945.
1626.5 2292.

4

50.779 8.72 12.98 1001.
1806.1 2555.8 52.329 9.11 13.34 1053.
1992.4 2825.5 53.751 9.42 13.63 1103.
2164.1 3100.

4

55.060 9.67 13.86 1152.
2380.1 3379.5 56.275 9. 86 14.04 1199.
25 79.3 3661.7 57.405 10.00 14.17 1244.
2760.9 3946.2 58.459 10.11 14.28 1268.
2984.7 4232.8 59. 446 10. 19 14.35 1331.

3498.3 4953.2 61.668 10.31 14. i»5 1434.
4015.4 5677.0 63.601 10.35 14.l»9 1530.
4534.2 6402.2 65.309 10. 37 14.51 1622.
5053.7 7128.1 66. 838 10. 39 14.52 1708.
5573.7 7854.5 63.223 10.41 14.54 1790.
6094.7 6581.9 69.436 10.42 14.55 1668.
6616.5 9 310.0 70.648 10.45 14.57 1943.
7139.9 10039.

7

71.736 10.48 14.61 2015.
7665.3 10771.3 72.747 10.52 14.65 2084.
8192.7 11505.

0

73.695 10.57 14.70 2150.

6722.9 12241.5 74.587 10.63 14.75 2214.
9256.2 12981.0 75.431 10.70 14. 82 2276.
9792.9 13724.0 76.233 10.77 14.90 2335.
10333.4 14470.

7

76.999 10.86 14.98 2393.
11428.9 15978.7 78.425 11.04 15.16 2504.
12543.6 17506.0 79.746 11.24 15. 36 2608.
13679.4 19054.1 80.935 11.45 15.58 2707.
14836.5 20623.6 82.155 11.68 15. 80 2302.
16015.6 22215.2 83.267 11.90 16.0 3 2892.
17215.9 23827.9 84.301 12.13 16.25 2980.

18438.9 25463.5 85.288 12.36 l&.>i8 3064.
19686.

0

27123.3 36.236 12.60 16.73 3145.
22263.3 30526.8 88.039 13.18 17.33 3298.
24982.6 34075.

8

89.722 14.08 16.28 3437.
27941.

8

37873.7 91.368 15.56 19.69 3561.
31301.9 42091.

7

93. 055 17.96 22. 54 3671.
35 302.4 i>6936.5 94.872 21.65 26.70 3776.
40263.2 52903.4 96.920 26.94 32.79 3881.

I
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

1.50 MPA ISOBAR

TEMPERATURE DENSITY

K KG/CU M

V(DH/Dtf)„

KJ/KG

V(OP/DUl, -V(OP/OVL (OV/DTJ/V THERMAL VISCOSITY THERMAL DIELECTRIC
^ CONDUCTIVITY OIFFUSIVITY CONSTANT

MPA-CU M/KJ
X 10^

MPA VK W/K-M
X io3

KG/M-S SO M/HR
X 10^

PRANOTL
NUMBER

14.296 77.8506 671.3 .25391 98.6543 .00951 78.62 264.09 .00057 1. 25451 2.1435
15. 77.3176 673.7 .24889 94.5343 .00995 84. 72 241.40 .00059 1. 25264 1.9091
16. 76.5207 661.5 .24110 85.9509 .01089 91.15 214.88 .00060 1.24983 1.6980
17. 75.6762 664.0 .23165 80.1912 . 01147 95.50 193.41 .00060 1.24687 1.5425
IS. 74.7864 662.0 .22371 74.3219 .01218 98.65 175.72 .00059 1.24375 1.4357
19. 73.8480 65 7.9 .21687 68.6960 . 01295 10 0.61 160 . 87 .00058 1. 24046 1.3626
20. 72.8612 651.2 .21090 63.2062 .01382 102. 39 148.24 .00056 1.23701 1.3034
22. 70.730 7 62 9.8 .20040 52.3925 .01597 105. 77 127.79 .00054 1.22959 1.2149
Zk. 68.3128 597.3 .19089 41.6902 .01895 106.48 111.48 .00050 1.22120 1.1854
26. 65.5158 555.8 .18085 31.4849 .02322 104.91 97. 72 .00045 1. 21154 1.2021
28. 62.1792 505.8 .16830 22. 0382 .02974 101.22 85. 42 .00039 1. 20009 1.2696

30. 57.9478 441.9 .15217 13.2993 . 04227 95. 19 73.59 .00032 1.18567 1.4441
32. 51.8031 35 8.1 .12979 5.7282 .07711 86.47 60.78 .00022 1.16493 1.9409
34. 33.1607 221.1 .07051 .2588 . 79145 120.17 37.31 .00007 1.10354 5.4319
36. 17.2459 251.0 .07514 .70 44 .13372 48. 98 25.44 .00030 1.05294 1. 7434
38. 14.1209 284.3 .07625 .9270 .07946 43.72 24.50 .00049 1. 04320 1.2660
40. 12.3383 314.5 .07542 1.0570 .05862 42.27 24.54 .00067 1.03768 1.0702
42. 11.1031 344.1 .07494 1.1436 .04777 42.07 24.90 .00083 1.03386 .9727
44. 10.1664 372.6 .07437 1.2062 .04081 42. 37 25.40 .00099 1. 03097 .9118
46. 9.4180 40 0.3 .07382 1.2538 .03591 42.94 25.98 .00114 1.02867 .8697
48. 8.7991 427.2 .07330 1.2912 . 03223 43. 67 26.60 .00130 1.02677 .8387

50. 8.2746 453.6 .07280 1.3213 .02934 44.49 27.25 .00145 1. 02516 .8151
55. 7.2447 517.7 .07169 1. 3755 . 02422 46. 75 28.91 .00185 1. 02200 .7754
60. 6.4771 580.0 .07071 1.4109 .02081 49.16 30.60 .00226 1. 01965 .7510
65. 5.8748 641.9 .06974 1.4355 .01835 51.85 32.26 .00270 1.01781 .7329
70. 5.3859 704.2 .06868 1.4533 .01648 54.38 33.91 .00313 1. 01632 .7235
75. 4.9790 767.4 .06753 1.4665 . 01499 56. 77 35.52 .00357 1. 01508 .7199
80. 4.6339 831.9 . 06630 1.4766 .01378 59.09 37.11 .00400 1.01403 .7200
90. 4.0 774 966.4 . 06360 1.4905 .01191 65.37 40. 19 .00502 1. 01234 .7075

100. 3.6461 1108.0 .06086 1.4992 .01052 71. 12 43.16 .00603 1.01103 .7070
110. 3.3008 1257.8 .05808 1.5047 . 00943 77.91 45. 14 . 00 716 1.00998 .6872

120. 3,0173 1412.1 .05565 1.5085 .00 856 84.32 47.92 .00832 1. 00912 .6872
140. 2.5780 1732.9 . 05159 1. 5126 . 00725 97.22 53.26 .01081 1.00779 .6832
160. 2.2524 2061.8 .04857 1.5145 . 00630 110. 08 58.35 .01355 1. 00680 .6882
ISO. 2.0009 2393.7 .04633 1. 5151 .00557 122.64 63.24 .01654 1. 00604 .6878
200. 1.8006 2724.9 .04468 1.5152 . 00500 134.73 67.95 .01977 1.00544 .6872
220. 1.6370 3054.3 .04344 1.5150 . 00454 146. 27 72.51 .02321 1. 00494 .6870
240. 1.5009 3379.3 .04252 1.5146 .00415 157.27 76.94 .02687 1.00453 .6868
260. 1.3858 3699.8 .04184 1.5141 .00383 167.74 81.25 .03074 1.00418 .6866
280. 1.2872 4015.2 .04134 1.5136 .00356 177. 75 85.46 .03482 1. 00 388 .6863
300. 1.2018 4326.4 .04096 1.5132 .00332 187.33 89.57 .03911 1. 00363 .6860

350. 1.0310 5085.8 .04043 1.5119 . 00284 209.76 99.47 .05066 1.00311 .6853
400. .9028 5829.1 .04018 1.5108 .00249 230.53 108.92 .0B343 1.00272 .6848
450. .8030 6563.6 . 04006 1.509 8 . 00221 250.14 118.00 .07730 1.00242 .6844
500. .7231 7298.9 .03996 1.5090 .00199 268.94 126.75 .09219 1. 00218 .6845
550. .6577 8033.3 . 03988 1.50 8 3 .00181 287.19 .10815 1.00198 .6844
600. .6031 8771.8 .03979 1.5077 .00166 305. 05 143. l;!* .12512 1.00182 .6843
650. .5569 9514.6 .03968 1.50 71 . 00153 322.67 151.45 .14311 1. 00168 .6841
700. .5173 10266.8 .03954 1.5067 .00142 340.14 159.26 .13206 1.00156 .6839
750. .4829 11027.7 . 03938 1.5063 . 00133 357.53 166.89 .18196 1.00146 .6837
800. .4529 11800.0 .03918 1.5059 .00125 374.89 174.37 .20279 1.00137 .6835

850. .4263 12585.2 .03896 1,5056 . 00117 392. 27 181.71 .22451 1. 00128 .6835
900. .4027 13384.8 .03870 1.5053 .00111 409.69 189.91 .24709 1. 00121 .6835
950. .3816 14199.5 . 03841 1.5050 . 00105 427.19 195.99 .27050 1.00115 .6836

1000. .3626 15030 .0 .03811 1.5048 .00100 444.77 202.97 .29473 1.00109 .6838
1100. .3297 16728.0 .03747 1.5044 .00091 475.56 216.61 .34243 1.00C99 .6907
1200. . 3023 18484.7 .03680 1. 50 40 .00083 511.01 229.88 .39611 1.03091 .6912
1300. .2791 20299.4 .03610 1.5037 . 00077 546.91 242.84 .45288 1. 00084 .6917
1400. .2592 22170.1 .03541 1.5034 .00071 583.24 255.51 .51270 1.00078 .6922
1500. .2420 24094.4 .03472 1.5032 .00067 620.03 267.91 .57554 1.00073 .6926
1600. .2269 26056.2 .03408 1.5030 . 00062 657, 00 280.06 .64148 1. 00068 .6928

1700, .2135 28073.5 .03344 1.5028 . 00059 694.83 291.98 .71067 1.00064 .6927
1800. .2017 30164.1 .33280 1.5026 . 00055 734.30 303.68 .78348 1.00061 .6918
2000. .1815 34715.3 .0 3134 1.50 21 .00050 824. 31 326.45 .94314 1. 00055 .6865
2200. .1650 40254.1 .02935 1.5011 . 00045 947.78 344.95 1.13127 1. 00050 .6654
2400. .1510 47693.6 .02659 1.4989 . 00042 1139.57 366.43 1.36591 1.00046 .6395
2600. .1390 58392.9 .02310 1.4944 .00039 1450.60 387.70 1.66634 1.00042 .6025
2800. .1284 74055.2 .01928 1.4859 .00036 1944.40 409.09 2.0l»221 1. 00039 .5617
3000. .1187 96506.1 .01564 1.4714 . 00034 2689. 20 431. 05 2.48770 1. 00036 .5256

• TMO-PHASE BOUNDARY
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TABLE 8

THERMOOrNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

2.00 MPA ISOBAR

T P M P P P A T 1 1 19 P uni (IMP T MTFP fJA t FNTPnPV c V WPI nPTTVV C U \J\j X 1 T

DERIVATIVE DERIVATIVE ENERGY OF ^IQUND

K CU M/KG CU M*HPA/KG MP A /K K J/KG*K KJ/K6 K J/KG-K K J / KG- K M/S

,012 80 1.2991* . 91*0 7 219,

1

21*1*. 7 14.128 1*. 77 6.38 1319,
15 • .01287 1.2650 , 91,1,9 222.5 21*8 • 2 1 1* . 3 69 1* • 88 6.63 1311

.

i AX o« . U 1 o u u 1 1 A n .91*35 2 29.1 255.1 1 1*. 8 1

1

5.06 7.09 1 9 AAX c 0 0 .

17. . 0131

3

1. 1396 . 9 322 236.

1

262. 1* 15,251* 5.23 7.53 1264.
18 . . 0 132 8 1,0 1,11, .9177 21*3 • 6 270.

1

15.697 5.39 7.96 1240.
19. .013<.5 .9770 .9029 251.1* 278.3 16.139 5.51* 8.1*1 1218 .

20. .01362 .9157 .8673 259.7 286.9 16.582 5.67 8. 86 1196.
2Z. , 0 11,131 .7909 • 8 51 1* 277.6 305.6 1 7« 1*71* 5,89 9.65 1150.
2i». . 0 X^^7 . 661*7 .8075 297 • 5 3 26.1* 18.378 6.05 10.98 10 98.
26. . 0 150<* .5392 . 7529 319. 6 31*9. 7 19.3 07 6.16 12 .35 10 39 .

28. . 0 15 75 .i*17i* .6856 31*1*.

5

376. 0 20.281 6.26 !* .08 969 .

30. .01671 .2991* . 60<*6 373. 1 l»06. 5 21. 331 6. 31* 16. 57 884.
32. . 0 1812 ,1881 .508 5 1*07.2 1*1*3 .

5

22.523 6 . 1*6 20.89 760.
3*1

.

. 0 20 62 .0915 . 3897 1*52.

1

1*93 • 1* 21* . 0 3 3 6.67 30.65 649 .

36. . 0 2752 .0 300 • 2395 525 .

1

580.1 26 .5 05 7.30 59.51 494 •

38. . 0 <«1 3 7 .0 388 .11*15 601*.

2

687.0 29.1*01 7.23 1*0.85 468.
<»0. .05206 .0618 . 1061 61*7. 8 752.0 31.071 6.91 26.65 488.
*2» . 0 60 5<» • 0 321* .0 877 678 . 0 799. 0 32.223 6. 72 21.09 509.
'>'». . 0 6776 , 1002 • 0 762 70 2.1 837.7 3 3. 119 6.60 18.32 527 .

, 0 7(f <f 6 • 1 169 • 0 68 3 723 • 6 872.5 33 • 893 6.55 16.63 545 «

l»8. . 0 80 71 . 1 323 . 0 61

7

71*3.1 9 01*. 6 31*. 5 76 6.52 15,51 561

.

en n A^^L.• U OO D*t . 1 ** DO .0 567 76 1.5 931*. 7 35.1 92 6.50 1 It 7 1X H 0 1 X 5 76

.

55. • 100 50 • 18 01 • C 1*76 803.8 1 0 0 1*. 8 36.529 6 . 1*7 13 mkS 612.
60 . • 113'*5 • 21 02 , 0m 3 81*3 . 3 1070.2 37.668 6. 1*6 12.72 643 .

. 1 tt>0*» 9 7 A C
• C o 07 ft A fl Q 117 7 6. 1*7 12 2 7 673 .

70. .13781* .2651* . 0331 917.5 1193.2 39.565 6.51 11)99 700.
75. .2913 . 0302 953.6 1252.7 1*0.386 6.57 11.82 724.
an

• 1. D 1 U O • -J 1 DH n 9 7 A 1711X 0 X X . D 1a 1 1* X . X HD 6 . 61* 11.73 74 7 .

90 . • 18360 • 3650 . 0 10 61 • 1 1*28. 6 1*2. 525 6.86 11,70 789.
100. • 205 71 • ^119 • G 21 ^ 113^*6 151*6.

0

1*3 • 761 7.12 11.80 826.
• c t r H ^ • 4 5 75 1210*

1

1 gg^ ,

0

1*1* . 8 93 7 . 1*2 11 • 98 860 •

120. • 2'»9 06 • 5 0 2^ • 0 17'» 1287*7 1785. 9 1*5 • 91*5 7,70 12. 19 892 .

X HU • • C ^1. r D • 0 1 7 1 50 • 6 2031*. 1 1* 7 . 8 57 8.25 12 • 6 3 951

.

160. • 3 St* 0 5 • 6 7 70 * 0 128 1622 .

7

2 290 .

8

1*9.570 8 . 72 13 . 0 1* 1006.
180. • 3 76 09 7 625 . 0 11

3

18 0 2*9 2555. C 51.126 9.11 13. 38 1058 .

200. • 'tl79'f • 8i»7£» • 0101 1989.6 2825.5 52.550 9.1*2 13.66 1108.
220. .^5968 .9317 • 0 092 2181*7 3101.0 53. 863 9.67 13.88 1157.
240

.

• 5 01 31 1 • 0 157 • 0 0 8 ^* 23 77 • 9 3 38 0.5 55. 0 79 9.86 11, , 06 1203,
9 £ n C /. 9 A fl 1 n QQC n n 77• u U r •

9 c 77 7 7 7 1 A 7117 0 « c X X in n 1X u . U X 1 Ia 1 qX H . X 7 1 91aQX t H7 .

280. • 58<f 39 1*18 30 • 0 072 27 79 •

2

391*8 • 0 57.266 10.12 II*. 29 1293,
300 . • 6 25 87 1*2 665 • C 067 29 83*2 1*2 31* • 9 5 8. 255 10.20 11*. 36 1 336.

350 . • 72937 1* kTkZ . 0 057 3'»97* 1 1*955. 8 60 . 1* 78 10.31 11*. 46 1438 .

^tOO. • 8 32 75 1*6815 . 0 C5 0 'fO 1 *f • 5 56 8 0.

0

62 • 1*1

2

10.36 14. 50 1534.
1*8885 * 0 0 ti 5 c f. n c; c;o** u t> .5 t^U 191OH . X C- X 1 n 7 AlU • 1 ii t* 1XH . 5 X X DC 9 •

500. 1 • 0 392

9

2*0 952 • 0 0^0 5 053 •

0

7131.6 6 5. 650 10.39 14.5 3 1 711

.

550. 1.1'»251 2.3019 . 0 036 5573^1 7858.2 67.036 10.1*1 14.54 1793.
600. 1.2*t570 2«508i» .0033 609tf.2 8585.6 68.298 10.1*3 14.56 1871.

1 . Y 1& A A 7 7 71 IaQ . u u 0 i. 661 6.1 9313.9 69 . 1* 6

1

10 .1*5 14.58 1946.
7nn' uu . 1 rt T1 . *4 ?c U <> ^ • 7 c X O • U U c 7 7139 . 6 1 n

n

ia7 f,X U U Ho .

0

70. 51*9 1 0 • 1*8 14.61 9n 1 A -c U X 0 .

750 . 1.55518 3.1277 .0 027 7661* . 9 10 775.

3

71 c c; nIX. 9bU in c:

9

XH . D 9 9n A 7CU Of.
800. L . u 7 o J c 3. 3 31*0 . 0025 8192 .1* 115 09.1 72.5 08 10 .57 14.70 2153 .

AC fl 1 . 7 61 «»6 3 . 5 1*0

3

. 0 021* 87 22.7 1 9 9 /iC clcc**9 • D 77 ii n fl
f a . H u u in 7X u . 0 0 14.76 9 917c C X f .

90 0. 1 • 861*59 3 • 71*65 . 0 022 9 256 •

0

12985 .

1

71*. 21*1* 10.70 14.9 2 2279 .

950. 1 . 96772 3.9529 .0 021 9792.

7

13728.

1

75. 0 1*7 10.77 14. 90 23?'

1000. 2.0708i> i*.1592 .0 020 10333.2 11*1*71*.

9

75.812 10.36 14.98 239b.
1100. 2.27709 i*.5718 .0013 111*28.7 15982.9 77.238 11.01* 15.17 2506.
1200. 2. 1*8332 1*. 981*3 .0017 1251*3.6 17510.3 78.560 11.21* 15.36 2610.
1300. 2.68955 5.3968 .0 015 13679.3 19058.1* 79.798 11.1*5 15.58 2709.
litOO. 2.89578 5.8092 .0011* 11*836.1* 20627.9 80.969 11.68 15.80 2804.
1500. 3.10200 6.2217 .0013 16015.1* 22219.1* 82.081 11.90 16. 03 2894.
1600. 3.3082I* 6.631*2 .0013 17215.6 23832.1 83.111* 12.13 16.25 2982.

17C0. 3.51i»i»9 7.01*66 .0012 181*38.3 251*67.3 81*. 101 12.35 16.48 3066.
1800. 3. 72080 7.1.591 .0011 19681*.

6

27126.2 85.01*8 12.59 16.72 3147.
2000. i».1338<» 8.281*0 .0010 22257.2 30521*.

9

86.81*9 13.11* 17.29 3301 .

2200. i». 51*839 9.1088 .0009 21*961.1* 31*058.1 88.525 13.97 18.16 3441.
2<«00. <*. 96682 9.9337 .0008 27881.8 37815.5 90.153 15.29 19.59 3567.
2600. 5.39357 10.7585 . 0008 31157.5 1*191*1*.

6

91.805 17.1*1 21. 92 3680.
2800. 5.83606 11.5831* .0007 31*995.0 1*6667.1 93.558 20.63 25.56 3785.
3000. 6.30535 12.1*082 . 0007 39671.0 52281.7 95.502 25.26 30. B7 3890.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSI

2.00 HPA ISOBAR

MPERATURE DENSITY V(DH/DV)p

KJ/ K G MP A
X 10

7 B • 1 1 9 6 63 B • 5
_____

. 25262 101. 512

1

15* 77.7130 689.7 . 2^*935 98.3063
ID* f O . *3HD » OO 7 . !> ? £i? 1 R. C He 1

V

Q 1 1 ft n 1

17« 76 • 1 33 68 2 • 5 .23391 fill /. 7 7 QOH. H f f O

18* 75 • 2 732 680.3 • 22598 7 8.3875
19. 7tf.3695 676.5 .21912 72.65 72

20. 73.t»224 671 .21311 67.2294
zz% 71* 3823 65 2 .7 • 2 0261 56.4471
Z'f • 6 9. 0 97 6 62 • 6 . 19317 5 . 92 66
26* 66. 9*»5 588 .0 • 1836 7 35 * 855 0

28« 63 • 'f7'f3 5*»*i. 2 . 17267 26^ 4928

30 • 59 • S****© 'f9 1 .

1

. 1 5926 1 7« 9155
32* 55.2 00 6 6. 7 . 1^*259 10.3835
ItOH • H 0 • * i. OH 7.1 1 9 n c; 1

. Ic U ^

1

4.4390
36a 36.3370 2 7 0 • 5 . 0 9 C 27 1 . 0 885
38. 2<f.l693 270.3 •08099 • 9366
(»Q. 19.2072 298.3 .07987 1.1871
'>2 . 16.5171 32 7« 3 .0 79 09 1.3614
<»<». 7578 355» 3 .078 21 1 • 47 84
•fro. At /. Tn 11 O. H O 7a I. 4Jo *f • 1 . 0 7721 1 • 56 9 8

12.390 3 41 2 • . 0 7631 1 • 63 97

11

.

5h2 6 lift
. U 755

1

1 . 69 49
55. 9 . 950 6 50 6.8 .3 73 8*t 1 • 791

7

60. 6 * 81i» 6 570 .9 • 0 72 53 1 • 8533
7 Q 7 63 . 3 n 7 -1 1 c 4 fi Q C C

70. 7.25«»8 697.3 .07013 1.9256
79. 6.686<« 76 2.1 .a6884 1.9'»79
0 U . 6. 208 8 62 7.6 . 0 6750 1 . 96'*

7

90 • 5 .'**65 963 .6 . 0 6^162 1. 9877
100. • 8 ei 2 1106.5 • 0 61 73 2. 00 21
iiu • fl 7 QC AH . O 3^ 0 125 7.8 . 0 58 77 2.0111

120 • < . 0 15 0 li»l 3. 2 . 05625 2.0171
IHU • 3 • l*Z7S 1 73 5.6 . 052 05 2. 02 3 8

XdU « 20 66 . If . 0 '895 2.02 66
180 • 2 • 659 0 239 9.7 . 0 'f665 2 . 0275
200. 2 . 3 92 7 2732.1 . Oiti*96 2. 0275
220. 2.175i» 3062.6 .0'f367 2.0270
2'»0 • 1 . 99W8 338 8.6 . 0'»2 73 2.0 262
CDU • 4 A Zi9 n1 • O 4£ U 7711 Q A n u9 n 7. U He U J 9 n 9 C 7

9 fi n 1 . 711

2

If 0 2 6 . 0 . 0 'I 51 2. C2'»3

300. I. 5 978 '•333.

1

. 0(tll2 2.0236

390 . 1 . 3 71

0

5098 • Qf*QSo 2.0 213
(frOO. 1.200 6 58'»2 . » . Ot*G 29 2. 0192

I . U DO o 09 1 1 » *t . 0 'fO 1

6

9 ft • 7C
c n n Q C 9 9

r 01 o . 1 . 0 0 0 5 2. 0160
550. .8 753 60'»7.7 .03996 2.01<»7
600. .8028 8786. <» •03986 2.0136
650 . . 7'#1'» 9529

.

.0 39 75 2.0127
700. . 6887 10281.7 .0 3960 2. 0119
fan

. 6 kZ 0 110 '2.7 . 0 3 9'*'* 2. 0111
800. .60 30 11315.2 . 0 39 2'* 2. G 10 5

850 . . 5677 1260 0 « 6 .0 3901 •5 n n n n2.0 0 99
900. .5 363 13i»0 0.2 • 0 38 7** 2. 009'»

950 . .5082 l'«215 .

1

. 0 SS'f

6

2. 0089
1000. .if829 150<f5.8 .03815 2.0085
1100. .I* 392 1671* i».0 .03751 2.0077
1200. .<i027 18500.9 .03683 2.0071
1300. .3718 20315.8 ,03613 2.0066
moo. .3^3 22186.6 . 03543 2.0061
1500. .322'* 2i»110 .3 •03475 2.0057
1600. .3023 26070.0 .03411 2.0053

1700. .28<>5 28082.0 .03348 2.0050
1800. .2688 30161.0 .03284
2000. .2'»19 3'»6lf 7.6 .03145 2.0039
2200 . .2199 <»000 1 .'» •02960 2.0026
2'fOO. .2013 '•7009.6 •02707 2.0000
2600. .1854 56851.0 •02384 1.99<»7
2800. .1713 71012.3 •02020 1.98'*8
3000. .1586 91109.1 •01664 1.9679

• TWO-PHASE BOUNDARY

(DV/DTiyV THERMAL \/ISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H / K~ H c n M y u Do y nfnK
A 1 U X 10

. 00927 8 0.56 267.20 .00058 1 • £ 9 9 HO 9 i 1 C 9£ . 1 1 O £

. U U ^ Dl AC 9 70 9 • e 0 9 t. Q 9 9t H9» t C • 0 0 0 6 0 1 . 25403 1.9386

. 010 3 5 91.83 221. 79 • 00 061 1 • 251 33 1 717 11 . r 1 O 1

•01104 96.34 199.58 .00060 1.24847 1.5603
.01171 99.65 181.27 .00060 1.24545 1.4487
. 01243 101. 74 1 09 .99 . 0 C 0 5 9 1 . 242 29 1.3713

n-1 T 9 n
. Ul 0 & U 4 n 7 t 7 A C9 QC1 9e • 90 n n n c 7

. U U U 9 r 1 . 23897 1.3073
• 0 150 8 10 7* 38 131 « 98 .00055 1 . 23186 1.2101
n 1 7c: A

. U 1 r 9 0 1 U 0 • HO 115. 43 n n n c 4
• u U U 9 X 1 . 22 392 1 . 168 7

. 0210 0 A ny 771 U f •Or A nA c c1 U 1 • 09 • 0 0 0 'i 7 1.21492 1 . 169 0

• 0 25 88 10 4.38 89^ 61 • 0 0 0 42 1.20 453 1.2090

• U 0 3 r 9 9 9 . 9 H r 0 • HO n ft 0 7

1

. u U U 0 o 1 . 19212 1 . 0 uo

o

. 0 4897 91. 79 67.50 rt n n 9 Q
• U U U £ 9 1 . 17637 1 . 5364

.08778 84.92 55.59 .00021 1.15368 2.0064

.22002 60.22 (0.96 .00013 1. 11384 3.0384
. 1 5 11 0 60.35 31. 40 • 0 0 0 2 2 1« 07475 Z mlZ 52
n A Q 7 c 91 • 90 28. 51 .00036 A nc Q n Q1 . U9 9 Q 9 1.47 39

• 06444 48 . 54 97 C 9 .00050 1.05066 1.2000
• 051 55 4 7.47 27. 48 .00063 1 . 04518 1.06 0 2

• 0 43 29 47*19 27 « 66 • 0 0 0 76 1 . 041 0

6

. 9746
. 03762 47» 35 28.01 1^ r n ft o

• U U U 0 9 1.03784 .9178

n 7 7. U 0 0 HH H r . f O 9ft U7t 0 . H r .00101 A n 7 C 9 91 . U 09 ^ £ A 7 7 9

. U c

D

UQ 77H9. 0 f 9 Q ftc;C9. 09 n n 1 7 7U U 1 0 o 1 n 7n 711 . U 0 U 01 A 1 7 C
• 01 09

. 02228 51.38 31.37 . 0C165 1. 02661 .7765

. 01935 53. 80 32.93 .0C199 1.02'^15 .7512
. U 1 r 1 7 CC A U9 O . 1

H

7ii c n0 H . 9 U . 00 232 A rt 9 9 n 71 . Ue c U 0 77 7 1. r 0 r 1

• 0 1 551 58» 2

9

36.0 6 .0 0 265 A n 9 O 9Q1 . U cU C9 .7314
• 01417 60. 49 3 7.60 n n 9 Q Q

• U U C 9 9 1 . 018 83 . 72 9

0

. 01214 O O • OH HU . 01 n n t7
. U U 0 r O 1 . U 1 0 91 . f 1 0 1

. 0 1066 72 . 29 43*53 • 0 D 454 1.01472 .7106

. 00953 7 a ctt
f 0 . dH liC 7 7H9 .Of .00538 1 . 01 3 31 . 691 2

• 00 663 84 • 95 48 • 11 . 0 0 625 1 . 01215 . 690 3
n n 7 9 A

• Uu r c 0 Q 7 7 n 5 3 • 40 • 0 0 6 1

2

A n -1 n 7 71 • U 1 U 0 r .6904
.00631 110. it6 58.it6 .01019 1.00905 .6899
. 00558 122.95 63. 33 .01244 1. 00603 .6891
. U U 7 u u • 7 fl Q A CA n 9D 0 • U £ n 1 f. A 7

. U 1 0 '
A ft n 7 9 71 . UU r C 0 C A A 7

. O 0 o 0
n n fl c? 1 It 6. '•6 79 c;7

» c . 9 f
n 4 7fi c

. U 1 f •• o A ft n C 71 . U U O 9 r
A 7 O. OO f 9

. 0 0 1* 15 15 7. 77.00 .02021 A ft n c n 91 . U U o U £ • 68 7 5
n n 1 ft 7 • 1 7 onlb f . 9U A 1 7 n0 1 . J U .02312 1 ft n R c c1 • U U 9 90 A. A 7 9

• 0 0 f £
fi n 7 cc 177. 89 65 .50 . u £ bl

9

A n n c 4 71 • UU 9 1 r
A c a

• 0 Ob 9

• 00331 18 7. '•6 69.61 . 0 2 9'. 1 1 . U U 4o2 .6864

. 0 0 28'^ 20 9. 86 99.50 . 0381

1

A nn 1. A It1 . UU 4 1

H

. 66 5 6

• O02'^8 2 3 0.61 10 8.95 . 0 76 8 1 . 0 0 3 62 • 6 85 0

. 00221 250. 21 118.02 .05810 1.00322 .6646

.00199 269. 00 126.77 . 06926 1. 00290 • 6846

. 00181 28 7. 2'» 135.23 .06126 1 . 00 264 . 684

5

. 0 0166 3 0 5.10 11^3 . *& n Q 1. n fl A ft n 9 91 . U U e He .6844

. 0 0153 322 . 72 151 . *& .10 751 A ft n 9 9 i.1 . U U e c H .6641
• 0 0 ll* 2 3'»0 • 18 159.27 • 12 1 72 1.00208 .68^0
. 0013 3 357. 56 166. 91 • 13667 1 . 00194 .683 7

. 0 0 12't Z7W» 92 17'^ • 38 .15 23 0 1.00182 .6836

• 0 0117 392 . 3 0 161.72 . 16359 1 . 0 0171 C A 7 C
• 00 0 9

.00111 1.09.72 188.92 . 1855'^ 1.00162 .6835

.00105 '27.22 196. 00 .20311 1.00153 .6836

.00100 '''.80 202.97 .22129 1.00146 .6838

.00091 '75.56 216.61 .25706 1. 00132 .690 8

. 00083 511. 01 229.89 .2973'^ 1.00121 .6912

.00077 5'.6. 90 2'^2.85 .33993 1« 00112 .6917

.00071 583.23 255.51 .3B'»81 1.00104 .6922

.00066 619.98 267.91 .'3195 1.00097 .6926

. 00062 656. 86 280.06 .'6139 1. 00091 .6929

. 00059 69'^.'»7 291.98 .53323 1. 00086 .6928

.00055 733. '8 303.68 .58771 1.00081 .6921

.00050 620.98 3 26. '5 .70663 1.00073 .6875

. 000it5 937. 39 3i^l^. 9'^ .81.527 1. 00066 .6662

. 000i>2 1112.82 366. itO 1.01585 1. 00061 .6i*<»9

. 00039 1391.52 387.60 1.23239 1.00056 .6107

.00036 1828.96 i>08.85 1.50361 1.00052 .5713

. 0003(> 2'^85,57 '30.56 1.82796 1. 00046 .53'^7
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TABLE 8

THERHOOYNAMIC PROPERTIES OF NORMAL HYDROGEN lISOBARSt SI UNITS)

2.50 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
n^DTtJ A TT i*irDtRIVATI Vt utRXVATI ¥c ENERGY OF SOUND

K CU M/KS CU n-MPAf MPA/K KJ/KG KJ/KG-K K J / KG"K M/S

* 1'>.615 . 0 12 76 1. 3 311 . 9438 219. 3 251. 2 14, 140 4.79 6,38 1332.
15* .01280 1.3125 .9471 221.7 253 . 7 14, 3 09 4.87 6,55 1329.
16. .01293 1.2382 .9495 228 . 2 260 • 5 14. 745 5,05 7,00 1310 .

17. . 0 1306 .9442 235.1 267.7 15.133 5,23 7,46 1285c
IS. . 01320 1.0 933 .9296 242. 4 275. 4 15.621 5,38 7, 66 1264,
19. .01336 1.0271 .9152 250.1 283.5 16.058 6.53 8,29 1241.
20. .01352 .9641 • 8999 258.2 292.0 16.495 5.66 8.73 1220.
22. .01389 .8411 « 6 655 275.6 310.3 17.371 5.87 9,65 1176 .

2<>. .01'»32 .7170 . 8236 294.9 330. 7 18.255 6.34 10,70 1127.
26. . 0 litSlt • 5935 • 7 725 316.2 353.3 19.157 6,16 11,92 1072.
28. .015'>8 .4768 .7109 339. 8 378. 5 20. 0 91 6.25 13,37 1009.

30 . .01630 .3619 .6386 366 . 3 407.0 21 . 075 6.33 15,31 935 .

32 . .C17it0 . 2 566 . 5555 396. 7 440. 2 22.144 6.42 18.0 7 650.
3<*. .01904 .1628 • 4605 432.9 480 .5 23.364 6.53 22.59 750.
36> . 0218<f . 0 888 • 3529 478.5 533^ 1 24.867 6. 73 30.79 638 .

38. .02721. .0509 • 24^3 537.2 605^3 26.816 7.05 40.36 540.
<»0. .03530 .0523 .1728 595.1 683^4 28.820 7.05 35.51 513.
UZt .0<»305 • Q 690 • 1338 637. 6 745 • 4 30> 336 6. 90 27.09 521

.

<f'». .0'»977 . 0 872 .1111 669.8 794. 3 31.472 6.76 22.18 535.
<»6. .05576 .1048 . 0962 696. 1 335 .5 32. 389 6.66 19, 28 551.
•jS . . 0 6125 .1213 .0 855 719. 0 872.1 33.1 63 6.6 0 17.44 566.

50. . 0 6631 .1365 . 0 774 739. 6 905.4 33.849 6.57 16, 22 581

.

55 . . 0 7817 .1721 . 0 636 786 .

3

981. 7 3 5.305 6.53 14. 44 617.
60. « 0 8905 .2 042 . 0 544 828.6 1051.2 36. 5 15 6.50 13.39 648 .

65. .09936 .2339 .0478 868. 1 1116.5 37.560 6.51 12.78 678.
70. .10928 .2621 .0428 906.1 1179.3 38.492 6.54 12.39 705.
75, .11891 .2690 .0369 943.3 1240.6 39.338 6.59 12.14 730.
80. .12832 . 3151 .0357 980.1 1300. 9 40.116 6.67 11.99 753.
90 0 . l'»670 . 3650 .0 308 10 53 .4 1420 .

2

41.522 6.87 11.89 795 .

100. .16465 .4131 • 0 271 1127.6 1 539. 3 42. 7 76 7.13 11 . 95 8 32.
110. .18228 • 4596 . 0 242 1204.

0

1659.

7

43.921 7,43 12,10 665.

120. .19970 .5052 . 0 220 1282 •

3

1781.6 44.982 7.72 12. 29 897 .

1<>0

.

.23411 - ^5944 .0185 1446.

1

2031.4 46.907 8.26 12.70 956.
1 60 . . 2681

3

.6818 • 0 161 1619.

0

2289.

3

48,627 8.73 13. 09 1011

.

180 . .30190 . 7680 .0 142 1 7 99 • 7 2554.

4

50,188 9,12 13.42 1063.
200. .33550 .8533 .0127 1986.6 2825,6 51,617 9,43 13,69 1113.
220. .36897 .9381 .0115 2179.2 3101^6 52,932 9,68 13.91 1161.
2<>0. .40235 1.0 225 .0105 23 75.

7

3 381,

6

54,1 50 9, 87 14. 0 6 1208.
260. . 43566 1.1065 .0097 25 75 .4 3664,6 55,283 10.91 14.21 1253 ,

280. .468 92 1.1902 • 0 09 0 2 7 77 . 5 3949,

8

56.3 40 10.12 14. 31 1297 .

300. •50216 1.2740 .0084 2961.7 4237 •

1

57. 330 10.20 14.37 1340 .

350 . . 5 85 0 3 1^4821 . 0 072 3495.

9

4 95 8.5 59 • 555 10. 31 14. 47 1442.
<>00. .66779 1.6896 .0 063 4013 .6 5683^0 61.490 10.36 14.51 1538.
tt50. .75046 1.8967 • 0056 4532.

7

6408.9 63^199 10 .38 14.52 1629.
500 . .83309 2. 10 36 . 0 050 5052^4 7135.1 64.729 10.39 14,53 1715 c

550. .91568 2.3103 .0 046 5572^6 7861.8 66.114 10.41 14.54 1797.
600. .99825 2.5169 . 0042 6093^8 6589^4 67,377 10.43 14.56 1875.
650 . 1.08080 2,7234 .0 038 6615^ 7 9317.7 68,540 10.45 14,58 1949.
700. 1.16334 2.9299 • 0 036 7139^2 10047.6 69.628 10 ,48 14.61 2021.
750. 1.24586 3.1363 .0033 7664.6 10779.3 70,639 10 .52 14.65 2090 .

800 9 1. 32839 3.3427 .0 031 8192.

1

11513^

1

71,537 10,57 14. 70 2156.

850. 1.41090 3.5490 .0029 8722.4 12249,7 72,479 10.63 14.76 2220 ,

900. 1 .49341 3.7553 .0028 9255.7 12969.3 73,324 10.70 14,82 2281

.

' .950. 1 • 5 75 92 3.9617 . 0 0 26 9792.

5

13732,

3

74. 1 26 10. 77 14,90 2341

.

1000. 1.65842 4.1680 .0025 10333.

0

14479.1 74.891 10.86 14.99 2398.
1100. 1.82342 4.5805 .0023 11428.6 15987,1 76,318 11. 04 15.17 2508,
1200. 1.98841 4.9931 .0021 12543.5 17514,6 77.639 11.24 15.36 2613,
1300. 2.15340 5.4056 .0019 13679.2 19062,7 78.878 11.45 15.58 2712,
ii»oa. 2.31838 5.3180 .0018 14836.

3

20632,3 80.048 11.66 15.80 2806,
1500. 2.48337 6.2305 .0017 16015.3 22223.7 81.160 11,90 16. 0 3 2896^
1600. 2.64836 6^6430 .0016 17215^4 23836.3 82.194 12,12 16. ?5 2984.

1700. 2.81336 7.a55k .0015 18437^9 25471,3 83.181 12.35 16.47 3068.
1803. 2.97840 7^4679 • 0014 19683.7 27129,7 84.128 12.58 16.71 3149^
2000. 3.308 78 8^2928 • 0013 22253.0 30524.9 85.926 13.12 17,26 3303^
2200. 3.64025 9^1177 .0011 24946.8 34047,5 87,597 13.89 18.07 3444^
2(>00. 3.97448 9^9425 .0010 27840.9 37777,1 89,214 15.10 19,38 .^571.
2600. 4.31469 10^7674 .0010 31058.9 41845.6 90.841 17.03 21,50 3686^
2800. 4.66616 11.5922 .0009 34785.1 46450.5 92.551 19.94 24,76 3793.
3000. 5.03682 12.4171 . 0008 39266.

7

51858.8 94,424 24.11 29.55 3898.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN tISOBARS, SI UNITS!

2.50 HPA ISOBAR

TEMPERATURE DENSITY

K KG/CU M

V(DH/OV»„

KJ/KG

tflOP/OU>,, -V(DP/DV>, JOtf/DTl/V THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY DIFFUSIVITY CONSTANT

MPA-CU M/KJ
X 10^

MPA 1/K KG/M-S SQ M/HR
X 10^

PRANDTL
NUMBER

1<». 619 78.3836 70 5.3 . 2 511.8 10 1.. 3 3 78 • 00905 82. 1.1. 270.30 .00 059 1 . 2 56 3 9 2.0 918
15. 78.10'tl 708.6 .2'.920 102. 511.1 .00921. 85.73 257.35 .00060 1. 2551.1 1.9652
16. 77.361'. 706.3 .21.281 95.7901. .00991 92.50 228.86 .00061 1.25279 1.7322
17. 76.5720 70 0 .2 .23596 88.6329 . 01065 97.16 205.81 .00061 1. 250C1 1.5799
18. 75.7<»02 70 0.3 .22800 82.7863 .01123 10 0.61 186.86 .00061 1.21.709 1.1.606
19. 7'».868'f 696.8 .22111 76.9010 . 01190 102. 8'. 171. 05 .00060 1.21. '03 1.3792
20. 73.9536 691.6 .21508 71.2961. . 01262 10'.. 90 157.65 .00058 1.21.083 1.3118
22. 71.99'»9 675.5 .201.62 60.5553 . 011.29 108.90 136.11 .00056 1.23399 1.2067
2<». 69.8221 650.3 .19526 50. 0652 . 0161.5 110. 32 119. 28 .00053 1.2261.3 1.1566
26. 67.3769 617.1 .13610 39.9903 .01932 109.61. 105. '.1 .aoo<.9 1. 21796 1.11.60
28. 6<i.5913 579.1 .17599 30.791.2 .02309 107.17 93. '6 .0001.5 1.20836 1.1658

30. 61.3589 532.1. .l.bi*39 22.2056 . 02876 103.15 82.72 . 0001.0 1. 19728 1.2278
32. 57.1.635 '.79.7 .15062 I't. 7'»79 .03767 96. 76 72.58 .0003'. 1.181.02 1.3553
3(». 52.5200 1.19.'. .131.26 8.51.93 . 05386 89.18 62.51 . 00027 1. 1673'. 1.5831.

36. '.5. 7965 355.0 . 111.51. 1..0682 .08675 6 3. 06 52.11 .00021 1.11. '.90 1.9318
38. 36.7123 307.6 .091.79 1.8688 .13127 75.30 '.2.0 0 .00018 1.11506 2.2523
40. 28.3271. 30'..'. .0861.6 1.1.810 .11665 &i«. 70 35.39 .00023 1. 08800 1.91.26
1*2, 23.2312 321..

5

.08350 1.6025 . 0831.9 57.50 32.25 .00033 1. 07177 1. 519'.

20.0928 3'.9.8 . 08183 1. 7516 . 0631.2 51.. 03 30.78 .0001.1. 1.06187 1.2638
<>6. 17.9350 376.8 .080'.8 1.8787 .05118 52.38 30.17 .00055 1. 05510 1.1106
ki. 16.327'. '.0'..2 .07928 1.980'. . 0'.315 51.67 30.01 .00065 1.05007 1.0132

50. 15.0802 '.31.2 .07819 2.0578 .03762 51.52 30.11. .00076 1. 0'.618 .91.91

55. 12. 7933 1.99.6 .07617 2.2020 .02890 52.26 31. C2 .00102 1.03908 .8570
60. 11.229<. 561..

7

.07'. '.6 2.2926 .02372 53.76 32.28 .00129 1.031.25 .80'.2
65. 10.06(.2 629.1 .07303 2.351.5 . 02031 55.87 33. 69 .0D156 1. 03066 . 7733
70. 9.1511 693.6 .07162 2.3985 . 01786 57.97 35.15 .00181. 1.02735 .7511
75. 8.<.099 758.7 .07019 2.<>308 . 01600 59. 86 36.63 . 00211 1.02557 .71.30
80. 7.7927 821..

9

. 06872 2.1.551 .011.51. 61.91. 38.12 .00239 1.02368 .7380
90. 6.8166 962.1 .06565 2.'.8S3 .01236 67.91. 1.1. 0 5 .00302 1. 02069 .7185

100. 6.0 735 1106.0 . 06261 2.5089 .01080 73.1.7 1.3.91 .00365 1.0181.2 .711.0
110. 5. '.862 1258.9 .0591.6 2.5216 .00961 79.1.'. 1.5.62 .001.31 1. 01663 .69'.9

120. 5.0075 11.15.1 .05685 2.5300 .00866 85.6'. 1.8.32 .00501 1.01517 .6932
1<»0. '..2715 1739.1. .05252 2.5391 . 00 730 98.22 53.55 .00652 1. 01293 .6921.

160. 3.7295 2071.1. .01.932 2.51.28 .00632 110. 86 58.58 .00818 1.01128 .6915
180. 3.3121. 21.06.1 .01.697 2.51.38 . 00558 123. 27 63.1.2 .00993 1. 01002 .6901.
200. 2.9807 2739.7 .01.522 2.5«.35 .00500 135.21. 68.11 .01193 1.00901 .689'.

220. 2.7103 3071.2 .01.391 2.51.25 . 00'.53 11.6.70 72.65 .011.01 1. 00819 .6338
2<.0. 2. '.851. 3398.0 .01.29'. 2.51.12 . OCl'. 157.61. 77. 06 .01622 1. 00751 .6883
260. 2.2951. 3720.0 .a'.221 2.5397 .00332 168.07 81.36 .01855 1. 00693 .6378
280. 2.1326 1.036.9 . 01.168 2.5382 . 0035'. 178. 03 85.55 .02101 1. 0061.1. .687'.

300. 1.9911. 1.31.9.8 .01.127 2.5371 .00330 187.58 89.65 .02359 1.00601 .6869

350. 1.7093 5111.2 .01.069 2.5333 . 00283 209.96 99.51. .03056 1. 00516 .6859
1.00. 1.'.975 5855.8 .O'.O'.O 2.5301 . 002'.8 230.70 108.98 . 03823 1. 001.52 .6852
1.50. 1.3325 6591.2 . 0'.026 2.5271. .00220 250. 28 118. Qi. .01.658 1. 00'.02 .681.7

500. 1.200'. 7327.2 .01.013 2.5250 .00198 269. 06 126.79 .05553 1. 00362 .631.7

550. 1.0921 8062.1 .01.001. 2.5230 .00180 287.29 135.25 . 06513 1.0G329 .681.6
600. 1.0018 8801.0 .03993 2.5213 .00165 305.15 1'.3.'.7 .07533 1.00302 .631.5

650. .9252 951. '..2 . 33982 2.5198 . 00153 322. 76 151. '.8 . 08611. 1.00279 .681.2

700. .8596 10296.7 .03966 2.5185 .001'.2 3'.0.22 159.23 .09753 1.00259 .631.0
750. .8027 11057.8 .039'.9 2.517'. . 00132 357. 60 166.92 .1091.9 1. 0321.2 .6338
800. .752 8 11830.'. .03929 2.5163 .0012'. 37'.. 96 17'f.39 . 12200 1.00227 .6336

850. .7088 12615.9 .03905 2.515'. . 00117 392.33 181.73 .1350'. 1.00 Zlk .6835
900. .6696 13'.15.7 .03879 2.51'.6 .00110 '.09.75 188.93 . 11.861 1.00202 .6835
950 . .63'.6 11.230.7 .03850 2.5139 .00105 '.27.2'. 196.01 .16267 1. 00191 .6836

1000. .6030 15061.5 .03819 2.5132 . 00099 '.'.'.. 82 202.98 .17722 1.00182 .6338
1100. .51.8'. 16 760 .0 .0375'. 2.5121 . 00090 '.75.56 216.62 . 2058'. 1. 00165 .6908
1200. .5029 18517.1 .03686 2.5111 . 00083 511.01 229.90 . 23807 1.00152 .6912
1300. .'.6'.'. 20332.3 .03616 2.5102 .00077 5'.6.90 2'.2.85 .27216 1.0011.0 .6917
11.00. .'.313 2220 3.1 .a35'.6 2.5095 . 00071 583. 22 255.52 .30307 1. 00130 .6922
1500. .'.027 21.126.5 .031.77 2.5089 . 00066 619.95 267.92 .31.579 1. 00121 .6927
1600. .3776 26081..

9

.03<.13 2.5033 . 00062 656.77 280.07 . 3853'. 1.00111. .6929

1700. .3 55". 28093.3 .03351 2.5073 .00059 69'.. 23 291.99 .1.2679 1. 00107 .6929
1800. .3358 30161..

5

.03238 2,5071. .00055 732.93 303.68 .(.7031 1.00101 .6923
2000. .3022 31.607.2 • 03153 2.5063 . 00050 818. 72 326.1.5 .56500 1.00091 .6832
2200. .27'.7 39831..

9

.02978 2.501.7 .0001.5 930. 29 3'»i..93 .671.56 1.00083 .6701
21.00. .2516 1.651.3.6 .0271.1 2.5016 . 000'.2 109'.. 55 366. 37 . 30797 1. 00076 .61.88
2600. .2316 5580 1..0 .021.37 2.1.955 . 00039 1351. 15 337. 53 . 976C7 1.00070 .6167
2800 . .21'.3 68937.1. .02089 2. (.81.3 .00036 171.9.98 (.03.68 1.1861.9 1. 00065 .5736
3000. .1985 871.15.3 .0171.1 2.1.653 . 0003'. 231.5.90 '.30 .21 1.1.3955 1.00060 .51.19
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITSJ

3.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INT ERNAL ENTHALPY ENTROPY CV CP VELOCITY
OERH^ATH/E DERIVATIVE ENERGY OF SOUND

K CU H/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

1«».772 .01272 1.3623 .9470 219.6 257.8 14.151 4.81 6.38 1345.
15. .012 7I* 1.3585 .9492 221.0 259.2 14.250 4.86 6.47 1345,
16. .01286 1.2794 .9544 227.4 266.0 14.684 5.05 6.93 1326.
17. .01299 1.2075 .9510 234.1 273.1 15.116 5.22 7.37 1306.
IS. .31313 1.1408 .9404 241.3 280. 7 15.549 5.37 7.76 1285.
19. .01327 1.0731 .9266 248.8 288.6 15.980 5.52 8.20 1262.
20. . 01343 1.0093 .9118 256. 6 297.0 16.411 5.65 8.62 1 241

,

22. .01378 .8875 .8767 273.8 315.1 17.275 5.66 9.50 1199,
Zk. .01419 .7655 .8386 292.5 335.1 18.142 6.03 10.47 1153.
26. .01467 .6461 .7904 313.1 357.1 19.019 6.16 11.57 1102.
2S. .01525 .5315 .7331 335.7 361.4 19.921 6.25 12.64 1044,

30. .01597 .4222 .6670 360.7 408.6 20.859 6.33 14.39 980,
32. .01689 .3184 .5926 388.7 439.4 21.850 6.40 16.47 905,
3l». .01815 .2258 .5101 420.6 475.0 22.931 6.48 19.36 822,
36. .01997 .1498 .4207 457.8 517.7 24.149 6.59 23.55 732,
38. .02261 .0367 .3293 501.7 570.1 25.565 6.74 28.92 644,
40 . . 0 2717 .0 718 . 2490 550 . 7 632. 2 27.157 6.91 32. 43 580.
t»2. .03273 .0711 . 1916 597.0 695.2 28.693 6.91 30.15 557.
1*1*, .03841 .0830 .1546 635.6 750.9 29.990 6.34 25.55 557,
kb. .04369 .0964 .1306 667.1 798.1 31.041 6.76 21.97 566,
i*i. .04856 .1144 .1138 693.8 839.5 31,921 6.69 19.52 578,

50. .05311 .1299 .1015 717.4 676.7 32.632 6.64 17.63 590,
55. .06348 .1663 .0612 768.5 958.9 34.251 6.59 15.36 623,
60. .072 95 .1998 .0686 813.7 1032.5 35.534 6.55 14.06 655,
65. .08165 .2307 .0598 855.2 1100.8 36.626 6.54 13.28 684,
70. .090 35 .2599 .0 532 894.8 1165.9 37.591 6.56 12.78 711,
75. •09658 • 2677 .0480 933.

1

1228. 9 36.460 6.61 12.46 736.
80. .10659 .3145 .0439 970.9 1290.6 39.258 6.69 12.25 759.
90. .12217 .3658 .0376 1045.6 1412.1 40.689 6.89 12.06 801,

100. .13733 .4149 .0330 1120.8 1532.

3

41.960 7.14 12.09 836,
110. .15218 .4622 .0294 1198.1 1654.6 43.118 7.44 12.22 871,

120. .16663 .5085 .0266 1277.0 1777.5 44.188 7.73 12.36 902,
140. .19571 .5987 .0224 1441.8 2028.9 46.125 8.27 12.77 961.
160. .22421 .6868 .0194 1615.

3

2287.9 47,653 8.74 13.13 1016,
ISO. .25246 .7736 .0171 1796.5 2553.9 49.419 9.13 13.46 1068,
200. .28054 .8595 .0153 19 84.1 2825.7 50.851 9.43 13.72 1118,
220 • .308 51 • 9446 .0139 21 76 . 8 3102.

3

52.169 9.68 13.93 1166,
240. .33638 1.0293 .0127 2373.6 3382.

7

53.390 9.37 14.10 1213.
260. .36419 1.1135 .0117 25 73.5 3666.1 54.524 10.02 14.23 1258.
280. .39195 1.1975 .0108 2775.8 3951.

6

55.582 10.12 14.32 1301.
300. .41969 1.2816 .0 101 2980.3 4239.3 56.573 10.20 14.38 1344.

350. .48881 1.4900 .0086 3494.

8

4961.2 53.800 10.31 14.48 1446.
<i0O; ,55781 1.6977 .0 075 4012.7 5686.1 60.736 10.36 14.51 1542.
450 . .62674 1.9049 . 0067 4532.

0

6412.

2

62.445 10.38 14.5 2 1633.
500. .69561 2.1119 .0060 5051.8 7138.6 63.975 10.40 14.53 1718,
550. .76446 2.3187 .0055 5572.1 7365.5 65,362 10.41 14.54 1800.
600. .83328 2.5254 . 0 050 6093.4 3593.

2

66.625 10.43 14.56 1878.
650. .90208 2.7320 .0046 6615.3 9321.6 67.787 10.45 14.58 1952,
700. .970 67 2.9385 .0043 7136.9 10051.5 63.876 10.43 14.61 2024,
750. 1.03965 3.1449 .0040 7664.4 10783.3 69.837 10.52 14.65 2093,
SOO. 1.10842 3.3513 .3038 8191.9 11517.2 70.335 10.57 14.70 2159,

S50. 1.17719 3.5577 . 0 035 6722.2 12253.6 71. 727 10.63 14.76 2222.
900. 1.24595 3.7640 .0033 9255.5 12993.4 72.572 10.70 14.62 2284.
950. 1.31471 3.9704 .0032 9792.3 13736.5 73.374 10.77 14.90 2343.

1000. 1.38347 4.1 767 .0030 10332.9 14463.3 74.139 10.86 14.99 2401.
1100. 1.52097 4.5893 .0027 11426.5 15991.4 75.566 11. 34 15.17 2511.
1200. 1.65847 5.0D18 .0025 12543.4 17518.6 76.337 11.24 15.36 2615.
1300. 1.79596 5.4143 .0 023 13679.1 19067.0 78.126 11.45 15.58 2714.
litOO. 1.93345 5.8268 . 0021 14636.2 20636.6 79.296 11.68 15. 80 2808,
1500. 2.0 70 94 6.2393 .0020 16015.2 22226.0 80.408 11.90 16.03 2899.
1600. 2.20843 6.6513 .0019 17215.

2

23640.5 81.442 12.12 16.25 2986.

1700. 2.34593 7.0643 .0018 18437.6 25475.4 32.428 12.35 16.47 3070 .

1800. 2.48346 7.4767 .0017 19682.9 27133.3 83.375 12.57 16.70 3151.
2000. 2. 75875 8.3016 .0 015 22249.8 30526.1 35.173 13.10 17.24 3305.
2200. 3.03487 9.1265 .0014 24936.1 34040.

7

66.839 13.83 18.01 3447.
2400. 3.31309 9.9514 .0013 27810.7 37750.0 88.447 14.97 19.23 3575.
2600. 3.59585 10.7762 .0012 30986.1 41773.7 90.057 16.75 21.19 3692.
2800. 3.88719 11.6011 .0011 34630.

3

46291.8 91.735 19.43 24.20 3799.
3000. 4.19314 12.4259 .0010 38963.3 51547.7 93.555 23.26 28.58 3904,
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TABLE 8

THERHOOVNAMIC PROPERTIES OF NORHAL HYDROGEN (ISOBARS. SI UNITS!

3.00 HPA ISOBAR

TEHPERATURE DENSITY

K6/CU M

W<OH/DV>p

KJ/KG

W<0P/0U1L, -V(OP/OVI (OW/DTl/V THERMAL tflSCOSITY THERMAL DIELECTRIC
CONOUCTItflTY DIFFUSIVITY CONSTANT

MPA-CU M/KJ
X 10^

MPA VK H/K-M
X 10^

KG/M-S SQ M/HR
X 10'

PRANOTL
NUMBER

772 7e.6<>28 721.9 .250<»3 107.1338 .00881* 81*. 28 273.1*0 .00060 1. 25731 2.0700
15. 7S.<«822 726. 8 .2i»911 106.6179 .00890 86. 21 265.60 .00061 1.25671* 1.9933
16. 77.7515 722.1, .2'»323 99.«f716 .00959 93.13 235.8"* .00062 1.251*16 1.7550
17. 76.9926 720.1 .23670 92.969'* .01023 97.95 212.07 .00062 1.2511.9 1.591.9

18. 76.1868 718.9 .22967 86. 9158 .01082 101.51* 192.1*7 .00062 1.21*866 1.1.71.1.

19. 75.3i»38 715.1 .22288 80.8'»95 . 0111*6 103.90 176.15 .00061 1.21*570 1.3895
20. 7l».(>611 710.3 .21687 75.1511 . 01213 106.09 162.31* .00060 1.21*261 1.3188
22. 72.5731 696.3 .206<t6 6<>.(»117 .0136<* 110. 36 11*0. 21 .00058 1.23601 1. 2066
2<i. 70.«»955 673.7 .19717 53.9663 . 0155<* 112.08 123.01* .00055 1.22877 1.11.92
26. 68.1839 6i«<t.6 .1882'* '»<».0539 . 0179'* 111. 75 109.03 .00051 1.22075 1.1281.

28. 65.58<>9 610.<» . 17873 3<».859a .02103 109.72 97.09 . 0001*7 1.21178 1. 1361

30. 62.6303 570.'* .16832 26.i«<»35 . 02523 106.28 86.51* .0001*2 1.20163 1.1716
32. 59.2057 523.9 .15637 18.81*88 . 031(*i* 100. 77 76.87 .00037 1.18991* 1.2561.
3I». 55.1099 <»72.8 .1(»282 12.'*(*3(» .0<*099 91*. 01* 67. 6>* . 00032 1.17606 1.391.0
36. 50.0718 1*20.0 .12756 7.502'* .05608 87.77 58.66 .00027 1.15913 1.5739
38. (•3.8311 372.3 .11138 '*.2386 .07769 81.1*7 50.05 .00023 1.1381*0 1. 7769
i>D. 36.80<»5 3i»3.9 .Q979'» 2.6(*09 .091*29 71*. 36 1*2.76 . 00022 1. 11536 1.861.7
<i2. 30.5512 3i»1.7 .09069 2.1711 .08823 67.11 37.90 .00026 1.09513 1.7025
<ii». 26.03<»1 356.9 .08678 2.1601 . 07158 61.70 35.12 .00033 1.08067 l.i*Si*i*

<i6. 22.8887 378.9 .08<t<i2 2.2517 .05799 58.1*8 33.56 . 0001*2 1.07069 1.2608
<»8. 20.5912 <ta3.7 .08265 2.35'*9 . 01*831* 56.70 32.72 .00051 1.0631*1* 1.1262

50. 18.8289 «»29.5 .08118 2.'* I* 1*9 .01*152 55.78 32.31* .00060 1. 05790 1.0339
55. 15.7532 495.9 .07e2<» 2. 6199 .03098 55.39 32.1*8 .00082 1.01.828 .9008
60. 13.7071 561.7 .076<»8 2. 7380 . 02507 56. 31 33.36 .00105 1. 01.192 .831.1
65. 12.2171* 626.5 .071.78 2.8188 . 02120 58.01* 31*. 55 .00129 1.03730 .7905
70. 11.0676 691. <» .07317 2.876<* .0181*8 59.89 35.67 .00152 1. 03375 .7651.

75. 10.1<i43 757.0 .07157 2.9187 .0161*5 61.1*9 37.26 .00175 1.03090 .751.7
80. 9.3815 82 3.7 .06997 2.9505 .011*87 63.1*1* 38.67 .00199 1.02656 .71.69

90. 8.1851 961.9 .06669 2.9939 .01256 69.27 1*1.51 .00252 1. 021.88 .7238
100. 7.2815 1106.6 . 06350 3.0208 .01092 71*. 68 1*1*. 31 .00305 1.02211 .7173
110. 6.5711 1260.8 . 06016 3.C369 . 00969 80.30 1*5.92 .00360 1.01991. .6985

120. 5.991*1 11*17.8 .05745 3.0477 .00873 86.38 48.56 .00419 1.01818 .6960
i<»a. 5.1097 171*3.6 .05299 3.0591 0 00732 98. 78 53.73 .00545 1. 01548 .6944
160. 1*. 1*602 2076.9 .04970 3.0635 . 00632 111.29 58.72 .00684 1.01350 .6930
180. 3.9610 21*12.8 .04728 3.0643 . 00558 123.61 63.54 .00635 1.01199 .6916
200. 3.561*5 271*7.5 .04549 3.0635 .00499 135.52 68.20 .00998 1. 01078 .6904
220. 3.21*11* 3080.0 .04414 3.0618 . 00452 146.94 72.72 .01171 1. 00980 .6897
2i>0. 2.9728 31*47.7 .04314 3.0598 .00414 157.83 77.13 .01356 1.0Q899 .6890
260. 2.71*58 3730.1* .04240 3.0575 .00381 168.24 81.42 .01550 1. 00830 .6835
280. 2.5511* 1*01*7.9 .04184 3.0552 .00354 178.18 85.60 .01756 1.00771 .6880
300. 2.3627 1*361.7 .04142 3.0536 .00 330 187.72 89. 7Q .01972 1.00720 .6873

350. 2.01*58 5124.0 .04081 3.0481 .00283 210.07 99.58 .02554 1.00618 .6862
<*00. 1.7927 5869.3 . 04051 3.0434 . 00247 230.78 109.01 .03194 1.00541 .6854
<*50. 1.5956 6605.1 .04036 3.0394 .00220 250.35 118.07 .03890 1.00482 .6849
500. 1.1*376 7341.1* .04022 3.0360 .00198 269.12 126.81 .04637 1. 00 434 .6849
550. 1.3081 8076.5 .04012 3.0331 .00180 287. 35 135.27 .05437 1.00395 .6847
600. 1.2001 8815.6 .04000 3.0307 .00165 305.20 143. 49 .06288 1. 00362 .6845
650. 1.1085 9559.0 .03988 3.0285 .00153 322.80 151.49 .07190 1.00334 .6842
700. 1.0300 10311.6 .03973 3.0266 .00142 340.26 159.30 .08139 1.00311 .6841
750. .9619 11072.9 .03955 3.0250 . 00132 357.64 166.93 .09137 1. 00290 .6838
800. .9022 11845.6 .03934 3.0235 . 00124 374.99 174.41 .10180 1.00272 .6836

850. .81*95 12631.2 .03910 3.0222 .00117 392.36 181.74 .11268 1.00256 .6835
900. .8026 13431.2 .03864 3.0210 .00110 409. 78 188.94 .12399 1.00242 .6835
950. .760 6 14246.3 .03854 3.0199 .00105 427. 27 196.02 .13571 1. 00229 .6836

1000. .7228 15077.2 .03823 3.0190 .00099 444.85 202.99 .14784 1. 00218 .6838
1100. .6575 16775.9 .03758 3. 0173 . 00090 475.56 216.63 .17170 1.00198 .6908
1200. .6030 18533.4 .03689 3.0159 .00083 511.01 229.90 .19857 1.00182 .6913
1300. .5568 20348.8 .0 3619 3.0147 .00077 546.90 242.86 .22698 1.00168 .6918
1400. .5172 22219.7 .03549 3.0137 .00071 583.21 255.52 .25692 1.00156 .6923
1500. .1*829 24142.9 .03480 3.0128 . 00066 619. 92 267.92 .28836 1. 00146 .6927
1600. .<*528 26100.4 .0 3416 3.0120 . 00862 656.69 280.07 .32132 1.00136 .6930

1700. .4263 28106.3 .03354 3.0113 . 00059 694.05 291.99 .35585 1.00128 .6930
1800. .4027 30171.7 .03292 3.0106 . 00055 732.51 303.69 .39207 1.00121 .6925
2000. .3625 34582.2 .03160 3.0092 . 00050 817. 04 326.45 .47072 1.00109 .6338
2200. .3295 39716.9 .02992 3.0072 .00045 925.05 344.92 .56117 1.00099 .6715
2400. .3018 46213.6 .02767 3.0036 .00042 1081.07 366.35 .67043 1. 00091 .6517
2600. .2781 55035.9 .0 24 78 2.9968 .00039 1321. 32 387.48 .80720 1.00084 .6214
2800. .2573 67408.8 .02144 2.9844 .00036 1691.58 408.56 .97817 1.00078 .5845
3000. .2385 84685.3 . 018C3 2.9634 .00034 2242.45 429.96 1.18453 1.00072 .5479
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS

»

3.50 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
Ut-Kl VA 1 X V t ENERGY Or SOUND

K Cu n/KG CU n-nrAf l\b MP A/K KJ/ KG-K KJ/KG KJ/KG "K K J / KG-K H/S

* 1 92 7 .01267 1.3 929 . 9*»96 21 9.9 264» 3 14.163 4.83 6.38 1357.
15 • • 0 12 68 1.3 951 . 9505 220.4 264 . 8 14.194 4.84 6 . i> 1 1358 .

16. .01280 1.32 37 . 9576 226.6 271.4 14.623 5.04 6.65 1342,
17. . 0 1292 1 .25 38 • 9 5 72 233.2 278.5 15.0 51 5.21 7.28 1324.
IS . • 0 1305 1.1850 • 9506 240 .

3

286.0 15 .479 5^37 7. 71 1 304,
19. .01319 1.122t» .9370 247.7 293.9 15.906 5.51 8.10 1284,
20. .0133(« 1.0577 .9223 255.5 302.2 16.332 5.64 8.50 1263.
22 . . 0 1368 .93 57 . 8908 272. 1 320 . 0 17 . 1 84 5.86 9.35 1222.
2<». . 0 1I«06 .3161 • 8525 290 .4 339.6 18.035 6.03 10 .25 1178.
26. . 0 1'f 51 .69 73 • 6 0 68 310 • 3 361 • 1 18. 893 6.16 11. 26 1130.
28 . « 0 150't • 58 28 • 7530 332.

1

384.7 19 . 768 6.26 12 . 42 10 76.

30 • • 015 69 . 773 a 691

7

355 .9 410.9 20 .669 6.33 13.73 1017.
32. • 016'»9 .3763 .6236 382.2 439.9 21.606 6^40 15 .39 951,
3<>. .01752 .28'»7 . 5i»9'» 411 . 4 472. 7 22.600 6.46 17.53 879.
36. .01891 .20 77 . i» 70 3 444 .2 510.4 23«676 6.53 20.24 802

.

38. .0208<» .litSl .3899 481.2 554.1 24.858 6.62 23.56 726.
<»a. .02356 .1099 .31'«0 522.1 604.5 26.151 6.73 26.64 660.

• 0 2717 .0 926 • 2 5 09 564 . 4 659. 5 2 7, 4 91 6.81 27.89 616.
'»'». . 0 31 <»0 .0 917 .2035 604.3 714.2 28.763 6.82 26. 41 596.
<«6. . 035 78 .10 07 • 1699 638. 6 763 .

8

29.866 6.30 23.69 592 •

^9 .
n n n n .11 35 . 1 if62 668 • 6 808.6 3 0.819 6.75 21.20 597 ,

50 • . 0 '«<»01 .1278 • 1288 694. 9 848. 9 31 .643 6. 70 19 . 27 606,
55 . . 0 53 2 2 .1633 • 1 00 7 750 . 8 937 . 0 33.3 25 6. 63 16. 31 634^
60 • . 0 61 59 .1970 • 3 838 798 • 8 1014.4 34.6 74 6.58 14.71 663 •

65 . .0 69'»7 .2289 .0 725 842^4 1085.6 35.812 6.58 13.77 692.
70. .07695 .2588 • 06i«a 883.5 1152.8 36.809 6.59 13.16 719.
75. .08i»15 .287i» .0 576 923.0 1217.6 37.703 6.64 12.76 743.
80. .09115 . 31'«8 . 0 524 961.7 1280.

7

38.518 6. 70 12.50 766.
90

.

• 1 O** 72 .3672 . 0'»lf7 10 37.8 1404.

3

39 .9 75 6.90 12 . 26 808 .

100 • • 11768 •M 72 .0 390 1114.

0

1526.6 41 . 2 62 7.15 12.23 345

.

llOa •130 73 .'»651 . 0 3<»7 1192.

2

1649.

7

42.433 7 .46 12.33 877.

120. . l'»3 39 .5120 . 0313 12 71. 8 1 773 .

6

43 .5 12 7.74 12.47 908 .

1<»8 • .16830 .60 32 . 0 263 1437.5 2026.5 45^461 8.28 12.83 967 .

160. . 1 9285 .6921 .0 227 1611.

7

2286.

6

47.196 8. 75 13.18 1021.
1 80 . . 21716 . 779'» .0 200 1793.

4

2553.

4

48. 767 9.13 13 .49 1073.
200. .2(»130 • 8657 .0179 1981.4 2825.9 50.203 9.44 13.75 1123.
220. .265 3 3 .9512 .0162 2174.4 3103.1 51.523 9.69 13.96 1171.
2'»0 . .28927 1> 0 361 . 0 1<»8 2371.5 3383.9 52. 745 9.88 14.12 1217.
260 . . 31 31if 1.1206 .0136 2571.

6

3667.

6

53. 881 10. 92 14.24 1262.
280. .33697 l.ZOkS . 0 126 27 74.1 3953 .

5

54.940 10.13 14. 33 1306,
300. . 3 60 79 1.2892 .0118 2978.

8

4241 •

6

55.9 33 10 . 21 14.40 1349.

350 . .'f 20 09 l.'t979 .0101 3493 .

7

49 64^ Q 58. 1 61 10.32 14. 48 1 450 ,

'tOO . .'7926 1.7058 .0 088 4011.

8

5689.

2

60.0 98 10 . 36 14.52 1546,
'50 . .53837 1.9132 . 0 076 4531. 2 6415.5 61. 308 10.38 14. 53 1636^
500. . 597'»2 2.1203 .0070 5051^2 7142.2 63. 3 38 10 .40 14.54 ITZZm
550. .656'»«f 2.3272 .006<» 5571^6 7869.1 64.725 10.41 14.55 1803.
600 . .7151* if 2.5339 .0058 6092^9 8597.0 65.988 10.43 14. 56 1881.
6 50 . « 7 7'» !»

2

2. 7i»05 .005i« 6615 .

0

9325.5 67. 1 51 10 .45 14 . 58 1956.
700 • .83339 2.9<»70 .0050 7138.6 1C055.

4

68.240 10.48 14.61 2027 .

750 • .89235 3.1535 .00<»7 7664.1 10787 .3 69.251 10.52 14.65 2095.
800. •95131 3.3600 .00<»<» 8191.6 11521.2 70 . 1 99 10.57 14. 70 2162.

850. 1. 01025 3.5663 .OOitl 8722.0 12257.9 71.091 10.63 14.76 2225.
900. 1 • 0 69 2 0 3. 7727 . S 039 9255.

3

12997.5 71.936 10 . 70 14. 8 3 2287 .

i 950

.

1. 1281'» 3. 9791 .0037 9792.

1

137 40.6 72 . 738 10.77 14.90 2346 .

1000. 1.18707 «».185't .0035 10332.7 14487.5 73.503 10.86 14.99 2403.
1100. 1.30<»9<» i».5980 .0 032 11428.3 15995.6 74.930 11.04 15.17 2513.
1200. l.i«2280 5.0106 . 0 029 12543.

3

17523.

1

76.251 11.24 15.37 2617.
1300. 1.5i»0&5 5. '231 . 0027 13679.0 19071.2 77.490 11^45 15.58 2716.

1.65850 5.8356 .0025 14836.1 20640.9 78.660 11^68 15.80 2810.
1500. 1.77635 6.2<«81 . 0023 16015.

1

22232.

3

79.772 11.90 16.03 2901.
1600. 1.89<«20 6.6606 • 0 022 17215.1 23844.8 80.806 12. 12 16.25 2988,

1700. 2.01206 7.0730 • 0021 18437.3 25479,5 81.793 12.34 16.47 3072,
1800. 2.1299'* 7.1*855 .0019 19682.4 27137.2 82^739 12.57 16.70 3153,
2000. 2. 36588 8. 310'» .0018 22247.4 30528.0 84^536 13.08 17.22 3308.
2200. 2.602'«8 9.1353 .0016 24927.6 34036.5 86^199 13.79 17.96 3450.
2'»oa. 2.8<»075 9.9601 .0015 27787.3 37729.9 87^300 14.36 19.12 3579.
2600. 3.08263 10.7850 .0013 30929^6 41718.8 89.396 16.53 20.95 3696.
2800. 3. 33131 11.6099 .0012 34509.9 46169.5 91.049 19.03 23.75 3805.
3000. 3.59160 12.i»3f»7 .0012 38736.3 51306.9 92.829 22.59 27.82 3910.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS

>

3.50 MPA ISOBAR

TEMPERATURE DENSITY V(OH/DW)|,

K KG/CU M KJ/KG

\/<OP/OU)y -V(OP/DV)^ <OV/OTy^V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL

MPA-CU M/KJ
X 10^

MPA 1/K

CONDUCTIVITY
H/K-M_

OIFFUSIVITY CONSTANT
KG/M-S SQ M/HR
X 10^

NUMBER

l<f.927 78.8975 738.1* • 2i»927 109.8930 .00861* 86.07 276.50 .00062 1.25820 2.01*99

15. 7e.8<«<«0 7ifl.3 .2'>890 109.991*9 .00861* 86^68 273.88 .00062 1.25802 2.021*2
16. 7 8. 139'* 7'»0 .2 . 2'»329 103.1*356 . 00926 93 • 76 21*3 • 10 • 00 063 1. 25553 1 . 776 7

17. 77. 3997 738.6 • 23732 97.0'»66 . 00986 98. 72 21 8. 1*2 • 0 D 06 3 1. 25292 1. 6118
18. 76. 61i«9 736. 0 • 23117 90. 7901 .0101*7 102. 1*3 198 .10 . 00062 1.25016 1.1*91) 3

19. 75. 79'* 3 73 5.1 . 22'«39 85.0701* • 01 101 101*. 90 181.21 . 00062 1. 2«*728 1 .3986
20. 7'».9'»28 730.5 • 218<»2 79.2681* • 01161* 10 7^23 167.01 .00 061 1. 21*1*29 1.321*6

22 . 73.1206 71 7.8 .20806 68.1*215 •01302 111.76 11*1*. 27 . 00059 1.23792 1. 2063
2<>. 71 ,1 269 69 7.9 • 19890 58. 01*1*1 • 01i»&9 113. 75 126.73 . 00056 1. 23097 1.11*21
26. 68 • 9286 67 1.0 .19016 1*8. 0622 • 01679 113. 73 112 . 51* • 0005 3 1. 22333 1. 111*6

28. 66.'»831 639.

Q

.18105 38. 71*1*5 • 0191* <* 112.07 100.56 . 0001*9 1. 211*88 1.111*5

30. 63.7<»<»<f 60<«.0 .171«»3 30.1*265 •02273 109^09 90.10 .0001*5 1.2051*5 1.1339
32. 60.6<f68 563.1 . 16077 22.8203 • 02733 101*. 20 80.69 .0001*0 1.191*85 1.1916
31*, 57.0738 518. i» .11*900 16.21*75 .03382 98. 38 71.93 .00035 1. 18270 1. 2816
36. 52.8898 '»72.7 •13611 10.9831* .01*282 91.90 63.65 . 00031 1.16858 1.1*021

38. i»7.9855 '29.5 .12265 7.1055 . 051*87 86.1*8 55.87 .00028 1.15217 1.5221*
<>0. (»2.i»<»30 395.9 .11001 i*.6658 .06730 30.51* 1*8.93 .00026 1.13382 1.6188
'»2. 36.805'« 378.8 .10013 3.1*086 .07362 71*. 51* 1*3.1*1* .00026 1.11536 1.6255
<»(>. 31.8<f37 379.1 .09373 2.9211 . 06968 69. 08 39.67 .00030 1.09929 1.5168
kS. 27.9523 392.2 .089<*(» 2. 8131* .0601*0 61*. 91 37.31 .00035 1.08680 1.3615
fS. 25.0017 i«11.6 .08668 2.8385 • 05150 62.11* 35.85 . 0001*2 1. 07739 1.2231

50. 22.7238 l*3l*.l* .08'»61 2.9033 • 01* 1*37 60.1*2 31*. 97 .00050 1. 07017 1.1151*
55. 18.7917 (>96.9 .08085 3.0693 . 03282 58^78 31*. 25 .00069 1.05778 .9501
60. 16 . 2 361 561.1 .0781*3 3.1993 .02621 59.00 31*. 61* .00089 1.01*979 .8631*
65. 11*. 391*3 626.2 .07655 3.2950 . 02199 60. 32 35.51* •ODllO 1. 01*1*05 .8112
70. 12.9961 691.2 .071*75 3.361*0 • 01901* 61.87 36.68 .00130 1.03971 .7802
75. 11.8836 75 7.1 .0 72 99 3.1*150 • 01686 53. 18 37.95 .00150 1. 03627 .7665
SO. 10.9709 82'».0 .07125 3.1*537 •01517 61*. 97 39.27 .00171 1.0331*5 .7558
90. 9.5<»97 96 2.8 .06775 3.5061* •01273 70.63 1*1.99 .00217 1. 02907 .7290

100. 8.i»835 1108.1 .061*39 3.5390 0110 3 75.89 1*1*. 72 .00263 1.02580 o720i*
110. 7.6(»96 1263.6 .06085 3.5582 •00976 81.22 1*6.21* .00310 1. 02321* .7019

120. 6.971*0 11*21.3 .058 01* 3.5710 .00877 87^17 1*8.83 .0'j361 1.02117 ,6986
11*0. 5.91*17 171*8.3 .0531*5 3.581*2 . 00731* 99^ 37 53.92 .001*69 1. 01802 .6962
160. 5.1851* 2082.9 . 05008 3^5888 . 00633 111. 75 58. 87 .0C588 1.01571 .591*5

180. i*.6050 21*19.9 .01*759 3.5892 .00558 123.97 63.66 .00718 1. 01391* .6928
200. <». 11*42 2755.6 .01*576 3.5876 . 001*99 135.81 68.30 .00858 1.01251* .6911*

220. 3.7669 3089.0 .01*1*38 3.5850 .001*52 11*7.18 72.81 .01007 1.0111*0 .6905
2(*0. 3.1*570 31*1 7.5 .01*335 3.5819 . 001*13 158.01* 77.20 .01166 1. 0101*5 .6897
260. 3.1931* 371*1.0 .01*258 3.5787 .00381 168.1*1 81.1*8 .01333 1.00965 • 6891
280. 2.9676 1*059.1 . 01*201 3.5751* . 00353 178.31* 85.66 .01509 1.00897 • 6885
300. 2.7717 1*373.8 .01*158 3.5733 .00329 187.86 89.75 .01695 1.00838 .6878

350. 2.3805 5136.9 .01*091* 3.5657 .00282 210.17 99, 62 .02191* 1. 00719 . 6865
1*00. 2.0865 5882.8 .01*062 3.5592 . 0021*7 230.87 109.01* .0271*1* 1.00630 .6857
(*50. 1.8575 6619.0 . Ol*0<»5 3.5537 .00219 250.1*2 118.10 .0331*1 1.00561 .6851
500. 1.6739 7355.7 .01*031 3.51*90 .00198 269^19 126.81* .03982 1.00505 .6850
550. 1.523<» 8091.0 .01*019 3.51*51 .00180 287^i»0 135.30 .01*669 1. 001*60 .681*8
600. 1.3977 8830.3 .01*007 3,51*17 .00165 305^21* 11*3.51 .05399 1.001*22 .661*6

650. 1.2913 9573.8 .03995 3.5388 . 00152 322. 81* 151.51 . 06173 1. 30390 .681*3

700. 1.1999 10326.6 .03979 3.5362 . 0011*2 31*0.30 159.31 .06987 1.00362 .681*1
750. 1.1206 11038.0 .03960 3.5339 .00132 357.67 166.95 . 3781*2 1,03338 . 6839
800. 1.0512 11860.8 .03939 3.5319 ,00121* 375.02 171*. 1*2 .08737 1.00317 ,6837

850. .9898 1261*6.6 .03915 3.5301 .00117 392^39 181. 75 .09670 1.00299 .6636
900. .9353 131*1*6.6 .03888 3.5285 .QGllO 1*09.81 188.95 .1061*0 1.00282 .6835
950. .3861* 11*261.9 •03859 3.5271 . 00101* 1*27. 30 196.03 .1161*6 1.00267 .6636

1000. .81*21* 15092.9 .03827 3.5258 . 00099 1*1*1*. 87 203.00 .12686 1.00251* .6838
1100. .7 663 16791.9 •03762 3.5235 .00090 1*75.56 216.61* .11*730 1. 00231 ,6909
1200. .7028 1651*9.6 •03693 3.5216 .00083 511.01 229.91 .17035 1.00212 ,6913
1300. .61*91 20365o2 .03622 3.5200 .00076 51*6.90 21*2.87 .191*71 1.00196 .6918
11*00. .6030 22236.3 .03552 3.5186 .00071 583. 21 255.53 .22038 1. C0182 ,6923
1500. .5630 21*159.5 .031*83 3.5171* . 00066 619.91 267.93 .21*733 1.00170 ,6927
1600. .5279 26116.2 .031*18 3.5163 . 00062 656.61* 2 60. 08 .27559 1.00159 .6930

1700. .1*970 26120.2 .03356 3.5153 ,00059 693.91 292.00 ,30516 1. 00150 .6931
1600. .1*695 30181.3 .03295 3.511*1* , 00055 732.19 303,69 , 33620 1. 0011*2 .6926
2000. .1*227 31*566.7 .03165 3.5126 .00050 815. 71* 326.1*5 ,1*031*1* 1. 00127 .6692
2200. .381*2 39629.1* .03003 3.5102 .0301*5 920.98 31*1*. 92 . 1*801*1 1.00116 .6727
2<*00. .3520 1*5957.3 .02788 3.5062 .0001*2 1070.58 366.31* .57276 1.00106 .651*1

2600. .321*1* 51*1*1*3.0 .02511 3.1*986 .00036 1298.13 387,1*1* .68771 1. 0Q098 .6252
2800. .3002 66223.9 .02186 3,1*851 .00036 161*6.12 1*08.1*6 .83113 1.00090 .5691*
3000. .2781* 82563.1 ,01855 3,1*622 . 00031* 2161. 63 1*29. 75 1, 001*69 1.00061* .5531
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN JISOBARS, SI UNITS I

it.OO MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE
DERIVATIVE DERIVATIVE

K CU M/KG CU M -MPA/ KG MPA/K

• 15.080 .01263 1.1*112 .9521*

16. .012 71* 1.3667 .9608
17. .01286 1.2950 .9621*
IB. .01298 1.2281 .9572
19. .01312 1.1681* .9<*66

20. .01326 1.1021 ,9333
O 9

• 013 58 . 9817 • 9023
2^. .ai39(» .8638 .8656
26. .ai(t36 .71*67 .8221
28. .01<i86 .6331* .7712
30. .015<>5 .5290 .7135

32. .01616 .1*311 .6501.
3i». .017 0<» .3<*10 .5822
36. .01817 .2623 .5102
38. .01965 .1993 .1*371

dO. .0 2161 .1532 .3666
hZm . 0 2'» 1

3

.1259 .30 36
.02719 .1135 .2519

<»6. .0 30 60 .1131 .2117
<»8. .a3<»12 .1201* .1813
50. .03759 .1311. .1586

55. .0«»576 .1637 .1220
60. .0 5325 .1967 .1003
65. .06027 .2283 .0 859
70. .06699 .2590 .0 751.

75. .0 73«»1 .2880 .0675
80 • . 0796<» .3159 . 0612
90. .09168 .3692 .0519

100. .10333 .1*200 .01.52

110. .11«»67 .1*685 .01.01

120. .1258<> .5160 .0 361

iitO. .1«.777 '.6080 .0303
160. .16935 .6975 .0261
180. .19069 • 7851* .0230
200. .21188 .8721 .0205
220. .23295 .9579 .0186
2'>0 . . 2539'* 1 . 0 1*31 . 0 169
260. .27it86 1.1278 .0156
280. .2957«» 1.2122 .011*1.

300. .31662 1.2969 .0135
350. .3685(f 1.5058 .0115

>»00. .<»2035 1.7139 .0100
<t50. .47209 1.9215 . 0089
500. .52378 2.1287 .0080
550. .575i»3 2.3356 . 3073
600. .62706 2.51*21* .0067
650. .67868 2.71*91 .0 062
700. .73029 2.9556 .0057
750. .78168 3.1621 .0053
800. .833'«7 3.3686 .0050
850. .88505 3.5750 .001.7

900. .93663 3.7811* .001.1.

950. .98820 3.9877 .001.2
1000. 1.03977 1*. 191*1 .001*0

1100. 1.1'»291 l*.6067 .0036
1200. 1.2<f60'» 5.0193 .0033
1300. 1.3<t916 5.1*318 .0 031
I<t00. l.>t5228 5.81*1*3 . 0029
1500. 1.555<»0 6.2568 .0027
1600. 1.65852 6.6693 .0025
1700. 1.76165 7.0818 .0021.

1800. 1.861*79 7.1*91.2 .0022
2000. 2.07123 8.3192 .0020
2200. 2.27820 9.11.1.0 .0018
2<»00. 2.1*865'* 9.9689 .0017
2600. 2.6978«» 10.7938 .0015
2800. 2.91'* 71 11.6136 .0011*
3000. 3.1<>109 12.1*1.35 .0013

II

• THO-PHASE BOUNDARY

INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
ENERGY OF SOUND
KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

220.2 270.8 11.. 171. 1..85 6.39 1361*.

225.9 2 76.8 li«.56t. 5.03 6.78 1358.
232.1* 283.8 11.. 988 5.20 7.21 131*0.
239.3 291.3 15.1.12 5.36 7.52 1322.
21*6.6 299.1 15.835 5.50 8.01 1301*.

251..

2

307.3 16. 256 5.63 8.1.1 1263.
270.6 321..

9

17.097 5.85 9.21 121*1*.

288.1* 31.1..

2

17.935 6.02 10.07 1202.
307.8 365.2 18.776 6.15 11. 01 1156.
328.9 388.3 19.628 6.26 12. D6 1105.
351.8 1.13.5 20.500 6.33 13.22 1051.

376.7 1*1.1.3 21.396 6.1.0 11*. 60 992.
1*01*. 0 1*72.1 22.330 6.1*5 16.27 927.
1*31*.

0

506. 7 23.317 6.51 18.31 859.
1*67.0 51.5.6 21.. 368 6.57 20.61. 791.
50 2.8 589.3 25.1.88 6.63 23.01 729.
51*0.6 637.1 26.653 6.70 21.. 61 680.
578.1 686.9 27,811 6.75 21*. 91* 61*8.

612.9 735.3 28.887 6.78 23.85 631.
61.1..

7

781.2 29.861. 6.76 22.02 626.
673.1 823.5 30.728 6.73 20.27 629.

733.2 916. 3 32. 1*99 6.67 17.13 648.
781*.

2

997.2 33.910 6.62 15.31 675.
829.7 1070.6 35.087 6.60 11*. 22 701.
872.3 111.0.3 36.118 6.62 13 .31 727.
913.0 1206.7 37.031* 6.66 13.06 751.
952.6 1271.

1

37.866 6.72 12.75 774.
1 030 .

1

1396.

8

39. 31*8 6.92 12. 1.1. 815.
1107.3 1520.6 1.0.651 7.16 12.36 852.
1186.1* 161*5.0 1.1.835 7.1.7 12.1*1. 883.
1266.6 1769.9 1*2.922 7. 75 12.56 914.

11*33.2 2021*.

3

1*1*. 882 8.29 12.89 972.
1608.1 2285.5 1.6.621. 8.75 13.23 1027.
1790.3 2553.1 1.8.203 9.11. 13.53 1078.
1978.7 2826.2 1.9.639 9.1*1. 13.78 1128.
2172.1 3103.9 50.962 9.69 13.98 1176.
2369.1* 3385.1 52.186 9.88 14.11. 1222.
2569.7 3669.2 53.321. 10.02 14.26 1267.
2772.1* 3955.1. 51.. 381. 10.13 14. 35 1310.
2977.1* 1*21*3.9 55.377 10.21 14.41 1353.
3<>92.6 1*966.7 57.607 10.32 14.49 1454.

1*010.9 5692.3 59.51.5 10.36 14.52 1550.
1.530.5 61*18.9 61.256 10.38 14.53 1640.
5050.6 711*5.7 62.7 87 10.1*0 14.54 1725.
5571.1 7 872.8 64.173 10.1*1 14.55 1807.
6092.5 8600.7 65.1.37 10.1*3 14.56 1684.
6611..

6

9329.3 66.600 10.1.5 14.58 1959.
7138.2 10059.1* 67.689 10.1*8 14.51 2030.
7663.6 10791.3 68.700 10.52 14. 65 2098.
8191.1. 11525.3 63.61*8 10.57 14.70 2164.
8721.8 12262.0 70.51*0 10.63 14.76 2228.

9255.2 13001.7 71.385 10.70 14.83 2289.
9792.

0

1371*1*. 8 72.187 10.77 14.90 2348.
10332.6 11*1*91.6 72.952 10.86 14.99 2406.
111*28.2 15999.8 71*. 379 11.01* 15.17 2516.
1251*3.2 17527.1* 75.701 11. 21. 15.37 2619.
13678.9 19075.5 76.939 11.1.5 15.58 2718.
11.636.1 2061*5.2 78.110 11.68 15.80 2812.
16015.0 22236.6 79.222 11.90 16.03 2903.
17215.0 2381*9.1 80.255 12. 12 16.25 2990.
181.37.1 251*83.7 81.21*2 12.31. 16.47 3074.

19681.9 2711*1.1 82.188 12.57 16.70 3155.
2221*5.5 30530.1* 83.981* 13.07 17.21 3310.
21*921.1 31*033.9 85.61*5 13.75 17. 92 3452.
27768.1. 37711*.

5

87.21*1 14.77 19c02 3562.
30881*.

0

1*1675.1* 88.825 16.35 20.75 3700.
31*1.12.8 1*6071.7 90.1*58 18.71 23.39 3810.
3851.9.3 51113.7 92.205 22.06 27.21 3915.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

l*.Oa HPA ISOBAR

MPERATURE DENSITY V{DH/DV)p \/<DP/DUI^ - <DP/Dtf»^ <OV/DT)/V THERMAL VISCOSITY THERMAL OIELESTRIC PRANOTL
CONOUCTItflTY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K M/K-M KG/M-S SO f/HH
X 10^ X 10^ X 10^

15. 080 79. 11*77 750 . 0 . 21*825 111. 6967 . 00853 87. 81 279.60 .00062 1.25909 2.0362
16. 78.5151 757.3 .21*339 107.3080 . 00895 94. 38 250.48 . 00064 1.25686 1.7997
17. 77.7893 755 .0 .23771* 100. 71*00 .00955 99. 46 224.78 .00 064 1. 25430 1.6302
IS. 77.0297 753.5 .23179 94.5996 .01012 10 3. 30 20 3. 80 .00063 1. 25162 1. 5042
19. 76.2330 753.7 .22567 89.0699 . 01063 105. 89 186. 36 .00062 1 .24882 1.4096
20. 75.<»072 71*8.8 .21981* 8 3.1052 .01123 108. 33 171. 72 .00061 1. 24592 1.3330
22. 73.6<»12 738.1 . 20952 72.2903 .01248 113. 10 143.31 .00060 1.23974 1.2080
2<». 71.7211* 720.6 .2001*7 61.9555 .01397 115.35 130.37 .00058 1.23304 1.1378
26. 69.620 6 69 6.1 . 19190 51 . 9873 . 01581 115. 60 115. 96 . 00054 1. 22573 1. 10 42
28. 67. 3Qi<8 666. 8 . 18310 1*2.6332 . 01809 114.26 103.90 .00051 1. 21771 1.0968
30. 61*. 71*13 63<*.6 .171*00 34.2491 . 02083 111. 67 93.47 .00047 1.20888 1.1067

32. 61.8867 598.7 . 161*27 26.6805 .02438 107.24 84.19 .00043 1.19909 1.1458
3<». 58.671*0 559.2 .15372 20.0072 . 02910 102. 06 75.72 .00038 1. 18813 1.2071
36. 55. 0251* 518 .0 .11*238 14.4332 . 03535 96. 18 67.85 .00034 1. 17577 1. 2918
38. 50.8851* 1*78.9 .13066 10. 1427 .04309 90.72 60.55 .00031 1. 16186 1.3774
40. 1*6.2851 «<»5. 1 . 11937 7.0906 . 05170 85.54 53.96 .00029 1.14652 1.4517
<»2. 1*1.1*1*30 1*22.8 .10935 5.2174 .05819 80.20 48. 39 .00028 1.13053 1.4846
1*1*. 36.7771 1*13.2 . 10151* 4.1750 .06034 75.22 44.10 .00030 1. 11527 1.4618
kb. 32.671*7 1*16.1* .09553 3.6962 . 05727 70.92 41. 07 .00033 1. 10197 1.3810
1*6, 29.301*6 1*28.7 .0911*7 3.5296 .05137 67.57 39.07 .00038 1. 09113 1.2733
50. 26.6002 1*1*6.5 .06856 3.4940 .04540 65. 21 37. 76 .00044 1. 08248 1.1735

55. 21. 8550 502.5 .08366 3.5772 . 03409 62.34 36.24 .00060 1.06742 .9959
60. 18.7766 561*.

0

. 08072 3.6932 . 02715 61. 82 36.10 .00077 1. 05774 .8944
65. 16.5932 627.6 .07839 3.7866 .02266 62.69 36.67 .00096 1.05090 .8319
70. 11*. 9260 692.9 .07632 3.8661 . 01950 63. 91 37.59 .00114 1. 04571 . 7948
75. 1 3.6221 758 .7 . 071*1*2 3. 9234 . 01721 64. 91 38.70 .00131 1. 04165 . 7784
60. 12.5567 82 5.7 .07251* 3.9672 .01544 66.55 39.92 .00150 1. 03835 .7647
90. 10.9079 96'«.8 .06862 4.0274 .01289 72. 00 42.51 .00191 1. 03326 .7342

100. 9.6782 1110.6 .06530 4.0646 . 01113 77.13 45.15 .00232 1. 02947 . 7235
110. 8.7207 1267.2 .06151* 4.0861 .00981 82.19 46.60 .00273 1.02652 .7052
120. 7.91*6 9 11*25.1* . 05861* 4.1004 . 00881 38. 00 49. 13 .00317 1. 02415 .7011

it»a. 6.7673 1753.6 .05391 4.1147 . 00735 99.99 54.14 .00413 1.02054 .6980
160. 5.9050 2039.3 . 0 501*5 4.1190 . 00633 112.22 59. 03 .00517 1. 01791 . 6959
180. 5.21*1*0 21*27.1* . 01*790 4.1185 . 00557 124.34 63.79 .00631 1.01589 .6940
200. i*.7197 2761*.

0

. 0 1*6 0 3 4.1158 . 00498 136. 11 68.41 .00754 1.01429 .6924
220. i*.2927 3098.3 . 01*1*61 4.1120 .00451 147.43 72.90 .00884 1.01299 . 6914
2ifO. 3.9379 31*27.6 .01*356 4.1077 . 00413 158.25 77.28 .31023 1. 01192 .6935
260. 3.6382 3751.

7

.01*277 4. 1033 . 00380 168. 60 81.55 .01170 1. 01100 .6898
260. 3.3811* 1*070 .1* .01*218 4.0989 .00353 178. 50 85.72 .01324 1. 01023 .6891
300. 3. 1584 1*385. 9 .01*173 4. 0961 . 00329 188. 00 89.81 .01487 1.00955 .6333
350. 2.7131* 511*9.9 .01*107 4.0859 .00281 210. 28 99.66 .01925 1. 00820 .6869

<«00. 2 . 3 790 5836.1* . 01*0 73 4.0774 .00246 230.95 139.08 .02407 1.00719 .6859
(»50. 2.1183 6633.0 .01*0 55 4.0702 . 00219 250.49 118.13 .02930 1. 00640 .6352
500. 1.9092 7369.9 .01*039 4.0641 .0019 7 269. 25 126.86 .03492 1.00576 .6851
550. 1.7378 8105.5 .01*027 4.0589 .00179 287. 46 135.32 .04093 1.00525 .6849
600. 1.591*7 881*5.0 . 01*011* 4. 0544 .00165 305.29 143.53 . 01(732 1. 00481 .6847
650. 1.1*731* 9588.6 .01*001 4.0506 . 00152 322. 89 151.53 .05410 1. 00445 .6644
700. 1.3 693 1031*1.5 .03985 4.0472 .00141 340. 34 159.33 .05123 1. 00413 .6842
750. 1.2790 11103.1 .03966 4. 0443 .00132 357.71 166.96 .06872 1.00386 .6839
800. 1.1998 11876.0 . 0 391*1* 4.0417 . 00124 375. 06 174. 43 .07655 1. 00362 .6837
850. 1.1299 12661.9 .03920 4.0393 .00117 392.42 181.76 .08472 1. 03341 .6836

900. 1.0677 131*62.1 .03893 4.0372 .00110 409. 84 188.96 .09321 1.00322 .6836
950 . 1.0119 11*277.1* . 03863 4.0353 .00104 427. 33 196. 04 .10201 1.00305 .6837

1000 . .9617 15108.6 .03831 4. 0336 .00099 444. 90 203.01 .11112 1. 00290 .6839
1100. .8750 16807.8 .03765 4.0307 . 00090 475.56 216.65 .12901 1. 00264 .6909
1200. .8025 18565.8 .03696 4.0282 . 00083 511.01 229.92 .11*918 1.00242 .6914
1300. .71*12 20331.6 .03625 4.0261 .00076 546.90 242.87 .17051 1. 00 223 .6918
1(»00. .6886 22252.9 .03551* 4.0242 . 00071 583. 20 255.54 .19297 1.00208 .6923
1500. .61*29 21*176.1 .031*85 4.0227 .00066 619.89 267.93 .21657 1.00194 .6928
1600. .6029 26132.1* . 031*21 4. 0212 . 00062 656.59 283.08 .24129 1. 00182 .6931
1700. .5677 28131*.

3

.03359 4.0200 .00059 693.79 292.00 .26718 1.00171 .6931

1800. .5363 30192.1* .03298 4.0188 . 00 055 731.94 30 3.70 .29431 1. 00162 .6927
2000. .1*828 31*557.8 .03170 4.0165 .00050 814.69 326.46 .35302 1. 00146 .6895
2200. .1*389 39562.1* .03012 4.0137 .00045 917.70 344.92 .41997 1. 00132 .6736
2I»00. .1*022 1*5751*. I* .028C5 4.0091 .00042 1062.13 366.33 .49986 1.00121 .6560
2600. .3707 53968.7 .02536 4.0009 . 00038 1279.42 387.41 .59878 1. 00112 .6284
2800. .31*31 65271.9 .02225 3.9862 . 00036 1609.45 406.39 .72196 1. 00103 .5936
3000. .3181* 80853.3 .01899 3. 9615 . 00034 2096. 71 429.59 .87127 1. 00096 .5576

\ • TMO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)
f.

j

l».50 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
nCOT\dATTliCUtKivA liVk nCOTilATTlICUtKlvAl ivb ENERGY OF SOUND

MP A/K KJ/KG*K K J/KG KJ/KG*K K J / KG-K M/S

.012 60 1 .If »32 • 9555 220 .

6

277. 3 1'^.185 '.67 6.39 1377.
16. • 0 12 68 1 . itO 3<» . 96 33 225 . 3 282. 3 1'^.508 5.02 6.72 1371.
17. .01279 1.3367 .9 665 231.7 289.2 1'.. 928 5.20 7.1'» 1 355 .

18. . 01291 1.2 697 . 9636 238. 5 296. 6 15. 31^8 5.35 7.55 1338.
19. .0 13 05 1.23 63 • 9 555 2'*5 . 6 30'^^3 15. 766 5.50 7 »9i* 1321

.

20* . 01318 1. 1 '•95 . 9'»26 253. 1 312.5 16. 1 8'» 5.62 8.31 1303 .

22. .013<*9 1.0255 .9131 269.1 329.8 17.01'. 5.81* 9.10 126i».

2<». .01383 .9090 .8779 286.6 3i^8.8 17.8'^3 6.32 9.91 122'^.

26. • 0 l<t2 3 .7936 • 636'* 3C5a 5 369. 5 16.665 6.15 10.79 1 180 .

28. • 0 l** 69 .6827 .788 0 325 • 9 392. 1 19. '99 6.26 11.76 1132.
30. a 01523 • 5 791 . 7334 3'^8 • 0 '16.6 2 0. 3'^6 6. Si^ 12*80 1062.

'32. .01588 . '625 . 6 739 3 71.9 ''3. ' 21.210 6 • '0 11^. 0 0 1027.
34. • 0 1666 • 39 31 • 6105 397 • 8 '72.7 22. 099 6 . '6 15. 'O 966 .

36. •01762 .31'»9 . 5<*39 '25. 8 5C 5.

1

23. 02'* 6.51 17.00 907.
38. .018 62 • 2'^91 . ' 76C '56.2 5'^0 .9 23.991 6.55 18^B0 6'^5 .

40. • 0 20 35 • 1983 .'100 '66 . 7 5 80.3 25.0 01 6.59 20.63 788.
<i2. .02226 .1636 . 3'^90 522.9 623.1 26.0'^5 6.6'^ 22.13 739.
1*1*. .02i»57 .l'^33 .2961 557.7 668.3 27.096 6.66 22.93 701.
Mbt . 0 2722 . 1 3'»5 . 2 52'^ 591 .2 713.7 28 . 105 6 . 7'^ 22.88 676 .

48. • 0 30 08 » 1 3'^5 « 2 17'^ 623.3 758.7 29.063 6.76 22^02 662.
SO. . 3 3301 • 1 '1

1

. 1900 652 • 8 801 . ' 29.9 3'* 6. 75 20^69 658 .

55. • 0<«020 • 1 676 . l'*'*5 716.2 697.

1

31 . 762 6. 70 17. 77 667.
60. . 0'»693 .1969 • 1 176 769 .

6

961.0 33. 22'^ 6.6'^ 15 . B i* 669 .

65. .053 26 • 2299 .1000 817.3 1056.

9

3'^.'^39 6.62 l'^. &< 713.
70. . 0 5929 .2600 . 0 87'^ 861 . 3 1 128.

0

35. 'gs 6. 6<^ 13.66 737,
75. « 0 65 0 8 .2893 .0 779 903.1 1195.9 3 6. ' 31 6.68 13 . 3 < 760 ,

80. .07075 . 3179 .0 70'^ 9'^3.6 1262.0 37.263 6.7'^ 12.98 782.
90. .08158 .3719 .D59'» 1022.5 1369.6 36.768 6.93 12.60 822,

100. . Q 92C 5 • '2 33 • 0 516 110 0 . 7 1 51'.. 9 '0.107 7.17 12. '9 859,
1 10 1 .10221 • ' 72'^ o 0 1*56 1180 .6 16'^0 .6 "l . 3 03 7 . '9 12 . 5 ' 669 ,

120. • 11221 .5203 • Qi^lS 1261 .

5

1 766. ' 2.398 7.77 12.65 920 .

ftO • • 1 31 82 .6131 . 0 3'^2 l'»29. 0 2022.

2

369 8.30 12. 95 976 .

160 • .1510 8 . 70 32 . 0 295 160'^. 6 226'». 1* '6. 118 8. 76 13.27 10 32.
180« .17012 .7915 .0259 1787.3 2 552.

8

(7.699 9. li^ 13.56 108'^.

200. • 16900 .6785 • 0 231 1 9 76 .

1

28 26.6 (9 . 1 '1 9 . 'S 13.31 1 133 .

2 20 • .20778 .96'^7 .0209 2169.7 310'.. 7 50 .'66 9.70 li^.Ol 1180.
2(»0. .226<.7 1.0532 .0191 2367.

3

3386. ' 51.692 9.86 li^. 16 1227.
260. . 21*509 1.1351 .0176 2567.9 3670.6 52.831 10.03 1'^.26 1271.
260. .26367 1.2196 . 0 163 2 7 70.8 3957,

3

53.892 10.13 1'^.36 1315 •

300 • • 28226 1.30'^6 . 0 152 2 9 76 . 0 '2'^6. 2 5'^.887 10 .21 1'^ . '2 1357 .

350 • . 328'f 6 1.5139 .0129 3'*91 .

5

969 . 5 57.118 10.32 l'^. 50 1 '58

.

(»00. . 3 7'» 5 3 1. 7221 .0113 '010.0 5 695 . * 59.057 10.37 1'^.53 155'^.
i»50 » . 't205'» 1.9298 .0103 '529. 8 6'^22. 2 60 . 768 10.36 11^. 5 3 16'^'^

.

500. .'6650 2.1371 . 0 090 5050 •

0

71<^9.2 62.300 10 .'0 I'^.S'^ 1729.
550 • .5 1242 2.3'^'^1 .0 062 5570 .

6

7876.

5

63.687 1 0 . '•I 1'^. 55 1810 .

600. .558 33 2.5509 .0 075 60 92.

1

860'^. 5 6'^. 950 10 •'3 li^. 57 1688.
650. .60<*21 2.7576 .0069 661'*.2 9333.2 66.113 10.5 1'^.56 1962.
700. .65009 2.96'*2 .0 06'^ 7137.9 10063.3 67.202 10. 1.6 1'^.62 2033.
753 . .69595 3.1707 .0 063 7663 .

5

10 795 . 3 68 . 21<^ 10.52 1'^. 65 2101.
800 . . 7l»l 81 3. 3772 .0056 8191.

2

11529.3 69. 162 10. 57 It*. 70 2167.
650. . 78767 3.5836 • 0053 8721.5 12266.0 70 . 05'^ 10 .63 11.. 76 2231.

900 • .83352 3.7900 . OC50 9255. 0 13005. 6 70.899 10.70 1<« .83 2292.
950. .87936 3.9961* . 0 0U7 9791 .

8

137'^8« 9 71.701 10.78 11*. 90 2351.
10 0 0 . .92521 '.2 3 26 0 0 01^5 10 332. >* l'*'^95. 6 72. '66 10.86 11^ . 99 2<*08 .

1100. 1.01686 '.615'^ .OO'^l 1600'*.

1

73.893 11. 01* 15.17 2518.
1200. 1.10856 5.3260 .3038 125'*3.1 17531.6 75.215 11. 2<^ 15.37 2622.
1300. 1.20022 5. ''05 .0 035 13678.8 19079.8 76. '53 11. 'S 15.56 2720.
li»00. 1.29189 5.8531 . 3032 l'^836. 0 2061^9. 5 77. 62'* 11.66 15. 80 281'^.
1500. 1.38355 6.2656 . 0030 16015.0 222'^0.9 76.736 11^90 16.03 2905.
1600. l.i«7521 6.6780 . 0028 1721'».9 23853. ! 79.769 12.12 16.25 2992.
1700. 1.56688 7.0905 .0026 18'^36.9 25 '87.

9

60.756 12. 31^ 16.1^7 3076.

1800. 1.65856 7.5030 . 0025 19661^6 271'^5.1 61.702 12.56 16.69 3157.
2000. 1.6<.205 6.3279 .0023 222'*3^8 30533.1 83. '97 13.06 17.20 3312.
2200. 2.02599 9.1528 . 0020 2'^915.5 3'^032. 5 65.157 13.72 17.89 3'^5'*.

2<>00. 2.21106 9.9777 .0C19 27752.7 37702.6 86.7'^8 1'^.70 18. 9'^ 3565.
2600. 2.3986'» 10.8025 .0017 308<^6. 3 '16'^0. 2 88.323 16.21 20.59 370'..
2800. 2.59089 11.6271* .0016 3'^332.5 '5991.5 89.939 16. 'I* 23.09 381'^.

3000. 2.79110 12. '522 .0015 3839l^.'^ 5095i*.<» 91.659 21.62 26.71 3920.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS*

I*. 59 HPA ISOBAR

TEMPERATURE DENSITY W(OH/Dtflp

K KG/CU M KJ/KG

V<0P/OU), •V(OP/Otf},

MPA-CU M/KJ HPA
X 102

(DW/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY DIFFUSIVITY CONSTANT

1/K M/K-M KG/M-S SQ N/HR
X 10^ X 10^

PRANDTL
NUMBER

15.232 79.3938 766.8 .2'»735 11'*.5792 .ooa3<» 89.52 282.70 .00063 1.25996 2.0195
16. 78 . 8 723 772.0 .2'^3i»l 110. 6887 . 00870 9i^. 96 257.81 .00065 1. 25812 1.82'*1
17. 78.1707 771.9 .23795 10'^.i»887 .00925 100.18 231.28 .00065 1.2556'* 1.61*3'*

la. 77.«»308 770 .!» .23239 98.3177 .00980 lO'^. 15 209.57 . 0006'* 1.25303 1.5193
19. 76.6538 769.6 .22679 92.620'» .01032 106. 8(» 191.52 .00063 1.25030 l.'*233
20. 75.8(»66 768.7 .22101 87.1866 .01081 109.38 176. 36 .00062 1. 2'*7'.6 1. 31*00

22. 7i».l<»0'» 757.1* .21083 76.03i^3 . 01201 lli^. (»0 152. 35 .00061 1. 2'*1'*8 1.2112
2<». 72.286'* 7'»1.7 .20190 65.7108 .01336 116.88 133.98 .00059 1. 23501 1.1360
26. 70.2702 719.6 .19351 55.7675 .01500 117. 38 119.32 .00056 1.22799 1.0970
28. 6B.a6<»6 693.3 .18(>9'* '6.'*6I»6 .01696 116.32 107. li» .00052 1.22031* 1.0828
30. 65.6<«55 663.7 .17625 38.0176 . 01929 11(». 0 6 96.69 . 000<*9 1. 21199 1. OSS'*

32. 62.9829 631.1 .16713 30.3883 .02218 110. 01 87. '8 .OOOitS 1.20281* 1.1130
3l». 60.0389 595.3 .15750 23.6027 .02586 105.30 79.18 .000<*1 1.19278 1.1578
36. 56.7616 558.8 .l'^728 17.8759 .030'*2 100.03 71.56 .00037 1.18165 1.2161
38. 53.123'! 522.7 .13675 13.2338 .03597 9'». '2 6'^.56 .0003i» 1. 16937 1.2855
kO, i»9.1'»19 <»9Q.i* .12658 9.7'*68 .0<*207 89.77 58.23 .00032 1.15603 1.3383
WZ. '><>.9258 (»66.1 .11707 7.3507 . 0'^7<t8 8i^.96 52.72 .00031 1. 1'*202 1.3733
Vt. 'tO.7023 '51.7 .10688 5.831'^ .05078 80.32 i»3.20 .00031 1.12810 1.3762
<»6. 36.7'»21 '»i»8.Q .10192 '.9'^17 . 05108 76.17 ''.7I^ .00033 1.11516 1.31* 1*1

<f8. 33.2i«<»7 '52.8 .09679 '.'701 . 0'*863 72. 67 1*2.26 .00036 1. 10381 1.2803
50. 30.2903 '65.3 .09297 '.2725 .Oi«'^(»6 69.91 i»a.55 .000'*0 1.09'*29 1.1999

55. 2'*. 8786 512.8 .08675 <*.1706 .031*65 65.98 38.33 .00051* 1.07700 1.0322
60. 21.3096 57 0.5 .08312 «».2379 .02776 61*. 72 37.70 .00069 1. 06570 .9225
65. 18.7767 632.0 .08039 <*.3168 .02316 65.12 37.91 .00085 1.05773 .8522
70. 16.8676 695.7 .0730'* '*.38'*8 . 01993 66. 03 38.59 .00102 1.05176 .8102
75. 15.3652 761.4* .07590 '*.'*'»5'* .01752 66.71 39.53 .00117 1. 0'*707 .7907
80. li».13«*7 828.8 .07385 I*. 1*935 . 01566 68.16 1*3.63 .OClSi* 1.01*321* .7737
90. 12.2571* 967.9 .06989 '*.558'* . 01302 73. 1*0 1*3. 05 .00171 1.0371*3 .7393

100. 10.861*1 1113.9 .06621 i*.5938 .01121 78.38 1*5.60 .00208 1. 03312 .7266
110. 9.7836 1271.6 . 06222 i*.621'* .00986 83.20 1*6.99 .002'*'* 1.02979 .7083
120. 8.9120 1(*30.2 .0592'* i».6365 .00881* 88.87 1*9.1*1* .0028'* 1.02711 . 7035

1<>0. 7.5863 1759.1* .051*38 '*.6509 .00736 100.63 51*. 36 .00369 1. 02305 .6997
160. 6.6190 2096.1 .05082 '».65'*3 . 00633 112. 71 59.20 .001*62 1. 02009 .6973
180. 5.8782 21*35.1 .0<*822 '*.6525 .00557 121*. 73 63.93 .00563 1.01782 .6952
200. 5.2909 2772.7 .01*629 1*. 61*82 .001*98 136. 1*3 68.52 .00672 1. 01603 .6931*
220. <>.8129 3107.8 . 01*1*81* 1*. 61*29 . 001*51 11*7.69 73. 00 .00789 1. 011*58 .6922
2<»a. «*. 1*157 31*37.8 .01*376 «*.6371 .001*12 158.1*7 77.36 .00912 1. 01337 .6912
260. <>.0801 3762.5 . 01*295 l*.6313 .08379 168. 78 81.62 . 0101*3 1.01235 .6901*
280. 3.7926 1*081.8 .01*235 (>.6256 .00352 178.66 85.79 .01181 1. 011'»7 .6897
300. 3.51*28 1*398.2 .01*188 <*.622a .00328 186.11* 89. 86 .01326 1. 01072 .6838
350. 3.0'«'*5 5163.0 .01*119 i*.6090 . 00281 210.39 99.71 .01716 1.00920 .6872

400. 2.6700 5910.0 .01*081* i*.5980 .0021*6 231.01* 109.12 .021'*'* 1.00307 .6862
<>50. 2.3779 661*7.0 . 01*06'* i>.5888 .00219 250.57 113.16 .02610 1.00713 .6851*
500. 2.1'»36 7381*.

2

.0>*0'*8 i*.5811 .00197 269. 31 126.89 .03110 1. 0061*7 .6853
550. 1.9515 8120.0 .01*0 35 1*. 571*5 .00179 287.51 135.31* .0361*5 1.00589 .6350
600. 1.7911 8859.7 . 01*021 *.5688 . 0016'* 305.31* 11*3.55 .0<*21i« 1.0051*1 .681*3
650. 1.6550 960 3.1* .01*007 1*. 561*0 .00152 322.93 151.55 .01*816 1.00500 .681*1*

700. 1.5383 10356.5 .03990 l*.5597 .001'*1 31*0. 38 159.35 .051*50 1. 00 <*&'* .681*2

750. 1.1*369 11118.2 .03971 l*.5560 . 00132 357. 71* 166.98 .05117 1. 00'*3'* .6639
800. 1.31*80 11891.2 .03950 l*.5526 . 0012'* 375.09 171*. i»5 .06811* 1. 00'*07 .6837
850. 1.2696 12677.2 .03925 1*. 51*97 .00116 392.1*5 181.78 .0751*0 1.03333 .6336

900. 1.1997 131*77.5 .03897 «*. 51*70 . 00110 1*09. 87 188.98 .08295 1.00362 .6336
950. 1.1372 11*293.0 .03867 «*.5l*i»7 .00101* 1*27.35 196.05 .09078 1.0031*3 .6837

1000. 1.0808 15121*.

3

.03835 '*,5'*25 . 00099 1*1*1*. 93 203.02 .09388 1.00326 .6839
1100. .9831* 16823.8 .03769 l*.5388 .00090 1*75.56 216.66 .111*73 1.00297 .6910
1200. .9021 18581.9 .03699 l*.5356 .00033 511.01 229.93 .13272 1.00272 .6911*

1300. .8 332 20398.0 .03628 i*.5329 . 00076 51*6. 90 21*2.88 .15168 1.00251 .6919
1<*00. .771*1 22269.5 .03557 i*.5306 .00071 583.20 255.51* .17166 1. 00233 .6923
1500. .7228 21*192. 7 .03'*87 i*.5286 .00066 619.88 267.91* . 19263 1.00218 .6928
1600. .6779 2611*8 .6 .031*23 i*.5268 .00062 656.56 280.09 .211*62 1. 00 201* .6931
1700. .6 382 2811*9.9 .03361 i*.5252 .00058 693. 70 292.01 .23763 1. 00192 .6932

1800. .6029 3020'*.

6

.03300 i*.5238 . 00055 731. 72 303. 70 .26173 1. 00132 .6928
2000. .51*29 31*553.5 .03171* '.5210 .00050 313.83 326.1.6 .31383 1.00161* .6898
2200. .'»936 39510.0 .03020 l*.5177 .0001*5 911*. 98 31*1*. 91 .37305 1. 0011*9 .671*3

21*00. .1*523 1*5589.6 .02820 '*.5126 . 0001*2 1055. 13 366. 32 .1*1*333 1. 00136 .6576
2600. .(*169 53579.1 .02562 '*.5036 .00038 1263.92 387.38 .53005 1. 00126 .6311
2800. .3 860 61*1*86.2 . 02258 '.1*878 .00036 1579. 01* '*08.32 .63777 1. 00116 .5972
3000. .3583 791*38.1* .01937 l*.i*61'* .00031* 201*2.63 '*29.'*6 .7681*9 1. 00108 .5615

• THO-PHASE BOUNDARY
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TABLE B

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

5.00 MPA ISOBAR

TCUQCDATllDC vim 1 IMC 1 D Ul nt r<r] X oUv/ nUKc. r U T U A 1 D V C M T DA D Vt IS 1 KU r T U V n D 11 C 1 nf T T V

nPI? Ttf A TT 1/FUC^XVH 1 X VC DP ^nilMH
1/N n rirM/ Mj HP A /K KJ /KG t( 1 /ten KJ / KG^K n / 0

* 15 • 382 • 0 1256 1 . 746 • 9589 220 • 9 2 33,7 14*1 96 4*88 6 • l» 0 1 390 •

xo • • U i. c 0£ 1 1< 1* 1 oX • * > X 9 • 9 D9D 9 91* fc-£ £ 4 • O 9 A 7 A£ 0 f * 0 X H * * 9 H G n 19 * u 1 b . Ob 1 7 Al.1 <) OH •

!/• • 0 12 73 1*3771 .9705 231*0 2 94* 6 1 4 , 8 70 5*19 7,0 7 1 370 •

•01285 1*3108 . 9690 237.6 301^9 15 • 2 86 5 * 35 7 . lift 1 354 •

< CI. n 4 pq D
• U 1£ ? o 1 7 f*. A n . 9 62 3 244« 7 30 9 • 6 15,700 5*49 7.8 7 1 777

20. •01311 1.1937 .9514 252.1 317.6 16.113 5*62 8*22 1322^
. 22. • 013i»0 1.0703 .9233 267.8 334.8 16*935 5*84 8*98 1284.

• 0 13 73 . 9 5*^2 • 8 8 95 284*9 353 . 6 17*750 6*01 9.76 1 9ii<;

.

X £ H7 •

cOb • 0 I't 1

1

A f. ft o 303*4 3 73.9 18*562 6,15 1 ft COX U • 9 9 12 04*
28» • 0 1^ 51^ .7307 . 8035 323.3 396. 0 19* 3 79 6*26 1 1 * ifr9 1158 •

30 • • 0 15 0 . 6262 . 7516 344 . 7 419*9 2 0*205 6*34 12 • * 7 1 1 n Q .X X U 7 •

32* • 015 63 • 5 319 .695

1

367 • 7 445 • 9 21,0 42 6*41 13*51 H n cq .X u 9 7 •

0*r • • U XD O O • * 3*1 e 6 35 5 39 2 • 4 • ( *•• X 21 * 896 6*46 1/1 79X H • r £ 1 n ft c;1 U U 9 •

36* • U 1 r 1 r • 3 6*»5 C 7 T'*
. 9 r 419* 0 504^8 99 7 7C£ £ • r A9 6,51 16*07 949 •

36* • 01820 .2 981 .5095 447 • 4 5 38*4 23*6 82 6,55 1 7 tinX ( * 9 u AQ70 70 •

• Q19*»5 .2*^'»3 .4470 477,6 574*9 24,617 6,57 18.95 839^
<»2. •0209ft .2041 .3883 509,2 614* 2 25,575 6,60 20*27 791,

o 0 22 81 .1771 • 3356 541 * 7 655 • 7 26, 542 6 , 64 21. 20 7';9.f 7 c •

to* • U 7X . X ox 9 9Q n 7. £ 9 U O (^77 t;9 r J • 9 (L Q A 10 70 • X 2 7 • 4 83 A 7n0 * r u 91 & n£ X . 9 u 791r £ X •

• 0 272** • 1 999 • 2525 60 4 • 9 741* 1 28^398 6 . 73 21 * 34 7 n 9

5fl • • 0 29 70 . 1 565 .2 217 634 • 6 7 83*1 29 • 2 56 6 . 74 20*60 691 •

99 • • 0 3597 • 1 756 . 1681 700^1 8 80*0 3 1 • 1 0 5 £ 790. r £ 18*17 669 •

Dll • • U *f£ U C ? n 7(;. £ U O 9 1 7 A. X O 9 0 r 9 5 • 7 90 0 • u 79 ci nil.0 £ • 0 U H b . bo 1 (i 9 7X b * £ r r U 9 •

CLE .2333 .1147 OU 9 • 1 1 n f. 7 a1 U HO • 9 77 A R 10 0 • 0 9 1 CL Zlb . bH IK n ft19 . li U 79 Ar £b *

70« • 0 5325 .2631 . 0 997 850*5 1116*7 34*93 0 6 .65 14 * 16 748 •

7?. .05853 .2918 • 0 886 893^ 3 1186.0 35*887 6*69 13*60 770.
80. •06365 .3204 .0 799 934^7 1252,9 36,751 6.76 13.21 791.
90 • • 0 73 5 5 . 3 752 • 0670 1015* 0 1 382 •

7

3 8,281 6 . 94 12 * 7 7 A 7 4oox .

inn.X u u • n A 7 n• U O O U D .4271 • 0 5 8 0 1 0 94 • 2 i c fl q uX9 U 7 • * 39,616 7.18 12.51 866 *

i. X u • • MjCC i .4 766 • 0 51

1

1 1 7(» - nXX r 9 •

U

1 e. 7f; . 7XD 00 • 0 40*823 7*50 12* 64 896*
120* • 1 01 3 3 • 5 2 49 . 0 459 ^ 9C& 1.1 £ 9D •

H

4 7t7 11 f b 0* 1 i.A Q 9£Hi • 9 £C 7 7 A 19 7 7X£ . r 0 Q 979£ r *

1^0* • 6 1 84 .0383 1 424 •

9

9 n 9 n . 9£ U £ U • £ 43 • 908 8.31 13.01 984 •

160 • • 1 36 'ft • 7 0 90 ft 7
. U O £7 160 1 • 1 2283*5 45^664 A 770 * r f

» 7 791 J « 0 £ 1 n 7 A1 u 0 0 •

180 • • 1 536 7 • 7 977 • 0 289 1 78 4« 3 2 552 •

6

47« 249 9,15 13*60 1 0 89 •

7 n n^ u u • 1 7n 71• X r U r X .8851 .0258 1 9 73 • 4 2827* 0 48 • 694 9*46 13 .83 1 138 •

S20. .18761* .9716 • 0233 2167^4 3105.6 50^022 9.70 14*C3 1185^
240. .20<»<«9 1.0573 .0213 2365^3 3387,7 51,250 9.89 14*16 1231^
? (inCOM • • £ CX CO 1.1 424 . U X 9D 9c; 1£ 9 DO • 1 J D r £ • 9 e9 7 qn9 £ , 0 9 U in 17X U • J 0 1 1& . 9QX H . £ ^ 1 2 76^
2 80* • 2 38 0 2 1.2271 .0181 2 7 69 • 1 3959* 2 53,452 10*14 •11. 7 A1 H* 0 1 74 Q1017*
330 • • 25*1 7ft 1.31 24 • 0 169 2 9 74 • 6 4248 •

5

54 « 4 8 10*22 14 . 43 1 362 •

3 50* • C jOO 5 X . 9 £ X 7 . U X *• 3490 * 4 4972 •

3

5 &• 6 81 10 * 32 14 * 5

1

1 462 •

£j Q g ^ 7 77 A A 1 7 7n 7X • r O U 0 n 1 9£.. U x£0 H U U 9 * £ c; £ q A CL9 0 9 0 * 0 c Q & 9 ft9 0 • 0 £ u 10*37 14.53 1 557»
Ii eft 7Q 7 ft 1 • 9381 . U 11 £ c 9 o ^••9 £7 * 1 6425 * 6 t n 779b u • 0 0 £ 1 n 7AX u • 00 IH. 9H 1 (iik7X b H f •

5 0 0 • • '20 67 2.1455 .0100 5049 .

4

7152 * 8 61* 864 10.40 1 H. 9 9 1 732 •

V 9 u • U fi.9 ft A• * 0£ U 1 2.3 525 . 0 091 cc 7n 199 r U • I 7 A A ft 9
r 00 u * £ t 7 9 K 40 .3 • £ 9 X 10,41 1 H . 9 9 1 A 1 7X 0 X 0 •

600. .50333 2.559'» . 0 083 6091.7 8608.3 61*. 515 10.1*3 11*. 57 1691.
650. • 5i^i»6U 2. 7662 .0 077 6613.9 9337.1 65.678 10.1*5 11*. 59 1965.
7ii n c oc q**.909^0 9 Q 7 9 Ac • 9 r £ 0 n r 7 9 717 7 C

f lo f . D 1 n ft c 7 7lu U b f • 0 C £. 7£. 7bo * f D f
1 ft r> AX U « HO 1 li R 9X H * D £ C U OD .

75 0 • . 52721 3.1793 . 0 067 7663 .

3

10 799 • 3 67 • 779 10 • 52 14*65 c lU **

.

800 • • 6 68 '9 3^ 3858 .0063 8190 .

9

11533^4 68 • 727 10^57 14*70 2170 .

850* .709 76 3^5 923 .0 059 8721 .

3

12 270 •

1

69 • 619 1 0 • 63 14*76 m

900 • •751 03 3» 7987 • 0 056 9254.

8

13009* 9 70 ^464 10*70 14* 83 2291*.
9 50 • 709 9Q *• U U 9X ft n c »

• U u 9 o q 7Q 1 79 f 9 1 • r 1 7 7ei 7 1X 0 r 9 0 * X 7 1 • 266 in 7

A

X U • r 0 14.90 2351*

.

1000. .83355 '«.211'> .0050 10332.3 lit500.0 72.032 10.86 11*. 99 21*11.

1100. .91606 '».62'tl .00'f5 ll'»28.0 16008.

3

73.1*59 11.01* 15.17 2520.
1200. .99857 5. 0367 .0042 125<»3.0 17535.9 71*. 780 11.21* 15.37 2621*.

1300. 1.08107 5.'ti»92 . 0038 13678.

8

1908<f. 1 76.019 11.1*5 15.58 2722.
l'»00. 1.16357 5.3618 .0 036 1<»835.9 20653.8 77.189 11.68 15.80 2816.
1500. 1.2f»607 6.2 743 . 0033 1601lf.9 2221*5.3 78.301 11.90 16.03 2907.
1600. 1.32856 6.6867 . 0031 1721l».8 23857.6 79. 335 12.12 16.25 2991*.

1700. l.<tll07 7.0992 .0029 18i»36.8 251*92.1 60.321 12.31* 16.1*7 3078.

1600. l.i»9358 7.5117 .0 028 19681.2 2711*9.1 81.267 12.56 16.69 3159.
2000. 1.65871 8.3366 .0025 222'»2.5 30536.1 83.062 13.05 17.19 3311*.
2200. 1.82«t23 9.1615 . 0023 2'.910.9 31*032.0 81*. 720 13.69 17.86 31*57.

2'tOO. 1.99073 9.986«» .0021 27739.5 37693.1 86.307 11*. 61* 18.86 3588.
2600. 2.i593'» 10.8112 .0019 3081<>.3 1*1611.0 87.871* 16.06 20.1*5 3707.
2800. 2.33195 11.6361 .0018 3'»26'f. 5 1*5921*.

3

89.1*76 18.22 22.81* 3818.
3000. 2.51137 12.<»609 .0017 38263. <» 50820.3 91.173 21.21* 26.28 3921*.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSI

6.00 MPA ISOBAR

MPERATURE DENSITY V<DH/OV>D VOP/OUl, - V(DP/OV>^ <DV/DTl/tf THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P V T P CONOUCTItflTY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SO M/HR
X 10^ X 10^ X 10^

15.382 79.6358 783.3 .2i«65i« 117.4329 . 00817 91.18 285.79 .00064 1. 26081 2.0048
16. 79.2264 787.3 .2'f3'»3 114.2398 .00845 95.54 265.42 .00065 1.25937 1.8489
17. 78.5i»08 788.2 .23818 108.1565 .00897 100.89 237.88 .00065 1.25695 1.6676
18. 77.8155 787.1 .23283 101. 9981 . 00950 104.96 215.35 .00065 1. 25439 1.5342
19. 77.0622 786.1 .227<»0 96.1733 .01001 107.77 196.75 .00064 1.25174 1.4358
20 . 76 . 2761 787.1 .2 2203 91. 0477 . 01045 110. 42 181. 10 .00 063 1 . 248 97 1 . 3490
22. 7i..61't6 777.0 .21204 79.8570 .01156 115.65 156.35 .00062 1.24314 1,2146
2(». 72.8222 762.8 .20319 69.4869 . 01280 118. 35 137.55 .00060 1.23688 1.1348
26. 70.8805 7if 3.0 . 19495 59.6057 . 01425 119. 08 122.61 .00057 1.23011 1.0906
28. 68.7720 718.7 .18661 50.2511 .01599 118.27 110.29 .00054 1.22279 1.0716
30. 66.1*752 690.6 . 17822 41.6295 .01805 116. 30 99.78 .00051 1. 21485 1.0697

32. 63.9697 661.5 . 16954 34.0273 . 02043 112.55 90.59 .00047 1.20623 1.0875
3<». 61.23<»9 628.9 . 16063 27.1527 . 02341 108. 23 82.39 .00043 1. 19686 1.1206
36. 58.2355 595.3 .15124 21.2278 . 02700 103. 42 74.94 .00040 1. 13664 1.1646
38. 5't.95<»(f 562.8 .14161 16.3795 .03110 98.23 68.14 .00037 1. 17554 1.2141
<»0 . 5 1 .'»07

1

532.5 . 13227 12.5594 . 0 3559 93 . 45 61.98 .00 035 1. 16360 1.2569
1*2. 'f7.6583 507.6 . 12338 9.7251 . 03993 89. 04 56.55 .00033 1.15109 1.28 72
kit. i»3.8'»20 i»90.l» .11527 7.7629 . 04323 84.73 51.94 .00033 1. 13844 1.2996
<»6. <«0.1370 i»82.l» . 10789 6.4812 .04479 80.76 48.24 .00034 1. 12625 1.290 3

i»S. 36.7078 <»82.5 .10215 5.7089 .04424 77.26 45.39 . 00035 1. 11504 1.2541
50. 33.66'f7 «»89.5 .09763 5.2680 .04208 74. 34 43.31 .00039 1. 10517 1.2001

55. 27.7977 527.6 .09002 4. 8808 . 03444 69.62 40.43 .00050 1. 08630 1.0551
60. 23.7978 580.1 .08565 4.8435 .02804 67.68 39.37 .00063 1.07357 .9463
65. 20.9367 638.9 .08246 4.8841 .02348 67.59 39,24 .00077 1.06453 .8710
70. 18.7801 701.'« .07981 4.9402 .02019 68.17 39.67 .00092 1. 05775 .8241
75. 1 7. 0 856 765 .6 . 07743 4. 9860 . 01776 68. 53 40.43 .00106 1 . 05 2 44 . 8023
80. 15.7118 832.6 .07524 5.0342 . 01587 69.81 41.39 .00121 1.04815 .7832
90. 13.5961 972.0 .07098 5.1010 .01313 74.82 43.63 .00155 1.04157 .7444

100. !2.aM)l 1118.1 .06712 5.1426 .01128 79.64 46.07 .00189 1. 03675 .7296
110. 0.8375 1276.7 .06291 5.1649 . 00990 84.27 47.41 .00221 1.03304 .7113
120. 3.8688 l'.35.7 .05983 5.1798 .00887 89. 78 49. 78 .00257 1. 03005 .7058

1<>0. 8.39«'« 1765.6 .05483 5.1932 .00737 101.31 54.61 .00334 1.02554 .7013
160. 7.3272 2103.3 .05119 5.1949 . 00633 113.23 59.39 .00418 1. 02225 .6986
180. 6.5075 2'»it3.2 . 04852 5.1912 .00557 125.13 64.07 .00509 1.01975 .6963
200. 5.8579 2781.6 .04656 5.1850 .00497 136. 75 68.64 .00608 1.01776 .6944
2 20 . 5 . 329 3 311 7. *f .045 0 7 5. 1778 . 0045 0 147. 95 73.10 .0 0712 1. 01615 .6931
240. <t.8902 3't<>8.1 .04397 5.1703 . 00411 158. 69 77.45 .00824 1.01431 .6920
260. '.5191 3773.5 .04314 5.1628 . 00379 168.97 81.70 .00942 1.01368 .6911
280. '».2013 l«093.3 .04251 5.1556 . 00351 178.83 85.86 .01066 1. 01272 .6902
300. 3.92«»9 •*l*i0.b .04203 5.1512 . 00327 188.29 89.93 .01197 1.01188 .6692
350. 3.371*0 5176.2 .04132 5.1348 .00280 210.50 99.76 .01548 t. 01020 .6875

<»00. 2.9596 5923.7 .04095 5. 1212 . 00245 231.13 109.16 .01934 1.00895 .6864
2.6365 6661.1 .04074 5.1097 . 00216 250. 64 118.20 . 02354 1.00797 .6856

500. 2.3772 7393.6 .04056 5.1001 .00197 269. 37 126.92 .02804 1.00718 .6854
550. 2.16I*!. 813<».& .04042 5.0919 . 00179 287.56 135.37 .03286 1.00654 .6851
600. 1 .9868 887'f . k . 040 28 5 .0849 . 0 0164 30 5. 39 143. 57 . 0 3799 1.00600 .6849
650. 1.8361 9618.3 .04014 5.0789 .00152 322. 98 151.56 .04341 1. 00554 .6845
700. 1.7067 10371.5 . 03996 5.0736 . 00141 340.42 159.36 . 04913 1.00515 .6843
750. 1.59<»i« 11133.3 .03977 5.0690 .00132 357.78 166.99 .05513 1. 00481 .6840
800. l.'f959 11906. i» .03955 5.0649 .00123 375.12 174.46 .06140 1. 00451 .6838
850. l.(»089 12692.5 .03930 5.0613 .00116 392.49 181.79 .06794 1.00425 .6836

900. 1.3315 13'»92.9 .03902 5.0580 . 00110 409.90 188.99 . 07474 1.00402 .6836
950. 1.2622 IffSOS.S ,03871 5.0551 . 00104 427.38 196.07 .08179 1.00331 .6837

1000. 1.1997 151'»0.0 .0 38 39 5.0524 . 00099 444. 95 203.03 .08909 1. 00362 .6839
1100. 1.0916 16839.7 .03772 5.0478 .00090 475.56 216.67 .10340 1. 00329 .6910
1200. 1.001<» 18598.1 . 03702 5.0439 .00033 511.01 229.94 .11955 1. 00302 .6914
1300. .9250 20'«1'».<« .03631 5.0406 .00076 546.89 242.89 .13662 1.00279 .6919
1<>00. .859(> 22286.1 .03560 5.0377 . 00071 583.20 255.55 .15461 1. 00259 .6924
1500. .8025 2<»209.i* .03490 5.0352 .00066 619.87 267.95 .17349 1.00242 .6928
1600. .7527 26165.0 .03425 5.0331 . 00062 656.53 280.10 .19328 1.00227 .6931
1700. .7087 28165.3 .03363 5.0311 .00058 693.62 292.01 .21399 1.00214 .6932

1800. .6695 3021 7.6 .03303 5.0293 .00055 731.54 303.71 .23568 1. 00202 .6929
2000. .6029 3<»552.6 .03178 5.0259 .00050 313. 09 326.47 .28249 1.00182 .6901
2200. .3<>e2 39(t68.6 . 03027 5.0221 .00045 912. 68 344.91 .33558 1.00165 .6750
2<«00. .5023 '5453.1 .02832 5.0164 .00042 1049.20 366.31 .39834 1.00151 .6590
2600. .1(631 53252.5 .02582 5.0067 .00038 1250. 81 387.36 .47538 1.00140 .6334
2800. .(•288 6382(».3 .02286 4.9898 . 00036 1553. 30 408.27 .57092 1.00129 .6003
3000. .3982 782«»3.2 .01970 4.9618 . 00034 1996.91 429.34 .68695 1. 00120 .5651
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TABLE 8

THERMOOVNAMIC PROPERTIES OF NORMAL HYOROGEN (ISOBARS, SI UNITS!

5.50 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
OERIVATItfE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

15.531 .01252 1.5053 .9626 221.3 290. 2 14.208 4.90 6. 40 1402.
16. .01257 1.4794 .9678 224.1 293.2 14.401 5. 00 6.60 1398.
17. .01267 1.4145 .9740 230.3 300.0 14. 814 5.16 7.01 1384.
IS. .012 79 1.3505 . 9738 236.9 307.2 15.226 5.34 7.41 1369.
19. .01291 1.2864 .9683 243.8 314.8 15 .636 5.49 7.80 1352.
20. .01304 1.2306 .9596 251.1 322. 8 16.045 5.61 8.16 1337.
22. .01332 1.1133 . 9329 266.6 339.8 16.859 5.83 6.86 1302.
24. .01364 . 9969 .9004 263. 3 358.3 17.664 6.01 9.64 1265.
26. .01399 .8351 .8622 301 .4 378 .4 13.464 6.15 10 .42 1225 .

26. .01440 .7757 .8181 320 .9 400.1 19.266 6.26 11.27 1182.
30. .01487 .6738 . 7684 341. 7 423.5 20.0 74 6.35 12. 16 1136.

32. .01542 .5794 .7145 364. 0 448. 7 20.669 6.42 13.12 1088.
34. . .01605 .4923 .6579 387.7 476.0 21.715 6.47 14.17 1038.
36. .01680 .4141 .5988 413. 1 505.5 22.558 6. 51 15.31 987 .

38. .01770 .3457 .5388 440. 0 537.4 23.419 6.55 16.54 934.
40. .01877 .2385 .4794 466.5 571. 7 24.299 6.57 17.79 864.
42. .02004 .2449 .4228 498.2 608.4 25. 194 6.59 16.91 638 .

44. .02154 .2132 .3709 528.7 647.2 26.096 6.62 19.80 798.
46. .02327 .1921 .3250 558.9 686,9 26.978 6. 68 20 .38 766.
48. .0 2519 .1807 .2856 589.2 727.8 27.848 6.72 20. 47 742.
60. .02726 .1766 .2525 618.5 766.5 28.6 79 6.74 20.15 727.

55. .0 32 72 .1872 .1922 685.0 865. 0 30 .521 6. 73 18.35 714.
60. .0 3815 . 2110 .1546 742. 6 952.4 32.044 6.68 16.57 723.
65. .04337 .2387 .1299 793. 3 1031.9 33.315 6.66 15. 31 741.
70. .04839 .2675 .1125 839.9 1106.1 34.416 6.67 14.43 761.
75. .05323 .2961 .0996 883.8 1176.6 35.389 6.71 13.82 781.
80. .05792 .3243 .0 895 926. 0 1244,6 36.267 6. 77 13.41 801,
90. .06701 .3791 .0748 1007.6 1376,

2

37.819 6.95 12. 93 639,
100. .07573 .4314 .0646 1087.

8

1504,3 39.167 7.19 12.73 874.
110. .08416 .4812 .0568 1169.

4

1632.3 40 .386 7.52 12.74 903 ,

120. .09245 .5298 .0509 1251.5 1759.9 41.497 7.79 12, 81 933,

140. .10666 .^2 39 .0423 1420.8 2016.4 43,489 8.32 13. C7 990,
160. .12454 • 7158 .0363 1597.6 2282.6 45, 251 8.76 13.36 1043,
180. .14022 .3041 .0319 1781.3 2552.5 46,841 9.16 13.63 1094,
200. .155 75 .8919 . 0 284 1970.9 2827.5 48,289 9.46 13. 86 1143,
220. .17117 .9786 .0257 2165.2 3106.6 49.619 9.70 14.05 1190,
240. .16652 1.0 645 .0234 2363.

3

3389.1 50 .849 9.89 14.20 1236.
260 . .20160 1.1493 .0215 2564.

3

3674.2 51.990 10.04 14.31 1280 .

260. •21704 1.2347 . 0 199 2767,5 3961.

2

53.0 53 10.14 14.39 1 324.
300. .23230 1. 3203 . 0 186 2973.

2

4250.

8

54.051 10 .22 14.44 1366.
350. .2 7015 1.5300 .0158 3489,3 4975.2 56.285 10. 33 14.52 1467.

400. .30789 1.7386 .0136 4008.3 5701.7 58.225 10.37 14.54 1561.
450. .34556 1.9465 • 0123 4528.4 6429.

0

59. 938 10. 39 14. 54 1651.
500. . 36318 2.1539 . 0 110 50 48 .9 7156 .

3

61.470 1 0 .40 14.55 1736.
550 . . 420 77 2.3610 . 0 100 5569.6 7683.

9

62.857 10.41 14.56 1817.
600. .45634 2.5679 .0092 6091.3 8612.1 , 64.121 10.43 14.57 1694.
650. .49589 2.7747 .0065 6613.6 9341.0 65.2 85 10.45 14.59 1968.
700. .53344 2.9814 . 0 079 7137.

3

10071.

2

66. 3 74 10.48 14. 62 2039.
750 . .570 97 3.1880 .0 073 7663 .

0

10803.

3

67.385 10.52 14.66 2107.
800. .608 50• u u u ^ u 3.3 945 . 0 069 8 19 0 . 7 115 37 .

4

68.3 33 10 .57 14. 70 2173.
850. 3.60 09 .0 065 8721.1 12274.2 69.226 10.63 14.76 2236.

900. • D O O 7 O 3.8 0 73 . 0 061 9254.

6

130 14.

1

70 .071 10.70 14. 8 3 2297 .

950. .72105 4.0137 .0053 9791.5 13757.

3

70.873 10.78 14.90 2356.
1000. .75856 4.2201 .0055 10332.1 14504.2 71.6 38 10.86 14.99 2413.
1100. .83357 4.6327 .0 050 11427.9 16012.5 73.065 11.04 15.17 2523.
1200. .90858 5.0453 .0046 12542.9 17540.1 74.387 11.24 15.37 2626.
1300. .98358 5.4579 .0042 13678.7 19088.4 75.625 11.45 15.58 2725.
1400. 1.05658 5.8704 .0039 14835.9 20658.1 76.796 11.68 15.60 2819.
1500. 1.13358 6.2629 .0037 16014.9 22249.6 77.908 11.90 16.03 2909.
1600. 1.20656 6.6954 .0034 17214.8 23861.9 78.942 12.12 16. 25 2996.
1700. 1.28358 7.1079 . 0032 16436.6 25496.

3

79.926 12.34 16.46 3060 .

1600. 1.35859 7.5204 . 0031 19661.0 27153.2 80.874 12.56 16.69 3161.
2000. 1.50871 8.3453 .0027 22241.3 30539.2 82.668 13.04 17.16 3315.
2200. 1.65916 9.1702 .0025 24906.8 34032.2 84. 325 13.67 17. 84 3459.
2400. 1.81046 9.9950 . 0023 27728.1 37685.6 85.906 14.59 18.82 3590.
2600. 1.96359 10.8199 . 0021 30786.9 41586.6 87.469 15.98 20.34 3710.
2600. 2.12019 11.6446 .0 020 34206.0 45867.1 89.059 18.03 22.62 3621.
3000. 2.282 70 12.4696 .0016 38150.

7

50705.5 90.736 20.92 25.91 3926.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS»

5.50 MPA ISOBAR

T tn rtKA 1 UKt n cue TT V ifinu/nviiVtUM/LJVIp 11 # n D / ni 1

1

V lUr / UUly "VIUK/UVIj ( U V r U 1 9/ V T U r D M A 1 T U C D M A 1

CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
K KG/CU M KJ/KG MPA-CU M/KJ MPA l/K M/K-M KG/M-S SQ H/HR

X 10^ X 10^ X 10^

• 15.531 79.87'tO 799.1* .21*588 120.2321* .00801 92. 81 268.89 .00065 1. 26165 1. 9922
16. 79.5707 80 2.2 . 21*351 117.7186 . 00822 96.10 273.11* .00066 1.26058 1.871*5
17. 78.8966 803 .3 .23837 111. 6002 . 00873 101.57 21*1*. 51 .30066 1.25820 1 . 68 7 7

18. 78.1927 80 3.1* .23311* 105.6001 .00922 105. 77 221.26 .00066 1.25572 1.51*99

19. 77.'»573 801.9 .22799 99.61*13 . 00972 108. 68 202.02 .00065 1.25313 1. 1.1*93

20. 76.6916 602.3 . 22291 91*. 371*9 . 01017 111. 1*3 165. 66 .00061* 1.2501*3 1.3609
£ C • f 7 • U f H O 795 • 8 9 i 7 n Q

• C i. O U 7 oo • 7 O X c • U i. X 1 O 1 1 D • Or 1 6 0 • ^ 0 n n n A 7• u u u 0 0 A • c * H f D 1 • 2191
73.3357 782.1* .201*36 73.101*7 .01232 119.77 11.1.12 . 00061 1.23867 1.1351*

Z6. 71.1*613 761*.

7

.19627 63.2538 .01363 120.71 125.88 .00058 1. 23213 1.0870
28. 69.<»36i» 71*2.2 .18813 53. 8618 . 01519 120. 11* 113. 38 .00055 1. 22509 1.061*0

30. 67.2i»<»l 717.2 .18000 1*5.3116 . 01696 118.1*1 102.78 .00052 1.21750 1.0558

32. 6<>.8709 690.0 .17165 37.5861* .01901 111*. 93 93.58 .0001*9 1.20932 1.0679
3i». 62.3032 660 .6 .16321* 30. 6693 .0211*5 110.91 85, 1*2 . 00 01.5 1.20051 1.091 3

36. 59.5192 630.2 .151*1*9 21). 61*1*6 . 021*30 106.1*7 78, 07 . 0001.2 1. 19101 1.1230
38. 56.5101 599.8 .11*560 19.5375 .02758 101. 69 71,1*0 .00039 1.1S079 1.1613
»0. 53.2888 570.5 .13696 15.3753 . 03118 96.78 65,37 .00037 1. 16992 1.2016
"tc . 'fr 9 • 8 7 S** 6» ^ • 12 859 • U OHO u 7 c • 0 0 & n n 1 n n n 7 c;

• u u u 0 ? ^ 4 c; A c; i>1 • i 5 0 V H 1 • C C H 1

kit. <«6.i«15 0 528.2 .12072 9.8937 . 0371*9 86.63 55.37 .00035 1.11.695 1. 2369
<»6. i»2.9735 517.6 .11323 8.2561 .03937 61*. 81* 51.51 .00035 1.13557 1.2372
i*B. 39.6930 511*.

1

.10715 7.1733 . 03982 81.1*0 1*6. 1*2 .00036 1. 121.79 1.2179
50. 36.6775 517 .0 .10218 6.1*766 .03898 78.1*2 1*6.05 .00036 1.111.95 1.1833

55. 30.559<f 51*6.3 . 0931*2 5.7220 .03358 73.16 1*2.51 .0001*7 1. 09515 1.0658
60. 26.2121 593.0 . 08825 5.5318 .02795 70.63 1.1. 01. .00059 1.03121. .9630
65. 23.0558 61*8.5 . 081*60 5.501*1* . 02 36 0 70. 10 1.0.62 .00072 1.07122 .8869
70. 20.6658 708.9 .08163 5.5288 .02035 70.33 1.0 .81 .00065 1.06367 .8372
75. 18.7865 772.1* .07901 5.5631* .01790 70. 39 1.1.38 .00098 1. 05777 . 8127
80 . 17.2 6'»6 838 . 2 . 0 7661 5 . 598 3 . 0 1599 71 . 1* 7 1. 2 • 20 • 0 0 1 11 X . U 7 J U U . 791

5

90. lit. 9222 976.9 . 07213 5.6561* .01323 76.25 1*1*, 21* .0011*2 1. 01.569 .7500
100. 13.2050 1123.1 .06801* 5.6966 .01131* 80.91 1.6,56 .0C173 1.01.036 .7326
110. 11.8817 1282.5 .06359 5.7171 .00993 65.37 1*7.86 .00203 1. 03626 .711.2
120. 10.8171 li*<«1.7 . 0601*2 5.7309 .00888 90.72 50. 15 .00236 1. 03298 .7080

li»0. 9.2a3<< 1772.3 .05529 5.71*18 . 00737 102. 01 51*. 86 .00305 1. 02801 .7029
160. 8. 0 29 It 2110.8 .05156 5.71*10 .00633 113.76 59.59 .00362 1. 021.1.0 .6999
180. 7.1318 21*51.6 .01*863 5.731*8 . 00556 125.55 61*. 23 .001*65 1. 02165 .6971.

200. 6.1*207 2 790 .7 .01*682 5.7263 .001*97 137.09 68.77 .00555 1. 0191*6 .6953
220. 5.8<*21 3127,3 . 01*530 5.7166 .001*1*9 11*8.23 73.21 .0065 0 1.01771 .6939
c H u • 7 • O Ol. 7 Tit a A 7

• 0 't^ 1

7

^ • f U f c • 0 0 1

0

15 8* 92 7 7 CiC .00 752 1.01625 C Q P 7
• b y t f

260. i*.955'* 3781*.

6

.01*332 5.6979 . 00378 169.17 81.76 .0D859 1. 01501 .6917
280. <».6075 1*101*.

9

.01*268 5.6669 . 00351 179.00 85.93 .00972 1. 01395 .6908
300. l*.3a<*7 1*1*2 3.2 . 01*219 5.66 3 6 . 00327 168. 1*1* 89.99 .01091 1.01303 .6897
350. 3.7016 518 9.5 . 0i«li»5 5.6635 .00280 210.61 99.81 .011*11 1. 01120 .6879

ifOO. 3.2'*79 5937.5 .01*106 5.61*68 .0321*5 231.22 109. 20 .01763 1. 00982 ,6867
i»50. 2.8939 6675.2 .01*083 5.6328 . 00218 250.72 113.23 .0211*5 1. 00875 ,6858
500. 2.6 097 71*12.9 . 01*065 5.6211 . 00196 269. 1*1* 126.95 .02551. 1.00789 ,6855
550. 2.3 766 811*9.1 .01*050 5.6112 .00179 287.62 135.39 .02993 1.00718 .6852
600. 2.1818 8889.1 .01*0 35 5.6027 .00161* 30 5. 1*1* 11.3.60 .031.59 1.00659 .681*9
650 . 2 . 0 166 963 3.1 . 01*0 20 5. 5951* . 0 0 15 1 32 3. 0 2 151 . 59 • 0 3 95 3 1 . fl a .1

Q

± . U U D U 7 . 68 1*6

700. 1.871*6 10386.5 .01*002 5.5890 . 0011*1 31*0. 1*6 159.36 . 01*1.73 1. 00566 .681*3

750. 1.751«* 1111*8.1* .03982 5.5831* .00131 357.82 167.01 .05019 1.00529 .681*0
BOO. 1.6'*3l« 11921.6 .03960 5.5781* .00123 375.16 171.. 1*8 .05589 1. OQ 1*96 .6636
850. 1.51*79 12 70 7.8 .03931* 5.571*0 .00116 392. 52 181.60 .05181. 1. 001*67 .6837

900. 1.1*63 0 13508.3 .03906 5.5701 . 00110 1*09.93 189. 00 .06803 1.001*1*1 .6837
950 . 1.3869 11*321*.

1

.03876 5.5665 .00101* 1*27.1*1 196.08 .071*1*1. 1. 001*18 .6837
1000. 1.3183 15155.6 .0381*3 5.5633 . 00099 1*1*1*. 98 203. Ci. .08107 1. 00 398 .6839
1100. 1. 1997 16 855.6 . 0 3776 5.5577 . 00090 1*75. 56 216.68 . 091.09 1. 00362 .6911
1200. 1.1006 1861 1*.

2

.03705 5.5530 .00083 511.01 229.95 .10877 1. 00332 .6915
1303. 1.0167 201*30.8 . 03631* 5.51*90 .00076 51.6.89 21.2.90 .121*30 1.00307 .6919
litOO. .91*1*7 22302.7 .03562 5.51*56 .00071 583.19 255.56 .11*066 1 . 00 285 .6921*

1500. .8822 21*226.0 .031*92 5.51*26 . 00066 619. 66 267.95 .15783 1.00266 .6926
1600. .8271* 26181.5 .031*28 5.5399 . 00062 656.50 280.10 .17582 1. 00250 .6932
1700. .7791 28181.0 . C3366 5.5376 .00058 693.55 292.02 .191.65 1. 00235 .6933

1800. .7361 30231.3 .03305 5.5351* . 00055 731. 39 303.71 . 211*36 1. 0Q222 .6930
2000. .662 8 31*551*.

3

.03181 5.5311* . 00 050 812. 1*6 326.1.7 .25687 1. 00200 .690 3

2200. .6027 391*35.5 .03031* 5.5270 . 0001*5 910.70 31*1*. 91 .301*95 1. 00182 .6756
2'fOO. .5 523 1*5338.2 .0281*1* 5.5207 . 0001*2 101*1*. 10 366.30 . 36160 1. 00167 .6602
2600. .5093 52971*.! .02600 5.5103 .00038 1239.52 387.31* .1*3086 1.00151* .6355
2800. .1*717 63257.3 .02310 5.1*923 .00036 1531. 11* 1*03. 22 .51659 1. 0011*2 .6031
3000. .1*381 77216.8 .02001 5.1*627 . 00031* 1957»'*9 1*29.21* .62075 1. 00132 .5682
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TABLE 9

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

6.00 MPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
ENERGY

K MPA/ K KJ/KG K J / KG~K M/S

1 5 • 67 8 . 0 12'(d 1.5352 . 9 665 221.7 2 96 . 6 14*218 4*92 6^40 1 L.1 li.

.

X HX H •

X o« .012 52 1 . 5 1 8if • 9 70 2 223 . 6 298. 7 1 4» 350 4* 96 6* 54 1411 •

1 r • . U 1£ Oc i 911 . **9 c 1 . 9 r r J 9? Q 7C C 9 • ( 1 la 7RQX H • (99 K 179 . X f C QC0 • 99 1 7Q7X 0 9 r •

1 A - . 0 12 7 3 1.3891 • 9784 236^ 2 312 . 6 15*1 67 5.33 7.34 1 38 3 •

1 Q .is • . 0 1285 1.32 75 • 9746 243 • 0 320.1 15^5 75 5*48 7.72 1 368 •

cu • 1.2678 Q C C C 7 n 9& 9 u • c 7 7 A n0 c 0 . u 1 C Q AnX 9 • 9 OU C CI9 * DX A fl Q0 . U 9 1 7C9X •39c •

22. .0132if 1.15i»8 .9if21 265. i» 31*1*.

9

16.786 5.83 6.79 1320 .

2<». .01355 i.a<<oi» .9107 281.9 363.2 17.582 6.00 9.52 1284*
9&cO« • U XO 0? • 7 0 U X • 8 740 299^6 383*0 18^3 71 0 * X 9 in 9

c

X u . c 0 1 9£ftCX cHO •

CO • • 0 1'»27 • 8 223 • 8 3 1

8

31 8 • 6 404 • 3 19.1 60 6 • 26 11.06 1205*
30 • • 0 1** 71 • 720 2 . 7 842 338.9 427*2 19* 952 6« 35 11.90 1161 •

32 • 0 152 2 • 6 2 60 .7 325 360.6 451 • 9 20 . 748 6* 42 12.78 X X X 0 .

3i» • • 0 158 0 • 5386 • 6782 383 • 6 478.4 21.5 51 6*48 13 .73 1 068 •

• U XO HO li fl Q
« H 0 U 7 c 9 9 9• 0 c c c 7 QHU r • 9 9 'J D • 0 9 ? 7 ClaC C * 0 OH 0 . 9 C 1 la 71aX H • r H 4 n 91X u cX •

33 • • 0 1 72 8 • 3 9 15 • 5 651 433. 7 5 3 7.4 2 3* 190 6*55 15*81 Q79 .9 r C •

to • 0 182 2 • 3 3 33 • 5 0 82 460.6 5 70.1 24 * 0 28 6.57 16*66 9 C 9 •

•01931 • 2862 .4536 488.9 604.8 24*8 75 6.59 17. S5 881*
*02058 • 250i» • 4027 517^9 6 41.4 25*725 6.61 18.69 841.
• Q 22 0 • 2 2 5 2 • 3568 546^7 6 78.9 26 * 5 58 6*67 19.30 807*

•f0» • U & 0 DO ? n Ac;
• c u 0 9 • 3 165 7e; q9 f 9 • 9 717.8 97 7 A7 C 7(1D • r U 1 Q CIX 7 . D X 7 A1r OX •

Gfl9U • • U £ 9 He • 20 03 • 2 618 604*5 757. 0 2 8 * 187 6* 73 X 9 • 9 H 7 C7r DO •

• U XO • c U X 3 9 4 1.

1

• c XO 0 c 7 4 40 r I • X A c;? 9 7 n n fl 7
•3 u * u u 0 C 7li0 • 1 H 1 A ^CiX 0 • 0 9 f HX •

60 • • U 09 U 9 • C CX

X

• 1 7 3 8 72 9» 9 940 • 2 31*536 6*70 16*78 f HH »

• 0 3981 • 2 *»6D . 1456 782 • 0 1020*8 32*8 26 6 * 68 15*55 757«
r u • • 0 2 9 71 7 4 9 G c• X c 0 A9Q 70 c 9 • f X U 90* C 7 7 Q lata0 0 * 9 HH 6 *69 XH • D 9 77l»• f H •

f 9« « M HO 0 r • -3 U X9 1 4 n Q* X X u 9 874 * 5 1 i c, 7 AX X 0 r • 0 34*9 32 c - 79D . f C 1 1k n 7XH * U 0 7Q7r 9 0 •

80. .05321 .3291 .399if 917.5 1236.

8

35*822 6*78 13.59 812.
90. .06156 . 333i» .0829 1000.

3

1369.7 37*390 6.96 13.08 848.
X u u • • J D 7 0 9 la 7 A. 9• H 0 OC n 71 7 1 fl A1 UX U 0 X • H i /. QQ 7X H 99 * 0 38*755 7 - 9 nr . c u 12.65 882 •

X LU • • li f t HO • 8 61 * 0 6 25 1 1 64 .

0

1628*5 39* 985 7.53 12 .83 Q 1 n .9 X u •

1 • • 0 85 06 • 5 350 n c c n
. (J 9bU 1 9 |j C CX C HD •

D

4 7c 7 nX » 9 # * u ii 1 1 n 7H 1 • 1 U 0 7 An 17 A QX C . 0 9 Q la fl9 HU •

X*vU • n QQQQ• u 7999 • 6296 . 0 464 1416.

8

2016*7 43 • 1 05 8.33 13 .12 996 •

4 cn • 1 1 'f 60 7 9 4 9
• r c X t • 0 3 98 1 594 •

2

9 9 A 1 0C C 0 1 * 9 la la A 77HH • 0 r J A 7Q0 • r 9 17 b nX 0 * 4 u 1 n 2aQX U H9 •

i An .X o u • • X C9 U i. • 3 1 0 7 • 0 349 1 7 78 • 4 2 55 2*5 46 • 467 9 • 16 13*66 1 0 99 •

9 n n .c u u • • X HO c 0 • 8 98 7 • u <3 1

1

19 68 • 3 2 8 28 « 0 4 7*919 9^47 13*89 1 148 •

9 9necu • • X 9 f H9 • 9 0 P 0 • 0 2 8

1

? 4 C»9 QC X Oc • 9 310 7 6 49 .251 9 • 71 14*0 7 1195 •

2t»0. • 1715*f 1.0718 .0256 2361^3 3390I5 50.1*82 9^90 14*21 1241.
260. •18557 1.1573 . 0235 2562^5 3675*9 51.625 10^(34 14*32 1285.
280 • • 1 9955 1*2 423 • 0 218 2 7 65 . 9 3963 * 2 52.689 in 1 cX U • 1

9

14*40 1 79AX Oc 0 •

t nno U U • • c X -3 9 r 1*32 82 • 0 20 3 9 Q 71 Ac 9 r X • 0 I. 9 c 7 9He 5 0 •

t

C 7 C A A9 -5 . D 0 0 1 n 99X U • C C 14.45 1 77nX 0 r U •

09U • • c HO C 9 1 • 9 00 X n 1 7 7U X r 0 7 LAA 7 4 978 * 0 55 • 92 3 10^33 14.52 1 471

.

bfl nHU u • 9 A 9 0 n
• c Oc 9U A 7 la C Q1 • r H 0 9 n 1 c; 4. u 1, 9 L 4007.5 c 7 n f. Q91 U H * 9 5 7*864 10^37 14.54 1565 •

la R nH9 U • 11 Till*• 0 1 f HH 4 Q C 1. a1 • y 9H0 n 1 7 la« u X 0 H 97 7Hv c I . r
C la 7 9 la0 H 0 fc • H 59.577 in 7

Q

14.55 1 655 *

50 0* • 351 9** 2 • 1 623 • 0 1 20 50 48.3 7159* 9 61*113 10.40 1 la c cXH. 9 9 1 7 7QX f 09 •

9 9U •
'V AC ii n 9 It. QCc • -J 097 . U X u 9 93D9 •

c

7 A 0 7 C
r 0 0 f • D C 9 la Q 7DC * H 9 f

1 n liiX U « HX 1 Ii. ccX H . 9 D 1 A 9fl .X 0 C u •

cnnD U U • • '2085 9 C TCC .0100 c n on Q0 U 9U . 9 ft C 1 C Q0 D 1 9 * 9 C7 7 C 9Do . » D

C

1 fl &7X U • HO 14 .57 1 A Q7XO 9 * •

650. • (•5527 2.7833 . 0092 6613.2 931*1*.

9

61*. 925 10.1*5 14.59 1971.
700. • if8969 2.9900 .0086 7137.1 10075.

2

66.015 10.1*8 14.62 201*2.
7 c n

• 9 cHX U T 1 Q CC1 9 Db 1 n ft n 7CC 9 A
r DO £ • 0 4 fl A n 7 laXU 0 U f • H C 7 n 9 cOr * U c 0 in (5

9

1 la CCX H . D 0 9 1 1 n£ 1 X U .

800. • 5585 0 3*40 31 . 0 0 75 8 190 • 5 115 41*5 67* 9 74 10.57 14. 70 c 1 r 9 •

850 . • 5 9290 3*60 95 .0071 8721*0 12278 •

3

68*867 lU .0 J 11. 7 cXH . r D 991a

900. • 62729 3*81 60 .0 067 9254* 5 1 30 1 8 • 2 69 * 711 10.70 4 la A 7XH« 0 0 9 7n n

• 661 68 4*0 224 n n c 7
• U U t> 0 Q T 0 4 1.9 r 9X • H 13 761 •

4

7 n C 1 la
r U . 9 X H lU.ro 4 la ck nX H • 7 U 9 7 g:q

10 00. • 0 90 u 0 4*22 87 • 0 C60 X U 0 C • u 145 08*4 71 . 2 79 10.86 14* 99 21*16 .

1100. .76«.83 4,6414 • 0055 lli»27.8 16016.8 72*706 11.01* 15^17 2525.
1300. .83359 5.0540 .0050 1251*2.9 17544*4 74.028 11.21* 15.37 2628.
1 300. .9023i» 5.4666 • 0 046 13679.6 19092*7 75.266 11.1*5 15.58 2727.
1400. .97109 5.8791 .0043 11*835.8 20662*4 76.437 11.68 15.50 2821.
1500. 1.0398<» 6.2916 . 0 040 1601<*.8 22253*9 77.549 11.90 16. C3 2911.
1600. 1.10859 6.7041 .0 038 17211*.

7

23866*2 78^583 12.12 16.25 2 998.
1700. 1.17731. 7.1166 .0035 181*36.5 25500.

6

79*569 12. 31* 16, (»6 3082.

1800. 1.2'«610 7.5290 • 0033 19680.8 27157*4 80^515 12.56 16^69 3163.
2000. 1.3 83 70 8.3539 . 0030 2221*0.3 30542.5 62^309 13.01* 17^17 3317.
2200. 1.52160 9.1788 .0 027 21*903.3 34032*9 83^964 13.65 17.82 31*61.
2i>00. 1.6602'» 10.0037 .0025 27718.

2

37679.6 85^545 11*. 55 18.77 3593.
2600. 1. 800<«9 10«d28& .0023 30762.9 41565.9 87.099 15.88 20.23 3713.
2800. 1.91*379 11^6534 . 0 021 31*155. 0 45817*7 88*679 17.86 22.43 3825.
3000. 2.09227 12^4783 .0020 38052.1* 50606*0 90.339 20.61* 25.59 3932.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HVOROGEN (ISOBARS, SI UNITS>

6.00 HPA ISOBAR

TEMPERATURE DENSITY

K KG/CU H

V(DH/OV)„

KJ/KG

V<DP/OU),, •V(DP/DV», (DV/OTiyV THERMAL VISCOSITY THERMAL DIELECTRIC
CONDUCTIVITY DIFFUSIVITY CONSTANT

HPA-CU M/KJ
X 10i

HPA 1/K

PRANOTL
NUMBER

H/K-M
X 10^

KG/M-S . SQ M/HR
X 10''

15.678 60.108<» 815.0 .21*531 122.9816 .00786 9'».<«0 291.98 .00066 1. 262<»8 1.9609
lo. 7 o an 9 Ct. 9 /. » t O n n A n n. u u o u u 96. 6'* n n n t 7• U U U O r

1 1 7
i. • cO I. f D 1 Q n n n1 « 7 u u u

17. 79.2'»68 818.3 .23857 115.07l»<« . 008<»9 102.2'* 251.31 .00067 1.259'«<* 1. 7081*

18. 78.5592 819.2 .233'f7 109.1289 .00897 106.55 227.21. .00066 1.25701 1.5661*

19. 77.8398 819.0 .228<»6 103.33i»6 . a09i»3 109.56 207. 3i» .00066 1. 25<«<.7 1.1*616
20. 77.0 922 818.0 .22351 97.7383 .00989 112. i»l 190.68 .00065 1.2518'* 1.3721
22. 75.5170 813.9 .21<«Q7 87.20i»7 .01080 118. 06 16'».l»5 .0006'* 1. 2'*631 1.221*7

2<>. 73.8252 802.5 .205'»3 76.8050 .01186 121. !<• lUif.eS .00062 1.2'«038 1.1362
26. 72.0101 786.6 .197'»6 66.97l»l .01305 122.28 129.09 .O0Q6O 1. ZSitOf* 1.0636
28. 70.0 60 7 766.3 .18952 57.6127 . Olittttf 121. 91 116. («0 .00057 1. 22726 1.0561*

30. 67.9619 7i»2.7 .18162 >»8.9<»>»1 .01602 120. 41 105.70 . 0005(» 1. 21999 1. 0'«'*7

32. 65.701(» 717.1* .17355 lfl.1263 .01781 117.16 96.1*6 .00050 1.21218 1. 0520
3^. 63.2733 689.9 .165if9 3<».0776 . 01990 113. <iO 88. 31 .ooa<«7 1. 20 381* 1.0693
36. 60.66(i3 662.3 . 15728 27.9606 . 02225 109.26 81.02 . oooi«'« 1.19'*91 1.0929
38. 57.8698 633.6 .11*897 22.65<»6 .02(f9i» 10<«.81 7i..<«3 . 000<»1 1.1851*0 1.1228
<»0. 5«>.8979 606.9 .lit089 18.296i» .02778 100.19 68.1»9 .00039 1.1753'* 1.1523
i»2. 51.7818 583.1 .13298 1<«. 8206 .03061 95.95 63.18 .00037 1.1&'*66 1.1751
(»». «»8.5797 56'».<» .125<»2 12.1657 . 03310 92. l"* 58.53 .00037 1. 151*15 1.1870
<i6. <»5,3752 552.6 .11793 10.2169 . 03i»92 88.50 51*. 57 .00036 1.11*351 1.1901
<i8. <»2.2687 5<»6.1 .11168 8.81i«3 . 03591 85. 16 51. 32 .00037 1.13325 1.1817
50. 39.3388 5<f6.3 .ia6i«3 7.8782 .03577 82.18 '»8.71 .00038 1.12363 1.1581*

55. 33.1336 567.6 .0968i> 6.6889 .0323(» 76. 61 '.l».59 . 00 0i»5 1. 1031*5 1.0683
60. 28.5293 608.7 .0909tf 6.3073 .02756 73.56 't2.71 .00055 1. 08a6<* .971*0

65. 25.119«» 660.2 .08678 6.1803 . 02355 72.61 <)2.01 .00067 1.07776 .8995
70. 22.51«.<. 718.5 .ae3'»7 6.1615 .02039 72.51 'tl.98 .00079 1.06951 .81*82

75. 20.<>609 780. <» .08060 6.1681 .01797 72.27 <f2.37 .00091 1. 06303 .8221*

80. 18.79<>8 8(»5.2 . 07801 6.1862 .01608 73.16 'S.OS .00103 1.05779 .7995
90. 15.2'»35 982.6 .07326 6.2279 . 01331 77.71 (•'•.89 .00132 1. 01*981 . 7553

100. 1«».3578 1128.7 .06898 6.2622 .01138 82.19 i»7.07 .0D160 1.01*391* .7358
110. 12.9156 1238.9 .06<»27 6.2787 .00996 86.50 l»8. 33 .00186 1.039'*6 . 7170
120. 11.7562 1'><»S.3 .06100 6.2901 . 00890 91. 69 50.53 .00218 1. 03588 .7101

1<»0. 10.0012 1779.5 . 05575 6.2970 . 00737 102. 73 55. 11* .00282 1.0301*6 .701*1*

160. 8.7257 2118.7 .05193 6.2927 .00633 111*. 31 59.79 .00352 1.02651* .7011
180. 7.7511 2<*6 0.2 .01*911* 6.2831* . 00555 125.98 61*. 39 .001*28 1.02355 .6965
200. 6.9792 2 80 0.1 .01*708 6.2720 . 001*96 137.1*3 68.91 .00510 1.02119 .6963
220. 6.3512 3137.1* .01*553 6.2600 .001*1*9 11*8.51 73.32 .00598 1. 01927 .691*7

2<>0. 5.8296 31*69.3 .01*1*37 6.2480 .001*10 159.16 77.61* .00691 1.01768 .6931*

260. 5.3868 3795.9 .01*350 6.2361* .00377 169.37 81.87 .00790 1. 01633 .6923
280. 5.0112 1*116.7 .01*281* 6.2255 . 00350 179.17 66.01 . 00891* 1. 01518 .6911*

300. i*.6823 i*'*35.8 .01*231* 6.2192 .00326 188.59 90.06 .01003 1.011*18 .6902
350. '*.0 275 5202.9 .01*157 6.19<*9 . 00279 210.73 99.86 .01297 1.01219 .6662

(*00. 3.53<*8 5951.3 .01*116 6.171*8 . 0021*1* 231.31 109.21* .01620 1. 01069 .6869
1*50. 3.1502 668 9. <> . 0i«C93 6.1581 . 00217 250, 79 118. 27 .01970 1.00952 .6860
500. 2.8(>1<» 71*27.3 .01*073 6.11*1*1 . 00196 269.50 126. 98 .0231*6 1. 00859 .6657
550. 2.5880 8163.7 .01*058 6.1323 .00178 287.68 135.1*2 . 0271*9 1.00782 .6853
600. 2.3762 8903.8 .01*01*2 6.1222 .00161* 305.1*9 11*3.62 .03176 1. 00718 .6850
650. 2.1965 961*8.0 .01*027 6.1131* . 00151 323. 06 151.61 .03629 1. 00663 .681*6

700. 2.0t»21 101*01.1* .01*008 6.1058 .0011*1 31*0.50 159.1*0 .0!>106 1.00617 .681*1*

750. 1.9080 11163.5 .03988 6.0991 . 00131 357. 85 167.03 .01*607 1.00576 .6841
800. 1.7905 11936.8 .03965 6.0932 .00123 375.19 171*. 1*9 .05130 1. 0051*1 .6839
850. 1.6866 12723.2 .03939 6.0880 .00116 392.55 181. 82 .05676 1. 00509 .6837

900. 1.59<*2 13523.8 .03911 6.0833 .00110 409.95 189.01 . 06243 1. 00461 .6837
950. 1.5113 11*339.6 .03880 6.0790 .00104 427.43 196.09 .06831 1.00456 .6838

1000. 1.1*367 15171.3 .0361*7 6.0752 .00099 445. 00 203.06 .07440 1.00434 .6839
1100. 1.3075 16871.1* .03779 6.0685 . 00090 475.56 216.69 .08633 1.00394 .6911
1200. 1.1996 18630.1* .03709 6.0630 .00082 511.01 229.96 .09979 1.00362 .6915
1300. 1.1082 201*47.2 .03637 6.0582 . 00076 546. 89 242.90 .11403 1. 00334 .6920
1>»00. 1.0298 22319.3 .03565 6.0541 .00071 583. 19 255.57 . 1290 3 1.00311 .6924
1500. .9617 2i*2i»2.7 .03495 6.0505 .00066 619.85 267.96 .14477 1. 00290 .6929
1600. .9020 26198.0 .03430 6.0474 . 00062 656.48 260 .11 .15127 1.00272 .6932
1700. .81*91* 28196.8 .03368 6.0446 . 00058 693.49 292. 02 .17853 1. 00256 .6933

1800. .8025 30245.4 .03307 6.0421 .00055 731.25 303.72 .19659 1. 00242 .6930
2000. .7227 34558.1 .03184 6.0374 . 00050 811.91 326.47 . 23553 1. 00218 .6905
2200. .6572 3940 9.0 .03039 6. 0324 .00045 908.97 344.91 .27947 1.00198 .6760
2400. .6023 45240.4 . 02853 6.0255 . 00041 1339.66 366.30 . 33106 1.00182 .6613
2600. .5554 52733.7 .02616 6.0142 .00038 1229.67 387.32 .39393 1.00167 .6373
2800. .5145 62765.1 .02333 5.9952 . 00036 1511. 61 406.16 .47158 1.00155 .6057
3000. .4780 76323.3 .02028 5.9640 .00034 1923. 06 429.15 .56595 1. 00144 .5712

• THO-PHASE BOUNDARY
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

6.50 MPA ISOBAR

PERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

15.82<« .01245 1.5 643 .9704 222.1 303.0 14.229 4.93 6.41 1425.
16. .01246 1.5552 .9725 223.1 304.1 14.301 4.97 6.48 1424.
17. .01256 1.4887 .9606 229.1 310 .8 14.706 5.16 6 .89 1410 .

IS* .01267 1.4272 .9827 235.5 317. 9 15.112 5. 33 7.28 1397.
19« .012 79 1.3657 . 9799 242.3 325.4 15.515 5.47 7.66 1382.
20. .012 91 1.3039 .9731 249. 3 333. 2 15.917 5.60 8.02 1366.
22. .01317 1.1986 .9502 264.3 349.9 16.716 5.82 8.70 1338.
2(». .01346 1.0314 .9205 280.6 368.0 17.503 6.00 9.41 1302.
26. . 013 79 .9720 .8852 298. 0 387.6 18.283 6. 15 10.13 1266.
28. .01<tl5 .8668 .8446 316.6 408.6 19. 060 6. 27 10.88 1227.
30. .01'»57 . 7654 .7990 336.4 431.1 19.838 6.36 11.67 1165.

32. .015 0<t .6698 .7492 357,5 455. 3 20.617 6.43 12.50 1141.
3<». .01559 .5840 . 6969 379. 8 481. 1 21.400 6.49 13.35 1097.
36. •01621 .5065 .6434 403.4 5 D8. 7 22.189 6.53 14. 26 1052.
3S. .01693 .4363 .5887 426.2 538.2 22.986 6.56 15.21 1006.
<»0. .017 76 .3762 .5342 454.1 569.5 23.790 6.58 16.15 961

.

<»2. .01872 .3266 .4813 481. 0 602.7 24.598 6.59 17.03 919,
kkm .01983 .2 884 .4316 5C8. 7 637.6 25.409 6.61 17, 78 881.
46. .0 2108 .2593 .3860 5 36. 3 673. 3 26.202 6.66 18 .41 646.
<»8. .022<«7 .2391 .3452 564.5 710.5 26.994 6.70 18,78 819.
50. .02399 .2264 . 3095 592. 3 748. 2 27. 764 6.73 18. 90 798.

55. • 02816 • 2197 . 2401 658.4 841.5 29.543 6. 75 16.20 770 .

60. .03254 .2336 . 1933 718.0 929.5 31 .076 6.72 16. 87 766.
65. .03688 .2554 .1615 771.1 1010.8 32. 377 6.69 15.72 775.
70. . 0 41 1

2

. 2812 . 1390 819. 8 10 87.

1

33.509 6.70 14.84 769 .

75. .0 452 4 .3079 .1224 865.5 1159.

6

34.509 6. 74 14.20 806.
80. .0 4926 .3351 .1095 909.2 1229.4 35.411 6.79 13.75 623.
90. .05702 .3888 .0910 993.2 1363.8 36.995 6.98 13.21 856.

100. .0 6450 . 4411 .0 781 10 75,2 1494,4 38.371 7. 21 12. 97 891,
110. .07174 .4914 .0683 1158.6 1624.9 39.614 7.55 12.92 917,
120. . 07883 . 5406 . 0611 1241.

8

1754.

2

40.739 7.82 12.96 947

.

1<»0. .0 92 66 .6356 .0506 1412.8 2015.2 42.750 8. 34 13.18 1002.
160. . 1 0620 . 72 75 .0433 1590.

9

2281.

2

44. 525 8. 79 13, 44 1055 .

180. .11954 .8173 .0379 17 75.5 2552.6 46.123 9.17 13.70 1105.
200. .13274 .9056 . 0338 1 9 65 . 8 2828.6 47.577 9.47 13.91 1153,
220. .14564 .9928 .0305 2160.7 3108.7 48.912 9. 71 14.09 1200 .

2<i0. .15887 1.0791 . 0 278 2359.

3

3392.

0

50. 144 9. 90 14.23 1245,
260. .17184 1.1648 .0255 2560.8 3677.7 51.288 10.04 14.34 1290.
280. .18476 1.2500 . 0236 2764.3 3965.3 52.354 10.15 14.42 1332.
300. .19772 1.3362 .0220 2970.4 4255.6 53.353 10.23 14.46 1375.
350. .229 79 1.5463 .0187 3487.2 4980.9 55.590 10. 33 14.53 1475,

<»00. .26175 1.7552 .0164 4006.6 5708.0 57.532 IC. 37 14.55 1569,
i»50. .29365 1.9632 .0145 4527.1 6435.8 59.246 10.39 14.55 1656,
500. .32550 2.1708 .0130 5047.8 7163.5 60.779 10.40 14.56 1743.
550. .35732 2.3780 .0118 5568.

7

7891.

3

62.166 10.41 14. 56 1823,
600. .38912 2. 5850 .0109 6090.5 8619.6 63.431 10 .43 14.57 1900.
650. .42090 2.7918 .0100 6612.9 9348.6 64.595 10.45 14.59 1974.
708. .45268 2.9985 .0093 7136.8 10079.2 65.684 10.49 14.62 2045.
750. .48444 3.2051 . 0087 7662.5 10811.4 66.696 10.52 14.66 2113.
600. .51620 3.4117 . 0081 8190.

3

11545,6 67.644 10.57 14.70 2178,
850. .54795 3.6182 .0077 8720.8 12282.4 68.537 10.63 14.76 2241.

900. .57970 3.3246 .0072 9254.3 13022.3 69.381 10.70 14.83 2302.
950. .61144 4.0 313 .0068 9791.2 13765.6 70.184 10.78 14.90 2361,

1000, .64318 4.2374 .0065 10 331.9 14512.6 7 0.9 49 10.36 14.99 2418,
1100. .70666 4.6500 . 0059 11427.7 16021.0 72.376 11. 34 15.17 2527,
1200, .77013 5.0626 .0054 12542.8 17548.7 73.698 11.24 15.37 2631.
1300. .83360 5.4752 .0050 13678.6 19097.0 74.936 11.45 15.58 2729,
1400, . 89706 5.8877 . 0 046 14835.

8

20666.7 76.107 11.68 15. 80 2323.
1500, .96052 6.3002 .0043 16014.8 22258.2 77.219 11.90 16.03 2913.
1600, 1.02398 6.7127 .0041 17214.7 23870.5 78.253 12.12 16.25 3000.
1700. 1.08744 7.1252 .0 033 18436.5 25504.9 79.239 12.34 16.46 3083.

1800. 1.15092 7.5377 . 0036 19680.6 27161.

5

80.185 12.56 16.68 3165.
2000. 1.27793 8.3626 .0032 22239.4 30546.

0

81.9 78 13. 03 17.17 3319.
2200. 1.40520 9.1875 .0030 24900.2 34034.0 83.632 13.64 17.80 3463.
2400. 1.53314 10.0123 .0027 27709.4 37674.8 85.210 14.51 18.73 3595.
2609 . 1.662S0 10.8372 .0025 30741.

8

41548.

1

86. 760 15.80 20.14 3716.
2800, 1.79457 11.6620 .0023 34110.0 45774.7 88.330 17.71 22.27 3828.
3000, 1.93124 12.4869 . 0 022 37965.6 50516.

7

89.975 20.39 25.31 3935.

• TWO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN CISOBARS, SI UNITS)

6.50 MPA ISOBAR

TEMPERATURE DENSITY

K6/CU M

V(0H/0V)d

KJ/KG

tf(OP/DU),, -V<OP/OV), <OV/OT)/V THERMAL
P CONDUCTIVITY

MPA-CU M/KJ
X 102

MPA 1/K M/K-M
X 103

VISCOSITY THERMAL DIELECTRIC PRANOTL
OIFFUSIVITY CONSTANT NUMBER

KG/M-S SQ M/HR
X 10^

15.821. 80.3 392 830.2 . 21.1.79 125.6713 .00772 95.96 295.07 .00067 1.26330 1.9712
16. 8 0 .2292 631.6 . 2 1.3 89 X C % t XJ J J • 0 0 779 97.18 2 68.91 .00067 1 . 262 91 1 • 92 71
17. 79.5880 632.6 .23881 11 8.1.851. . 00628 102. 90 256.23 .00066 1. 26061. 1. 7298
18. 78.9115 831..

6

.23378 112.6205 .00673 107.31 233.21. .00067 1.25825 1.5630
19. 78.2113 831..

8

. 22881. 106. 8102 . 00917 110.1.3 212.73 .00066 1.25578 1.1.751.

20. 77. If 801 633.0 .221.10 10 1.0239 . 00963 113.36 195.52 .00066 1.25321 1.361.0
22. 75.9368 833.2 .211.85 91,0190 . 0101.1. 119.19 168.1.5 .00065 1.21.778 1.2292
Zk. 71.. 2976 821.3 . 2061.1 60.31.62 . 0111.6 122.1.8 11.6.20 .00063 1.21.201. 1.1395
26. 72.5377 60 6.8 .19857 70. 501.9 . 01256 123. 60 132. 30 .00061 1.23588 1.0825
28. 70.6511 789.1 .19079 61.21.31 .01379 123.61 119.37 .00058 1.22931 1.0509
30. 68.6355 767.3 . 18310 52.5322 .01521 122.32 106.56 .00055 1. 22232 1.0357

32. 66. '.738 71.2.8 . 17526 I.1..5225 .01683 119.26 99.25 .00052 1.211.65 1.01.02
3<>. 6(..16<.0 718.0 . 1671.6 37.1.726 . 01860 115. 71. 91. 09 . 0001.9 1.20669 1.0511
36. 61.6996 692.6 .15968 31.21.85 .02059 111.81. 83.62 .0001.6 1.1981.5 1.0688
38. 59.0790 666.0 .15182 25.7762 . 02261. 107.67 77.29 . 0001.3 1.16951 1.0920
<»0. 56.3068 61.0 .3 . 11.1.23 21. 1855 . 02522 103. 33 71.1.0 . 0001.1 1.18011 1.1157
<»2. 53.<*161 617.3 .13672 17.1. 1.52 .02759 98.95 66.13 .00039 1. 17035 1.1383
»<>. 50.I.I.02 599.3 . 1291.5 11.. 51.75 .02967 95. 33 61.1.8 .00038 1. 16037 1.11.65
(»6. 1.7. i. 1.57 586.6 .12210 12.3030 .03138 91.81. 57.1.6 .00036 1. 15 0 38 1.1511.
l»8. 1.1.. 5052 578.9 .11578 10.61.18 . 0321.1. 88.59 51.. 07 .00038 1. 11.063 1.11.63
50. 1.1.6889 576.1. . 11036 9.1.380 .03260 85.65 51.30 .00039 1. 13131. 1.1322

55. 35.5085 591.2 .10016 7.8008 .03078 79.88 1.6.66 . 0001.1. 1.11111. 1.0630
60. 30.7311. 626.8 .09365 7.1783 .02692 76.1.3 1.1.. 36 .00053 1. 09571 .9791.

65. 27.1136 671..

2

.08899 6. 9255 . 02332 75.11 1.3.39 .00063 1. 081.12 .9063
70. 21.. 3179 729.8 .08532 6.83 81 .02033 71.. 70 1.3.16 .00075 1. 07522 .8571.
75. 22.1020 789.8 . 06220 6. 801.2 . 01799 71.. 17 1.3.39 .00085 1.03620 .8309
80. 20.3013 853.7 .0791.1 6.8037 .01610 71.. 87 1.3.93 .00097 1.06253 .8065
90. 17.5383 989,7 .071.38 6. 8189 .01331. 79.18 1.5.56 .00123 1. 05366 .7600

100. 15.5036 1131..

8

.06995 6. 8391. . 0111.3 83.1.9 1.7.61 .00150 1.01.750 .7391.

110. 13.9386 1295.9 .061.91. 6.85 01 .00997 87.67 1.8.82 .00175 1. 01.261. .7197
120. 12.6860 11.55.1. .06159 6 . 85 7 8 .00890 9 2.69 50.93 .00203 1.03875 .7121

11.0. 10.7916 1787.1 . 05620 6.8590 . 00737 103. 1.7 55.1.2 .00262 1.03290 .7058
160. 9.1.161 2126.9 .05229 6.8503 .00632 111.. 87 60.01 .00327 1. 02866 . 7023
180. 8.3653 21.69.1 . 01.91.1. 6.8371 .00555 126.1.2 61.. 57 .00397 1.0251.3 .6995
200. 7.5331. 2809.7 .01.731. 6. 6223 .001.95 137.78 69.05 .001.73 1.02266 .6972
220. 6.8567 311.7.6 .01.5 76 6, 8073 .001.1.8 11.8. 80 73.1.1. .00551. 1.02061 .6956
21.0. 6.291.5 31.80.2 .01.1.57 6.7926 .001.09 159.1.0 77.75 .0C&1.1 1.01909 .691.1
260. 5.8195 3807.2 . 01.368 6.7786 . 00377 169.58 81.96 .00732 1.01761. .6930
260 . 5.1.125 1.128.5 .01.301 6.7651. .0031.9 179.35 86.08 .00628 1.0161.0 .6919
300. 5.0576 1.1.1.8.6 .01.21.9 6.7581 .00325 168. 75 90.13 .00929 1.01532 .6907
350. I..3518 5216.3 . 01.170 6.7292 . 00279 210.85 99. 91 .01200 1.01317 .6866

1.00. 3.8201. 5965.2 .01.127 6.7051. . 0021.1. 231.1.1 109.29 .011.99 1. 01156 .6872
1.50. 3.1.051* 6703.6 . 01.102 6.6856 .00217 250.87 118.30 .01823 1.01030 .6662
500. 3.0722 71.1.1.8 .01.081 6.6691 . 00196 269. 57 127. 01 .02170 1.00929 .6858
550. 2. 7986 8178.3 .01.065 6.6552 . 00178 267.73 135.1.5 .0251.2 1. 0081.6 .6851.

600. 2.5699 8918.6 .01.01.9 6.61.33 . 00163 305.51. 11.3. 61. .02937 1.00776 .6851
650. 2.3758 9662.9 .01.033 6.6330 .00151 323.11 151.63 .03355 1.00716 .681.7
700. 2.2091 101.16.1. .01.011. 6.621.0 .0011.0 31.0.51. 159.1.2 .03796 1. 0Q667 .681.1.

750. 2.0 61.2 11178.5 .03993 6.6162 . 00131 357. 89 167.01. .01.256 1. 00623 .681.1
8D0. 1.9372 11952.0 .03970 6.6093 .00123 375.22 171.. 51 .01.71.2 1. 00585 .6839
850. 1.8250 12738.5 .0391.1. 6.6031 .00116 392.58 181.83 . 0321.6 1.00551 .6837

900. 1.7250 13539.2 .03915 6.5976 . 00110 1.09.98 189.03 .05770 1. 00521 .6637
950. 1.6355 11.355.1 .03861. 6.5926 . 00101. 1.27. 1.6 196.10 .06313 1. 001.91. .6838

1000. 1.551.8 15186.9 .03851 6.5861 .00099 1.1.5. 03 203.07 .06675 1. 001.69 .661.0
1100. 1.1.151 16887.3 .03783 6.5803 . 00090 1.75.56 216.70 .07976 l.Ofli.27 .6912
1200. 1.2985 1861.6.5 .03712 6.5737 .00082 511. 01 229.96 .09219 1. 00 392 .6916
1300. 1.1996 201.63.5 .03639 6.5682 .00076 51.6. 69 21.2.91 .10531. 1. 00362 .6920
11.00. 1.111.8 22335.6 .03567 6.5631. . 00 071 583.19 255.57 .11919 1. 00336 .6925
1500. 1.01.11 21.259.1. .031.97 6.5592 . 00066 619. 81. 267.97 .13373 1. 00 311. .6929
1600. .9766 2621 1..

6

.031.32 6.5555 .00062 656.1.6 260 .12 .11.696 1. 00295 .6932
1700. .9196 28212.6 .03370 6.5522 .00058 693. 1.1. 292.03 .161.69 1. 00277 .6933

1800. .8689 30259.9 . 03310 6.51.93 .00055 731.13 303.72 .18156 1. 00262 .6931
2000. .7825 31.563.5 . 03188 6.51.39 .00050 811.1.2 326.1.8 .2171.7 1.00236 .6907
2200. .7116 39387.7 .0301.1. 6.5382 . 0001.5 907.1.5 31. '..91 .25792 1. 0J215 .6765
21.00. .6523 1.5156.1. .02862 6.5306 . 00 01.1 1035. 73 366.29 . 30527 1. 00197 .6623
2600. .6015 52523.8 .02630 6.5186 .00038 1220.98 387.30 .36279 1.00181 .6369
2800. .5572 62333.1 . 02353 6,1.985 . 00036 11.91.. 71. 1.08.11. .1.3370 1.00168 .6080
3000. .5178 75536.8 .02052 6.1.658 .00031. 1892.66 1.29.08 .51988 1.00156 .5738
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

7.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C« CP VELOCITY
DERIVATIVE DERIVATIVE ENER3Y OF SOUND

K CU H/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 15.968 1.5924 .9744 222.5 309.4 14.240 4.95 6.42 1437.
16. .0121*2 1.5910 .9748 222.7 309.6 14.253 4.96 6.43 1437.
17. .01251 1.5282 .9 838 228.6 316.2 14.656 5.15 6.84 1424.
18. .01262 1.4642 .9869 234.9 323.2 15.057 5.32 7.22 1410.
19. .01273 1.4027 .9650 241.6 330.7 15.457 5.47 7.60 1396.
20. .0128(» 1.3450 . 9792 248. 5 338.4 15.856 5.60 7.95 1382.
22. .01310 1.2395 .9580 263.3 355.0 16.648 5.82 6.52 1354.
2(i. .01338 1.1240 .9297 279. 3 372. 9 17.428 6.ao 9.30 1320.
26. .01369 1.0143 .6957 296.4 392. 2 16.196 6.15 10.00 1285.
28. .011*01* .90 94 .6566 314.7 413.0 18.965 6.27 10.72 1247.
30. ,011*1*1* .8083 .8129 334.1 435.1 19.730 6.36 11.47 1207.

32. .01i»88 .7147 .7650 354.7 458.8 20.495 6.44 12.24 1166.
3<». .01539 .6287 .7144 376.4 464.1 21.261 6.50 13.03 1123.
36. .01596 .5506 .6628 399.3 511. 0 22.029 6.54 13.86 1080 .

38. .01662 .4800 .6104 423.2 539.6 22.802 6.57 14.72 1037.
40. .01737 .4194 .5979 448.3 569.9 23.578 6.59 15.55 995.
(»Z. .01823 .3681 .5067 474.2 601.8 24.356 6.60 16.33 955.
<»<». .01920 .3261 .4531 500 . 7 635.2 25.132 6.61 17.05 917.
i»6. .02030 .2935 .4130 527.3 669.4 25,892 6.67 17.68 882.
htm .02152 .2706 .3721 554.5 705.1 26.653 6.70 18.07 854.
50. .0 2285 .2 5411 .3357 581.6 741.5 27.396 6.73 18.26 631.

55. .02653 .2394 .2 633 646.9 832.6 29.133 6. 76 17.97 796.
60. .030<f8 .2480 .2127 706.6 920.1 3C.656 6.73 16.9 9 789.
65. .03445 .2667 .1776 760.7 1001.8 31.965 6.71 15.83 793.
70. . 0 36 36 .2901 .1 526 610. 3 1078.

8

33.106 6.71 14.99 605.
75. .0 <i216 .3157 .1341 856.7 1152.

0

34.117 6.75 14.35 819.
80. .C(»592 .3420 .1196 901.1 1222.6 35.028 6.81 13. B9 835.
90. .05315 .3949 .0992 986.2 1358.3 36.626 6.99 13.33 868.

100. .06013 .4469 .0650 1069.0 1490.

0

38.015 7.22 13.07 900.
110. .06689 .4971 .0 746 1153. 3 1621.5 39.267 7.56 13.06 927.
120. .0 73 5 0 .5464 .0 662 1237.1 1751.

6

40.400 7.83 13.03 954.

1<»0. .066<«0 .6418 .0 547 1408.9 2013.7 42.420 6.35 13.23 1008.
160. .09901 .7340 .0 468 1587.6 2280.

7

44.201 6. 80 13.48 1060.
180. . 11143 .8241 .0410 1772.7 2552.7 45.803 9.18 13.73 1110.
200. .12371 .9126 .0365 1963.3 2829.

3

47.260 9.48 13.94 1158.
220. . 13590 1.0000 .0329 2158.5 3109.6 48.597 9.72 14.11 1205.
2<i0. .14801 1.0865 .0300 2357.4 3393.4 49.831 9.91 14.25 1250.
260. .16007 1.1724 .0275 2559.

0

3679.5 50 .976 10.05 14.35 1294.
280 . .17208 1.2577 .0255 2762.

6

3967.

3

52. 043 10.15 14.43 1337.
300. . 18414 1.3443 .0237 2969.1 4258.1 53.043 10.23 14. de 1379.
350. .21394 1.5545 .0202 3486.2 4963.8 55.281 10.33 14.54 1479.

400. .24363 1.7635 .0176 4005.

8

5711.2 57.225 10.36 14.56 1573.
<i50. .27326 1.9716 .0156 4526.

4

6439.2 58.939 10. 39 14.55 1662.
500. .30284 2.1793 . 0 141 5047.2 7167.

1

60.472 10.40 14.56 1746.
550. .33239 2.3865 .0128 5568.3 7895.0 61.860 10.42 14.56 1827.
600. .361 92 2.5936 .0117 6090.

1

8623.6 63. 125 10.43 14.57 1903.
650. .39144 2.8004 .0108 6612.6 9352.7 64.288 10.45 14.59 1977.
700. .42095 3.0071 .0100 7136.5 10083.1 65.376 10.49 14.62 2046.
750 • .45044 3.2137 .0093 7662.

3

10815.4 66.390 10.53 14.66 2116.
800. .47993 3.4203 • 0088 8190 .

1

11549.6 67. 338 10.57 14. 71 2181.
850. .50942 3. 6268 .0 082 8720.

6

12286.5 68.231 10 .53 14.76 2244.

900. . 53890 3.8332 . 0 076 9254 . 2 13026.5 69 . 075 10.70 14. 8 3 2305 .

950. .56838 4.0396 .0074 9791.1 13 769.

8

69.878 10.76 14. 9

1

2364.
1000. .597 85 4.2460 .0 070 10331.6 14516.

6

70.643 10.86 14. 99 2421.
1100. .65660 4.6567 .0064 11427.6 16025.2 72.070 11.04 15.17 2530.
1200. .71574 5.0713 . 0056 12542.7 17552.9 73.392 11.24 15.37 2633.
1300. .7 7467 5.4838 .0054 13678.5 19101.2 74.631 11.45 15.58 2731.
1>«00. .83360 5.8964 .0050 14835.6 20671.0 75.801 11.68 15.60 2825.
1500. .89253 6.3089 .0047 16 014.6 22262.5 76.913 11.90 16. D3 2915.
1600. .95146 6.7213 .0044 17214.6 23874.6 77.947 12.12 16.25 3001 .

1700. 1.01039 7.1338 .0041 18436.4 25509.1 78.933 12.34 1&.I»6 3065.

1800. 1.06933 7.5463 .0039 19660.4 27165.7 79.879 12.56 16.68 3166.
2000. 1.16726 8.3712 .0035 22236.7 30549.5 81.672 13.02 17.16 3321.
2200. 1.30543 9.1961 . 0032 24897.5 34035.5 83.325 13.62 17.76 3465.
2<«00. 1.42420 10.0209 .0029 27701.6 37671.0 84.901 14.47 18.69 3597.
2600. 1.54424 10.8458 .0027 30 723.0 41532.

7

66.446 15.73 20.06 3719.
2800. 1.66670 11.6706 .0025 34069.9 45736.

9

66.006 17.57 22.12 3831.
3000. 1.79328 12.4955 .0023 37868.4 50441.4 69.639 20.17 25. 06 3938.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS. SI UNITSI

7.00 MPA ISOBAR

TEMPERATURE DENSITY V«DH/OV»p tf (OP/OUty (Dtf/DTyV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONOUCTI VI TY DIFFUSIVITY CONSTANT NUMBER

K KG/CU H K J/KG MPA-CU M/KJ HPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10'' X 10^

• 15.968 80 .5666 8'»it.9 •24430 128.2933 . 00760 9 7.46 298.16 .00 066 1. 26411 1 . 962 9

16. 80 .5'»75 8'*5.3 .24413 128. 1504 .0 0761 97. 70 297 . 0 3 • 00 068 1. 26 40 4 1 . 9549
17. 79 . 91'»3 8<f 8.5 • 23 909 122.1251 .00806 10 3.53 265 . 1

2

• 0 0 0 6 8 1 • 261 80 1.7503
18. 79.258 8 8'»9 . 6 > 23410 116. 04S9 .00850 10 8. 06 2 3 9.40 .0 0 068 1. 25943 1.6006
19. 78.5724 850.1 .22924 110.2150 .00894 111.27 218.17 .00067 1. 25706 1.4897
20. 77.8601 850. i« .22459 104.7199 .0C935 114. 31 200.45 .00066 1^25455 1. 3945
22. 76.3500 851.1 .21557 94.6381 .01012 120.32 172.53 .00066 1.24923 1.2355
2<». 7l».7<fei 8'»0.7 .20730 84.0149 . 01107 123. 77 151.72 .00064 1. 24361 1. 1404
26. 73. 0 392 82 7.1 . 19956 7 4. 0361 .01209 125. 26 135. 47 • 00 062 1.23 764 1.0 815
28. 71. 2161 810 .7 . 191 94 64. 7641 . 01323 125. 26 122. 32 .00 059 1.23128 1 .0473
30. 69.2709 79 0.3 . 18445 55.9936 . 01452 124. 15 111. 36 .00056 1.22452 1.0292

32. 67.1955 768 «

5

. 1 76 83 48 . 0249 . 01593 121.29 101. 97 .00 05 3 1. 21734 1.0 291
31*, 6<*. 9888 7i»5. 2 .16925 40 .8590 . 01749 117. 94 93.78 .00050 1. 20973 1. 0361
36. 62 . 6'»7'f 721.3 .16175 34. 4949 . 01921 114.26 86.51 . 0 0 047 1 • 20169 1.049 3

38 . 60 . 170 9 696.5 .15431 o a a B ft ^28.8802 • 02113 110.31 8 0.00 • 30 0 45 1 . 1932 3 1.06 75
<»0. 57.5659 672.8 .14712 24.1448 .02311 106. 22 74.14 .00043 1^18437 1.0851
<»2. 5«».8551 650.9 .13999 20. 1923 .02509 1C2.05 66.90 . 00041 1.17520 1.1027
'»'»• 52.0711 632.3 .13299 16. 9826 • 02697 98. 27 64. 24 . 00040 1. 16583 1.1149
(•6. "9. 258'* 619.0 . 12577 14.4590 .02856 94. 94 60 . 18 .00 039 1.15642 1.1208
1*8 . '*(>»i*7i6 610 . 8 . 11947 12.5758 . 02958 91 . 76 56.70 . 00 039 1. 14714 1.1165
50 • '»3. 772 9 60 6. 7 .11397 11.1370 .03014 88. 86 53. 79 . 00040 1. 13821 1. 1068

55 . 37. 691

3

61 5 . B . 103 32 9. 0234 . 02917 82.99 48. 72 . 0 0 0 44 1 . 11 825 1.05 47
60 . 32.8099 6'»6.'« .0 96 32 8.138 2 • 02613 79.22 46.02 . 00051 1 . 10 241 . 961

3

65. 29. 0 283 69 0.1 • 09122 7.7421 . 02294 77. 57 44. 77 ,00061 1.090 24 . 91 3 9
70 . 7i»2 . 6 . 0 87 20 7.56 35 . 02018 76. 67 44.34 ,00071 1 • Do 0 79 . 8646
75. 23.7060 800.9 .08383 7.4338 . 01792 76. 08 44.42 ,03031 1. 07323 .3379
80. 21.7779 863.3 . 08084 7.4491 .01609 76.58 44.82 .00091 1^06718 .8129
90 . 18.8139 997 • 8 . 07550 7.4304 .01336 80.65 46 . 26 .00116 1 • 05 785 . 7644

100. 16. 6298 11<«2 • 1 • a 70 86 7.4325 • 01144 84. 78 46. 17 .0 0140 !• 05102 . 7424
110. 1<».9503 1302.1 .06597 7.4318 .01003 88. 37 49.34 . OC 164 1. 04578 . 7253
120. 13. 6060 l'«63. 0 .06216 7.4343 .0 0891 9 3.71 51. 35 •00190 1^ 04160 .7140

I<f0. 11.5 7'»5 1795.0 . 05665 7.4231 . 00737 10 4.23 55. 72 .00245 1.03531 .7072
160. 10.1003 2135.'* • 0 5266 7. 4137 . 00631 115, 45 60 .24 • 0 030 5 1.03077 .7034
180 . 8 . 97<»6 2<»78.3 . 0 4975 7.3960 .00554 126.87 64. 75 . 00371 1. 02730 . 7005
200. 8.0 83<» 2819.5 .04760 7.3773 . 00494 138. 15 69. 20 • 00441 1. 02457 .6981
220. 7.3585 3158.0 .04593 7.3538 .00447 149. 10 73.57 .03517 1.02235 .6964
2<»0. 6.7563 3i»91.1 .04477 7.3410 . 00408 159.65 77.65 .0C597 1. 02051 .6949
260. 6. 2'»7'» 3818.7 . 04386 7.3243 .00376 169. 79 82.05 •03682 1.01895 .6936
280 a 5.8112 <«1<«0 • It . 04317 7. 3037 . 0C348 179. 53 86 . 17 .00771 1.01762 .6525
300 . 5 .'307 .04264 7.300 2 . 00324 133. 91 90 .20 .0 0 865 1. 01646 .6912
350. '».67lf3 5229.8 .04182 7. 2663 .00278 210. 97 99.97 .01113 1. 01415 .6689

kOO. <t.lO<»6 5979.2 . 04138 7.2384 . 00243 231.50 109.33 .01395 1. 01 242 . 6874
ksa. 3.6596 6717.8 . 04111 7.2154 . 00217 250.95 118. 34 .01696 1. 01107 .6864
500 • 3.3021 7'»56.3 .040 90 7.1961 . 0 0195 269.63 127. 04 . 02019 1. 00 998 .666 0

550. 3.008 5 819 3. 0 . 040 73 7,1799 . 30178 287. 79 135.48 . 3 2 365 1. 00939 .6356
600. 2.7630 6933. i> .04056 7.1661 .00163 305.59 143. . 32732 1. 00835 .6652
650. 2.55i|7 9677.8 .04039 7.1541 .00151 323.15 151.65 .33121 1.00772 .6848
700. 2 . 3 756 10<*31 .If . 04020 7.1437 . 00 140 340.53 159 . 44 . 33530 1.03718 .6345
750. 2.2200 11193.

7

.03999 7.1346 . 00131 357. 93 167. 06 .03960 1. 00670 .6842
800. 2. 0 836 11967 .2 .03975 7. 1266 . 00123 375. 26 174 . 53 .0440 9 1. 00629 .6839
850. 1.9630 12753.8 .03948 7. 1194 . 00116 392. 61 181 .65 .04877 1. 00593 .6638

900. 1.8556 1355i».6 .03919 7.1130 .03109 410.01 189.04 . 05364 1. 03 560 .6837
950 . 1 . 759'f 1 '»370 .

7

.03888 7.1072 . 00104 42 7. 49 196. 12 . 05668 1.00531 .6638
1000. 1.6726 15232.5 .03354 7.1020 . 00099 445. 05 203.08 .06390 1. 00505 .6840
1100. 1.5225 16903.2 . 03786 7.0930 .00090 475.56 216.71 .07413 1.00459 .6912
1200. 1.3972 18662.6 .03715 7.0854 .00082 511.01 229.97 .08568 1. 00422 .6916
1300. 1.2909 20479.9 .03642 7.0789 .00076 546. 89 242.92 .09790 1.00339 .6920
i<»oa. 1.1996 22352. i» .03570 7.0733 . 00071 583.19 255.58 .11076 1.00362 .6925
1500. 1.1201* 24276.1 . 03500 7.C685 . 00066 619. 84 267.97 •12426 1.00338 .6929
1600. 1.0510 26231.2 .03434 7.0 64 3 .00062 656.44 280.12 .15841 1.03317 .6932
1700. .9897 28229.0 .03372 7.0605 . 00058 693. 39 292.04 .15320 1.00299 .6934

1800. .9352 30274.7 .03312 7.0570 .00055 731. 02 303.73 .lb868 1. 03232 .6931
2009. .8t>23 34570.3 .03190 7. 0508 . 00050 610.99 326.48 .20200 1.03254 .6908
2200. .766 0 39370.8 .03049 7.0445 .00045 906.09 344.90 .23947 1.00231 .6769
2i>00. .7022 45083.5 .02870 7.0362 .00041 1032. 24 366.29 .28321 1. 00212 .6631
2600. .6't76 52338.9 .02643 7.0234 .00033 1213.24 387.29 .33619 1. 00195 .6404
2800. .6000 61950.2 . 02371 7.0022 . 00036 1479.53 408.11 .40139 1.00181 .6101
3000. .5576 74837.9 .02075 6. 9679 .00033 1665.56 429.01 .46061 1.00166 .5763
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYOROGEN <ISOBARS, SI UNITS)

7.50 MPA ISOBAR

TEMPERATURE

16.111
17.
18.
19.
20.
22.
2<».

26.
28.
30 .

32.

3i».

36.
38.
40 .

W.
<»<!.

(»8.

50.
55.

VOLUME

CU M/KG

.01238

.Q12i»6

.01256

.01267

.012 78

.01303

.01330

.01360

.0139<»

.01'*3i

.01'«73

.01521

.0157i>

.01635

.01703

.01781

.01868

.01966
,0 20 7<t

.02191

.02519

ISOTHERM ISOCHORE
DERIVATIVE DERIVATIVE
CU M-MPA/KG MPA/K

1.61<»6

1.5650
1. 5002
l.'«<»17

1.3818
1.2728
1.16'«l«

1.05<tl
.9521
.8521*

.7585

.6721.

.5936

.5228

.l»611

.1*061

.36i»7

.3296

. 30 27

.2838

.2612

1.006
.9870
.9910
.9899
.98<»9

.9655

.9385

.9058

.8682

.8260

.7798

.7309

.6809

.6304

.5797

.5300

.<t82<«

.i»379

. 3971

.3603

.2856

INTERNAL
ENERGY
KJ/KG-K

222.9
228.1
23i».i»

2i»0.9

2i»7.8
262. i>

278.1
291..

9

312.9
331.9
352.

1

373. 3

395.5
'»18.6
1*1*3.0

<«68.1
'93. 7

519. *»

5l»5.8

572.2
636. i«

ENTHALPY

KJ/KG

315.7
321.6
328.6
335.9
3<»3.6

360.1
377.9
397.0
'»17.i»

'(39.3
<«62. 6

i»87.3

513.6
5'»1.<»

570. 8

6Q1. 7

633.9
666.8
701.3
736.5
azs.i*

ENTROPY

KJ/KG-K

li».2'»7

lit. 606
15.00«.
15.lf01

15.797
16.583
17.355
18.117
18.871*
19.628
20.380

21.131
21.881
22.63«t
23.387
2'».139
2'«.888
25.620
26. 35<»

27.072
28.767

CV

KJ /

l».97

S.li*

5.31
5.1*6

5.60
5.82
6.00
6.1i«

6.27
6.37
6.41*

6.50
6.55
6.58
6.60
6.61
6.62
6.67
6.71
6.73
6.77

CP

KG-K

6.52
6.78
7.17
7.5i»

7.89
8.55
9.21
9.89

10.57
11.29
12.01

12.75
13.52
li«.30
15.06
15.78
16.1*2
17. D2
17.1*6

17.71
17.67

VELOCITY
OF SOUND

M/S

11*55.
11*37.

11*23.
11*10.

1396.
1368.
1337.
1302.
1267.
1229.
1189.

111*8.

1107.
1066.
1026.
987.
951.
917.
883.
86<>.

826.

60. . 0 28 77 .261*1 .2319 696.1* 912.1 30.278 6 . 74 16. 85 812 .

65. .0 321*1 .2798 .1938 750.9 993.9 31.586 6. 72 15.89 813.
70. .03602 .3009 .1661* 801.1 1071.3 32.734 6.73 15.09 821.
75. .03958 .321*8 .11*60 8<*8.3 1145.1 33.753 6.76 14.47 834.
80. .01*306 .3501 .1302 893.3 1216.2 34.671 6.82 14.01 848.
90. .01*983 .1*017 .1076 979.1. 1353.1 36.285 7.00 13.43 878.

100. .05637 .1*531* .0920 1063.0 1485.8 37.682 7.23 13.16 909.
110. .06271* .501*1 . 0806 111*8. 0 1618.5 38.946 7.57 13.14 936.
120. .06889 .5525 .0716 1232.1* 1749.1 40.083 7.84 13.13 962.
1<»0. .08097 .61*81 .0589 11*05.1 2012.4 42.112 8.36 13.28 1015.

160. .09278 .71*07 .0503 1581*. 1. 2280.2 43.899 8.81 13.52 1066.
180. .101*1*0 .8310 .01*1*0 1769.9 2552.9 45.504 9.18 13.76 1116.
200. .11589 .9199 .0392 1960.9 2830.0 46.965 9.48 13.96 1164.
220. .12728 1.0 071* .0353 2156.1. 3111.0 48. 303 9.72 14.13 1210.
2ii0. .13860 1.091*0 . 0 322 2355.5 3395.0 49.539 9.91 14.27 1255.
260. .11*987 1.1800 .0295 2557.3 3681.3 50.686 10. 05 14.37 1299.
2Sa. .16109 1.2651* .0273 2761.2 3969.4 51.753 10.16 14.44 1341.
3 00. . 1 72 3 7 1.3521* .0251* 2967.8 4260.5 52.755 10.23 14.1*9 1384.
350. .20020 1.5628 .0217 31*85. 2 1*986.7 54.994 10. 34 14.55 1483.
400. .22792 1.7719 .0189 1*005.0 5714.4 56.938 10.38 14.56 1577.

1*50. .25558 1.9801 .0168 1*525.8 6442.6 58.653 10.39 14. S6 1666.
500. .28320 2.1878 .0151 501.5.7 7170.7 60.186 10.41 14.56 1750.
550. .310 79 2.3951 .0137 5567.

8

7898.

7

61.575 10.42 14.57 1830 .

600. .33835 2.6021 .0125 6089.7 8627.4 62.839 10.43 14.58 1907.
650. . .36591 2.8090 .0116 6612.3 9356.6 64.0 03 10.45 14.59 1980.
700. .3931*5 3.0157 .0107 7136.2 10087.1 65.093 10.49 14.62 2051.
750. .1*2098 3.2223 .0100 7662.1 10819.4 66.105 10.53 14.66 2118.
800. .1*1*851 3.1*289 .0091* 8189.9 11553.7 67.053 10.57 14.71 2184.
850. .1*7603 3. 6351* . 0088 8720.1. 12290. 7 67.946 10.63 14.76 2247.
900. .50351* 3.81*18 .0083 9251..

0

13030.6 68.791 10.70 14.63 2307.

950. .53106 1*. 31*82 .0079 9791.

0

13773.9 69.593 10.78 14.91 2366.
lOOD. .55857 I*. 251*6 .0075 10331.7 14521.0 70.359 10.36 14.99 2423.
1100. .61359 l».6673 .0068 111*27.5 16 0 29.4 71.786 11.04 15.17 2532.
1200. .66860 5.0799 .0 063 1251*2.7 17557.2 73.107 11.24 15.37 2635
1300. .72360 5.1.921* .0 058 13678.5 19105.5 74. 346 11.45 15.58 273i
11*00. .77860 5.9050 .0 051* 11*835.6 20675.3 75.517 11.68 15.60 2827.
1500. .83360 6.3175 .0050 16014.8 22266.

8

76.629 11.90 16. C3 2917.
1600. .88860 6.7299 .001.7 17211*.

6

23879.1 77.662 12.12 16.25 3003 .

1700. .91*361 7.11.21* .001*1* 161*36.3 25 513.4 78.648 12. 34 16.46 3087.
1800. .99861 7.551*9 .001*2 19680.

3

27169.9 79.594 12.55 16.68 3168.

2000 . 1.108 69 8.3798 . 0037 22238.

0

30553.1 81.387 13.02 17.15 3323.
2200. 1.21897 9. 201.6 .0031* 248 95.0 34037.3 83.039 13.61 17.77 3466.
21*00. 1.329 79 10.0295 . 0031 276 94.7 37668.1 84.613 14.44 18.65 3599.
2600. 1.1*1*176 10.851.1* . 0029 30706.

1

41519.3 86.154 15.66 19.99 3721.
2600. 1.55591 11.6792 . 0027 34034.0 45703.3 87.708 17.45 21.98 3834.
3000. 1.67378 12.501*0 .0025 37819.0 50372.4 69.327 19.97 24.63 3941.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

7.50 MPA ISOBAR

TEMPERATURE DENSITY V(DH/OV»p VIOP/DUL, -VJDP/OVU (DV/DTL/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTLVIP CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER
K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SQ M/HR

16. Ill 80. 8066 B'»5. 2 . 250 1.6 130 . 1*681 . 00771 99. 00 301.68 .00 06 8 1 . 261.96 1. 9861
17. 80.2397 862.8 .2391.0 125.5719 .00786 1DI..16 272.27 .00069 1.26295 1.7728
18. 79.597J» 861*.

0

.231.1.5 119.1*158 .00830 108.30 21*5.65 .00069 1.26066 1. 6189
19. 78.92«»7 86 6.1 .22961. 113. 7857 . 00870 112.10 223.70 .00068 1.25830 1.5038
20. 78.2256 865.9 . 22503 108.0897 . 00911 115. 22 205.38 .00067 1.25583 1.1.0 63
22. 76.7506 865.1* .21622 97.6872 . 00988 121. 1.2 176.65 .00067 1. 25iJ6i* 1. 21* 1*5

2<i. 75.1870 859.1 .20811 8 7.51*52 .01072 125.01. 155.27 .00065 1.21*515 1.11.36

26. 73.521*3 81*6.1 .20050 77.5035 .01169 126.69 138.61. .00063 1. 23933 1.0621
2B. 71.7513 832.1 .19299 68.3162 . 01271 126.81. 125.23 .00060 1. 23311* 1.01. 1*1

30. 69.8 72 1» 813.7 .18569 59.5581 .01387 125.90 111.. 11 .00057 1.22661 1.0228
32. 67.87V3 793.1 .17827 51.1*795 . 01515 123.21 101.. 63 1.21968 1.0202

3<». 65.7579 771.1* .17090 1*1*. 2139 . 01653 120.01* 96.38 .00052 1. 21238 1.0239
36. 63.5235 71.8.7 . 16362 37.7079 . 01806 116. 51* 89. 11 . QC01.9 1.201*70 1.0336
38. 61.1683 72 5.6 .15650 31.9773 .01971 112. 79 82.60 . 0 001.6 1. 19663 1.0'.76
ita. 58.7037 703.1 .11.966 27.0681* . 0211*2 108.89 76.76 . 0001.'. 1.18821. 1.061'.

1*2. 56.1i»i«9 682.2 .11.281. 22.9137 .02313 101*. 92 71.52 . 00 01.3 1.17956 1.0756
1*1*. 53.5192 661..

6

.13609 19.5199 . 021*71 101.02 66.86 . 0001.1 1. 17070 1.0870
1*6. 50.8635 651.5 .12901. 16.7631 .02612 97.79 62.76 . 0001.1 1.16178 1.0923
<»8. i«8.2196 61.1.8 .12280 11*. 591*1* . 02721 91*. 72 59.21 . 00 01*0 1.15295 1.0916
50. '5.6339 636.8 .11726 12.9517 .02782 91.86 56.19 . 3001*1 1. 11.1.36 1.0837
55. 39.6919 61.1.5 .10630 10.3687 .02751* 85. 91* 50.75 . 0 0 01.'. 1.121.79 1. 01*35

60. 3^^.76^l^5 667.3 .09892 9.1818 .02526 81.93 1.7.68 .00050 1. 13873 .9807
65. 30.857<t 707.8 . 0931.2 8.631*7 . 0221*5 79.98 1.6.11. .00C59 1.09611 .9166
70. 27.7609 757.1. .08908 8.3531* .01992 79.02 1.5.52 .00066 1.08618 .8692
75. 25.2673 813.1. .0851*1* 8.2067 .01779 78. 00 1.5.1.5 .0G077 1. 07823 .81*30

60. 23.2233 871..

3

.08225 8.130 3 . 01602 78.30 1*5.73 .00067 1.07175 .8160
90. 20.0686 1006.7 .07661 8.C611* .01331* 82. 12 1*6.97 .00110 1. 06179 .7681.

100. 17.7'»0'» 1 15 0 . 1. .07177 8.01*1*0 .0111*1. 86.08 1.8.71. .0C133 1.051. 1.9 .71.50

110. 15.9399 1310.9 .06677 8.031*8 .01003 90.10 1.9.87 .00155 1.01.886 .7276
120. lit. 5160 11.70.1 .06291* 8.0200 . 00893 91*. 76 51. 79 .00179 1. 01.1.1.3 .7176
1<>0. 12.3i«98 1803.3 .05709 8.001*1* . 00736 105.01 56.03 .00231 1. 03771 .7085

160. 10 . 7781* 211*1*.

2

.05302 7.9832 .00631 116.05 60.1*7 .00287 1. 03286 .7046
180. 9.5788 2«.87.7 .05005 7.9601 . 00553 127. 3«. 64.93 .0C348 1. 02916 .7015
200. 8.6291 2829.5 .01.786 7.9369 .001.93 138.52 69.35 .00414 1. 02624 .6990
220. 7.8567 3168.6 .01.621 7.911.5 .001.1*6 11.9.1*0 73.70 . 0D484 1. 02387 .6972
2<*0. 7.21«*9 3502.2 .01.1.97 7.8931. .001*07 159.91 77.96 .00559 1. 02191 .6956
260. 6.6725 3830.3 .01. '.01* 7.8737 .00375 170.01 82.15 .0D638 1. 02025 .6942
280. 6.2076 1*152.5 .01*333 7. 8553 .0031*8 179. 72 86.25 .00722 1. 01883 .6931
300. 5.8015 1*1*71*.!* .0'*278 7.81*57 .00321* 189. 07 90.28 .00810 1. 01759 .6917
350. <*.9950 521*3.1* . 01.191. 7.8062 . 30277 211.09 100.03 .01046 1. 01513 .6893
1*00. '*.387i* 5993.2 .01.11.8 7.7739 . 0021*3 231.60 109.38 .01305 1. 01328 .6877

<*50. 3.9126 6732.1 .01.121 7.7473 . 00216 251.03 118. 38 .01587 1. 01184 .6866
500. 3.5311 71*70.8 .01.098 7.7252 .00195 269. 70 127. 08 .01888 1. 01068 .6861
550. 3.2176 8237.6 . 01.080 7.7061. .00177 287.85 135.51 .02211 1. 00973 .6857
600. 2.9555 891*8.2 .01.063 7.6905 .00163 305.61* 143.70 .02554 1. 00893 .6853
650. 2.7329 9692.7 .01.01.5 7.6768 . 00151 323. 20 151.67 .02917 1. 00826 .6849
700. 2.51*16 101*1.6.1. . 01.026 7.661.8 .0011.0 31*0.62 159.46 .03299 1. 00768 .6846
750. 2.3751* 11208.8 .01.001. 7.651.3 . 00131 357.96 167.08 . 037C1 1. 00 718 .6842
800. 2.2296 11982.1. .03980 7.61.51 .00123 375.29 174.54 .01*120 1. 00673 .6840
850. 2.1007 12769.1 .03953 7.6369 . 00116 392. 61* 181. 87 .04558 1. 00634 .6838
900. 1.9859 13570.0 .03921. 7.6295 .00109 1*10.01* 189.06 .05012 1. 00600 .6838

950. 1.8830 14386.2 .03892 7.6229 . 00104 427.52 196.13 .05483 1. 00568 .6838
1000. 1.7903 15218.2 .03858 7.6169 .00099 445.08 203 .09 .05971 1. 0J540 .6840
1100. 1.6298 16919.0 .03790 7.6065 . 00090 475.56 216.72 .06925 1. 00492 .6913
1200. 1.4957 18678.6 .03718 7.5978 .00062 511.01 229.98 .08004 1. 00451 .6916
1300. 1.3820 20496.2 .03645 7.5904 .00076 546. 89 242. 93 .09144 1.00417 .6921
1400. 1.2843 22368.9 .03573 7.5840 .00071 583.18 255.59 .10345 1. 00 387 .6925
1500. 1.1996 24292.8 .03502 7.5785 . 00066 619. 83 267.98 .11605 1. 00362 .6930
1600. 1.1254 26247.9 .03437 7.5736 . 00062 656.42 280.13 .12926 1. 00339 .6933
1700. 1.0598 28245.2 .03374 7.5693 .00058 693. 35 292.04 .14307 1. 00320 .6934
1800. 1.0014 30289.8 .03314 7.5654 . 00055 730.93 303.73 .15752 1. 00302 .6932

2000. .9020 34578.2 .03193 7.5583 . 00050 810.60 326.49 .18860 1. 00272 .6909
2200. .8204 39357.4 .03053 7.5512 .00045 904.87 344.90 .22349 1. 00247 .6772
2400. .7520 45019.9 .02878 7.5422 . 00041 1329.10 366.28 . 26413 1. 00227 .6639
2600. .693 6 52174.8 .02655 7.5286 .00038 1206. 28 387.28 .31321 1. 00209 .6418
2800. .642 7 61608.2 .02388 7.5063 .00036 1465.86 408. 06 . 37351 1. 00194 .6120
3000. .5974 74211.9 .02096 7.4705 . 00033 1841.20 428.95 .44676 1. 00180 .5785
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN <IS08ARS, SI UNITS!

8.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CW CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/K6 KJ/KG-K KJ / KG-K M/S

16. 253 .ai23<» 1.6<*20 1. 010 223. 3 322.0 11*. 257 l*.99 6.53 11*65.
17. 1.&G09 .9901 227.7 327.0 11*. 557 5.13 6.73 11*50.

18. .01251 1.51*00 .991*9 233.8 333.9 11*. 953 5.30 7.11 11*37.
19. .01262 1.1*780 .991*7 21*0.3 31*1.2 15.31*7 5.1*6 7.1.8 11*21*.

2a. .01273 l.'*176 .9901* 21*7.

1

31*8.9 15.71*0 5.59 7.83 11*09.

22. .31296 1.3071* .9726 261 .5 365.2 16.519 5.82 8.1*9 1382.
2<». .01323 1.2048 .91*69 277.0 382.8 17.286 6.00 9.12 1351*.
26. .013 52 1.0957 .9153 293.6 1*01.7 18.039 6.11* 9.78 1320.
28. .0138i> .9928 . 8791 311.2 1*21.9 18. 787 6.27 10.1*1* 1286.
30. .01(»2C .8935 . 8385 329.9 1*1*3.5 19.531 5.37 11,13 121.9.
32. .01<>6a .7993 .7939 31*9.7 1*66.1* 20.271 6.1*5 11. 83 1210.

3(». .0150't .7131* .71.65 370.1* 1*90.7 21.009 6.51 12.52 1171.
36. .51551* .631*5 .6978 392.1 516.5 21.7tti* 6.56 13.21* 1131.
38. .01611 . 561*'* .61*89 1*11*.

8

51*3.7 22.1*79 6.60 13.95 1093.
(fO. .ai6 7<» . 5021* .5998 1*38. 3 572.3 23.212 6.61 11*. 61* 1055.
1*2. .ai7<»5 .i*i*7l* .5516 1*62.6 602.2 23.91*3 6.62 15.31 1017.
1*1*. .0182<» .1*026 .5050 1*8 7.5 633.5 21*. 669 6.63 15.91 983.
46. .01912 .361*7 .1*611 512.1* 665. 3 25.376 6.68 16.1.9 91.9.
l»8. .02009 .3360 .1*206 538.0 698.7 26. 087 6.71 16.91 920.
50. . 02111* .3135 .3835 563.7 732.8 26.781* 6.71* 17.22 895.
55. .021*08 .281*7 .3071 626.9 819.6 28.1*37 6.78 17.31* 853.

.J

60. .02732 .2819 . 2508 686. 7 9D5 .

3

29.930 6.76 16.75 836.
65. .03068 .2941 .2100 741.6 987.0 31.237 6.74 15^91 833.
70. .03403 .3128 .1602 792.4 1064.6 32.388 6.74 15.16 839.
75. .03734 .3348 . 1589 840.

1

1138.8 33.413 6.77 14.57 849.
80. .04059 .3590 .1408 885.7 1210.4 34. 337 6.83 14.11 861.
90. .04694 .4096 .1160 972.7 1348.3 35.962 7.01 13.53 869.

lOfl. . 05309 .4605 . 0991 10 57.1 1481.9 37. 370 7.24 13.24 918

.

110. .05908 .5107 .0866 1142.7 1615.4 38.640 7.58 13.22 944.
120. .06494 .5604 .0771 1227.

8

1747,, 3 39.789 7.85 13.22 971.
140. .07623 .6547 .0632 1401.3 2011.2 41.823 8.37 13.33 1021.

160. .08733 .74 75 .0539 1581.2 2279.8 43.615 8.82 13.56 1072.
180. .09825 .3380 .0471 1767.1 2553.2 45.225 9.19 13.79 1121.
200. .10904 .9270 .0419 1958.5 2830.8 46.688 9.49 13.99 1169.
220. .11974 1.0148 .0377 2154.2 3112.2 48.028 9.73 14.15 1215.
240. •13037 1.1016 .0343 2353.6 3396.5 49.266 9.91 14.28 1260.
260. •14095 1.1877 .0315 2555.6 3683.2 50.413 10.35 14.38 1303.
280. .15148 1.2733 .0292 2759.7 3971.

6

51.482 10.16 14.45 1346.
300. .16207 1.3605 .0271 2966.5 4263.0 52.485 10.24 14.50 1388.
350. .18818 1.5711 . 0231 3 484.2 4989.

6

54.725 10.34 14.55 1487.
400. .21418 1.7803 .0202 40C4.2 5717.7 56.670 10.38 14.57 1581.

450. .2 40 1 2 1.9885 .0179 4525.1 6446.1 58,385 10.39 14.56 1669.
500. .266C2 2.1963 .0161 5046.2 7174.3 59.919 10 .41 14.56 1753.
550. .29188 2.4036 .0146 5567.4 7902.4 61.308 10.42 14.57 1833 .

600. .31773 2.6107 .U134 6089.4 8631.2 62.573 10 .1*3 14.58 1910.
650. .34356 2.8175 .0123 6611.9 9 360.5 63.737 10.46 14.60 1983.
700. .36939 3.Q243 .0114 7136.0 10091.1 64.826 10.49 14.62 2054.
750. .39520 3.2309 .0107 7661.8 10823.4 65. 838 10.53 14.66 2121.
800. .42101 3.4375 .OlOti 8189.7 11557.7 66.786 10.57 14.71 2186.
850. •44681 3.5440 .0094 8720.3 12294.8 67.679 10.63 14.76 2249.
900. •47261 3.8504 . 0 089 9253^9 13034.

7

68.524 10.70 14.83 2310.

950. .49840 4.0566 .0 084 9790^9 13 778.

1

69.327 10.78 14. 91 2369.
1000. .52419 4.2632 .0080 10331.6 14525.1 70.092 10.86 14.99 2426.
1100. .57577 4.6758 .0073 11427.5 16033.6 71.519 11. Q4 15.17 2534.
1200. .62735 5.0 885 .0067 12542.6 17561.4 72.841 11.24 15.37 2637.
1300. .67891 5.5010 .0062 13678.5 19109.8 74.080 11.45 15.58 2735.
1400. .73048 5.9135 . 0 057 14835.

7

20679.6 75.250 11.68 15.80 2629.
1500. .78204 6.3260 .0053 16014.8 22271.1 76.362 11.90 16.03 2919.
1600. .83361 6.7385 .0050 17214.6 23883.4 77.396 12.12 16.25 3005.
1700. .88517 7.1510 . 0047 16436.

3

25517.7 78.382 12.34 16.46 3089.
1800. .93674 7.5634 .0044 19680.1 27174.1 79.328 12.55 16.68 3170.

2000. 1.03993 8.3883 .0 040 22237.3 30556.6 81.120 13.02 17.15 3325.
2200. 1.14331 9.2132 .0 036 24892.

8

34039.3 82.772 13.60 17.75 3468.
2400. 1.24718 10.0380 .0033 276 88.4 37665.8 84.344 14.41 18.62 3601.
2600. 1.35210 10.8629 . 0031 30690.9 41507.6 85.881 15.61 19.92 3723.
2800. 1^45899 11.6877 .0029 340C1.4 45673 .4 87.429 17.75 21.86 3837.
3000. 1.56927 12.5126 .0027 37756.2 50310.4 89.037 19.79 24^63 3944.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

8.00 MPA ISOBAR

TEMPERATURE DENSITY

KG/CU M

V(OH/OW)„

KJ/KG

V<DP/DU)., V(OP/OV)L. <DV/DT)/V THERMAL VISCOSITY THERMAL OIELECTRIC
' P COMOUCTIVITY DIFFUSIVITY CONSTANT

MPA-CU M/KJ
X 10,2

MPA 1/K W/K-M
X 10^

KG/M-S SQ M/HR
X 10^

PRANDTL
NUMBER

1 6. 253 0 1 . U cod 86 0 • 5 • 2*t956 1 o O* U H f H .00759 10 0. 1*7 3 04 • 7 3 • 0 C 0 6 8 1 • 26 5 73 1.9807
17. 80.5578 876.8 .23972 128.961.9 .00768 101*. 78 279.55 .00070 1. 261.07 1.7960
18. 79.9223 87 9.9 .23i»80 123.0811* . 00808 109. 51 251.89 .00069 1. 26183 1. 6360
19. 79.2669 880 .9 .2300<« 117.1587 . 0081*9 112.90 229.28 .00069 1. 25951 1.5189
20. 78.5812 88J.8 .225*»7 111.391*2 . 00889 116.11 210.37 .00068 1. 25709 1.1*188
22. 77.1386 883. It .21681 100.81*83 .00961* 122.1*9 180.78 .00067 1.25201 1.2531
21*. 75.60't9 877. i» .20886 91.0901 . 0101*0 126.25 158.77 .00066 1.21.662 1.11*70

26. 73.9871 665.9 . 2013(» 81. 0675 .01129 128.07 11*1.79 . 00061. 1.21.095 1.0823
28. 72.2675 85 2.(» .19397 71. 71*71* . 01225 128. 38 128. 13 .00061 1. 231*91* 1.0421*
30. 70.'«'»57 835.3 .1868i« 62.91*21* .01332 127.60 116.83 .00059 1.22860 1.0188
32. 68.516't 815.8 .17960 51*. 761*1 .011*50 125. 05 107.23 .00056 1. 22191 1.011.1

31*. 66.'»798 795.6 . 172<»2 1*7.1*290 .01571* 122. 01* 98.93 .00053 1.211*87 1.0150
36. 6<».3373 771*.

3

.16529 1*0.8199 . 01709 118. 71 91.62 .00050 1.2071*9 1.0215
38. 62.0887 753.1* .158i»i» 35. 01*56 .01852 115. 12 85.10 .0001*8 1.19978 1.0312
i>0. 59.7<»29 732.'* .15188 30.0121 . 01999 111. 1*0 79.26 . 0 0 01*6 1.19177 1.01*11.

kZ. 57.31'»0 712.0 .ll»537 25.61*29 .02151 107.60 71*. 03 .0001*1* 1.18352 1.0536
1*1*. 5'».82'»7 695.3 .13886 22.0737 . 02288 103.85 69.35 . 0001.3 1. 17510 1.0623
<«&. 52.3052 682.0 .1319'* 19.0751* .0 21*18 100.1*6 65.22 . 0001.2 1.16662 1.0703
'»8. '»9.7865 672.5 .12581 16.7280 . 02511* 97. 1*7 61.61 . 00 01.2 1.15818 1.0688
50. <*7.3102 666.0 . 12027 11*. 8311* . 02586 91*. 68 58.51 . 0001.2 1.11*993 1.061*3
55. <»1.5265 667.7 .10909 11.8232 .02597 88. 73 52. 76 . 0 001.1. 1. 13081 1.0310

60. 36.5979 639.2 .101<»0 10.3163 .021*31 81*. 55 1*9.31* .00050 1.111*69 .9776
65. 32.5995 726.1. .09559 9.5875 .02190 82. 35 1*7.52 .00057 1. 1S173 .9180
70. 29.3897 773.2 .09091* 9. 1931* . 01960 81.11* 1*6.69 .00066 1.0911*0 .8722
75. 26.7843 826.9 .08707 8.9679 . 01762 79.91 1*6.1*8 . 00071. 1. 08307 .8473
80. 2<«.6339 886.2 .08368 8.81*30 .01592 80. 02 1*6.61* .00083 1.07622 .8224
90. 21.3028 1017.1 .07771* 8.721*8 .01330 83.61 1*7.70 .00101. 1. 06568 .7718

100. 16.631*1* 1159. <» .07268 8.6726 . 0111*2 87. 39 1*9.33 .00126 1. 05792 .7475
110. 16. 925'* 1319.3 .06753 8.61*1*3 .01002 91.31* 50.1.3 .0011.7 1. 05191. .7298
120. 15.3987 l't79.6 .06378 8.6301 . 00893 95.82 52.21* .00169 1. 04718 .7207
140. 13.117'» 1812.0 .05751* 8.5880 .00735 105.80 56.35 .00218 1. 01.009 .7098

160. 11.4504 2153.3 .05338 6.5589 . 00630 116. 65 60.71 .00271 1. 03493 .7056
180. 10,1779 2497.3 .05035 8.5295 .00552 127.81 65.13 .00328 1. 03101 . 7025
200. 9.1706 2839.7 .04812 8.5012 . 00492 138.90 69.51 .00390 1.02791 .6999
220. 8.3512 3179.3 .04643 8.4745 .00445 149. 71 73. 83 .00456 1.02539 .6979
240. 7.6703 3513.5 .04517 8.4496 . 00407 160.17 78.08 .00526 1.02330 .6963
260. 7.0948 3842.0 .04422 8.4266 .00374 170.23 82.25 .00601 1. 02154 .6949
280. 6.6C15 4164.6 . 04350 8.4053 .00347 179.91 86.34 .00679 1. 02003 .6936
300. 6.1701 4487.4 .04293 8.3944 .00323 189.23 90.36 .00762 1.01872 .6922
350. 5. 3141 5257.0 .04207 8.3490 . 00277 211. 21 100.09 .00983 1. 01610 .6896
400. 4.6690 600 7.2 .04159 8.3119 . 00242 231.70 109.43 .01227 1. 01414 .6879

450. 4.1646 6746.4 . 04130 8.2815 .00216 251.11 118.42 .01491 1. 01260 .6868
500. 3.7592 7485.3 .04106 8.2561 .00195 269.77 127.11 .01774 1. 01137 .6863
550. 3.4260 8222.3 .04088 8.2348 . 00177 287. 90 135.54 .02077 1. 01036 .6858
600. 3.1473 896 3.0 .04070 8.2166 .00163 305.69 143.72 .02398 1. 00951 .6854
650. 2.9107 9737.6 . 04052 8.2009 .00150 323. 24 151.70 .02739 1. 00880 .6850
700. 2.7072 10461.5 .04031 8.1873 .00140 340.66 159.48 .03098 1. 00818 .6846
750. 2.5304 11223.9 .04009 8.1754 .00131 358. 00 167.10 .03474 1. 00764 .6843
800. 2. 3753 11997.6 .03985 8.1649 .00123 375.33 174.56 .03868 1. 00717 .6840
850. 2.2361 12784.4 .03958 8.1555 . 00115 392. 67 181. 88 .04278 1. 00676 .6839
900. 2.1159 13585.4 .03928 8. 1471 . 00109 410.07 189.07 . 04704 1. 00639 .6838

950. 2.0064 14401.

7

.03896 8.1396 . 00104 427.54 196. 14 .05146 1. 00606 .6839
1000. 1.9077 15233.8 .03862 8.1328 . 00098 445.10 203.11 . 05603 1.00576 .6840
1100. 1.7368 16934.8 .03793 8.1210 .00090 475.56 216.73 .06498 1.00524 .6913
1200. 1.5940 18694.7 .03721 8.1111 .00082 511.01 229.99 .07510 1.00481 .6917
1300. 1.4729 20512.5 .03648 8.1027 . 00076 546. 89 242.94 .08579 1. 00444 .6921
1400. 1.3690 22385.4 .03575 8.0954 . 00 071 583. 18 255.60 .09705 1. 00413 .6926
1500. 1.2787 24309.4 .03504 8.0891 .00066 619. 82 267.99 .10888 1. 00386 .6930
1600. 1.1996 26264.5 .03439 8.0836 .00062 656.41 280.14 .12126 1.00362 .6933
1700. 1.129 7 28261.5 .03377 8.0787 .00058 693.31 292.05 .13421 1.00341 .6934
1800. 1.0675 30 30 5.0 .03316 8.0742 .00055 730. 84 303.74 . 14775 1. 00322 .6932

2000.
2200.
2400.
2600.
2800 .

3000.

.9616

.8747

.8018

.7396

.6854

.6372

34587.0
39347.0
44964.2
52028.1
61300.6
73647.0

.03196

.03057

.02885

.02666

.02403

.02115

8. 0662
8.0583
6.0486
8.0341
6.0108
7. 5735

. 00050

.00045

.00041
, 00038
. 00036
.00033

810.25
903.77
1026.25
1199. 99
1453.49
1819.14

326.49
344.90
366.28
387.27
408.05
428.89

.17687

.20952

.24746

.29316

.31*921

.41728

1. 00290
1.00264
1. 00242
1.00223
1. 00207
1. 00192

.6911

.6775

.6646

.6430

.6137

.5807
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

8.50 MPA ISOBAR

TCMPEilATtIRE T NTFPN Al PNTM&I PYtill nt.tr 1 C V CP
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/K6 QU M-HPA/KG HPA/K KJ/KG-K KJ/KG KJ/KG-K K J / KG-K M/S

• 16.393 .01231 1.6692 1.013 223.7 328.3 14.267 5.01 6. 54 1476.
17, . 0 1237 1 .63 39 1.011 227. 3 332.4 14.5 09 5.12 6.75 1467 .

18 • .01246 1.5 765 .9987 233.4 339.3 14.903 5.29 7.06 1450.
19* .01256 1.5135 . 9994 239. 7 346. 5 15.294 5. 45 7.43 1436.
ZD* .01267 1.4572 .9958 246. 4 354.

1

15 .684 5.53 7.77 1 424 .

22. .01290 1.3409 .9794 260.7 370.3 16.458 5.81 8.43 1395,
Zk. .01316 1.2442 .9545 276.0 387.8 17.218 5.99 9.04 1369.
26. .01343 1.1344 .9246 292. 3 4Q6. 5 17.964 6.14 9.68 1 337,
28. . 0 13 74 1.0 333 . 8 894 30 9. 7 426. 5 18.704 6.2 7 10.32 1304.
30. . 0 1409 .9353 .8502 328.

1

447. 8 19.439 6.37 10.97 1269.
32. .01447 .8422 .8 071 347.4 470.4 20. 169 6.46 11.64 1232.

34. .01489 . 7561 . 7612 367. 8 494. 3 20 . 894 6.52 12. 30 1194.
36. . 0 1536 .6773 .7138 389.0 519.6 21.616 6.57 12 . 96 1156.
38. .01589 .6056 . 6662 546. 2 22 . 3 35 f\ (^1O . Dl 1 7 P.U 4 1 1 A1 1 XO •

<>0. •0 1647 .5428 .618*6 434.1 574.1 23.0 51 6.62 14.28 1082 .

(i2. .01713 .<»862 .5717 457.7 603.3 23.763 6.63 14.91 1046.
<»<>. .01785 .4402 .5261 481.9 633.7 24.469 6.65 15.47 1012.
<»6. •01865 .4012 .4629 506.

1

664. 6 25.157 6.69 15.99 979,
<>8. . 01953 .3691 . 4426 531 .1 697 .

1

25.8 47 6 . 72 16.44 950 .

SO. . 0 20 48 .3449 .4055 556 . 2 730.3 26.5 25 6 . 75 X o . r 7 7 C 7 .

55. . 0 2314 . 30 92 .32 77 618. 3 815. 0 28. 1 39 6.79 17.0 2 860 .

60 . .0 26 1

0

.3010 . 2692 677. 7 899.5 29.612 6.77 16. 61 859.
65. • 0 2919 .30 91 .2260 732.8 980. 9 30.913 6 .75 15.91 853.
70 . .03230 ,3258 . 1941 784.0 1058.6 32. 0 66 6 . 76 15. 20 856.
75 . . 0 3540 9 3 463 .170 0 832 . 3 1133.

1

33.095 6. 79 14.63 864 .

80. .03845 .3688 .1514 878.3 1205.1 34.024 6.84 14.19 875.
90. .04442 .Ifl79 .1246 966.2 1343.8 35.663 7.02 13.61 900.

100 . • 0 50 22 .4679 .1062 1 0 51 • 1478 .

3

37.076 7.25 13.32 928 .

ito. •05587 .5180 . 0 927 1137.5 1 612.

5

38.353 7.59 13. 29 952.
120. • 0 61 4 0 . 5 675 . 0 824 1223.

1

1 745.

1

39.507 7.86 13.28 979 .

140'. • 0 72 0 6 .66 15 . 0 674 1397 •

6

9 ni ft -

?

c U X u . c 41.5^1 8.38 13.37 1027.

160* •08253 . 7544 .0575 15 76.

Q

22 79.6 43 . 3 48 8.82 13.59 1078,
. 0 92 8 3 .8452 . U 7 u c 1 7 6** • 2553.5 4'*. 961 9. 20 13.81 1127.

200. . 10301 .9343 . 0 4'«6 1956 •! 28 31.7 46.427 9.49 14.01 1174.
220. . 1 13 09 1.0 222 . 040 2 2152«

1

3113.

4

47. 770 9. 73 14. 1

7

1220 •

240. .12311 1.1092 .0366 2351.7 3398.1 49.009 9.92 14.30 1265.
260. .13308 1.1955 .0336 2553.9 3685.1 50.157 10.06 14.40 13b8.
280. . 1 430 0 1. 2811 a 0 31 0 2 758 2 3973. 7 51.227 1 0 . 16 14 .47 1350 .

300. .15299 1 .3687 .0288 2 9 65 • 2 4265.6 52.231 10 . 24 14.51 1 392 .

350. . 1 7757 1.5 794 • 0246 31^8 3. 2 4992.

5

54.473 10.34 14.56 1491

.

400 . •20205 1.7887 .0 214 'f 003 • 5720.9 5 6.418 10.38 14.57 1584.

' 450. . 22647 1. 9970 . 0 190 <»52(»* 5 64<»9.5 58 . 134 10 . 39 14.57 1673 .

500. • 250 65 2. 2048 . 0171 5 0'»5 • 6 7177.

9

59. 668 10.41 14.57 1757,
o 7c o n

. £ r 7 c u c . H 1 £ 1 n 1 c R. U 17 t>
cccT n7 r •

u

f 7 U D . c O X . U 7 r
in i»

9

X U . H £ 1 li (5 7X»* . 7 f 1 A 77X O O r .

600 . •29953 2.6192 . 0 142 o o ^ . u 62. 322 10. '4 14.58 1913.
650. .32385 2.8261 .0131 6611.7 9364. <• 63.486 10.46 14.60 1986.
700. •34815 3.0329 .0122 7135.7 10095.0 64.576 10.49 14.62 2056.
750. • 3 7245 3.23 95 • U X J. o 7661 .6 10827.5 65.588 10 .53 14. 66 2124.
800. • 3 96 74 3.4461 • U lUO 8169.5 X 1 9D 1 .

O

66.5 36 in AX U . 7 o 1 71 2169 •

0911

.

i . O 5 1

9

• 0 1 0 J a 7 9 n 1or ^ U . I 1 9 9 Q fl Q t 7 f. 9 Qof . *f C7 in ^7X U . D 0 1 7AX H. r D & C7C .

900. . 4 45 3

1

3.8 590 • 0 0 9 't 9 25 3.7 1 7 n 7 A QX O U O O . 7 68 . 2 7U 10 .70 14 .93 2313 .

950 . . 4 69 5 9 lb n F>c:i.. U D • 0 09 0 9790 . 7 13782.

2

69.0 77 10 . 78 14.91 2371 .

1000. .49386 4.2718 .0 085 10331.5 14529.3 69.842 10.86 14.99 2428.
1100. .54241 4.6844 .0077 11427.4 16037.9 71.269 11. Ct 15.17 2537.
1200. .59095 5.0970 .0071 12542.6 17565.7 72.591 11.24 15.37 2640.
1300. .63949 5.5096 . 0065 13678.5 19114.

1

73.830 11.45 15.58 2737.
1400. .68602 5.9221 .0061 14835.7 20683.9 75.000 11.68 15.80 2831.
1500. .73655 6.3346 .0057 16014.8 22275.

4

76.112 11.90 16.03 2921.
1600. .78508 6.7471 .0053 17214.6 23887.7 77.146 12.12 16.25 3007.
1700. .83361 7.1595 . 0050 18436.3 25521.9 78.132 12.34 16.46 3091.
1800. .88214 7.5720 .0047 19680.0 27176.3 79.078 12.55 16.68 3172.

2000. .97926 8.3969 .0 042 22236.8 30560.5 80.870 13. n 17. 15 3326.
2200. 1.0 7656 9.2217 .0039 24890.8 34041.6 82.521 13.59 17.74 3470^
2400. 1.17429 10.0466 . 0035 27682.6 37664.1 84.091 14.38 18.59 3603.
2600. 1.27299 10.8714 .0033 30677.0 41497.4 85.625 15.55 19.56 3726.
2800. 1.3 7349 11.6962 .0030 33971.8 45646.5 87.166 17.25 21.75 3839.
3000. 1.47708 12.5211 .0028 37699.

1

50254.3 88.764 19.62 2<t.<»4 39«»7.
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TABLE 6

THERHOOYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

8.50 MPA ISOBAR

TEHPERATURE DENSITY V(DH/DV)p tf tOP/DU)y -V(DP/DV»^ (DV/OTy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K K6/CU M KJ/KG MPA-CU M/KJ HPA 1 /K H/K-M KG/M-S SO 1/HR
X 10^ X 1 0^ X 10^

16.393 61.2<^3 875.6 .2i^870 135.6095 .00747 101. 90 307.78 .00069 1.26650 1.9761
17. 80. 870 3 881 .

6

. 2'^'^23 132. 1374 . 00765 105. 39 287. 00 ,00070 1. 26518 1.8379
18. 80.2i«i»9 6')i*.lt .23517 126.5040 . 00789 110.21 258.32 .00070 1, 26297 1.6550
19. 79.6007 895.3 . 230'»5 120.4719 . 00830 113. 70 234.94 .00069 1.26069 1.5346
20. 76.9 312 897.3 .22592 115 . 0148 . 00 866 117. 00 215.46 .00 069 1.25832 1.4307
22. 77.5153 6<)i*.B .21739 103.9436 . 00942 123.54 184.95 .00068 1. 25333 1.2623
2<*. 76.0156 895. l» . 209'^7 94.5794 .01039 127. 46 162.34 .00 067 1.24806 1.1510
26. 7«». '•371 88'*.

1

.20215 61*. 1*1*1.3 . 01095 129. 43 144.95 . 00 065 1 . 242 52 1.0841
28. 72.7598 872.5 . 19'^87 75.1825 . 01183 129.87 130.99 .00062 1.23666 1.0411
30. 70.9918 857.1 .18788 66.4015 . 01280 129. 23 119.51 .00060 1.230 50 1.0149
32. 69.12'»8 839. . 180 8 3 58.2147 . 01386 126. 82 10 9. 79 .00057 1 . 22 401 1.00 75

31*. 67. 1598 823.3 .17382 50. 7768 .01499 123. 95 101.41 .00054 1.21721 1.0061
36. 65 . 0 992 800 .6 . 16687 44.0922 . 0 16 19 120. 77 94, 06 .00 052 1 . 210 11 1.00 95
38. 62.9M>2 780.3 .16018 38.1217 o 01748 117. 34 87. 52 .00049 1. 20 271 1.0171
<>0. 60.7011 76 0 . <» . 15389 32. 9474 . 01878 113. 76 81.67 .0C047 1.19504 1,0250
1*2. 58.38<»6 7'»0.6 .l'^762 28.3870 . 02014 110. 11 76.43 . 00046 1. 13715 1.0353
kk. 56. 0125 72i» .7 . If^lSS 24.6546 .02134 106. 49 71. 74 .00044 1.17911 1.0419
i»6. 53.6100 712.5 . 13'^57 21.5090 .02245 102. 99 67.58 .00043 1. 17100 1.0495
(>8. 51. 2062 7C 2.0 . 12853 18.900 5 . 02342 100. 07 63. 92 .00043 1. 15293 1.0501
50. <»6. 8290 695 .6 .12303 16. 8418 . 02408 97. 32 60 . 74 . 00043 1. 15499 1.0454
55. '»3.2116 693.9 . 11171 13.3614 . 02453 91.39 54.73 .0DO45 1. 13635 1.0192

60. 38.3166 711.7 .10376 11.5348 . 02334 87. 07 51.00 . 00 049 1. 120 29 .9730
65. 3'f.2607 7i»5.3 . 09768 10. 590 0 . 02134 34. 67 43.90 . 0C056 1.10710 .9137
70. 30.9579 790 .1 .09278 10.0875 . 01924 83.24 47.87 . 00064 1. 09644 . 8742
75. 28.2510 8'«1.9 . 08866 9.7825 .01738 81.80 47.50 .00071 1. 08775 .8495
80. 26.0082 899.2 .08508 9.5917 .01579 81.74 47.55 .00080 1. 08059 .3257
90. 22.5111 1028.0 ,07886 9.4075 . 0132 4 85. 09 48. 44 .00100 1. 06950 . 7749

100. 19.911<« 1169.0 .07359 9.3175 . 01139 88.69 49.93 .00120 1. 06130 .7499
110. 17.8 975 1323.6 . 06828 9. 2711 . 01000 92. 60 51. 00 .00140 1. 05498 .7318
120 • 16.2657 1>»88 .6 . 06',41 9.2424 .0 0892 96 .90 52. 70 .00161 1. 04994 .7222
1<»0. 13.8772 1820.9 .05798 9.1792 . 00734 106.61 56. 68 .00207 1. 04245 .7110

160. 12. 1163 2162 .

7

, 053 71, 9. 1406 .00629 117.27 60. 97 . 00256 1. 03699 .70 67
180. 10. 7720 2507,1 . 05G6', 9. 1044 . 00551 128.30 65. 33 .00310 1. 03284 .7034
200. 9.7079 2850 .0 . 0'»837 9.0703 .00492 139. 29 69. 67 .00369 1. 02956 .70 07
220 . 8 • 8 <»2

1

3190 , 2 . 0<>665 9.0388 . 00 444 150.03 73. 97 . 00431 1. 02690 .6987
2<»0. 8.1226 3524.8 .04537 9.0098 . 00406 160.43 73.20 .0D497 1.02469 .6970
260. 7.Sli*i* 3853.8 .04440 8.9832 . 00374 170.45 82.35 .00567 1. 02283 .6955
280. 6.993 0 '•176 .8 . 0 4366 8 .9587 . 00346 130. 10 86.43 . 00641 1. 02123 .6942
300. 6.5365 '•500 .6 .04308 8.9465 .00322 189. 40 90 . 44 .00719 1. 01983 .6927
350 . 5.6315 5270.8 .04219 8. 8946 . 00 276 211 . 34 100 . 16 .00928 1. 01707 .690 0

<»00 . <».9<»92 6021.3 .04169 8.8524 . 00 242 231. 79 109. 48 . 01157 1. 01 499 . 6882

l»50« <».'«155 6760 .8 . 041 39 8.8179 .00215 251 . 19 118.47 .01406 1. 01337 .6870
500. 3 . 966'« 71(99 . 8 . 04115 8. 7891 . 00194 269. 83 1 27. 15 . 01673 1.01206 .6864
550. 3.6337 8237.3 .04095 8.7649 . 00177 287.96 135.57 .0195 8 1. 010 99 .6859
600 . 3.3385 8977.8 . 04076 8. 7444 . 00 162 305. 74 143. 75 .02261 1.01010 .6855
650. 3.0879 9722.5 .04058 8.7266 .0015 0 323.29 151.72 .02582 1.00933 .6650
700. 2.8 723 10'»76.5 .04037 8.7113 . 00140 340 . 70 159.51 . 32920 1.00868 .6847
750. 2.68(t9 11239.0 .04315 8.6978 . 00130 358. 04 167. 12 ,03274 1.00811 .6844
609 . 2.5205 12012 .

8

, 03990 8.6859 .00122 375,36 174. 58 • 03645 1. 00 761 .6841
850. 2.3751 12799.7 .03962 8 .6753 . 00115 392. 70 181.90 .04031 1.00 717 .6839
900

.

2.2'»56 13600.8 .03932 8.6659 .00109 410.10 189. 09 .04433 1.00 678 .6838

950. 2.1295 l'^i»17.2 .03900 8.6574 .00103 427.57 196.16 .04849 1. 00643 .6839
1000. 2.02<«9 152'«9.'^ .03666 8.6497 .00098 445. 13 203.12 .05279 1. 03611 .6841
1100. 1.8436 16950.6 .03796 8.6363 . 00089 475.56 216.74 . 06121 1.00557 .6914
1200. 1.6922 18710.7 .03724 8.6252 .00082 511. 01 230.00 .07074 1. 00511 .6917
1303. 1.5638 20528.7 .03651 8.6157 . 00G76 546. 89 242.95 .08081 1. 00472 .6921

1.1.535 22'»ai.9 .03578 8.6075 . 00071 583.18 255.61 .09141 1. 00439 .6926
1500. 1.3577 2'^326.1 . 03507 8.6004 .00066 619.82 263.00 .10254 1.00410 .6930
1600. 1.2738 26281.2 .03441 8.5941 .00062 656,39 280.14 .11420 1. 00 384 .6933
170Q. 1.1996 28277.

8

.03379 8.5886 .00058 693. 28 292.06 .12639 1. 00362 .6935
1600. 1.1336 30320 . <• .03318 8.5836 . 00055 730,76 303.75 . 13914 1. 00342 .6933

2000 . 1.0212 3'«596.5 .03198 8.5747 .00050 809.93 326.50 .16653 1.00308 .6912
2200. .9289 39339.1 .03061 8.5660 .00045 902. 77 344.90 ,19720 1.03280 .6778
21*03. .8516 '•'•915.1 .02891 8.5554 .00041 1023. 67 366.27 , 23277 1. 00257 .6652
2600. .7856 51896.2 .02676 8.5401 .00038 1194.26 387.26 ,27552 1. 00237 .6441
2800. .7281 61022.2 . 02417 8.5157 .00036 1442.22 403.03 .32785 1.00220 .6154
3000. .6770 7313'^.'« .02133 8.4769 .00033 1799.05 428. 84 ,39139 1.00204 .5826

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN JISOBARS, SI UNITS)

9,00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
nCDTlfATTliCUtKiVA 1 IVt Lie Kl V A 1 1 VL ENERGY Or SOUND

1/ MP A/ K KJ/KG^K KJ/KG KJ/KG~K KJ / KG-K M/S

* 16*532 « Q 1228 1.6 961 1^017 22'*^ 2 331**7 11** 2 77 5.01* 6.55 11*86 •

17« • 0 12 32 1.6692 1^016 226 . 9 3 37.8 11** 1*62 5.12 6^71 11*60 •

18« • 0 12<»1 1. 6121 1^002 232 • 9 3 1*1* .6 11**651* 5.26 7^01 11*63 •

19» • 0 12 51 1.5 5 33 1^0 01* 239. 2 351* 8 15 * 2 1*3 5. 1*1* 7^37 11*51 •

20 • • 01262 1- 1*9 30 1*001 21*5 • 8 359.1* 15 •& 30 5*58 7^71 11*37^

22« « 0 12 1.3811 • 9860 259^ 9 3 75 • 1* 16^ 398 5*81 8^36 11*10 .

2<>. .01309 1.282'* .9620 275^0 392^ 6 17^ 152 5*99 8.96 1365.
26. .01336 1.1751 *9332 291.1 1*11^3 17.893 6*11* 9*58 1351*.

28. . 0 13 65 1.0 720 • 8993 308 • 2 1*31 • 1 16 * 6 21* 6*27 10 • 21 1321.
30 • . 0 1396 • 9 7 i»i» • 8611* 326.3 1*52 • 2 19. 351 6*38 10*81* 1267*
oc. . 0 1 35 • 8 8 36 • 61 97 31*5 . 3 1* 71* • 5 20. 071 6. 1*6 1 1 • 1* 7 1252*

aH. .

0

1h 75 • 7976 • 7752 3 65 • 3 1*96 • 0 2 0.785 6^53 12* 1 0 1216*
OD. • Q 15 1

9

.7 165 • 7291 386 • 1 5 22 . 9 21.1* 95 6*56 12*73 1179 *

38. - .01569 • 6'»59 • 6 826 1*0 7 • 8 51*9. 0 22.2 00 6*62 13* 36 111*2*
fan

. 0 1 62^^ .5822 • 6 363 5 76. 3 CC9 ? U c 6*63 13* 97 1 10 7 *

He. • 0 16 84 • 52 If5 • 5901* 1*53 « 3 6 0 1* . 9 2 3 • 5 97 6* 55 11*. 56 10 72*
.01751 .1*773 • 51*59 l*76^9 631*.

5

21*. 267 6*66 15.08 101*0 *

(»6. .01825 .1*369 .5 033 500^1* 661*.

6

21*. 956 6*71 15.59 1006.
« 01905 • 1*0 31* • 1* 633 5 21* • 8 696. 3 25.6 29 6» 71* 16. 00 979 .

?0. .01991 • 3760 • 1*2 63 5i*9^i* 728.6 26.2 89 6 • 76 16.35 953.
Be99. . 0 22 Zi* .3353 . 3 1* 76 610 • 1* 811 .1* 27. 868 6*60 16.69 907 .

60 . . 0 25 05 • 3 2 12 • 2 873 669.3 891*. 8 29. 319 6*79 16. 1*6 883 .

69. . 0 2791 • 3256 • 21*19 72i*^ 5 975. 7 30. 613 6* 77 15.86 871*

.

70 • .03081 .3399 • 2 079 776^1 1053. 1* 31 . 766 6*77 15^22 871*.

75. • 033 70 .3 585 • 1 821 621* .7 1126 .

1

32 • 797 6*80 11* • 68 880 .

80 • . 0 3657 • 3799 . 1621 671 tZ 12U 0*1* 33^730 6. 85 11*^ 25 869 .

90. .a'»220 .1*268 • 1332 959.9 1339.

8

35.371* 7*03 13.69 912.
100. .Oif769 .1*760 • 1133 101*5.8 11*71**9 36.797 7.25 13.39 937.
110 . . 053 03 • 5257 • 0 969 1132.

5

160 9*3 3 8.061 7*60 13.35 961 •

1 20 • • 0 56 27 • 5 71*9 • 0 8 78 1216 .5 171* 3» 0 39 • 21*1 7*87 13 • 31* 98 7 *

1<>0« . 0 68 36 • 6681* • 0 72Q 1391*.

0

2009.2 1*1 . 293 8« 39 13^ 1*6 10 36.

160 • . 078 27 • 7615 • 0 61

0

15 71* • 9 2279* 1* 1*3 . 0 96 8 • 83 1 3 • 6 3 1061*.

180 • • 0 68 02 • 6521* • 0 533 1761 •

7

2553 *9 1*1* • 7 13 9*20 13.81* 1132.
200 • 0 09765 • 91*17 * 0 1*73 1953 •

7

2632.6 1*6 .181 9*50 11* . 0 3 1179.
220. • 1 0719 1 • 0 2 96 * 0 1*26 2150^1 3111*. 6 1*7. 525 9*71* 11* . 1

9

i.CC'D .

2'tO. . 11666 1^ 1169 • 0 386 231*9 .8 3399.6 1*6 * 766 9 .92 11* . 32 1269 •

260. .12608 1.2033 • 0356 2552^3 3687.0 1*9*916 10.06 li*.i*l 1313.
280. .135if6 1^2690 *0329 2756^7 3975.9 50.986 10*17 li*^i*6 1355^
300. . l'f'»91 1 .3 769 . 0 306 2963 •

9

1*268.1 51 . 991 10*21* li**52 1 397^
350 . . 1681'* 1.5 876 . 0263 3i*62^ 2 1*995. 5 51*. 2 31* 10* 31* li*^ 5 7 11*95 •

(tOO . . 19128 1.7971 * 0 227 1*002^7 5721*.

1

56*180 10*33 ll*^ 58 1588«

>50 • • 21<»35 2.0055 • 0 20

1

1*523^9 61*53* 0 5 7*897 10 .1*0 11* . 5 7 1676 •

500 . • 2373 7 Zt 2133 • 0 181 501*5 .

1

71 61 * 5 59. 1*31 10 • 1*1 11*. 57 1 760 •

550 . . 260 36 2.1*207 .0161* 5566.

5

7909. 9 60 .820 1 0 .1*2 11*. 57 181*0 .

600. •28336 2.6278 .0 150 6 088 • 7 8638.9 62* 086 10 . 1*1* 11*. 58 1916.
650 • • 3 0632 2 .8 31*7 . 0 1 39 6611^ 1* 9368.

3

63* 250 10 .1*6 11*. 60 1989 •

700. .32928 3.0 1*11* • 0 129 7135^5 10099.

0

6lt.3i*0 10.1*9 11*. 63 2059.
750. .35223 3.21*81 .0120 7661 •I* 10831.5 65,352 10.53 11*. 66 2127.
800. .37517 3.'*5i*& • 0 113 8189.

3

11565 .

9

66. 3 00 10 .56 11*. 71 2192 .

850 . . 398 11 3.6611 • 0106 8720.

0

1230 3. 0 67.193 10.63 11* . 77 2255 .

900 . .if210'> 3.6676 .0100 9 253 .6 1301*3.0 68.0 36 10*70 11* . 83 2315 .

950 • . l»<»3 97 i«.o 71*0 • 0 095 9790 .

6

13786. 1* 68* 81*1 10*78 11*. 91 2371* •

100 0 . . 1*6690 1* • 2 603 • 0 090 10 331.1* 11*533 • 5 69*606 10*86 11*^ 99 21*3 0 •

1100. .51275 1*^6930 . 0082 lli*27.3 1601*2.1 71*033 11.01* 15^17 2539^
1200. .55859 5^1056 • 0 075 1251*2.6 17569^9 72*355 11^21* 15^37 261*2.
1300 . 5.5161 • 0 069 13678.1* 19116^3 73.591* 11*1*5 15^ 56 271*0 .

lifOO. .650 27 5.9306 • 0061* 11*835.7 20666^2 71**761* 11.68 15.60 2833.
1500. .69610 6.31*31 .1060 16011*.

8

22279.7 75.876 11*90 16.03 2923.
1600. • 7i»19i. 6.7556 .0056 17211*.

6

23892^0 76.910 12*12 16.25 3009.
1700. .78777 7.1681 • 0053 161*36.2 25526.2 77.896 12^31* 16.1*6 3093.
1800. . 83361 7^5805 • 0050 19679.9 27182.5 78*81*2 12.55 i&^6e 3171*.

2000. • 9253'* 6.1*051* • 001*5 22236*3 3056i*.3 80*631* 13.01 17.11* 3328.
2200. 1.01722 9.2302 .001*1 21*889*0 3l»0i*l**0 82.261* 13.58 17.73 31*72.
21(00. 1.10951 10.0551 • 0 037 27677.1* 37663*0 63.853 li*^36 18.57 3605.
2600. 1.20263 10.6799 . 0035 30661*.

3

i*li*88.i* 85.363 15*50 19.81 3728.
2800. 1.29751 11.701*7 • 0032 3391*1*. 7 l*5622^3 66.919 17. 16 21.65 361*2.
3000. 1.39517 12.5295 • 0030 3761*6.8 50203*3 68.508 19*1*7 21*. 27 3950.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

9.00 MPA ISOBAR

MPERATURE DENSITY V(DH/OV)p V(OP/OU)y - V<DP/DV)^ (OV/DTyv THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
PHMniirTTUTTY r nw AWT n un D L 1^

\ct,/r\\ Mu u n KJ/ KG MPA 1 iv H /K* M KG/M* S

A J. u V 4 n3A X u A 1 U

16» 532 81 • 't55'l 690 .6 • 2't789 1 Tfl- 1X*70. X7?£ . 00 736 10 3. 31 310*83 . 0 0 0 7 C 1 • 267 25 1.9721
1 r • a 1 A TX no 1 • 1 f u AO C T 9 Ilk C 7

• C 90 4 7 c: f. Q 7 nX J !>. / u n n 7c: n« U U r 9 U 4 n C Q AX U 7 . 90 294 . 5

1

. 00 0 7 0 1 • CO b c 9 1 . 865 0

16 • 90 8. . 23555 Xc7.0f UO • 00 77 2 110.91 264 .86 • 00 07

1

X . 1 0 * u 0 1 . 6746
1.7 • 79 • 9262 ^ X X . 7 • 23 0 85 12 4. 1492 n n A n Q. u u 0 u 7 114. 47 240 .66 - n n n 7 n 1.26184 1.5494
3nfcU • 7 Q ? nt C. ©3 u 9 9 7 A. C £ O 0 0 4 4 A 7 enxxo. JHOU • UU oHO 117 Af^ 22 3. 56 . u u u 0 9 1 • 25952 1 . 4 4 37
22. 77,88«i9 912.3 .21792 107.561*2 •00917 124.57 189.18 •00069 1^25463 1.2699
2t>. 76.*»138 912. 7 •210C5 97.9929 .00982 128.64 165.92 •00068 1.24946 1.1556
26* 7*» • 867

1

90 3*3 .20287 87 . 97'f'* a 0 1061 130. 73 148*0 8 • 0 0 0 66 1 • 2 U 4 0 3 1.0653
28« r o • b OO o 891 • 6 * 195 71 78.5108 • 0 1 1U5 1 71 79X ox • 0

c

133. 86 n n n ft 7• U U U D 0 1 • 23632 1 • 0 ^ 1

0

30 • 71 • 5 159 87 7* 3 • 18886 D 7 . D 0 0 9 * 01236 130*82 122.17 • 0 0 0 6

1

1.23232 1*0126
07 • r UO !3 862 * 0 . 18197 61. 60 1

2

. 01331 1 28 • 53 112. 31 • 0 0 05 8 1*22602 1 n n 5 7X • u u £ 0

(^7 .All'? R gt| <i «

1

• 1 75 1

2

c (. . 0 7f»ft7 *T . U • DO •01^33 125*79 1 0 3 • 8 W • 0 0 0 55 1 • 21944 • 9990
OO* D 7 • O ID U 0 £ 9 • O 1 C;. A 7 1&• 1 O 0 O 4 li 7 9 A Qla** f • c 0 7H 0 1 5'»2 1 99 7L.X £ c « f H 7D . H H n n ,1 c 7• u u u 9 0 1 • 21 2 56 1 • 0 0 0 1

38, 63« 7'»'t8 80 6*2 • 16178 Ul • 17'*8 • 0 165 6 11 9. 45 89 • 86 • 00 0 5 0 1 • 20 545 1.0056
0 • 61* 5924 78 7 * 1 * 155 71 7^1 . A()f=tft • 01775 116*01 84.01 • 0 0 049 1 • 198 08 1.0115

'f2. 59.3733 768.2 .11*963 31.1t»32 . 01896 112.48 78.75 .00047 1.19051 1.0196
57,1032 753.1 .l'»356 27.2551 •02003 108^9a 74.04 •00046 1. 18280 1.0246
Rb. AOb

A

7'tl • *t * 1 3695 2 3, 9if 35 • 0210 2 10 5.58 69.85 • 0 0 0 4 4 1 • 175 0 3 1.0311
L. A*f Q • 9 C • 7 U U !>

7 71 Rr 0 1. * 9 1 7 1 n n. 1 0 1 u u 9 1 1 7 Ac;c X . 1 r 09 n9 1 A A 4 0 9 c n1 U c • 9U (^(^ If.00 . 1 H fl n n ia• U U U H H 1 1 7 9 71 • ID r c r 1 n 7 9 ftX . u 0 £ 0
50 • 50,2 172 72 •O • 12556 1 A . R A 1 (> • 0 2258 99.3 2 62. 90 • 00 044 1 . 15 962 1.0301
55 • i^i^ , 7 6'^ 0 720 . 7 • 1 l^f 1

8

4 c n n Q nX 9 • U U 7 U * n 97 1 ft0 u c 0 X 0 93 • 91 56.65 • 0 0 0 4 5 1.1 41 48 1*0069

60 • 39*9253 73*** 6 .1060 3 12 • 82 2U . 02240 89.51 52.65 • 00 049 1 • 125 55 * 96 61
65* 765 *5 • 0997 2 11 . 6755 . 020 7 2 86. 93 50.26 • 00 055 1 • 11 2 2

1

* 91 75

r U • A(1 7 A n 0 (i. c 7
. U 7 9 f

14 n 7fi ItX 1. U OH

U

n 4 A A f>. u X 0 0 H AC 9a0 9 . c 7 49.0'* n n n c 9
• u U U 0 c 1 1 fl 1 9 71 • XU 1 £ r A 7 c; 1• 0 r 9 1

75 • 29*6713 85 7* 5 • 0 90 25 10. f^7Rb .01712 83. 69 48» 52 • 0 0 0 69 1.092 30 .6513
80. 27*3'»27 913. • 0861(8 10.3666 •01560 8 3.45 48^46 .00077 1.08485 .6277
90. 23.6951 1039*i» .07998 10.1123 .01317 86.57 49.17 .00096 1. 07324 .7776

100* 2 0 • 9 70 5 1179* * 0 7^*50 9 .982 5 .011 35 9 0.00 50 . 54 • 0 0 1 15 1 - nft t^ft

7

.75 20
1 1 nX X u • 18 .855 7 1338 .'i * U O 7 U 0 Q Q1 9c7 . 7 X C 9 n n QQA. u u 770 93.68 9 X . 9 0 n n 1 7 /.. U U X 0 H 1.05 798 • 733 5

1. 20 • 1 7 * 1 61 l'»9 8 • 2 * 0 650 9. 866 7 n fl A a n
. UU O7 u 97* 99 c; '7 4 a9 0. 10 n n 4 c /.

. u u 1 9H 1 n c 9 c AX . u 9 £ D 0 72 37
I'fO • 1 6292 1828*3 * 0 58 65 9 .7779 • 0073 6 10 7. 43 57.02 • 0 0 196 1 . 04478 * 714 4

loU •
4 9 7 7C Q1 C • f f 9 7 2172*3 . 05 H 09 9 . 729 0 . 00627 1 1 7 • 90 61.23 • 0 0 244 1*03903 7 n 7 7

180 • 11 • 3611 2517.2 • 0 50 9'> 9. 66t» 6 . 0 0550 1 28 • 79 65 • 5 3 .00295 1 . G 74ftfi * 70 44
2 0 0 • 1 0 • 2 'lO 9 9 Aft n - ft£ OO u • o . 0 '8 63 9 * 6U'»2 * 00491 1 39 • 69 69. 84 * 0 0 350 1 . 0 31 2 0 • 70 1

6

C £U • 7 * 0C7

9

79n 1 9 • 0 (16 88 0 c n 7c7 .DO * 9 * 0 0443 4 c n 7 c19 U .00 7#. 11
f H • 11 n fl fa n Q

• U U H u 7 4 n 9 A fa nX . U £ 0 H u ft Q Qc;
• 0 7 7 9

2i»0. 8.5719 3536.3 . 0<»557 9.5739 . 00405 160.70 78.32 .0C471 1.02607 .6577
260. 7.9313 3865.6 .Of.457 9.5ti3'» .00373 170.68 82.46 .00538 1.02410 .6961
9 ft n 7 7 A9 1 H XO 7 .

U

n £i 7 A 9
• U H 0 0 £ 7.9X99 n 1I 7 (a &

. U U 0 HD 1 A n 7n1 0 u . 0 u A 700.90 ft (1 ft n 7. u u 0 u • 1. 02242 ft QIa. 7* D7H 1

300 • 6*900 7 '»51 3* 8 , 0 if 323 9*50 20 • 00 322 169.58 90.52 • 0 0 681 1.020 95 . 6932
350* 5 . 9'#73 528'» . 6 • 0 '>2 3

1

Q /.f.7 17* HHO X • 0 0276 911 UT£ X X . H r 1 fl n 99X U u. £ c . 008 79 1 . fl 1 A n 7X . U X 0 u 0 . 69 0 4
1* fl n C 9 9A n9 * c cO U D UO 9.9 n fa 4 A n 7* 079H n n 9f> 4• u U c Hx 2 31 .89 4 fl Q C/.1 U 7 . 9H n 4 n Q c

• Ij 1 U 7D 1 fl 1 A fa1 . U 1 9 0 H ft A A. DO 0 9

'i50 • • 6 65 6775*2 * 0 ^X. '18 9. 356'* n n 91 c;
• U U c X 9 9*11 97c 9X • C ' 118. 51 . 01331 1 . 01413 * 687 2

c n n9 U U •
l> 94 9 7 751 4 n 1. 4 97

. Um £ 0 0 7 9 f. 17. 0£ HI .00 194 269. 90 127. 19 n 4 c a 7
• U 1 90 0 1.012 75 * DO DO

550* o • o **u o 8251 .8 . 0 If 1 0 2 9 . 2969 . 0017 7 288 .02 1 35 .60 • 01853 1 • 01162 * 686 0

600* 0*9 C7 1. O 77 £ « O n f.n A 7. U HU 0 0 9*2738 n n 1 ft 9. U U X 0 c 305. 79 14 3. 78 • 0 2 1 3 9 1 n 1 n ft 7X • U X U D r * 6 85 6

650. 3.26<>5 9737.5 .0'»a6<( 9.2539 .00150 323.33 151.75 •02443 1.00987 • 6651
700. 3.0369 10i»91.5 .Ot»0<>3 9.2366 .00139 340.74 159.53 .02762 1. 00916 • 6646
750 • CO 1 X 1 c 7 H . X . 040 20 Q . 9 ? 4 Cy . c t X 7 . 0013 0 358.07 167 .14 • 0 3 097 1 . n n A ^ AX . U U 0 9 D .6844
a n no U w • 2.665'f IcU^O •

U

• 0 3995 9.2031 . 0 0122 3 75. 39 174.60 .03 447 4 n n Q n c1 . Uu 0 J 9 .6841
850 • 9 .c. 4 q 1261 9 . 0 3967 9.1963 .00 115 392 • 74 1 81 .92 . 03 81

2

1. 00 759 .6639
Qnn c . ^ r d 1 X O DX O . C . u 0^ 0

#

Q 1 At; 79 . XG 7 r n n 4 n Q. U U X U 9 la 1 n 17H X u . X 0 4 AQ 4 nX 0 9 . X u n u 1 Q

1

• U If X 7 X 1 fl n 7 1 7X . U U r X f . D 0 0 7

950* 2 . 252'» 1U'»32 . 6 . 03904 9.1762 • 00 10 3 42 7* 60 196 .17 • 0((56 4 1 . 0(1 ft An .68 39
1000. 2.1418 1526i».9 .0 3870 9.1675 .00098 445.16 203.13 .0^991 1.03647 .6841
1100* 1.9503 16966.5 .03800 9.1526 . 00089 475.56 216.75 .05787 1. 00589 .6914
1200. 1.7902 18726.8 .03727 9.1401 .00082 511.00 230.02 •06686 1. 00540 .6916
1300. 1.65't<> 205i«5.0 . 03653 9.1294 .00076 546. 89 242. 96 .07638 1.00499 .6922
IVOO. 1.5378 22i«18.i> .03530 9.1203 .00C70 583.18 255.61 .06640 1. 00464 .6926
1500. 1.1(366 2i»3<»2.7 .03509 9.1123 . 00066 619.82 268.01 .09691 1.00433 .6930
1600. 1.3'»78 26297.9 .03443 9.1053 . 00062 656* 38 280. 15 •10792 1.00407 .6934
1700. 1.269<« 2e29<>.2 .03361 9.0991 .00058 693.25 292. 06 .11944 1.00383 .6935
1800. 1.1996 30356.0 .03320 9.0935 .00055 730.69 303.75 • I31t*8 1.00362 .6933

2000. 1.0807 31(606.8 .03201 9.0836 . 00050 809^63 326.50 .15733 1. 00326 .6913
2200« .9831 39333. i» .03065 9.0740 .30045 901.85 344.90 .18626 1.00297 .6781
2(»00. .9013 <»<»871.7 . 02897 9.0626 . 00041 1021* 30 366.27 .21973 1.00272 .6656
2600. .8315 51777.1 .02685 9.0464 .00038 1189.01 387.25 .25987 1.00251 .6452
2600. .7707 60766.9 .02430 9.0209 .00036 1431. 90 408.01 . 30893 1. 00232 .6169
3000. .7168 72666.6 .02149 8.9606 .00033 1780. 65 428.79 . 36848 1.00216 .5845

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

9.50 MPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

16.671 .01225 1.7227 1. 020 224.6 341.0 14.287 5.06 6.57 1496.
17. .01227 1.7040 1.020 226.5 343.1 14.416 5.11 6.68 1492.
la. .01237 1.6473 1. 017 232.5 350. 0 14.807 5.28 7.00 1479.
19. .012't6 1.5892 1.003 238.7 357.1 15.193 5.43 7.32 1463.
20. .01256 1.5279 1.006 245.2 364.6 15.577 5.57 7.66 1450.
22. .01278 1.4161 .9922 259.1 380.6 16.340 5.31 8.30 1423.
24. .01302 1 . 31 47 . 9 693 2 74. 1 397. 8 17.0 89 5. 99 8.90 1397 .

26. .01328 1.2132 .9416 290.0 416. 2 17.823 6.14 9.50 1369.
28. .01357 1.1116 .9088 306.9 435.8 18.548 6.28 10.11 1338.
30. .01389 1. 0153 . 8722 324.7 456.6 19.266 6. 38 10.71 1306.
32. .01423 .9233 .6317 343.4 478.6 19.977 6,47 11.33 1271.

3i|. .014 62 .3366 .7885 363.0 501.9 20.682 6,54 11.93 1236,
36. .015 04 .7572 . 7435 383.5 526.3 21,381 6.59 12.53 1200.
3S.

- .01551 .6838 .6980 404.7 552. 0 22.074 6.63 13.14 1164.
40. .01602 .6194 .6523 426.6 578.8 22.762 6.65 13.71 1130.
42. .01659 .5637 .6081 449.2 606.8 23.444 6.66 14.24 1093 ,

44. . 0 1721 .5140 . 5 645 472.3 635.8 24.118 6,67 14.75 10 66.
46. .01789 .4723 .5226 495. 3 665. 2 24. 772 6,72 15.23 1035.
48. .01862 .4371 .4830 519.1 696.1 25.429 6.75 15.63 1006.
50. .01942 .4384 .4461 543.2 727.7 26.074 6.77 15.96 981.
55. .0 2164 .3614 .3666 603.2 808.8 27.620 6.81 16.40 933.

60. . 0 2413 .3429 . 3048 661.6 890.9 29.050 6.80 16.27 906.
65. .0 26 79 .3431 »2575 716.7 971.2 30,334 6.79 15.80 894.
70. .02950 .3546 .2216 768.5 1048.8 31,485 6.79 15.23 892.
75. .03221 .3716 .1942 817.5 1123.5 32.517 6. 81 14.71 896.
SO. .0 3492 .3915 .1728 864.4 1196.1 33.453 6.87 14.30 903.
90 * . 0 40 24 . 4365 .1418 953.8 1336.

0

35,103 7.04 13 . 75 924.
100. .04543 .4847 .1206 1040.2 1471.8 36,534 7.26 13.45 947.
110. .05051 .5337 .1051 1127.5 1607,3 37,823 7.61 13.41 970.
120. .0 5548 .5825 . 0933 1214.0 1741.1 38,988 7.88 13.39 995.
140. .06518 .6786 .0 764 1390.4 2009,6 41,058 8.40 13.51 1045.

160. .0 7446 .7687 .0 646 1571.8 2279.3 42,856 8.84 13.66 1090.
ISO. .0 83 72 .8598 .0564 1759.1 2554.4 44.477 9.21 13.87 1138,
200. .09285 .9492 . 0503 1951.4 2833.

5

45.947 9.51 14.05 1185,
220. .10190 1.0374 .0450 2148.0 3116.1 47.294 9. 74 14.21 1230,
240. .11089 1.1246 .0413 2348.0 3401.5 48.536 9.93 14.33 1274,
260. .11982 1.2111 .0 376 2550 .

6

3639.0 49.687 10.07 14.42 1 317.
280. .128 72 1.2969 .0347 2755.

3

3978.

1

50.758 10.17 14.49 1359.
300. .13769 1.3852 .0323 2962.6 4270.7 51.764 10.25 14.53 1401.
350. .15971 1.5962 . 0275 3481.2 4998.4 54.009 10.35 14.5 7 1499.
400. .18163 1.8056 .0240 40 01.9 5727.4 55.956 10.39 14.58 1592.

450. .20349 2.0140 .0212 4523.2 6456.4 57.672 10.40 14.57 1680.
500. .2 25 3 2 2.2219 .0191 5044.6 7185.1 59.207 10.41 14.57 1764.
550. .24711 2.4292 .0173 5566.1 7913.7 60.596 10.42 14.5 7 1643.
600. .26888 2.6364 .0159 6 0 88.3 8642.7 61.862 10.44 14. 38 1919.
650. .29064 2.8433 .0146 6611.1 9372.2 63.026 13.46 14.60 1992.
7Afi>f uw . 3 • 0 5 0 Q • U X o o 1 w mo* u • 116 in uQ I't « 6 3 20 62.
750. .33414 3.2566 .0127 7661.

2

10835.5 65.128 10.53 14.66 2130.
800. .35587 3.4632 .0119 8189.2 11570.0 66.077 10.58 14.71 2195.
850. .37760 3.6697 .0112 8719.8 12307.1 66.970 10.63 14.77 2257.
900. . 39933 3. 8761 .0106 9253.5 13047.

1

67.815 10. 70 14.83 2318.

950. .42105 4.0825 .0100 9790.5 13790.6 68.617 10.78 14.91 2376.
1000. .44278 4.2889 .0 095 10331.3 14537.7 69.383 10.36 14.99 2433.
1100. .48621 4.7015 . 0 086 11427.3 16046.

3

70.810 11.04 15.17 2541.
1200. .52964 5.1141 .0079 12542.5 17574. 2 72.132 11.24 15.37 2644.
1300. .57307 5.5267 .0073 13678.4 19122.6 73.371 11.46 15.58 2742.
1400. .61650 5.9392 . 0068 14835.7 20692.4 74.541 11.68 15.80 2835.
1500. .65992 6.3516 .0063 16014.8 22284.0 75.653 11.90 16,03 2924.
1600. .70334 6.7641 .0 059 17214.6 23896,

3

76,687 12. 12 16,24 3011.
1700. .74676 7.1766 .0056 18436.2 25530.5 77,673 12.34 16,46 3095.
laoo. .79019 7.5890 . 0053 19679.9 27186,7 78,619 12.55 16.68 3176.

2000. .87708 8.4139 .0047 22235.9 30568.1 80,411 13,01 17.14 3330.
2200. .96412 9.2387 ,0043 24887.4 34046.5 82.060 13,57 17.72 3474.
2400. 1. 05154 10.0635 .0040 27672.6 37662.2 83.628 14,34 18.54 3607,
2600. 1.13977 10.8884 . 0037 30652.6 41480.4 85.155 15.46 19.76 3730,
2800. 1.22953 11.7132 .0 034 33919.8 45600.3 86.686 17.08 21.56 3844,
3000. 1.32191 12.5380 .0 032 37598.7 50156.8 8 3.2 66 19.33 24. 11 3953.

• THO-PHASE BOUNDARY
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TABLE 8

THERMOOYNftMIC PROPERTIES OF NORMAL HYDROGEN <ISOBARS, SI UNITS!

9.50 HPA ISOBAR

MPERATURE DENS IT Y V ( 0H/07lp V ( OP/OUJy -V(OP/OV>^ < OV/OT)|^V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONOUCTI VITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ HPA 1 /K H/K-H KG/M-S SQ M/HR
X 102 X 10^ X 10''

16.671 81.6656 905.3 . 2'»715 1I»0.6852 .00725 101*. 69 313.87 . OC 070 1.26800 1.9686
17. 81 .i«695 908.8 . 2'»'t82 138.82<»0 .00735 106.57 302.15 .00071 1. 2673Q 1 . 892 8

IS. 80.8617 91 7.7 .23825 133.1996 .03763 111. 57 271. 36 .00071 1. 26515 1. 7036
19. 80.2I»<«5 925. 9 .23126 127.521*0 .00791 115.21* 21*6. 1*8 .00071 1. 26297 1 . 5656
20. 79.5989 926. < .2268i» 121. 6219 . 00827 118. 70 225.72 .00070 1.26068 1.1*573
22. 7B.2I»1'» 927.3 . 218<«3 110.8006 .00895 125.58 193.1*1 .00070 1.25589 1.2789
2'». 76.8010 92 7.0 . 210 63 ICO .9666 . 00960 129. 79 169. 53 .00068 1.25082 1 . 1621*

26. 75.2878 921.2 . 20355 91.3i*2<* . 01031 132. 02 151 . 21* . 00066 1 . 21*550 1.0 67 8
28. 7 3.6931 911.0 .19650 81.9185 . 01109 132. 73 136. 70 . 00 061* 1.23992 1. 01*39

30. 72.0176 898.3 . 1897i» 73.1210 . 01193 132. 35 121* . 60 .00062 1 . 231*0 7 1.010 2

32. 70 .2578 88 3.3 . 18302 6'*. 8701 . 01282 130. 18 111*. 61 . 0 D 059 1 . 22 795 . 998 8

3t». 68.<»15 7 866. 3 . 1763i» 5 7. 2356 . 01378 127. 56 106.21* .00056 1. 22156 . 993 9

36. 66. i>933 8!»8.8 . 16969 50.3<»99 . 011*77 121*. 63 98. 76 . 00051* 1 . 21 1*91 .9931*
38. 6(».i»950 830.1 . 16325 '»I*.1028 .01583 121.1*6 92.16 .00052 1.20803 .9969
1*0. 62.(»233 812.0 .15733 36.6660 . 01668 118.11* 66.27 .00050 1. 20092 1.0011
<»2. 60.2913 795.8 . 151if8 33.986<* . 01789 111*. 72 80.99 .0C0<*6 1.19361* 1.0052
<»<«. 58.1125 780 .5 . l'»559 29.8702 . 01890 111. 33 76. 26 . 00 01*7 1. 18623 1. 0 1 3 1*

<»6. 55.9058 769.5 . 13912 26.<*061 .01979 108.03 72.01* .0001*6 1. 17875 1.0155
<»8 . 53.6920 759 .7 . 13327 23.1*696 .02058 101*. 67 68.29 . 00 01*5 1 . 17 1 28 1.0181
50. 51.(>919 752.5 .12768 21.C301 . 02121 102.19 61*. 99 . 0001*5 1. 16389 1.0152
55. 1*6, 2002 7'. 6. 7 . 116'»8 16.6957 .02196 96. 33 58 . 51* .0001*6 1. 11*621* .9966

60. '*1.(»336 758. !f .10817 1'*.2090 .0211*5 91. 8<» 5i>. 28 . 00 01*9 1. 13 050 .9615
65. 37.332'» 785.8 .10166 12. 8079 .02011 89.13 51.67 . 00 051* 1.11708 . 9161
70. 33.9005 82 5. 8 .09632 12. 0198 . 0181*1* 87. 31 50.23 . 00 061 1. 10593 .8759
75. 31.0i»2<» 873.9 .09180 11.531*9 .01683 85.55 1*9.55 . 00067 1. 09671 .8521
ao. 28.6398 92 8.2 . 08787 11.2118 . 015«»1 85. 1<» 1*9.37 .00075 1. 08900 .8291*

90. 2<».8533 1051.9 .08108 10 .8<*82 .01307 86.01* 1*9.91 .00093 1 . 07692 .7797
100. 22.0112 1190 .5 . 075'»1 10.6683 . 01130 91. 31 51.16 . 00111 1. 06792 . 7538
110. 19.7998 13i»8.7 .06977 10 . 5676 . 00991* 95.17 52 . 17 .00129 1.06095 .7352
120. 18.02't8 1507.8 .06567 10 .<*988 . 00888 99. 10 53.67 . 0 0 11*8 1. 05538 . 7253
140. 15.3'»l«i 13'»1.6 .05923 10.<*111 .00733 108. 27 57.37 .00168 1. 01*700 .7158

160. 13. if 29'* 2182.1 . 0 5'»<»'f 10.3235 . 00626 118. 55 61. 1*9 .00 233 1. 01*106 . 70 87
180. 11.9(>52 2527. < . 0512't 10.2701* .0051*9 129. 30 65.75 .00261 1. 0361*6 . 7053
200. 10.7698 2871.2 . 0'>883 10.2230 . 001*89 11*0 . 09 70.02 .00333 1. 03283 .7021*

220. 9.8132 3212.3 .0'.710 lO.lSOi* .00l»<*2 150.69 71*. 26 .00389 1.02968 .7002
2<»0. 9.0180 35'»7.8 .0'«576 10.1(>20 . 00i*0<* 160.96 78. 1*1* .001*1*6 1. 0271*1* .6983
260. 8.3i»55 3877.6 . a'»<*75 10. 1072 . 00 37 2 170. 92 82.57 .00511 1. 02537 .6967
280. 7.7688 <f201.(t .0'»398 10.0756 . 0031*5 180. 50 86. 62 .00577 1. 02361 . 6953
300. 7.2628 l»527.2 . 0't337 10.0607 . 00321 199. 75 90.61 .0061*7 1. 02206 .6936
350. 6.261<« 5298 .<> . 0<«2<>3 9.99<*'t . 00275 211. 60 100.29 .00635 1. 01699 .6907
400. 5.5056 bOi*<),7 . G<«190 9.9<*09 .0021*1 231. 99 109. 59 .0101*0 1. 01669 . 6887

i»50. '».91'»1 6739.6 . 0<»158 9.8972 . 00215 251. 35 118. 56 . 01261* 1. 011*89 .6871*

500. '*.<>3e2 7529.0 . OVl 31 9.8611 .00191* 269. 97 127.23 . 01503 1 , 01 31*1* .6866
550. <t . 0 <t6 8 8266.5 . Oi»110 9.8307 .00176 288.08 135.63 .01758 1. 01225 .6862
600. 3.7191 900 7.5 .a<»Q90 9.80<*8 . 00162 305. 81* 143. 91 . 02030 1. 01125 .6857
650. 3.(«'»06 9752. i» .0'»070 9.7826 .00150 323.38 151.77 .02316 1. 010<*1 .6852
700.- 3.2011 105D6.5 . 0<t0<»6 9. 7633 .00139 31*0. 78 159.55 .02620 1.00968 .681*8

750. 2.9928 1 1 26 9 .

2

.0<t025 9.71*65 .00130 358.11 167.16 .02936 1. 00905 .681*5

800 . 2.8100 120<f 3.2 .03999 9. 7316 .00122 375. 1*3 171*. 62 .03270 1. 0081*9 .681*2
850. 2. 6i»83 12830. 2 .0 3971 9.718'* .03115 392. 77 161.93 . 03616 1. 00800 .681*0

900

.

2 .5 0'»2 13 631 .

5

. 039'fl 9. 7066 . 00109 1*10 . 16 189.12 .0397 5 1.00 757 .6839

950. 2 . 3 75 0 litttitS.! .03908 9.6960 .00103 1*27.62 196.19 .01*31*8 1.00717 .681*0

1000. 2.2585 15280.5 .03873 9.6861* . 00098 1*1*5.18 203. 15 . 01*733 1.00682 .661*1

1100. 2.0567 16982.2 .03803 9.6697 .00089 1*75. 56 216.77 .051*87 1. 00621 .6915
1200. 1.8881 187l»2.8 . 03730 9.6558 . 00082 511. 00 230.03 .0b3i»0 1.00570 .6916
1300. 1.7'»50 20561.2 .03656 9.61*39 .00076 51*6. 89 21*2.97 . 0721*1 1.00527 .6922
1<>00. 1.6221 22'»3i».8 .03583 9.6337 . 00070 583.18 255.62 .08191 1. 001*90 .6926
1500. 1.5153 2'.359.3 .03511 9.621*9 .00066 619.81 263.01 .09187 1. 001*57 .6931
1600. l.'>2ia 26311*.

5

.03't<»5 9.6171 . 00062 656. 37 280.16 . 1C231 1.001*29 .6931*

1700. 1.3 391 28310.7 .03383 9.6102 .00058 693. 22 292.07 .11322 1.001*01* .6935
1800. 1.2655 30351.7 .03322 9.601*0 . 00055 730.62 303. 76 .121*62 1.00382 .6931*

2000. 1.1<«01 3<»617.6 .03203 9.5930 .00050 809.36 326.51 .11*911 1. 0031*1* .69l<*
2200. 1.0372 39329.6 . 03068 9.5625 . 0001*5 901.00 31*1*. 90 .1761*7 1. 00313 .6783
2i»aa. .9510 '«l»833.2 .02903 9.5703 .0001*1 1019.12 366.27 .20808 1. 00267 .6663
2600. .8 77<» 51668.9 .0269<« 9.5531 . 00038 1161*. 18 387.21* .21.590 1. 00265 .61*62
2800. .8133 60537.5 .02'f<»3 9.5265 .00036 11*22.1*1 1*07.99 .29206 1. 0021*5 .6183
3000. .7566 72237.6 .02165 9.1*81*8 . 00033 1763. 71 1*28.75 .31*806 1.00228 .5862

THO-PHASE BOUNDARY

6-215



TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

10.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATIVE

ISOCHORE
DERIVATIVE

INTERNAL
ENERGY

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

16. 608 .01221 1.7491 1. 024 225.1 347. 2 14.297 5.07 6.58 1506.
17. .01223 1.7383 1.024 226.2 348.5 14.372 5. 11 6.64 1503^
18, •01232 1.6821 1.021 232.1 355.3 14.761 5.27 6.97 1 491 •

19. .01241 1.6243 1. 012 238.3 362.4 15.144 5. 42 7. 27 1476.
20. .01251 1.5672 1.011 244.7 369.6 15.526 5.57 7.61 1464.
22. •01272 1.4503 . 9983 258. 5 385 .

7

16.284 5.8 0 8.25 1436 .

ikt •01296 1.3i»81 .9 764 273.2 402.6 17.027 5.99 8 . B4 1410 •

26. •01321 1.2515 .9495 288.9 421 .

1

17. 756 6.1'* 9, 1,1 1 365.
28. •01349 1.1494 . 9179 305. 6 440. 5 18.474 6.28 10.01 1354 •

30. •013 79 1.0532 . 8822 323.

1

461.

1

19.185 6.38 10. 50 1322 .

32. •01413 .9630 .8431 341.6 482. 9 19.888 6 .i»7 11 .19 129 0 .

3(». • 0 14i»9 .8772 . 8012 360 .

9

505.8 20.584 6. 54 11. 77 1256.
36. - .01490 .7976 .7574 381.0 529.9 21.2 73 6.60 12 • 34 1222 .

38. .015 34 .7254 .71^9 401. 6 555.2 21.956 6.64 12.90 1187.
(»0. •01582 .6588 .6686 423.3 581.5 22.631 6.66 13.45 115<,.

42. •01635 .6014 • 6249 445. 4 699.0 2 3.30 0 6. 67 13.96 1122.
• 0 1693 . 5501 .5 821 466. 0 637. 4 23. 961 6 .69 14 • 1,6 1091

.

<»6. •01757 • 5076 .5408 490 . 6 666. 2 24.601 6. 73 14. 91 1060.
48. • 0 1825 .4709 .5 016 513.9 696.4 25 .244 6.76 15 . 30 1032 .

50. •01699 . 4405 .4649 537.5 727.4 25 . 8 76 6.79 15.53 10 0 7.
55. • 0 21 0 4 .3890 .3850 596. 6 806. 9 27. 392 6.83 16. 10 956.

60. • 0 23 34 . 3 655 .3213 654. 4 6 67.8 28. 801 6.61 16. C

7

929 .

65. ,02580 .3615 . 2729 709.3 967.4 3 0.0 74 6.80 15.72 914 .

70. •02635 .3702 .2352 761.3 1044.8 31.222 6.80 15.21 910.
75. .03090 .3855 .2062 310.6 1119.6 32.255 6.83 14.73 912.
go. • 0 3345 .40 39 .1835 857.8 11 92.

2

33.192 6.8 8 14. 34 918

.

90. . 0 3848 .4468 . 1505 947 . 8 1332.7 34.847 7 . 05 13. 31 935 .

100. • 0 4342 .4938 . 1278 1 034 . 9 1469.

0

36.2 84 7.27 13.51 958.
110. . 0 4824 .5422 .1113 1122.6 1605.1 37, 579 7. 61 13. ',6 979.
120. •05297 .5907 .0987 1209.6 1739.4 38.748 7.89 13.44 1003.
140. • 06221 .6661 . 0807 1366.

7

2008.7 40.824 8.41 13 .55 1052 .

160. •07104 .7761 .0662 1563.6 2279.

2

42. 629 6^ 85 13.69 1 0 96.
180. • 0 79 66 . 8673 • 0 595 17 56.

5

2554.

9

4'». 253 9. 22 13.90 1144.
200. •08654 . 9568 .0528 1949.1 283<».5 45.726 9.51 14.07 1190.
220. •09715 1.0451 .0475 2146.0 3117.5 47.071* 9.75 14.23 1235.
2l|0 . • 105 70 1 .1324 .0 432 2 346.2 3403.

2

48.317 9.93 14.35 1 279

.

260 . •11419 1. 2190 • 0 396 2549.

0

3691 .

0

49.470 10. 07 14. 44 1322.
280. •12265 1. 3049 .0 366 2753.6 3980 .3 50.542 10 .17 14.50 1 36',

.

300. •13119 1.3936 • 0340 29 61 .

4

4273.

2

51 . 549 10 .25 14.54 1406 .

350. •15212 1.6046 . 0 290 3 480 .

2

50 01.4 53.794 10 .35 14.53 1503 .

400. • 1 72 95 1.8141 . 0 252 400 1 .

1

5730 •

7

55. 742 1 0 . 39 14. 59 1596.

450. •193 73 2.0226 .0224 4522.6 6459 . 9 57.460 10. 40 14.58 1684.
500. • 21446 2.2304 . 0201 5044 .1 7188.8 58.995 10 .41 14.58 1 767 .

550. .23517 2.4378 .0182 5565.7 7917.4 60.364 10.42 14.56 1846.
600. •25566 2.64it9 .0167 60 88.0 8646.6 61.650 10. 44 14.59 1922.
650 . • 2 7653 2. 8518 .0154 6610 .

6

9376.

1

62 .314 10.46 14. 60 1995.
700 • • 2 972 0 3.0 586 • 0 143 71 3 5 . 0 1010 7.

0

63.9 04 10.49 14. 6 3 20 65 .

750 • • 317 65 3.2652 .0133 766 1.0 ^ u O «J 7 . ^ 64.9 1

7

10.53 14.66 2133,
BOO . _ T7Acn• 'J iJO 7 U 3.4716 .0125 6189.

0

11574.

0

65.3 65 10.53 14. 71 21 97,
850 • • O 37 X P .0118 8 719.7 12 311.

2

66. 753 10 . 63 14. 77 2260 .

900 • •37979 3.8 847 .0111 9 253 .

4

13051.3 67.603 10.70 14. 83 2320

.

950. •40043 4.0911 .0105 9790.5 13794.7 63.406 10.78 14.91 2379.
1000. .42106 4.2974 .0100 10331.2 14541.9 69.171 10.86 14.99 2435.
1100. .46233 4.7101 .0091 11427.2 16050.5 70.599 11.04 15.17 2 544.
12C0. •50359 5.1227 .0083 125i.2.5 17578.4 71.920 11.24 15.37 264'
1300. .544 65 5.5352 .0077 13678.4 19126.9 73.159 11.46 15.58 2744^
litOO. .58610 5.9477 .0071 14835.7 20696.

7

7i».330 11.68 15.80 2837^
1500. .62735 6.3601 .0067 16014.

6

22238.3 75.442 11.90 16.03 2926^
1600. .66860 5.7726 .0062 17214.6 23900.6 76.476 12.12 16.24 3013.
1700. .70985 7.1650 . 0 059 18436.

2

25534.8 77. (.62 12.34 16.46 3096.
1300. .75111 7.5975 .0056 19679.8 27190.9 78.<.07 12.55 16.68 3177.

2000. .83366 8.4223 .0050 22235.5 30572.

0

80.199 13. 00 17.14 3332.
2200. .91634 9.2471 .0045 24665.8 34049.2 81.843 13.56 17.71 3476.
2400. .99937 10.0720 .0042 27668.2 37661.9 83.414 14.32 18.52 3609.
2600. 1.08316 10.8968 .0038 30641.9 <»1473.4 84.939 15.42 19.71 3732.
2800. 1.16636 11.7216 .0 036 33896.

7

45530.4 86.465 17.00 21.1,7 3847.
3000. 1.25599 12.5464 .0033 37554.2 50114.1 88.037 19.21 23.97 3955.

TWO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

10.00 MPA ISOBAR

MPERATURE DENSITY V<OH/OV)„ VCDP/OU),, - V(DP/DV)-. (OV/QTL/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
r V 1 r CONOUCTItflTY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K KG/M-S SQ M/HR
X 102 X 10-* X 10^

16. 608 81.8729 919.9 .21*61*5 11*3.200 3 . 00715 106.05 316.91 .00071 1.26871. 1.9657
17. 81.7600 922.

Q

.21*510 11*2.1202 . 00720 107. 11* 309.91. .00071 1. 25831. 1.9212
18. 81.1621 931.5 .23860 136.521*1 .0071*8 112.21* 278.08 . 00071 1.25621 1. 7260
19. 80.5556 93 9.9 .23167 130.81*63 .00771* 115.98 252.38 .00071 1.261.0 7 1.5821.

20. 79.9218 9'»2.6 .22727 125.251*2 .00607 119.53 230.97 .00071 1. 26182 1.1.701
9? -C b • 7 ft . c Q ft 7 9** 1 0 9 • 2 1 8 9 3 1 1 T C17R 7 nn ft -Tfi 126. 57 197. 68 . 0 0 0 70 It 25711 1 28 8 5

2<». 77.1767 9i»1.9 .21121 101*. 0381* .00939 130.92 173.15 .00069 1. 25211. 1.1691
26. 75.6908 939.1 .201*18 91*. 7233 . 01002 133.27 151*. 38 .00067 1.21.692 1.0901.
28. 7i«.1366 929.1* .19723 85.2159 .01077 131*. 11 139.55 .00065 1. 21.11*7 1. 01.17

30. 72.5015 917.6 .19359 76.3571. . 01155 133. 85 127. 1*3 .00053 1.23576 1.0093
32. 70.7876 90 4.5 . 18399 66.1673 .01237 131.79 117.27 .00060 1.22979 .9955

31*. 68.9988 869.1 .1771*7 60.5258 .0132(> 129.27 108.59 .00057 1.22356 .9886
36. 67.1359 872.8 .17096 53.5628 .011*11* 126.1*5 101.05 .00055 1.21713 .9862
38. 65.2037 856.0 .161*66 1.7.2967 .01507 123. 39 91*. 1*0 .00353 1. 2101*7 .9870
i»0. 63.2056 837.8 . 15886 1*1. 6392 .01606 120.18 63.1*6 .00051 1.20360 .9901.

He • 821 • 8 . 15 317 1 C 77K4
• U1077 llO* Of 0 ^« 1 r

n n n u Q
. U U U 7 Q Q 7 A

• Jo
>»<i. 59.0530 806.9 .11*71*3 32.1*879 .01792 113.57 78.1*2 .0001*8 1.1891*2 .9981
i>6. 56.9271 795.7 .11*110 28.891*8 . 01872 110. 35 71*. 16 . 00 01*7 1.18221 1.0021
(»8. 5<».79'»2 787.3 .13536 25. 801*9 .0191*1* 107. 26 70.37 . 0001*6 1.171*99 1.001.1
50. 52.6712 780.0 . 13001* 23.2021 .02001* 101*. 1*1* 67. 02 .0001*6 1. 16785 1.0029
55. i»7.5332 773.3 . 11866 18.1*927 .02082 98.63 60.33 .0001*6 1.15067 .9658

60. <»2.8<«56 782.3 .11023 15.6610 . 02055 9i*.09 55.91 . 00 01*9 1. 13515 .9551
65. 38.7532 806.9 .10355 li*.010i« . 0191*8 91. 27 53.06 . 00051* 1.12172 .9136
70. 35. 279'* 81*'*.

5

.09801 13.0611* .01801 89. 29 51.1*1 . 00060 1. 1101*0 .6756
75. 32.3603 891.0 .09331 12.1*759 . 01653 87. 38 50.57 .00066 1.10095 .8523
80 . 29.6 976 91* 3 . 6 .08922 . 0 1520 86.83 5 9.28 - n n n 7 T 1.09303 . 633 3

90. 25.9853 1065.0 .06218 11.6098 .01296 89. 51 50.65 .00090 1. 08052 .7812
100. 2 3.0330 1202.1 .07630 11.3739 .01121* 92.61 51.78 .00107 1. 07115 . 7551.

110. 20.729'f 1359.6 . 07052 11.21*03 .00990 96.1*6 52.78 .0C121. 1.06367 .7367
120. 18.8773 1518.3 .066 30 11.1500 .00885 100.21 51*. 17 .0011*2 1. 05805 .7266
1(»0. 16.075<i 1851.5 .0 5971* 11.0295 . 00732 109.11 57. 73 .ODieo 1. 01*929 . 7170

160. lit.O 768 2192.1 .051*79 10.921*5 .00625 119.20 61. 77 .00223 1. 01*306 .7096
180. 12.52U2 2537.8 . 05153 10.8616 . 0051*8 129.81 65.96 .00269 1.03625 .7061
200. 11.29'»'« 2682.1 .01*913 10.8056 .001*86 11*0.50 70.20 .30318 1. 031*1*5 . 7032
220. 10.2931* 3223.6 .01*732 ID. 7578 . 001* 1*1 151.03 71*. 1*1 .00371 1. 03136 .7010
2 0 . 9 • ^ 61

0

355 9.5 • 0^596 1 0 . 7 1 1*1 • U U H U 0 1 6 1 • 26 76 • 5 7 • 0 0 '2 8 1 n 7 A A n1 • U c o o u • O 7 7 U

260. 8.7570 3839.7 . 01* 1*92 10. 671*7 . 00371 171.15 82.68 .0C'*87 1. 02661. .6973
280. 8.1531 '*213.3 .01*1*11* 10. 6392 . 0031*1* 180.71 86.72 .00550 1.021*76 .6959
300. 7.6226 1*51*0 .6 .01*352 10.6229 .00320 1 89. 93 90. 70 .00617 1. 02316 .691*1

353. 6.5738 5312.3 .01*255 10. 51*86 . 00271* 211.73 100.35 .00795 1. 01995 .6911
(«00. 5.7819 6063.9 .01*201 10.1*889 . 0021*1 232. 10 109. 65 .00991 1. 01753 .6890

5.1619 6601*.

1

.01*167 10.1*1*03 .00211* 251.1*3 118.60 .01203 1. 01561* .6875
500. It. 6626 751*3. 7 .01*139 10.1*0 0 0 . 00193 270. 01* 127.27 .011*30 1. 011*12 .6869
550. 1..2523 8261.3 .01*117 10.3662 .00176 286. 11* 135.67 .01671* 1.01287 .6863
600. 3.908<« 9S22.1* .01*096 10.3375 . 00162 305.90 11*3. 81* .01932 1. 01183 .6858
can 3 • 6162 9 76 7 • . 0 1*0 76 10 • 3129 • 0 0 1'»9 3 2 3 • '3 151 .80 .02205 1 . U 1 U 7** .6853
700. 3.36i«8 10521.6 .01*051* 10.2915 . 00139 31*0. 82 159.58 .021*93 1. 01017 .681*9

750. 3.1 '»61 11281*.

3

. Oi*C 30 10.2728 .00130 358. 15 167.16 .02795 1. 00951 .581*5

800. 2.95*»2 12058.1* .01*001* 10.2563 .00122 375. 1*6 171*. 61* .03110 1. 00893 .581.2
850. 2.78<»<. 1281*5.5 . J3976 10.21*17 .00115 392. 80 181.95 .031.39 1. 008 1.1 .681.0

900. 2.6330 1361*6.9 .0391.5 10.2286 .00109 1*10.19 189.11* .03781 1. 03 796 .6839

950. 2. If 973 11*1*63.6 .03912 10.2168 .00103 1*27.65 196.20 .01.135 1. 00 751* .661.0

1000. 2.37'»9 15296.1 .03877 10.2062 . 00098 1*1*5.21 203.16 .01.501 1. 00 7 17 .681*1

1100. 2.1630 16998.0 .03607 10.1877 .00069 1*75.56 216.78 .05217 1.00653 .6915
1200. 1.9857 18758.8 .03733 10.1723 . 00082 511. 00 233 . 01* .06028 1. 00600 .6919
1300. 1.835'* 20577.1* .03659 10.1592 .00076 51*6. 89 21*2.98 .06885 1.00551. .6922
lifOO. 1.7062 221*51.3 .03585 10.11*79 . 00070 583. 18 255.63 .07787 1. 00515 .6927
1500. 1.59<»0 21*375.0 .03513 10.1381 .00066 619. 81 268.02 .09731. 1.001.81 .6931
1600. l.i»957 26331.2 .031*1*7 10.1295 .00062 656.36 283.16 .09725 1. 001.51 .6931*

1700. l.i»087 28327.1 .03385 10.1219 .00058 693. 19 292. 08 .10762 1. 001*25 .6936
1800. 1.3311* 30367.5 .03321* 10.1150 .00055 730.56 303.77 .1181.5 1.001*02 .5931*

2000. 1.1995 31*629.0 .33205 10.1029 . 0001*9 309.11 326.51 .11.171 1.00362 .5915
2200. 1.0913 39327.5 .03072 10.0911* . 0001*5 930.22 31*1.. 90 .16767 1.03329 .6786
2<»00. 1.0006 1*1*799.0 .02908 10.0783 . 00 01*1 1017. 11 366.26 .19750 1. 00332 .6669
2600. .9232 51570.5 .02702 10.0602 . 00038 1179.72 387.23 .23336 1. 00278 .61*71
2800. .8559 60325.0 .021*51* 10.0325 .00036 11*13. 61* 1.07.97 .27692 1.00258 .6197
3000. .7962 7181*2.6 .02179 9.9693 .00033 171*8. 06 1*2 8.71 .32975 1. 00 21.0 .5879

• THO-PHASE BOUNDARY
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TABLE 8

THERMOOVNftMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

11.00 MPA ISOBAR

TEMPERATURE VOLUME

CU M/KG

ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C\/ CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND
CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

17.079 .01215 1.3010 1,031 226.1 359.7 14.316 5.11 6.60 1525.
IS. .01223 1.7504 1.030 231.4 366.0 14.671 5.26 6.89 1514.
19« .012 32 1.6954 1.026 237. 5 3 73.0 15.052 5 , 41 7.21 1502.

.012i»2 1.6373 1.020 243.6 380.3 15.428 5.55 7.51 1486.
22. .01262 1.5254 1.010 257.2 396. 0 16.175 5.79 8,14 1464.
2<». .ai28i» 1.4193 .9902 271.6 412.8 16.908 5.99 8.72 1438.
26. .01308 1.3244 .9641 287.0 430.8 17.627 6.14 9.26 1413.
28. .0133'« 1.2252 .9349 303.2 450. 0 18. 333 6.28 9.63 1365.
30. .01362 1.1283 .9013 320 .3 470.2 19.031 6.39 10.40 1355.
32. .01393 1.0396 ,8644 338.3 491.5 19.720 6.48 10.95 1325.
3i». .01<»27 .9546 .8248 357.0 513.9 20.400 6.56 11.49 1293.

36. .01U63 .8747 .7832 376. 5 537.5 21.072 6.62 12.02 1261.
38. « 0 15 0 3 .8011 .7406 396 . 6 562. 0 21. 736 6. 66 12 . 54 1226.
<»a. .015i«7 .7358 .6979 417.4 587.6 22.391 6,66 13.02 1197.
kZ. .olsgif .6753 .6558 438.7 614.1 23.038 6.70 13.50 1167.
hk. .01646 .6233 .6146 460.5 641. 5 23.676 6. 71 13.93 1138.
<»6. .01701 .5768 .5 745 482.2 669.3 24.293 6.76 14.38 1108.
I»8. .01761 .5382 .5361 50 4.8 698.5 24.914 6.79 14.74 1081.
50. .01825 .5048 .4999 527.5 728.3 25.522 6.81 15.06 1056.
55. .02002 .4445 .4196 584.8 805.1 26.985 6.85 15.59 1006.
6D. .02202 .4130 .3 544 641.5 863.6 28.354 6.84 15.59 973.

65. .02<>16 .4010 .3027 695.9 961.7 29.603 6.83 15.50 954.
70 . . 0 26'»1 • 40 32 .2621 748.0 10 38.4 30.740 6 . 63 15. 15 945.
75. .02868 .4146 . 2301 797.6 1113.1 31.771 6.66 14.74 944.
60, .03097 .4306 .2048 845.3 1185.9 32.711 6.90 14,37 947,
90. .03550 .4693 .1679 936.4 1326.

9

3 4.3 73 7.07 13.88 960.
100. .0 3997 .5136 .1425 10 24.5 1464.2 35.619 7.29 13.61 979.
110. .5604 .1239 1113.2 1601.2 37.123 7.63 13.56 998.
120. .6079 .1097 1201.

0

1736.4 38.300 7.90 13.53 1020.
11*0. .0 5710 .7027 .0895 1379.5 2037.5 40.390 8.42 13.63 1066.
160. .0 6530 .7958 .0758 1563.0 2281.3 42.217 8,86 13.79 1113.

180. .07317 .8825 .0657 1751. 4 2556.2 43.835 9,23 13,95 1155e
200 . . 0 8109 .9722 . 0 583 1944 .6 2836.7 45 . 313 9,52 14 , 1

2

1201

.

220. .0 889<» 1.0607 . 0524 2142.0 3120.

4

46.665 9.76 14,26 1245.
2<>0. .09673 1.1482 .0476 2342,7 3406.7 47.911 9.94 14.38 1289.
260. .10<«'«7 1.2349 .0437 2545.8 3695.0 49.065 10.08 14. 46 1331.
280. .11217 1.3210 .0403 2750.9 3984.8 50.139 10.18 14.52 1373,
300 . .11996 1.410' .0375 2958.9 4278.5 51.148 10.26 14.55 1415.
350. .13901 l.<=tl6 .0319 3478.3 5007.4 53.396 10.35 14.59 1512.
(>0O. .15796 1.8312 ,0278 3999.6 5737.3 55.346 10.39 14.59 1604.
'»50. .17686 2.0397 ,0246 4521.5 6466.9 57.064 10.40 14, 58 1691.

500. .19572 2.2476 .0221 5043.2 7196.0 58.600 10.41 14,58 1774.
550. . 21'»55 2.4 550 , 0201 5564 •

9

7924.9 59.990 10 .42 14,58 1853 .

600. .23336 2.6621 ,0184 6 087.3 6654.3 61.256 10.44 14.59 1929.
650 . .25215 2.8690 .0170 6610.

3

9384.

0

62.420 10.46 14. 60 2001.
700. .270 94 3.0757 .0157 7134.6 10114,9 63.511 10.49 14.63 2071.
750. .28972 3.2824 .0147 7660.

7

10847.6 64.523 10.53 14.67 2138.
800. .30850 3.4869 .0138 8188.7 11532.2 65.471 10.58 14.71 2203.
850. .32727 3.6954 .0130 8719.5 12319.4 66, 365 10.64 14.77 2265.
900. .346C3 3. 9019 .0122 9253.

2

13059.5 67.210 10.70 14.83 2325.
950. .36480 4.1082 .0116 9790.3 13803,0 68.012 10.78 14.91 2384.

1000. .38356 4.3145 .0110 10331.1 14550.2 68.778 10.86 14.99 2440.
1100. .42107 4,7271 .0100 11427.2 16059.0 70. 205 11.04 15.17 2548,
1200. .45658 5.1397 .0092 12542.5 17586,9 71.527 11.24 15.37 2651.
1300. .49609 5,5522 . 0 08 5 13678.4 19135, 4 72.766 11.46 15.58 2748.
I(t00. .53359 5,9646 . 0079 14835.8 20705,3 73,937 11.68 15.80 2841,
1500. .57109 6,3771 .0073 16014.8 22296.9 75,049 11.90 16. Q3 2930,
1600. .60860 6.7895 . 0069 17214.7 23909.2 76,082 12. 12 16.24 3017.
1700. .64610 7.2019 .0065 18436.3 25543.3 77.068 12.33 16.!>6 3100,
1600. .68360 7,6143 .0061 19679.8 27199.4 78.014 12.55 16.68 3181.
2000. .75864 8,4392 .0055 22234.8 30579.8 79.805 13.00 17.13 3335.

2200. .83380 9. 26413 , 0 050 24883.

1

34054.9 81.453 13.54 17.69 3479.
2'tOO. .90926 10.0388 ,0046 27660.3 37662.2 83. 017 14.28 18.48 3613.
2600. .98538 10.9136 .0042 30622.6 41461.

7

84.537 15.34 19. b3 3736.
2600. 1.06273 11,7384 .0 039 33855.5 45545.5 86.055 16.86 21.32 3651.
3000. 1.14217 12,5631 . 0037 37474.

7

50038.6 87.613 18.98 23.71 3960.

THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN <ISOBARS, SI UNITS)

11. OD MPA ISOBAR

MPERATURE DENSITY V<DH/DV)p V(0P/OU>y - V (DP/OV)^ <DV/OTyV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONOUCTI VI TY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/ KG MPA-CU M/KJ MPA 1/K M/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

17» 079 82.2793 948 . 8 . 246 1

3

148. 1830 . 00696 13 6.72 32 2,98 ,00 07 2 1.27018 1 . 961

2

16« 81.7l»«»8 958.3 .23926 143.0636 . 00720 113. 54 291 , 35 .00 073 1 • 268 26 1. 7723
19* 81. I'tdO 966.2 .23356 137.5793 . 00 746 117. 42 264 ,22 ,00072 1 . 2& 6 17 1,6218
20 • 8 0 •S'fS 7 97 1.0 .22814 131. 8769 • 0 0 774 121.15 241,65 • 0 0 0 7 2 1 . 26403 1,498 5

22. 79.2611 973 . 9 • 21995 120.9019 . 00635 126.50 206, 38 .00 0 72 1. 25949 1 , 3C 63
2<». 77.901'* 973.5 .21233 110.5663 .00696 133. 13 180.49 ,00071 1.25469 1,1820
26. 76.<i708 973.1 .20524 101.2749 . 00952 135.71 160,74 .00069 1.24966 1.0973
28. 7i».97e7 966.1 . 19857 91.8614 .01016 136. 77 145,23 ,00067 1. 24442 1.0441
30. 73.<»181 95 5 . 5 .19211 6 2. 8341 .01063 136.7 3 1 32, 63 ,00364 1. 23896 1.0 0 36
32. 71. 7871 945.

1

. 18573 74. 6316 . 01158 134. 86 122,13 , 00062 1.23327 .9913
3<». 70 .0911 932.0 .17949 66. 9106 . 01233 132. 54 113,22 ,30059 1.22 737 . 9614

36. 68. 3319 917.5 . 1 73 26 59 .770 0 .01310 129.91 105,51 .00 057 1. 22127 .97 64
38. 66.5137 9i] 2.2 .16720 5 3. 2841 . 01 390 127. 04 98,74 .03055 1. 21498 .9746
itO. 6'*. 6'f23 88 7. 2 . 16160 47.5645 . 01467 12 4.03 92 , 74 .00 05 3 1.20854 . 973 3

kZm 62 .720 9 871 . 6 . 15616 42.35 78 • 01548 120. 90 67, 37 . 00051 1 . 23194 .975 3

kk. 60.7592 858.7 .15069 37.8726 .01623 117. 76 82,55 .03350 1.19524 .9768
46. 58.7757 848.5 .14460 33.8999 . 01695 114.68 78,23 .00049 1. 18848 .9810

56. 7 800 840 . 3 . 13906 30 . 5576 • 01755 111. 70 74, 36 .00 046 1. 18 171 .9315
50. 51*. 7915 833.2 .13388 27.6595 .01607 108.87 73,92 , 00 048 1. 17499 .9610
55. '»9. 9376 824. 7 . 12262 22.1993 . 01390 13 2.96 63, 98 • 0 0 048 1.15 369 .9667
60. '»5.<t210 630 .3 .11404 16. 7574 • 0 1889 96 . 35 59. 10 • 0 3 05 0 1. 14366 . 9425

65. 'fl. 3837 84 9. 9 • 10 70 9 16.5936 .018 24 95. 36 55 . 84 ,00054 1.13 0 34 .90 79
' 70. 37. 8715 832 • 6 . 10126 15.2709 . 01716 93. 14 53,80 ,00058 1. 11884 • 875 0

75. 3<i. 865

1

925.7 .09625 14.4540 .01592 90 . 99 52,64 ,00064 1, 13906 .852 7

80 • 976.4 .0 91 85 13.9125 . 01472 90.13 52,09 ,00070 1,13 0 73 . 3307
90. 28.1693 1C93.1 .06432 13.2204 .01270 92.43 52.13 ,00085 1,03749 .7631

100. 25.01S9 1227.1 .07808 12.8486 .01109 95.20 53.02 .00101 1, 07744 .7577
110. 22. 5M»1 1382. 9 .07199 12.6 343 « 0 D 980 99.07 54, 02 .0 0117 1, 06960 .7393
120. 20 .5'»68 1540 .6 .06755 12 .490 7 .0 0878 102.47 55.19 .03133 1, 06330 .72 89
1<>0. 17.51l»3 1873.5 •06068 12.3070 • 0 0 727 110.63 58.46 .03167 1,05 378 . 719 0

160 . 15. 3129 2217.3 .055 83 12.1865 . 00622 120 . 54 62. 34 .00 20 6 1. 04691 .7131

180. 13.6673 2559.1 .05211 12.0608 . 00545 130.37 66 .42 .03247 1. 04179 .7078
2 00. 12. 3313 29Q 4.

1

• 04963 11.9885 .0 0 436 141 . 35 70.57 .30292 1 . 3 3765 .7048
223. 11. 2<»32 3246.4 . 0 4775 11. 9256 .03439 151. 72 74. 72 .0 0 341 1. 03429 .7024
2(»0. 10.3380 358 3.1 .04634 11.6702 . 0040 1 161. 84 78. 64 .00392 1. 03150 .7033
260. 9.5721 3914.0 . 04527 11.6238 .00369 171.64 82.91 . 0C446 1.02914 .6586
280. 8.9146 4238.8 . 04445 11. 7764 . 00343 131.13 86,93 ,00504 1, 02712 .6970
300. 8. 3359 4567.6 . 04381 11. 75 7 3 . 00319 190 . 29 90 , 86 , 0 C 565 1, 02534 .6951
350 • 7. 1 937 5340 .

3

.0 42 79 11. 6655 .00273 212.00 10 0,50 • 0 0 727 1,02184 .6918
(»00

.

6. 330 5 6092 . 5 . 04221 11 . 5923 • 00240 232. 31 109, 76 , 00905 1, 01920 .6896
<»50

.

5.65'»2 6333.1 .04185 11.5329 .00213 251.60 113,70 ,31096 1.01714 .633 0

500. 5.1095 757 3.

0

. 0 41 55 11.4838 . 00 193 270. 13 127, 35 ,01306 1, 01548 • 6673
550. •.6610 8310 .8 .04132 11.4427 .00175 288.26 135.74 , 01527 1, 01411 • 6666
600 . 2853 9052.1 .04109 11.4078 . 03161 306.03 14 3, 90 , 01762 1 , 01297 .6860
650 • 3.9658 979 7 . 3 .04088 11 • 3779 .00149 323.52 151,86 .02 011 1,01200 .685 5

700. 3.6908 10551.7 .04065 11.3520 . 00139 340.90 159,63 .02273 1, 01116 .6851
750. 3.4516 11314.6 . 040 41 11.3293 . 00130 353.23 167,23 .02548 1, 01044 .6846
BOO. 3 • 2 41 5 120 38.8 • 0 40 1

4

11.3093 .00122 375. 53 174. 68 .02835 4 Annan
. 6843

850. 3. 0556 12876.1 .03985 11.2916 • 00 115 392. 36 181.99 .33134 1*00 92^ .68 41
900 . Z .SS99 13677 .6 . 03954 11 . 275 6 .00108 410.25 1 69 . 17 . 3 3445 1 • 00 3 73 .6340
950 . 2. 741 3 14494.5 • 0 3920 11.2615 .0310 3 42 7, 71 196. 24 . 3 3767 4 n n o o1.00 626 • 6641

1000. 2.6072 15327.2 . 03665 11.2487 . 03098 445. 26 203.19 .34101 1,00733 .6642
1100. 2.3749 17029.5 .03813 11.2264 .00089 475.56 216.80 .04752 1, 03717 .6917
1200. 2.1306 18 790.7 .03739 11.2077 .00082 511.03 233.06 .05489 1,00659 .6919
1300. 2.0158 20609.6 .03664 11.1919 .00076 546, 39 243. 00 .06268 1,00609 .6923
li»00. 1.8741 22484.1 .03590 11.1782 .00070 533.18 255.65 .07069 1. 00566 .6927
1500. 1.7510 24409.1 .03513 11.1664 . 00066 619.30 268.04 .07950 1, 00529 .6931
1600. 1.6431 26364.5 .03452 11.1560 .00062 656.34 283.16 .08852 1. 0D496 .6935
1700. 1,5478 28360.1 .03389 11.1468 . 00053 693. 14 292.09 ,09795 1.00467 .6936
1800. 1.4626 30399.3 .03328 11.1336 .00055 730.45 303. 76 .10730 1. 00441 .6935
2000. 1.3181 34652.9 .0321C 11.1240 . 00049 308.67 326.52 .12893 1,00398 .6917

2200. 1.1993 39327.3 . 030 78 11.1105 .00045 898. 82 344.90 .15247 1, 00362 .6790
2<f00. 1.0998 44741.6 .02918 11.0955 .00041 1013.50 366.26 .17954 1, 00332 .6678
2600. 1.0148 51397.9 .02717 11.0755 . 00036 1171. 72 387.22 .21175 1, 00306 .6437
2800. .9410 59948.3 .02476 11.0455 .00036 1397.91 407.94 .25038 1.03284 .6221
3000. .8755 71138.7 .022G6 10.9993 .00333 1719.99 423.64 .29828 1.00264 .5909

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

12.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
OERH/ATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU H-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 17.3i»6 .01210 1.8521 1.038 227.1 372.2 14.336 5.15 6.63 1544.
18. .01215 1.8168 1.037 230.8 376,6 14.585 5.25 6.83 1537.
19. .0122i« 1.7629 1.035 236.8 383.6 11.. 962 5.<il 7.13 1525.
20. .01233 1.7091 1. 031 243.0 390.9 15.336 5.54 7.1.3 1511..

22. .01252 1.5973 1.021 256.1 406.3 16.072 5.79 8.04 1489.
2 If. .01272 l.if362 1. 003 270.2 422.9 16.797 5.98 8.61 1463.
26. . 0 1295 1.3900 . 9 786 235. 3 440 . 7 17.505 6.11. 9.15 1439

.

28. .01320 1.2977 .9507 301.2 459.5 18.202 6.28 9.68 1414.
30. .0131*6 1.2023 .9191 317.9 1.79.1. 18,888 6.40 10.22 1386.
32. .01375 1.1136 .8840 335,3 500. 4 19.564 6.1.9 10. 74 1357.
3«i. .01406 1.0288 .8465 353.6 522.4 20.231 6.57 11.25 1328.

36. .01440 .9495 . 8069 372.5 51*5.4 23 . 889 6.63 11. 75 1297.
3S. .014 77 .8776 . 7660 392.1 569.3 21.537 6.68 12.22 1267.
40 .

- .01517 .8101 .7249 412.2 594.2 22.175 6.70 12.67 1238.
42. .01559 .71.70 .6841 432.9 620. 0 22.303 6.72 13.12 1208,

.01606 .6919 .6441 451..

0

646.7 23.423 6.71. 13,54 1179.
l>6. .01655 . 6l»57 .6052 475. 0 673. 6 24. 0 22 6.79 13, 91. 1151

,

48. .01706 .&0i»2 .5677 496.8 701,8 21.. 622 6.82 14,29 1125,
50. .01765 .5690 .5319 518.9 730.7 25.212 6.84 14,59 1101,
55. .01921 .5016 .1*517 574.6 305,2 26.631 6.88 15,14 1050.
60. .02096 .4623 . 3851 630.2 881. 7 27.964 6.87 15,33 1016.

65. .02285 .4435 .3313 684.0 958. 3 29.188 6.86 15.26 993,
70. .02485 . 1*390 .2881 735.9 1031*.

0

30.312 6.86 15.03 981,
75. .02689 .1*458 .2537 785.7 1103.4 31.338 6.39 14.71 976.
80^ .02895 .4593 .2260 833.8 1181.

2

32.277 6.93 14.39 976.
90. .03307 .4942 .1853 925.8 1322.5 33.941. 7.09 13.93 985.

100 . , 0 37ll» .5 351 .1571 1011.. 7 1460. 1* 35.396 7.31 13,68 10 0 0 .

110. .04115 .5801 .1365 1101..

2

1598.1 36.706 7.65 13,64 1017.
120. .04511 .6260 .1208 1192.

8

1734.1 37,891 7.92 13.61 1037,
I<t0. .05285 .7197 .0984 13 72.5 2006.7 39.992 3.1.4 13.70 1081

.

160. .0 60 40 .8125 .0832 1557.0 2281.8 41.8 27 8.88 13.85 1126.

ISO. .06761 .8930 .0723 1746.4 2557.7 43.453 9.24 14.03 1167,
200. .07490 .9879 .0 638 1940.3 2839.0 1.4.935 9.53 14.16 1211.
220. .08211 1.0765 .0573 2138.1 3123.1. 46.290 9.77 11.. 30 1255.
240. .08926 1.161.2 . 0521 2339.2 3410.3 1.7.539 9.95 14. 1.0 1298.
260. .09637 1.2510 .0477 251.2.7 3699.2 1.8.696 10.39 14.1.9 1340.
280. . 1 03 44 1.3 372 . 0 41.1 2 748 .

1

3989.4 49 . 771 10.19 11.. 54 1 382.
300. .11061 1.4275 .01.09 2956.5 4283.8 50.782 10.27 1I..57 1424.
350. .12809 1.6383 .031.8 3476.5 5013.5 53.033 10.36 14.61 1520.
400. .14547 1.81.84 . 0303 3998.2 571.3.9 51*. 983 10.1.0 11.. 60 1611.
450. .162 80 2.0569 .0269 452 0.3 6473.9 56.703 10.1.1 11.. 59 1698.

500. .18009 2.261.8 .0241 501.2. 2 7203.4 58.239 10.1.2 14.59 1781.
550. .19736 2,4722 .0219 5561..

2

7932.5 59.629 10.1.3 14.58 1860.
600. .21461 2.6793 . 0201 6086.7 8662.0 60.896 10.44 14.59 1935.
650. .23184 2.8862 .0185 6609.8 9391.8 62.061 10.1.6 11., 61 2007.
700. .24906 3. a 929 .0172 7131.. 2 10122.

9

63.151 10.49 14.63 2077.
7 PlC^ 5 ft• £ DO £. 0 r 00 U • 0 10 855 •

7

• 1 6 3 10,53 14,67 2144.
• 800. .28349 3.5G69 .0150 8188.4 11590.3 65.112 10,58 14,71 2208.
850. .30070 3.7124 .0141 8719.2 12327.6 66.005 10.61. 14,77 2270.
900. .31790 3.9188 .0133 9 25 3. 0 13067.

8

66. 850 10.70 14,84 2330.
95B. .33510 4.1252 .0126 9790 .2 13811.1. 67.653 10.78 11., 91 2389.

1000 . . 3 52 3 0 1..3315 .0120 10331.0 11.558.6 68.419 10.87 11., 99 2445.
1100. .38669 4.7441 .0109 11427,1 16067.4 69.846 11.05 15,17 2553.
1200. .42107 5.1566 . (;iaa 1251.2.5 17595.4 71.168 11.21* 15, 37 2655.
1300. .45546 5.5691 .0092 13678.5 19143.9 72.1.07 11.45 15,58 2752.
litOO. .48983 5.9615 . 0 086 14835.

8

20713.8 73.578 11.68 15,80 2845.
1500. .52421 6.3939 .0 080 16011..

9

22305.4 71..690 11.90 16,03 2934.
1600. .55859 6.8063 . 0 075 17214.8 23917.

8

75. 723 12.12 16.24 3020.
1700. .59296 7.2187 .0071 18436.3 25551,9 76.709 12.33 16.1.6 3104.
1800. .62734 7.6311 . 0067 1^679.

7

27207.

8

77.655 12.55 16<.67 3184.
2000. .69613 8.1.559 .0060 22234.2 30587.7 79.1.46 12.99 17.12 3338.

2200. .76502 9.2807 . 0055 21.880. 8 31.061.

0

81.093 13.53 17.68 3482.
2<«00. .83417 10.1055 . 0050 27653.4 37663.5 82.655 14.25 18.1.4 3616.
2600. .90390 10.9302 . 0046 30605.8 1.11.52.7 81.. 171 15.27 19.56 3740.
2B0O. .97471 11.7550 .001.3 33819.7 45516.2 85.681 16.71. 21.18 3856.
3000. 1.04737 12.5798 .001.0 37405.3 1.9973.8 87.227 18.78 23. 1.8 3965.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS I

12. OB MPA ISOBAR

TEMPERATURE DENSITY V <OH/OVI„ V (DP/ QUI,, -V(OP/DV)t (DV/OT) /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P V T P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10^

• 17.3l»6 82.6756 977.1 .21.393 15 3.1232 .00678 111. 1.0 329. 05 . 00 073 1. 27159 1.9563
IS. 82.3055 98<».2 .23990 11.9.5335 .00691. 111.. 80 306.11 . 00071. 1.27027 1.8239
19. 81.726U 993.1 .231.28 11.1.. 0750 . 00718 118.81. 276.63 .00073 1.26822 1.6608
20. 81.1 312 999.7 .22926 138.6583 .0071.1. 122.68 252.39 .00073 1.26611 1.5293
22. 79.9020 100<..2 .22092 127.6311 . 00800 130. 36 215.25 .00073 1. 26175 1.3267

78 . 587<* lOD 2.

8

• 21339 116. 7973 . 00859 1 35 . 25 137.90 .00072 1. 25711 1 . 1967
26. 77.2094* 1003.1 .20637 107.321.3 . 00912 138. 06 167.16 . 0C070 1. 25225 1.1Q75
2S. 75.772'» 1001.0 .19973 98.3287 .00967 139. 32 150.91 .00068 1.21.720 1.01.83
30. 7lf.2761 992.6 .1931.8 89.301.1. .01029 139. 1.9 137.80 .00066 1. 21.196 1.0092
32. 72. 7171 983.7 .18727 80.9801 . 01092 137. 79 126.91. . 00061. 1. 23651 .9393
3(». 71.1002 972.1. .18126 73.11.53 .01157 135. 63 117.75 .00061 1. 23088 .9770

36. 69.«»279 960.1 .17529 65.9188 .01221. 133.16 109.31. .00059 1.22507 .9691.

38. 67.70'»5 91.7.8 .1691.5 59.1.181. . 01289 130. 1.5 102.93 .00057 1. 21910 .961.2
1*0. 65. 9366 933.5 . 161.07 53.1.161 . 01357 12 7. 60 96.83 .00055 1.21299 .9611.

(»2. 6<».1275 918.5 .15878 1.7.9026 . 011.28 124.62 91.39 .00053 1. 20677 .9620
<»<». 62.2808 90 5 .8 .15351 1.3. 0902 .011.95 121.62 86.50 .00052 1. 2001.1. .963 0

<»6. 60.'»123 898.3 .11.761 39.0098 .01551 118.66 82.11 .00051 1. 191.05 .961.3

<»8. 58.5352 890 .3 .11.225 35.3675 . 01605 115. 79 78.17 .00050 1.18766 . 961.3

50. 56.6572 881..

2

. 13721 32.21.00 . 01650 113. 03 71.. 61. . 00 01.9 1.18129 .9633
55. 52.05l»l 871*.

9

. 12613 26.1093 .01730 106.96 67.1.1. .0001.9 1.16577 .951.1.

bO. '7.7096 877.8 .11751 22.0559 .0171.6 102.33 62.21 .00050 1.15126 .9319

65. l»3. 7550 891..

0

.11037 19.1.053 .01707 99. 22 58.59 .00053 1.13815 .9012
70. i»0. 21.75 922.1 .101.30 17.6700 .01631 96.81 56.20 .00058 1. 12661 . 8729
75. 37.1910 961.7 . 09903 16.5807 . 01530 91..1.9 5i». 71. .00062 1.11662 .3522
80. 3'».5i»29 1010 .0 .091.39 15.8651 .011.25 93.37 53.93 .00063 1. 10801 .8312
90. 30 .2'»33 112 3.<. . 0861.0 11.. 91.67 . 0121.0 95. 29 53. 61 .00081 1. 09i.li. . 7835

100. 26.9263 1251..

0

.07982 11.. 1.031. .01091 97.77 51*. 26 .00096 1. 08352 .7591
110. 2<».2990 11.07.9 . 0731.3 11.. 0951 .00969 101.69 55.28 .00110 1. 07516 .71.12

120. 22.1672 1561..

0

.06378 13.8769 .00870 101.. 73 56.21. .00125 1. 0681.1 .7309
litO. ie.921<» 1896.2 .0 6161 13.6180 .00722 112.59 59. 21. .00156 1. 05319 .7203
160. 16.5567 221.0.1. .05656 13.1.531 .00618 121.91 6 2,93 .00191 1.05079 .711.9

180. lit. 7907 2578.2 .05287 13.2823 .0051.1. 131.96 66.89 .00229 1.01.528 .7112
200. 13.3517 2926.7 .05012 13.1900 .00<.8i. 11.2.23 70.96 .00271 1. 01.031 . 7062
220. 12.1790 3269.7 .01.818 13.1110 .001.37 152. 1.1. 75.05 .00315 1. 03718 . 70 38
2iiD. 11.2029 360 7.1 .01.673 13.01.22 . 00399 162.1.1. 79.12 .00362 1.031.17 .7016
260. 10.3 766 3938 • 7 . 01.562 12. 9811. . 00368 172. 15 83 . 16 . 001.12 1. 03162 .6997
280. 9.6672 1.261..

0

.01.1.77 12.9272 .0031.1 181.56 87.11. .001.65 1.0291.3 .6930
300. 9.0<»07 1.595.0 .01.1.10 12.9053 .00317 190. 67 91.07 .00521 1. 02751 .6961
350. 7.8071 5368.6 .01.303 12. 791.0 .00272 212. 27 10D.65 .00670 1.02372 .6925
i»00. 6.67i»l 6121.3 .01.21.2 12 . 70 5 8 .00239 232.52 109.88 . 00831. 1. 02087 .6901
ifSO. 6.1<«2'> 6862.3 .01.203 12.631.3 .00213 251.78 118 .80 .01011 1. 01863 .668<.

500. 5.5527 7602.5 .01.171 12.5755 . 00192 270. 33 127.1.3 .01202 1. 01683 .6876
550. 5.0669 831.0.5 .01.11.6 12.5261. .00175 288.38 135.81 .011.05 1. 01535 .6863
600. U.6597 9081.9 .01.123 12.1.81.7 . 00161 306.11 11.3.97 .01621 1. 011.11 .6363
650. l».3133 9827.2 .01.100 12.1.1.90 .0011.9 323.61 151.91 .0181.9 1.01306 .6856
700. i».0150 10581 .

8

. 01.0 76 12.1.180 .00138 31.0 • 99 159.68 . 02089 1. 01215 . 6852
750. 3.755<» 1131.1..

8

.01.051 12.3910 . 00129 358. 30 167.28 . 0231.2 1.01136 .681.3

600. 3.5275 12119.2 .01.023 12.3672 . 00121 375.60 171.. 72 .02605 1. 01067 .681.1.

850. 3.3256 12906.6 . 03991. 12.31.61 .00111. 392.93 132.03 .02880 1. 01006 .681.2

900. 3.1'»56 13708.1. .03962 12.3272 .00108 1.10.31 189.21 .03165 1.00951 .681.1

950. 2.98'»2 11.525.1. .03928 12.3133 .00103 1.27. 76 196.27 .031.61 1. 00902 .681.1

1000. 2.8385 15358.3 .03892 12.2950 .00098 1.1.5.31 203.22 .03767 1. 00858 .681.3

1100. 2.5861 17061.0 .03820 12.2685 .00089 1.75.56 216.83 . 01.363 1.00731 .6918
1200. 2.371.9 18822.6 . 0371.5 12.21.63 .00082 511.00 230.08 . o;o<.o 1. 00717 .6920
130Q. 2.1956 20 61.2.2 .03669 12.2275 . 00075 51.6. 89 21.3.02 .05755 1. 00663 .6921.
li»00. 2.01.15 22516.8 .03595 12.2113 .00070 583.17 255.67 .06508 1. 00616 .6928
1500. 1.9076 21.1. 1.2.

2

.03522 12.1972 .00066 619.80 263.06 .07297 1.00576 .6932
1600. 1.7902 26397.8 .031.56 12.181.9 .03062 656.32 280 .20 .05125 1.0051.0 .6935
1700. 1.686<» 28393.2 .03393 12.171.0 . 00058 693. 10 292.10 .06989 1. 00509 .6937
1300 . 1.59(.0 301.31. 1. .033 32 12.161.2 .00055 730.36 303.79 .09892 1. 001.31 .6936
2000 . 1. 1.365 31.678.1 . 03211. 12.11.71 . 0001.9 808.28 326.51. . 11323 1. 001.33 .6918

2200. 1.3072 39331.6 .03083 12.1313 . 0001.5 897.60 31.1.. 69 .13932 1.00391. .6793
2i»00. 1.1988 1.1.696.1 .02926 12.111.3 . 00 01.1 1010. 35 366. 26 .161.51 1. 00362 .6686
2600. 1.1063 51252.1 .02731 12.0923 .00038 1161.. 75 337.21 .19380 1. 00331. .6502
2800. 1.0259 59621..

5

.021.95 12.0599 . 00036 1381.. 20 1.C7.91 . 22929 1.00309 .621.3

3000. .951.8 70529.5 .02231 12.0108 .00033 1695.1.9 1.28.57 .27223 1.00288 .5936
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TABLE S

THERHOOYNAMIC PROPERTIES OF NORMAL HYDROGEN CISOBARS, SI UNITS)

13.00 NPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
OERIVATII/E DERIVATIVE ENERGY OF SOUND

K CU H/K6 CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

17.609 .0120i» 1.9023 1.0i>5 228.1 381..

6

11.. 355 5.16 6.65 1562.
16. .01207 1.8816 1.0(»5 230.3 387.2 11.. 502 5.21. 6.77 1558.
19. .01215 1.8287 1.0<>3 236.2 391..

1

11.. 676 5.1.0 7.07 151.7.
20. .0122(« 1.7758 1. OiiO 21.2.2 1.QI.1. 15.21.6 5.53 7.36 1537.
22. .012 '•2 1.665<» 1.0 32 255.1 1.16.6 15.975 5.78 7.91. 1513.
2<». .01262 1.5602 1. 016 269.0 1.33.1 16.690 5.98 8.50 11.90.
26. .01263 l.'«59<« .9926 283.7 1.50 . 6 17. 390 6.11. 9.03 11.65 .

28. .01307 1.3665 .9651 299.3 1.69.2 16.076 6.28 9.51. 11.1.1.

30. .01332 1.27<»8 .9355 315.6 1.86.8 18. 751. 6.1.0 10.05 11.15.
32. .01359 1.1657 .9023 332.7 509.1. 19.1.19 6.50 10.56 1388.
3%. .01388 1.1016 .6 665 350 .5 531.0 20.071. 6.58 11.01. 1360.

36. .0X1*20 1.0225 .8287 369.0 553.6 20.719 6.61. 11.52 1331.
38. .aii»5'» .9503 .7896 388.1 577.1 21.351. 6.69 11.96 1303.
<»0. .01<>90 .8823 .7<i99 «.07.7 601.1. 21.978 6.72 12.38 1275.
42. .01529 .8203 .7103 1.27.8 626.6 22.592 6.71. 12.78 121.7.
1*1*, .01571 .7631 .6715 1.1.6.3 652.5 23.195 6.76 13.16 1219.

• 0 1616 .7129 . 6335 1.66 . 7 678.7 23. 777 6. 81 13. 57 X *, 7C «

08. .0166<« .6703 .5966 1.89.9 706.2 21.. 362 6. SI. 13.90 1167.
50. .01715 .6317 .5616 511.1. 731..

3

21.. 936 6.87 11.. 21 111.3.

55. .0185i» .5595 .1.616 565.8 806.8 26.318 6.91 11.. 71. 1093.
60. .02010 .5133 .'I'.a 620. 3 8 81.5 27.619 6.90 11.. 99 1056.

65. .02178 .i»881 .3586 673.1. 956.6 28.319 6.89 15.01 1031.
70. .02357 .'»767 .313'. 725.0 1031.1. 29.928 6.S9 11.. 67 1016.
75. .025<*1 .1*601* .2767 771..

8

1105.2 30.91.7 6.92 11.. 61. 1008.
80. .02728 .1.897 .2<.70 823.1 1177.8 31.881. 6.96 11.. 38 1006.
90. .0 3101* .5203 .2027 915.7 1319.2 33.551 7.11 13.96 1010.

100. . 0 3'» 78 .5586 .1718 1005.1. 11.57. 5 71;. 0 n A0 17 . u u 0 7.33 13.72 1023 .

110. .038<»7 .6009 . 11.92 1095.6 1595.6 36.321. 7.67 13.70 1036.
120. .0<»212 .61*57 .1319 1181..

8

1732.1. 37.511. 7.91. 13.68 1055.
11*0. .04928 .7379 .1073 1365.

7

20C6.

3

39.625 8. 1.6 13.76 1096.
160. .05626 .8296 .0906 1551.3 2262.6 1.1.1.68 8.90 13.91 1139.

180. .06311 .3203 .0 785 171.1.6 2562.0 1.3.111. 9.25 11.. 06 1182.
200. .06966 1.0039 .0691. 1936.

0

281.1. 6 I.1..567 9.55 11.. 20 1222.
220. .07633 1.0926 .0623 2131.. 3 3126.6 1.5. 91.5 9.78 11.. 33 1265.
2I»0. .08295 1.1803 .0566 2335.8 31.11..

1

1.7.196 9.96 11.. 1.3 1306.
260. .06952 1.2673 .0518 2539.7 3703.1. 1.9.355 10.09 11.. 7I 1350.
280 . . U 7 D U D 1 . 3 536 .01. 78 2 71.5 . ^ 3991.. 1 1.9.1.32 10.20 11.. 56 1 391

.

300. .10270 l.<»'»i»7 .01.1.1. 2951..

1

1.289.2 50.1.1.5 10.27 11.. 59 11.32.

350. .11865 1.6560 .0377 31. 71..

7

5019.7 52.698 10.37 11.. 52 1528.
(»00. .13«t91 1.6656 . 0329 3996.8 5750.6 51.. 650 10.1.0 11.. 61 1619.
•50. .15091 2.07i»2 .0291 1.519.2 61.81.0 56.370 10.1.1 11.. 50 1705.

500. .16687 2.2620 .0261 501.1. 3 7210.7 57.907 10.1.2 11.. 59 1788.
550. .18261 Z.i*6<)i* .0237 5563.5 791.0.0 59.298 10.1.3 11.. 59 1866.
600. .198 7I* 2.6965 .0217 6 086.1 8669.7 60.561. 10.1.1. 11.. 5 9 191.1.
650. .21(»65 2.9033 .0200 6609.3 9399.7 61.730 IO.1.& 11.. 61 2013.
700. .230 55 3.1100 .0186 7133.8 10130.9 62.820 10.1.9 11.. 63 2083.
7cn* ?u . • U 1 f H 7CC. n n lU 0 D 0 • 0 f^t ADo • 0 00 in 71 u • !>0 1^ •67 C 1*T 7 •

800. .26233 3.5231 .0163 8188.2 11598.5 61.. 781 10.58 11.. 71 2213.
650. .27821 3.7295 .0153 8719.0 12335.6 65.6 75 10. 61. 11.. 77 2276.
900. .29<i09 3.9359 .011.5 9252.9 13076.1 66.520 10.71 11.. 81. 2335.
950. .30997 <*.1<»22 .0137 9790.0 13819.7 67. 323 10.78 11.. 91 2393.

1000. .32565 i».3i»65 .0130 10330.9 11.567.0 68.089 10.87 11.. 99 21.50.
1100. .35759 i».7610 .0118 111.27.1 16075.8 69.516 11.05 15.17 2557.
1200. .38933 5.1735 .0108 1251.2.5 17603.9 70.838 11.21. 15.37 2659.
1300. .'»2107 5.5859 .0100 13678.5 19152.1. 72. on 11.1.6 15.58 2756.
1(»00. .<»5281 5.9963 .0093 11.835.9 20722.1. 73.21.7 11.66 15.60 261.9.

1500. .i«8<>5<» 6.<»107 .0087 16015.0 22311..

0

71.. 359 11.90 16.03 2938.
1600. .51627 6.8231 .0081 17211..

9

23926.1. 75.393 12.12 16.21. 3021..
1700. .51*600 7.2355 .0076 181.36.1. 25560.1. 76,3 79 12.33 16.1.6 3107.
1600. .5797if 7.6'»78 .0072 19679.8 27216.3 77.325 12.55 16.57 3188.
2000. .6i»323 8.<f726 .0065 22233.8 30595.7 79.115 12.99 17.12 331.2.

2200. .70681 9.2973 .0059 21.878.8 31.067.1. 80.762 13.52 17.67 31.86.
2i»00. .77063 10.1220 .0051. 2761.7. 1. 37665.

7

62.322 11.. 22 18.1.1 3620.
2600. .83<>96 10.9(»68 .0050 30591.1 1.11.1.5.6 83.831. 15.22 19.1.9 371.1..

2600. .900 26 11.7715 .0 01.6 33788.0 1.51.91.1. S5.338 16.61. 21.07 3660.
3000. .96719 12.5963 .001.3 373l.^.2 1.9917.6 86.873 18.60 23.28 3969.
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TABLE 8

THERMOOYNftMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

13.00 HPA ISOBAR

NPERATURE DENSITY V(DH/DV)p \/(OP/DU)y -V<DP/OV)^ (OV/DTyv THERMAL WISCOSITY THERMAL DIELECTRIC PRANOTL
mumiPTT UTTV nTCCMCTliTTV U Uri 0 1 A N 1 Nun DC

K

V V r /Pi I M K J/ KG nrft^uu ri/i^j MP A 1 /K H/ K* M K6/n»S C n M / LI D

X 10 X 10^ X 10

4 7^ en Qi r • O U ? O 3 • U OC (3 1 fin

n

X u u 9 . u 9L.9 Afft 1 c: A n 1 n 1 • U U DD £ 4 4 < n i11 H. u

1

7 7C i 1
<} -39 . XI n n n 7

1

. U U U r H 1 • 2 • 2 9 0 1 . 954 2

Id* 82*6 't6 2 1 0 3 9

.

. 2 'fO 5

1

4 c c a a f. n
• 00 670 116. 0 2 320 .89 .00075 1^27219 1.8717

O C e £ O O O 1019*2 . 23'f 96 . u u 0 9 0 120. 21 269. . 0 0 0 7 1 . £ r U X 9 1 7n 1 7X . I U X >

9n *cU • 1 n 9 A 7X U C D . f 9 "7 fi n n. C >> u u u 1 ii c; n ft A Ql**7.Uo03 n n 7 1 7. U U r X (
4 9i» 9nX £ H . £ U 9 fc7 c

• 0 0 0 7 1 • 2S 6 1 1.5624
99cc • 6 0 • 5 139 1032.6 • 22 1 8't 4 71. n Q n nlOH. U7UU .00 76 9 132.17 22'*. 29 • 0 C 0 7'» 1 . 26 392 1.346 3

2<i. 79.e'*37 1035.2 .21't't5 123.6395 • 00821 137. 30 195. *»6 . 00073 1. 259t»3 1.2105
26. 77.9135 103(f .6 .2074*8 113.7033 •0G873 lt»0.33 173.66 •00072 1.25'»73 1.1177
28* 76. 5237 103 3.9 . 2 00 7** 1 0 H. 973h « 00923 l^fl • 76 156.62 • 00 07 0 1 • 2't98't 1.0541
30 • ( 9 . U OO 9 1 n 9 Axu ^ 0 . 0 . X 9*t O9 QC 74 c

Q

99 • r X 0

9

n fl Q7 7. u U 9 f f 1 W 2 • 12 l'*2 .96 • 0 0 0 6 6 1 • 2'»'» 79 1.0113
32* 73.5879 1020 .8 . 18866 8 7. 250 3 • 01 Q S'l 1 'f 0 . 58 131. 70 . 0 D 0 65 1 . 23 955 .989 0

7 2 . G 39 6 101 1 c 5 . 18281 79. 35 70 . 0109 2 138.57 122.22 • 00 06 3 1 • 23**15 . 9741

7 n Af U . *t4X D X u U X » u 1 77 n. X ' f u 0 79 n 9 7i»
. U 1 19

1

4 7C 91*X JO . £H 4 4/. n Qlit* U 9 n n n c n
• U U U 0 U 1 • 2285 9 • 9 64 5

38 • 68. 799'f 99 0 • . I7l'»6 65.3602 .01208 133. 67 107.01 • 0 0 056 1 . 22 £o? .95 75
un ^*rU • ft7 1 1 A AOf . X X o o 97 7.6 i fLc; 9fL CO 7 1 QC9 9. £ X 99 . U X £ 0 0 X . 99 inn 7QX u U . f 9 n n n R 7• u u u 7 f

4 9 1 7 n 7X . £ X r U r
Q c; 9 A

. 9 9 £ 0
U9fC • C R n 9 f.O 9 . *tU £ H c 970 9 . £ . X OX X 9 K 7 Cf. Q T9 J • D4 9a rt 4 7 91. 4 9 A 4 nX £ 0 * lU QC 9 C99 . £ D • U U U9 9 1 • 21115 . 99 U 0

63.6578 953.2 .15602 t»6.576'» .01382 125.23 90.30 •0005^ 1.20516 .9501
61.8871 9'»5.3 .15028 '>'».1193 • Oli»36 122.37 85.63 .00052 1.19909 .9521

u ft 6 0.1057 9 J 0 . f • 1 '#5 0 6 • 291

3

. 01 'fdl 119.5 8 81.61 .00052 1 • 19 301 .9512
50 • 58. 32<f 6 932. 2 • I'^O 15 36. 8'»30 . 0 152(» 116.90 76 .20 - 00 0 51 1 . 18695 • 95 J 5

90 • 9mi H Q9 1* n9c H. U .12 92 6 30 . 18 16 . 01596 110. 76 70. 76 . 0 0 050 1. 17 212 ,. 94 19
&0 • ^9 • 762

1

92** • 9 .120 67 25

.

.016 21 106.0 6 65 . 25 • 00 05 1 1 . 15 810 .922 5

H 9 • 9U 0 D Q1 A 99 O 0 . £ • XI

0

HX 59 ttnct& £ . HU D 0 n 4 £. n n
. u lou U 1 n 9 A7lU C . Of c 4 7 nol . 0

U

0 0 0 U 5 H 1 . 1**5 26 AO/a A
• O9H 0

r u • 1..9 9Q A 9O 0.0 . XU r 1

9

£ U . £ 0 . 015^^3 10 0. 30 58.60 • 0 0 0 5 7 1 . 13 3 78 . 86 8 7

75 • 39.3 52 6 999. 8 . 1 0167 18.9033 . 01'»6'» 97. 68 56 . 85 • 00 06 1 1 * 12 366 .850 0

80 • O D . D9 C 7 lO'f « 3 . u 90 0 X 1 7 • 9^13 3 . U X J f 0 90 • 9 £ Cc: 7 39 9 f 7 • U U U D D 4 4 4 li A 7X . XX H 0 r A 7 1 n. 0 0 1 u

90. 32.2181 115l».& .0881*2 16.7631 . 01209 98.12 55.10 .00079 1. 10050 . 7839
100. 28.75«»7 1282.8 .08151 16.0613 . 01070 100. 31 55.51 .00092 1. 08936 .7595
1 10 • 25. 992 0 X *to H • X n 71* Af^ X 9 « DX 0 X . u u 9 99 4 n l» 9Q1 U . C 9 9D. 99 . U U 1 U 9 1 n A n c i<X . uo U 9

1

7L.9 Q. f H£ 9

X CU • 1 90 9 « J n 7 n n n 19 • J U .00861 4 n 7 n 41 U f . U

1

C 7 7 9 • 0 9 1 1 9 4 n T 7 1 Q1 . U r 0 0 9 7 7 9 C
« r 0 £ 0

i'fO • 20 .2926 1920 .

5

. 06252 l**. 97'»2 .00716 ll*r. 37 60 . O^fr .001^7 1. 06250 .722 3

i. o u • 1 7 7 7t Q 9 9 la t n c 7 9 7 m . f H99 n n £. 1 f.• U U Dm 497 701 £ <3. 0£ £ 7 C LDO . 9I* n r 4 A n
. U 1 1 0 u 1 . 05460 74 AC^• r 1 DO

180 • 15.8 <>61 261 2.0 . 053 50 l*f .58 39 . 00538 13 3. 08 67.36 . 0 0215 1. 04857 .7118
200 a 1 1l 7c;t; A1 H . J77 O £ 9*t 0.0 . u 9 U D9 1** . 'll 2 n n f. A 9 1 3. l^f 74 7

1

r 1. 0 D • 0 0 2 5 3 1 . 04393 7 fl a 4
• r U 0 1

9 9necu* 13.1011 3293 . ^ . 0 4*8 6

1

1 31 'tl . 0 0 '»35 1 5 3. 1

9

75.39 . 0 Q 294* 4 n 1. n n fM
. 70 5

2

2(>0 • 12.0 560 3631. k • 0 *f711 1 't. 230 2 • 0 0 397 163. 06 79 . • 0 0 33 7 1.03680 .7029
260. 11.1706 3963.6 .0^596 1'».1567 . 00366 172.66 83.i»l • ocseft 1. 03407 . 7009
280. 10.<fl05 ^1289.

5

.0t»508 1«».0916 • 003<»0 182.01 87.37 • 00432 1.03172 .6991
300 • 9.7370 '»622 .7 . 0'fU39 1 0668 .0 0316 191.06 91 . 27 .00 ^s** 1. 029 65 .6970

8. 'fl'»2 • 0 '»32 7 13.93^0 nn 574
• UU £ r 1 212. 56 100. 61 . 0 0 622 1 . 025 56 .6932

I. n rt 7 . ^^12 6 615 0.3 . 0 '»2 62 17 Q 9 Q 91 0 . D£9 £ .00236 232. 7'» 110.01 .00 77'* 1. 02 251 • 69 0 7

(»50« 6. 6266 6891.6 • 0'*220 13. 7'**f 6 • 00212 251 • 95 118.90 • 0 0938 1 . 0 2011 .6889

5 00* 5 . 992 6 7632 . 0 •0^1 87 13 . 6751 . 00191 270 . *»7 127.52 .0111'* 1 . 01617 .6679
550 • 5 . '(70 0 637 0*2 • 0'»160 13. 6171 . 00 17(f 268. 51 1 35. 89 . 0 130 2 1.01658 .6871
c fl nb U U • 5.0 31

8

9111.8 . 0 'il 35 13.566 0 . 0 Q 16 0 3 0 6. 22 1 0

3

. 01501 1 . 01524 .6665
65Q • k . 658 8 9857 •

2

. 0 'fl 12 13. 5260 .00 1'^S 323. 71 151 . 97 • 01712 1 • 01411 .6858
700. 11.3375 10611.9 .Oi»087 13.<f896 •00138 3i»1.07 159.73 .0193't 1. 01313 .6854
750, l»,a577 11375.1 .0<*061 13.*>579 •00129 356. 38 167. 32 .02167 1. 01228 • 6849
A fl n0 U U •

t A 4 9 n•9.9 X£ U n un tt. u 0 0 H 7 li 9 Q 01 0 . HC 7 7 n n * 7 4. U U 1 ^ X 77c c

7

1 71* 4 76 n 9 4 4
. u £Hi

1

1 . 01153 C A /> C
. bo^9

S50« 3. 59'»'* 12937.1 . 01*003 13.1*051 . 00111* 392. 99 182. 07 • 0 2665 1 • 01087 .68'*3
7 nti t0 . H u u 0 ^ "7 77 Q n1 a r 0 7 . u n 1 Q 7 r

. U o^7 fit 4 7 7 ft 7 Q n it 4 n ft '*10 . 37 189.2'* n 9 Q 9 A
• U £ 9£ 0 4 n 4 n 7 ft1 . UX U c 0 . 6 81* 2

950« 3.2 26

1

1<*556.2 . 03936 1 3. 3631 . 00102 1*2 7. 82 1 96. 30 • 0 3 2 G 2 1.00975 . 6 81* 2

1000. 3.0689 15389.3 .03899 13.31*51 . 00097 1*1*5.36 203.25 .031*81* 1. 00928 .681*3

1100. 2.7965 17092.'* .03826 13.31(*0 .00089 1*75.56 216.86 .01*035 1. 0081*5 .6919
1200. 2.5685 leas'*.

^

.03751 13.2880 .00082 511.00 230.11 .01*660 1.00776 .6921
1300. 2.37*i9 2067 1*.!* .03675 1 3.2659 .00075 51*6. 89 21*3.01* .05320 1. 00717 .6925
li>00. 2.2085 225l»9.5 .03600 13.2'*70 .00070 583.17 ?55.69 .06016 1. 00667 .6929
1500. 2.0638 2'»'»75.3 .03527 13.2305 . 00065 619. 79 268.07 .0671*5 1. 00623 .6933
1600. 1.9370 26'*31.0 .031*60 13.2161 .00061 656. 31 230 .21 .07509 1.00585 .6936
1700. 1.82t»d 2ei»26.3 .03396 13.2033 . 00058 693.06 292.12 .08307 1. 00551 .6937
ISOO. 1.72*t9 .03336 13.1919 . 00055 730.27 303. 81 .0911*1 1.00521 .6936
2000. 1.55'f7 3'*70'*.5 .03218 13.1719 . 0001*9 807. 93 326.55 .10928 1. 001*69 .6920

2200. l.'»li»8 39339.6 .03089 13.1538 .0001*5 896.52 31*'*. 89 .12912 1. 001*27 .6797
2>>00. 1.2976 '»'»6&0 .2 .02931* 13.131*7 . OOOi*! 1007.58 366.25 .15182 1. 00392 .6693
2600. 1.1977 51127.

8

. 0271*3 1 3.1105 . 00038 1158.60 387.20 .17866 1.0D361 .6511.

2800. 1.1108 5931*3.2 .02512 13.0757 . 00035 1372.09 1*07.88 .21110 1. 00335 .6262
3000. 1.0339 69996.3 .02253 13.0236 .00033 1673.86 1*28.52 .25031 1.00312 .5961
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

lif.OO HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENER3Y OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K K J/K6 KJ/KG-K KJ / KG-K M/S

• 17.869 .01198 1.9517 1. 052 229.2 3 96. 9 l'*.37'» 5.21 6. 67 1580.
18. .01199 1.9'»'i9 1. 052 229.9 397.8 l'».'»23 5 .2'f 6.71 1579^
19. .01207 1.8929 1. 051 235.6 '»0'». 7 1'».793 5. 39 7.00 1569^
20. •01216 1. 8<»08 1. 0<»9 2'»1. 6 '•11.8 15. 160 5.53 7.29 1559.
22. •01233 1.7372 1.039 25if .3 <»27. 0 15.883 5. 77 7. 85 1537.
2<». .01252 1.6297 1.027 267.9 l><«3.2 16.589 5.97 8.i»l 1515.
26. •01273 1.52'»'f 1.006 282. >» '•6 0.5 17.281 6. l'» 8.93 I<t89.
28, .01295 l.i»333 .9796 297.6 '»78.9 17.960 6.28 9. '•3 l'*66.

30. .01318 1.31*39 .9509 313.7 '•98.2 18.627 6.i»0 9.91 1<«1»2^

32. .OlSfti* 1.25<»8 .919if 330.4 518.5 19.283 6.51 10.<«0 l'»16.
3k. .01371 1.1721 .8851 31*7.8 539.8 19.927 6.59 10. B6 1390.

36. .01<>01 1.0925 .8'«90 365.9 562.0 20.561 6.66 11.32 1363^
38. .01(«32 1.0212 .811'. 38l«.5 585.1 21.185 6.71 11. 7«. 1336^
(»0. .01'>66 .9529 .7731 <»0 3.7 608.9 21.797 6.7'» 12.13 1310.
i»2. .01502 .3909 .73i»7 '•23.3 633^6 22.398 6. 76 12.50 128<t.
<>i». .ai5i»l .8333 .6969 1*1*3. 3 658.9 22.988 6.78 12. 87 1257.
^6. •01582 .7799 .6598 '»63.1 68i».5 23.556 6. 8'f 13.26 1230.
<»8. .01625 .7351 .6238 1*63.6 711. '» 2'».127 6.87 13.56 1205.
SO. •01671 .6957 .5891 50i».8 738.8 2'».688 6.90 13.86 1183.
55. •01797 .6179 .5096 558.0 809.6 26.037 6.9i» li».<»0 1133.
60. •01937 .5657 .'»<«16 611.5 882.7 27.310 6.92 lif.69 1095.

65. .02069 .53'*'* .36'*7 663.9 956.1* 23.489 6.92 14.77 1068.
7b. .02250 .5198 .3378 715.1 1030.2 29.532 6.92 14.70 1051.
75. • 0 2<>18 .516'* .2992 76'*.

8

1103.

3

30.592 6.94 14.54 1040.
60. .02589 .5221 .2 676 813.2 1175.6 31.524 6.99 14.34 1035.
90. .02933 .51*79 .2199 906. 3 1317.0 33.192 7.14 13.97 1036^

100. .0 32 78 .5833 .1865 996.6 1455.5 34.651 7.35 13.76 1045.
110. .03620 .6231* .1619 1087.'* 1594.2 35.970 7.69 13.75 1056.
120. .0 3968 .6666 .l'*31 1177.

2

1731.

3

37.164 7.96 13.73 1073.
140. • Oi«623 .7567 • 1163 1359.2 2006.4 39.284 6.47 13.82 1111.
160. .052 72 .81*76 .0980 15'*5.6 2283.8 41.135 6.92 13.96 1152.

180. .05909 .9381 .0 8'*9 1736.8 2564.1 42.786 9.28 14.10 1194.
200. .06537 1.0271* .07'*9 1932.1 2847.2 44.278 9.56 14.23 1236^
220. .07138 1.1089 . 0672 2130.7 3130.0 45.625 9.79 14.36 1275.
2<^0. .07753 1.1967 .0610 2332.5 3416.0 46.879 9.97 14.46 1318.
260. .08365 1.2837 .0559 2536.7 3707.8 48.039 10.10 14.53 1359.
280. .08973 1.3701 • 0516 27'*2*7 3996.9 49.117 10.20 14.58 1399.
30 it. .09592 1.1*620 .0'*79 2951.8 4294.7 50.132 10.26 14. 61 1441.
350. .11C93 1.6731* .01*07 3'*72.9 5025.9 52.363 10.37 14.63 1536.
400. .12585 1.6830 .335'* 3995.1* 5757.3 54.341 10.40 14.62 1627.
i>50. .l'»0 71 2.0 915 .031<> '*518.1 6483.1 56.062 10.41 14.60 1713.

500. .1555'* 2.2993 .0282 501*0.5 7218.1 57.600 10.42 14.60 1794.
550. • 17035 2.5067 .0256 5562.8 7947.6 58.991 10.43 14.59 1873.
600 . • 1851'* 2.7137 .023'* 6085.6 6677.5 60.253 10.45 14.60 1947.
650. .19991 2.9205 .0216 6608.

8

9407^6 61.423 10. 47 14.61 2019.
700. .21'*6e 3.1271 .0200 7133.1* 10138.9 62.514 10.50 14. 64 2088.
750. • 2291* '* 3.3337 .0187 7659.

7

10671.6 63.526 10.53 14.57 2155.
800. • 2'*419 3.5'*01 .0175 6188.0 11606.6 64.475 10.58 14.72 2219.
850. .2589'* 3.71*65 .0165 8718^9 12344.0 65.369 10.64 14.77 2261.
900. .2 73 69 3.9526 .0156 9252.

7

13034.4 66.214 10.71 14.84 2340^
950. .2a6t*3 '*.1591 .01'*7 9790.

0

13828.0 67.017 10.76 14.91 2398^

1000^ .30317 4.3654 .0140 10330.9 14575.3 67.783 10.87 15.00 2454.
1100^ .33265 4.7779 .0127 11427.1 16064.

2

69.210 11.05 15. 17 2562^
1200 ^ .36213 5.1903 .0117 12542.6 17612.3 70.532 11.25 15.37 2663.
1300. .39160 5.5027 .0108 13678.6 19160.9 71.771 11.46 15.58 2760.
1400. .42106 6.0150 .0100 14836.0 20730.9 72.942 11.68 15. BO 2653.
1500. •45053 6.4274 .0093 16015.1 22322.6 74.054 11.90 16.03 2942.
1600. .47999 6.8397 . 0067 17215.

0

23934.9 75.087 12.12 16.24 3028.
1700 . .5 0946 7.2521 .0 062 18436.5 25569.

0

76.074 12.33 16.46 3111.
1800. •53893 7.6644 .0078 19679.8 27224.8 77.019 12.55 16.67 3191.
2000. •59788 8.4891 .0070 22233.4 30603.6 78.809 12.99 17.12 3345.

2200. .65692 9.3138 .0064 24877.1 34074.0 80.455 13.51 17.55 3489^
2400. .71617 10.1385 .0058 27642.2 37668.6 82.013 14.20 16.38 3623.
2600^ .77586 10.9632 .0054 305 78.0 41440.3 83.522 15.17 19.44 3748.
2800^ .63645 11.7880 . 0 050 33759.9 45470^2 85.020 16.54 20.96 3664.
3000. •89649 12.6127 .0047 37289.7 49866.5 86.546 18.44 23.11 3973.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

lit. 00 MPA ISOBAR

TEMPERATURE DENSITY W(OH/OV)p V(OP/DU>y -V(OP/OV)^ (DV/OT)p/V THERMAL VISCOSITY THE'?MAL DIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K K6/CU H KJ/K6 MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

* 17.869 83.<i399 1032.3 . 21*187 162. 8525 .0061*6 116. 5'* 31*1.17 .00 0 75 1. 27431 1 . 952 8

18. 83.3689 1033.9 .2'*110 162. 11*39 .0061*9 117. 21 336. 21 .00075 1.27405 1.9247
19. oZ.oZOr 10<*'>.6 .23561 156. 7682 .00671 121.55 302. 68 . 00075 1. 27 21

D

1. 7444
20. 82.2581 1052.9 .230 71 151.1*21*6 . 00693 125. 67 275. 26 • 0 0 0 75 1 . 270 10 1.597 2

22. 81.0903 1063.9 .2221'* 11*0.8711* .00738 133. 88 233.37 .00 076 1.26596 1. 3679
2^. 79.8708 106 5.2 .2151*1* 130.1661 . 00789 139. 29 203.13 .00075 1.26164 1.2262
26. 78.5812 1063.8 .20856 119.7910 . 0081*0 l'*2.52 180.21 .00073 1. 25709 1.1295
28. 77.239«» 1065.2 .20185 110.7061* .00885 11*1*. 16 162.39 .00071 1.25236 1.0617
30 . 75.8'»87 1062.5 . 19578 101.9367 .00933 11*1*. 67 11*8 .1<* • 00 069 1. 24747 1.0149
32. 7'».«i075 1056.1 .18992 93.3669 •00985 11*3. 26 136. 1*1* .0 0 067 1. 24242 . 990 4

34. 72.9201 101*9.0 . 181*22 85.1*730 .01036 11*1.38 126.61* .00064 1. 23722 .9730

36. 71.3871 1039 .7 . 1786'* 77. 9869 .01089 139. 18 118.26 .00 062 1 .23187 .9617
38. 69.81<f5 1031.1 .17321* 71.2911 .01138 136. 72 111.01 .00060 1.22641 . 952 8

<»0 . 68.2087 1019.8 • 16823 61*. 9973 . 01189 131*. 12 101*. 65 .00 058 1.220 84 .9465
*»2. 66.5716 1009.1 .16328 59.3071 .01239 131. 38 99. 00 .0 0 057 1. 21518 .9421
kk. 6i>.9100 998.8 .15830 51*. 0908 .01288 128.61 93.96 .00055 1.20946 .9401
<i6. 63.2267 990 .9 .15266 1*9.3116 .01338 125. 85 89.1*2 .00054 1.20368 .9420
%8. 61.5326 981*. 8 .11*756 1*5. 2351 • 01379 123.11* 85. 33 .00053 1. 19788 . 941

1

50. 59.8 3<»0 979. 5 . l'»277 1*1.6279 .011*15 120.51 81 .61* o 00052 1.19208 .9392
55. 65.6<»06 971 .6 . 132 06 31*. 3785 . 011*82 111*. 1*7 73. 98 . OC 051 1 . 17785 .9308
60 • 51.6176 971.2 . 1235'* 29. 1990 .01512 109.56 68 .21 .00052 1. 16431 . 91U4

65 a *»7. 8611 982 . 2 . 11623 25. 5765 • 01501* 10 6. 33 63. 98 .00054 1 . 15 176 .889 0

70. <»<>.<»35<t 100 5.<* •10983 2 3.0981 . 011*62 103. 61* 60 . 99 . 00057 1. 140 40 . 8651
75. <»1.3625 1038.3 . 10'*19 21.3608 • 011*01 101. 15 58.97 .00 061 1.130 27 .8479
80 . 38.6 321 1080 .8 . 09913 20.1711 .01327 99.59 57.67 .0 0 065 1. 121 32 .830 3

90. 3(>.0900 1166.9 .09036 18.6790 .01177 100. 88 56.60 .00076 1.10655 .7840
100. 30.5058 1312.8 .08315 17.7952 .0101*8 102.81 56.76 .00088 1. 09498 .7594
110 . 27.626'* l'>62. 2 .07621* 17. 2212 • 0091*0 106. 87 57.83 . OG 10

1

1.08575 . 7438
120. 25.2655 1616.0 .07119 16. 81*30 • 00850 109.27 58 .1*0 .00113 1.07823 .7338

. mo. 21.6318 191*5.3 .0631*3 16. 3678 • 00 710 116.17 60. 85 .00140 1. 06672 . 7237
160. 18.967'* 2289.0 . 05798 16. 0775 . 00610 121*. 76 64.17 .0017 0 1. 05833 .7180

180. 16.9222 2637.9 . 051*07 15. 8753 .00535 131*. 21* 67.89 .00202 1.05193 .7132
200 . 15.2983 2985.5 .05120 15.7172 . 001*76 11*1*. 08 71.78 .00238 1 . 046 86 .7037
220. l<*.a096 331 7.3 . 01*90 3 15. 531*6 .001*33 153. 96 75. 75 .00 276 1. 04286 . 70 64
2<»0. 12.8971* 3656.0 .01*71*8 15.1*31*1 .00395 163.70 79.72 .00316 1. 03941 .7041
260. 11.95(*8 3988.7 . 01*630 15.31*66 . 00361* 173. 22 83.68 .00359 1.03649 .7020
280. 11.1'*<*8 '*315.2 .01*539 15.2691* .00338 182.1*8 87.60 .00404 1.03399 .7002
300. 10.'* 251 1*650 .6 .01*1*67 15.21*20 • 00311* 191. 1*6 91. 1*8 .00453 1.03177 .6980
350. 9. 0 1**9 5'»25.6 • 01*351 15. 0851* • 00270 212. 85 100 . 97 •00581 1. 02743 .6940
lOO • 7.9'*61 6179.'* • 0 1*2 8 2 11*. 9625 • 00237 232. 97 110.14 .00722 1. 02415 . 6912
<t50. 7.1067 6921.0 .01*238 11*. 8637 • 00211 252. 11* 119.01 •00 875 1. 02158 .6893

500 . 6.1*291 7661.6 .01*202 11*. 7826 • 00191 270. 62 127. 61 . 01038 1. 01951 .6383
SSO. 5 . 870<> 8'*0 0.a .01*171* 11*. 7150 .00171* 288. 6(* 135.97 .01213 1. 01780 . 6874
600. 5.<>01<i 911* 1.7 .01*11*8 11*. 6579 . 00160 306. 33 144. 10 .01399 1 . 01637 .6867
650 . 5.0022 9887.3 .01*121* 11*. 6090 .00 l'*8 323.81 152.03 .01595 1. 01515 .686 0

700. <i.6581 1061*2.0 .01*098 11*. 5667 . 00138 31*1.16 159.79 .01801 1. 01411 .6855
750. (*.3585 111*05.3 .01*071 11*. 5298 .00129 358.1*6 167. 37 .02016 1.01319 .6850
800. '*.0951 121S0.0 .01*01*2 11*. 1*973 .0012 1 375. 71* 174. 81 .02245 1. 01239 .6846
850. 3.8619 12967.7 . 01*011 11*. 1*685 . 00111* 393.06 182.11 .02480 1.01168 . 6844
900 . 3.6538 13769 •

7

.03978 11*. 1*1*28 .00108 '* 10 . '*3 189.28 .02725 1. 01105 .6843
950. 3.(t670 11*587.1 . 0 391*3 11*. 1*198 • 00102 1*27. 87 196. 34 . 0 2979 1. 010 49 . 6843

1000. 3.2 98 k 15'*2 0.3 . 03906 11* . 399 0 . 0009 7 1*1*5. 1*1 2 03. 29 . 03242 1 . 00 997 .6844
1100. 3.0061 17123.8 .03833 11*. 3630 . 00089 1*75.56 216.89 .03753 1. 00909 .6920
1200. 2.7615 18886.2 .03756 11*. 3328 .00081 511.00 230.13 .04334 1.00834 .6922
1300. 2.5537 20706.6 . 03680 11*. 3073 .00075 51*6.89 243.06 .04948 1.00772 .6926
11*00. 2.37'*9 22532.1 .03601* li*.2853 .00070 583.17 255.71 .05594 1. 00717 .6929
1500. 2.2196 2<»5a8.2 .03531 ll».2663 .00065 619.79 268.09 .06272 1.00670 .6933
1600. 2.083<* 261*6'*.

2

.031*61* 11*. 21*96 .00061 656.29 280.23 .06981 1. 00629 .6936
1700. 1.9629 28'*59.3 .031*00 llt.23l*8 .00058 69 3.0 3 292.13 .07723 1.00593 .6933
1800. 1.8555 301*96.1 .0331*0 li*.2216 • 00055 730.19 303.82 .08497 1.00560 .6937
2000. 1.6726 3'*731.7 . 03222 li*.1986 . 0001*9 807.63 326.56 .10156 1.00505 .6921

2200. 1.5223 39350.5 .03091* li*.1780 .0001*5 895.56 344.89 .11996 1.O0459 .6799
2<>00. 1.3963 '*'*632.1 .0291*2 li*.1565 . 0001*1 1005. 10 366.25 . 14095 1.00421 .6699
2600. 1.2889 51021.0 .02751* 14.1301 .00038 1153.11 387.19 .16571 1.00389 .6526
2800. 1.1955 59096.6 .02527 1'*.0929 . 00035 1361.30 407.86 .19557 1.00361 .6280
3000. 1.1130 69525.3 .02273 li*.0377 .00033 1651*. 59 428.47 .23163 1. 00336 .5983
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

15.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C» VELOCITY
DERIVATIVE DERIVATIVE ENERSY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

18.125 .01193 2.oao<» 1.059 230.3 <»09.2 lit. 392 5.25 6.69 1598.
19. .C1200 1.9556 1.059 235.2 '15.2 ll».71l» 5.38 6.95 1589.
20. .01208 1.90'«5 1.057 2<«1.1 <»22.3 15.077 5.52 7.23 1580.
22. .01225 1.802<» 1.0U9 253.6 if37.3 15.79'» 5,76 7.77 1559.
2^. .012(«3 1.6959 1.038 267.0 1*53.

k

16.i»93 5.96 6.32 153S.
26. .01262 1.5970 1.019 281.2 i»70.5 17.177 6.13 8.83 1516.
28. .01283 1.5009 ,9937 296.2 't88.6 17.8l»8 6.28 9.32 li«92.

30. .01306 l.<»095 .9652 311.9 507. 8 18.508 5.<»1 9.79 li*f.7.

32. .01330 1.32'»i» .935'* 328. 3 527. 8 19.15<» 6.51 10.25
34. .01356 1.2'»13 .9027 3if5.3 5i»8.7 19.789 6.60 10.70 1<»19.

36. .0138<> 1.1621 .8679 363.0 570.6 20.1>11» 6.67 11.1'» 1393.

38. , 61413 1.3897 .8 318 381 . 3 593.3 21.027 6. 72 11 . 54 1368.
AO. .01<><»5 1.0217 .791*8 400.0 616.7 21.629 6.75 11.92 1343.
«»2.

• .Oil. 78 .9595 .7575 419.2 640.9 22.219 6. 78 12.27 1318.
<ii|. o0151'. .9010 .7206 438.8 665.8 22.797 6.80 12.61 1293.
<|6. .01551 .8<»51 .6eiti» 458.2 690.9 23.353 6.86 12.99 1265.
4B. .01591 .7995 .6491 478.4 717.1 23.912 6.89 13.30 1242.
50. .0163<> .7579 .6149 499.0 744.0 24.462 6.92 13.58 1219.
55. .017«»9 .6755 .5359 551.1 813.4 25.783 6.96 14.11 1170.
60. .018 76 .6181 .4676 603.6 885.0 27.031 6.95 14.42 1132.
65. .azoxi* . 5822 .4097 655.4 957.5 28. 189 6.94 14.54 1104.

70. . 0 21 61 . 5616 . 3 613 706. 1 1030.

2

29. 2 68 6.95 14.54 1084,
75. .02313 .55<»<» .3211 755.7 1102.7 30.268 6.97 14.44 1072.
90. .02i»70 .5561 .2878 804.0 1174.5 31.195 7.01 14.28 1064.
90. .0278? .5772 .2370 897.5 1315.7 32.860 7.16 13.97 1061.

idd. .03107 .6090 .2010 988.3 1454.3 34.319 7.37 13.78 1067.
110. .03425 .6<»67 .1745 10 79.6 1593.3 35.642 7.70 13.78 1076.
120. .03739 .6882 .1543 1169.9 1730.9 36.840 7.97 13.78 1090.
IdO. .0<»360 .7760 .1252 1352.9 2006.

8

38.967 8. 49 13. 87 1126.
160. .0<»967 .8663 .1055 1540.2 2285.2 40.824 8.93 14.01 1165.
180. .05562 .9561 .0913 1732.1 2566.

5

42.481 9.29 14.15 1206.

200. .0 61<i9 . 0 805 1928.0 2850.4 43.977 9.58 14.26 1248.
220. .06709 1.1253 .0722 2127.1 3133.5 45.326 9.30 14.39 1286.
2i»0. .072 85 1.2132 .0 655 2329.3 3422.0 46.582 9.98 14.48 1327.
260. .07856 1.3003 . 0600 2533.8 3712.3 47.744 10.11 14.55 1368.
280. .08(t2<t 1.3867 .0554 2740.1 4003.8 48.824 10.21 14.30 1408.
300. .09005 l.i»796 .0514 2949.5 4300.3 49.841 10.29 14.62 1450.
350. .10>»07 1.6909 .0436 3471.2 5032.2 52.099 10.38 14.64 1545.
<»00. .11800 1.900'« .0380 3994.1 5764.0 54.053 10.41 14.63 1634.
450. .13188 2.1089 .0336 4517.0 6495.2 55.775 10.42 14.61 1720 .

500. .li»572 2.3167 .0302 5039.6 7225.5 57.313 10.43 14.60 1801,

550. .1595«» 2.521*0 .0 274 5562.1 7955.2 58.705 10.43 14.60 1879.
600. .17335 2.7309 . 0251 60 85.0 8685.2 59.972 10.45 14.60 1954.
650. .1871«» 2.9377 .0231 6603.4 9415.5 61.138 10.47 14,61 2025.
700. .20092 3.11*1*3 .0215 7133.1 10146.9 62.229 10.50 14.64 2094.
750. .21'»70 3.3508 . 0200 7659.5 10879.9 63.241 10.54 14,57 2160,
800. .228<»7 3.5572 .0188 8187.8 11614.8 64.190 10.58 14.72 2224,
850. .2<»22'< 3.7635 .0177 8718.7 12352.3 65.084 10.64 14.77 2286,
900. .25600 3.9698 .0167 9252.6 13092.6 65.929 10.71 14.84 2345,
950. .26976 '».1760 .0158 9789.9 13836.

3

66.732 10.78 14.91 2403.
1000. .28352 (f.3823 .0150 10330.9 14583.7 67.498 10.87 15.00 2459,

1100. .3110<» 'f.79'»7 .0136 11427.1 16092.7 68.925 11.05 15.17 2566,
1200. .3385i» 5.2070 .0125 12542.6 17620.8 70.247 11.25 15.37 2668.
1300. .36605 5.619l> .0115 13678.7 19169.4 71.486 11.46 15.58 2764,
lt»00. .39355 6.0317 .0107 14836.2 20739.4 72.657 11.68 15.60 2857,
1500. .'2105 e>. 1*1*1*0 .0103 16015.3 22331.1 73.769 11.91 16.03 2945.
1600. .If'855 6.8563 .0094 17215.2 23943.5 74.803 12.12 16.24 3031.
1700. .'.7606 7.2686 . 0 0 88 18436.

7

25577.5 75.789 12.33 16.46 3114.
1800. .50356 7.6809 .0 083 19679.9 27233.3 76.734 12.55 16.57 3195.
2000. .55858 8.5056 . 0075 22233.1 30611.

9

78.524 12.98 17.11 3348.
2200. .61368 9.3302 .0068 24875.6 34080.8 80.170 13.50 17.65 3492.

2<»oa. .66897 10.15i«9 .0062 27637.5 37672.0 81.727 14.17 18.36 3627.
2600. .72'»67 10.9796 .0058 30566.3 41436.4 83.232 15.12 19.58 3751.
28C0. .78115 11.8043 . 0054 33734.7 45452.0 84.725 16.4b 20.87 3868.
3000. .83896 12.6290 .0050 37240.9 49825.3 86.242 18.50 22.95 3977,
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TABLE e

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

IS. 00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/DV»„ V «OP/OU)„ -V<OP/DVIt (OV/DTlL/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
P V T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA VK H/K-M KG/M-S SO M/HR
X 10^ X 10^ X 10^

18.125 83.8091 1059.2 .21*098 167.6536 . 00632 119.00 347.24 .00076 1.27562 1.9529
19. 83.3<»0<» 1069.2 .23625 162.9633 .00650 122.85 316.39 .00076 1. 27395 1. 7890
20. 82.7922 1078.1* .23139 157.6737 .00670 127.11 287.23 .00076 1.27200 1.6335
22. 81.6553 1091.1 .22290 11*7.1729 .00712 135.58 242.84 .00077 1.26796 1.3923
2<f. 80.1*717 1093.5 .21636 136.1*690 . 00761 11*1. 22 210.95 .00076 1. 26377 1.2431
26. r 9 . 2 ZZ 0 1096.2 .20960 126. 51 39 .0 0805 11*1*. 65 186. 87 .00 074 1. 25935 1.140 3

28. 77.923'» 1096.6 .20295 116.9526 . 00650 11*6. 1*7 168.22 .00073 1.25477 1.0700
30. 76.5 73 8 1091*.

5

.19677 107.93B1 .00891* 11*7.12 153.32 .00071 1.25G02 1.0200
32. 75.1629 1091.3 .19107 99.5692 .00939 11*5. 61* 141.17 .00066 1.24514 .9923
3<». 73.7i»99 1C85.3 . 16551 91.51*71* . 00986 11*1*. 06 131.03 .00066 1.24012 .9731
36. 72.27i»0 1077.7 .16006 63.9930 . 01033 11*1. 99 122.39 . 0D064 1.23496 .9598

38. 70.7631 1070.0 .171*83 77.1127 .01079 139.61* 114.94 .00062 1.22970 .9499
(tO. 69.2216 1063 . 3 .17000 70. 7229 .01121* 137.13 108.42 .00060 1.22435 .9420
1*2. 67.6528 1051.1 . 16521 61*. 9151 .01167 131*. 1*6 102.65 .00058 1.21892 .9362
!*'>. 66.0 63 5 101*1.8 .16037 59.5251 . 01211 131.80 97.51 .00057 1.21343 .9331
'•6. 6'». 't566 1031*.

2

. 151*83 51*. 1*751 .01256 129. 13 92.90 .0 0 056 1 . 20 790 .9346
Ii8. 62.8366 1029.'* .11*961* 50.2396 . 01292 126.1*9 88.73 .00054 1.20234 .9330
50. 61.210<> 102<*.5 . 11*513 1*6.3926 .01325 123. 91 84.96 .00054 1.19676 .9311
55. 57.1885 1017.2 .131*61 36.6301 .01387 117.95 77.10 . 00053 1. 16309 .9225
60. 53.3082 1016.2 .12617 32.9503 .011*19 112.68 71.10 . 00053 1.16999 .9062
65. i»9.6537 1026.2 .11885 28.9075 .011*17 109.61 66.61 .00055 1.15774 .8838

70. <»6.26<>8 101*6.2 .11235 25.9913 . 01390 106.61* 63.36 .00057 1. 14652 .8625
75. <»3.2 302 1077.1* .10657 23.9685 . 0131*0 101*. 29 61.09 .00060 1. 13642 .8455
SO. <»0.'»899 1117.3 .10135 22.5161 .01278 102.56 59.57 .00064 1.12740 .8295
90. 35.6679 1220.3 .09225 20. 7036 .0111*5 103.59 58.12 .00074 1.11231 .7836

10 0* 32.1 855 1 31*3. 3 . 0 81* 73 19. 60 16 . 01026 105. 27 58.0 2 .00065 1 . 10 0 39 .7593
110. 29.2006 11*91.1 .07758 16. 861*8 .00921* 109.1*2 59.10 .00096 1. 09079 . 7444
120. 26.7i»17 161*3.3 . 07236 18.1*030 .00836 111.52 59.50 .00109 1.08293 .7349
1(>0. 22.9371* 1970.9 .061*32 17.7995 .00701* 117.98 61.66 .00134 1. 07064 .7250
160. 2a.l3'>6 2311*.!* .05666 17.1*365 . 00605 126.22 64.82 .00161 1. 06200 .7193
180. 17.9781 2663.8 .051*63 17.1881 .00531 135.1*2 68.41 .00192 1.05523 .7147

200. 16 . 263<» 3012.3 .05167 16.9968 . 001*71* 11*5.01* 72.22 .00225 1.04967 .7102
220. 1<«.90<»8 331*1.7 .01*91*6 16.7727 .001*31 151*. 75 76.11 .00260 1.04564 . 7060
2<»0. 13.727<. 3680.8 .01*766 16.6539 . 00393 161*. 37 60.04 .00298 1. 04196 .7053
260. 12.7288 1*011*.

0

.01*661* 16.5511 .00363 173.78 63.95 .00336 1. 03888 .7032
260 . 11.8703 1*31*1 .

0

. 01*569 1 6. 1*60 7 . 00336 182.96 67.85 . 0 0 36 0 1. 03623 .7012
300. 11.1050 1*67 8.8 .01*495 16.1*309 .00313 191.68 91.70 .00425 1.03386 .6989
350. 9.609'» 5«*5i».5 .01*371* 16.21*81* . 00268 213.16 101.14 .00545 1. 02926 ,6947
kaa. 8.i>7<»e 6208.6 .01*302 16.1058 . 00236 233.20 110.27 .00677 1. 02577 .6918
kSO, 7.5828 695 0.5 .01*256 15.9915 . 00210 252.32 119.12 .00620 1. 02304 .6697
500. 6.662<» 7691.3 .01*216 15.8979 .00190 270.76 127.71 .00973 1.02083 .6686

550. 6.2679 81*29.8 .01*166 15.8199 . 00173 288. 77 136.05 .01136 1. 01901 .6877
600. 5.7688 9171.7 .01*161 15.751*1 .00159 306.1*1* 144.17 .01310 1.01749 .6669
650. 5.3i»36 9917.3 .01*135 15.6979 . 0011*7 323.90 152.10 .01493 1. 01619 .6662
700. '».9770 10672.2 .01*106 15.61*92 .00137 31*1.25 159.81* .01686 1.01508 .6857
750. i».6577 111*35 .6 . 01*0 61 15.6066 . 00128 358. 51* 167 . 42 .01869 1. 0141

0

.6852
800. i».3769 12210.1* .01*051 15.5695 .00121 375. 81 174.86 .02100 1.01325 .6648
650. i*.1262 12998.2 .01*020 15.5361* .00111* 393.12 182. 15 .02321 1. 01249 .6845
900. 3.9062 13800.1* .03986 15.5069 . 00108 1*10.1*9 189.32 . 02550 1.01182 .6843
950. 3.7070 11*617.9 .03951 15.1*605 . 00102 1*27.93 196.37 .02767 1.01121 .6843

1000 . 3.5271 151*51.3 .03913 15.1*566 . 00097 1*1*5.1*7 203. 32 .03032 1. 01067 .6644

1100. 3.2151 17155.1 .03839 15.1*153 . 00068 1*75.56 216.92 .03509 1. 00972 .6921
1200. 2.9536 18917.9 .03762 15.3807 .00081 511.00 230.16 .04052 1.00893 .6923
1300. 2.7319 20738.7 .03685 15.3511* .00075 546. 89 243.09 .04625 1. 00826 .6926
litOO. 2. 5410 2261 1*.

6

.03609 15.3263 .00070 583. 17 255. 73 .05228 1.00768 .6930
1500. 2 . 3750 21*51*1.1 .03535 15.301*5 .00065 619.78 268.11 .05661 1. 00717 .6934
1600. 2.229't 261*97.3 . 031*68 15.2851* . 00061 656.26 260.25 .06524 1. 00673 .6937
1700. 2.1006 281*92.1* .031*01* 15.2685 .00056 693.00 292.15 .07216 1. 00634 .6938
1800. 1.9859 3C528.6 .0331*3 15.2533 . 00055 7 30.13 303.83 .07939 1. 00600 .6936
2000. 1.7902 31*759.6 .03225 15.2271 .0001*9 807.35 326.57 .09467 1. 00540 .6922
2200. 1.6295 39363.8 .03096 15.2037 . 0001*5 691*. 70 344. 69 .11202 1. 00492 .6802

2(>oa. l.(»9<»8 1*1*610.5 .0291*9 15.1799 .0001*1 1002.88 366.25 .13155 1.03451 .6705
2600. 1.3799 50928.8 .02761* 15.1511 . 00038 1148.19 367.18 .15452 1.00416 .6537
2800. 1.2802 5 8 876.9 .0251*2 15.1113 .00035 1351.61 407.84 .18217 1. 00386 .6296
3000. 1.1919 69105.9 .02291 15.0531 .00033 1637.26 428.42 .21551 1.00360 .6004

• THO-PHASE BOUNDARY
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TABLE 8

THERHOOVNAHIC PROPERTIES OF NORMAL HrOROGEN IIS08ARS, SI UNITS I

16.00 HPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE EtCRGV OF SOUND

K CU H/K6 CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 18.378 .01188 2.0484 1.066 231.4 421.5 14.411 5.28 6.71 1615.
19. .01193 2,0171 1.066 234.9 425.7 14.637 5.37 6.89 1609.
20. .01200 1.9667 1.065 240.7 432.8 14.998 5.51 7.17 1600.
22. .01217 1.8661 1.058 253.0 447.6 15.709 5.75 7.70 1581.

.0123<» 1.7664 1.045 266.1 463.6 16.402 5.96 8.22 1561.
26. .01263 1.6642 1.031 230.1 480.5 17.077 6.13 8.74 1540.

• U f

o

Xt U U r 294. 8 498.5 17. 742 6 .26 9.22 1515 .

30. .0129<» 1.4775 .9796 310.3 517.3 18.394 6.41 9.67 1493.
32. .01317 1.3906 .9504 ^26.4 537ot 19.032 6.52 10.12 1470.
34. .013<»2 1.3072 .9192 343.1 557.8 19.659 6.61 10.56 1446.
36. .01368 1.2299 .8857 360.5 5 79.4 20.275 6.68 10.97 1422.

38. .01396 1.1571 .8508 378.4 601. 7 20.879 6.74 11.37 1397.
.01425 1.0890 .8151 396.8 624.6 21.472 6.77 11.73 1373.

%2. .01456 1.0265 .7789 415.6 648.6 22.052 6.79 12.06 1350.
.01490 .9676 .7429 434.7 673.1 22.620 6.82 12.39 1326.

hS, .01525 .9144 .7075 453.7 697.7 23.166 6.88 12.73 1301.
. 0 15 62 . 6 633 . 6729 473. 6 723.4 23.715 6 . 92 13.05 1 277 .

50. .01601 .8176 .6391 493.7 749.8 24.254 6.95 13.34 1253.
55. 001706 .7332 .5606 544.8 817.3 25.550 6.99 13.86 1206.
60. .01823 .8719 .4922 596.6 888.2 26.776 6.98 14.17 1168.
65. .019<i9 .6301 .4336 647.7 959.5 27.916 6.97 14.34 1138.

70. «02083 .6056 .3840 698.0 1031.3 28.981 6.97 14.37 1117.
75. .02224 .5943 .3425 747.3 1103.1 29.971 7.00 14.31 1103.
80. .02368 .5913 .3076 795.6 1174.4 30.892 7.04 14.22 1093.
98. .02663 .6071 .2539 889.3 1315.3 32.552 7.19 13.96 1086.

100. .82959 .6361 .2155 980.4 1453.9 34.012 7.39 13.79 1069.
110. . 0 3255 .6715 .1872 1 0 72 . 2 1593.

0

35. 337 7. 72 13.81 10 96.
120. .03550 .7105 .1654 1163.0 1730.9 36.537 7.99 13.61 1108.
1(»0. .0(>131 .7966 .1342 1346.8 2007.7 38.670 8.51 13.91 1141.
160. .04700 .6656 .1130 1534.9 2287.0 40.533 8.95 14.05 1179.
180. .05259 .9744 .0977 1727.5 2569.0 42.19?; 9.31 14.19 1219.

200. .05610 d.0633 .0861 1924.1 2853.7 43.695 9.59 14.30 1259.
220. .06353 1.1504 .0770 2123.9 3140.4 45.061 9.82 14.39 1299.
2<»e. .06875 1.2299 .0700 2326.2 3426.1 46.305 9.99 14.50 1336.
260. .0 71*11 t,317a .0 641 2531.0 3716.

8

47.463 10.12 14.58 1377.
280. .0 7945 1.4035 .0592 2737.5 4008.7 46.550 10.22 14.62 1417.
300. .08491 1.4973 . 0 548 2947.

3

4305.9 49. 569 10.30 14. 64 1459 .

350. .09806 1.7085 .0466 3 469 .5 5038.5 51.828 10.36 14.65 1553.
<>00. .11113 1.9180 .0405 3992.8 5770.

9

53.784 10.41 14.64 1642.
>50. .12415 2.1264 .0359 4516.0 6532.3 55.507 10.42 14.62 1727.
900. .13713 2.3341 .0322 5038.8 7232.9 57.045 10.43 14.61 1808.

550. .15009 2.5413 .0292 5561.4 7962.8 56.437 10.44 IM.iO 1885.
660. .16303 2.7482 .0268 60 84.5 8693. 0 59.705 10.45 14.60 1960.
650. .175 96 2.9549 .0247 6606.0 9423.4 60.871 10.47 14. S2 2031.
700. .18889 3.1614 .0229 7132.7 10154.9 61.962 10.50 14.64 2100.
750. .20180 3.3678 .0214 7659.2 10888.0 62.975 10.54 14.67 2166.
800. .214 71 3.5742 .0200 8187.6 11623.0 63. 924 10.58 14.72 2229.
650. .22762 3.7805 .0188 8716.6 12360.5 64.817 10.64 14.77 2291.
900. .24052 3.9867 .0178 9252.5 13100.9 65.663 10.71 14.84 2350.
950. .25342 4.1929 .0168 9769.8 13844.6 66.466 10.76 14.91 2408.

1000. .26632 4.3991 .0160 10330.8 14592.0 67.232 10.87 15.00 2464.

1100. .29212 4.8114 .0145 11427.2 16101.1 68.659 11.05 15.17 2571.
1200. .31791 5.2237 .0133 12542.7 17629.2 69.981 11.25 15.37 2672.
1300. .34369 5.6360 .0123 13676.8 19177.9 71.220 11.46 15.58 2768.
1<>00. .36948 6.0483 .0114 14836.3 20748.0 72.391 11.68 15.80 2861.
1500. .39526 6.4606 .0107 16015.5 22339.6 73.503 11.91 16.03 2949.
1600. .42104 6.8728 .0100 17215.3 23952.0 74.537 12.12 16.24 3035.
1700. .44682 7.2851 .0094 16436.8 255 86.0 75.523 12.33 16.46 3118.
1800. .47261 7.6974 .0089 19680.0 27241.8 76.468 12.55 16.67 3198.
2000. .52419 3.5219 .0080 22232.9 30620.0 78.256 12.98 17.11 3352.
2200. .57584 9.3465 .0073 24074.3 34087.8 79.903 13.49 17.64 3495.

2<>00. .62767 10.1712 .0067 2 7633.2 37676.0 61.458 14.15 18.34 3630.
2600. .67987 10.9958 .0062 30555.8 41433.7 62.962 15.08 19.54 3755.
2800. .732 78 11.8205 .0057 33711.9 45436.4 64.449 16.38 20.78 3871.
3000. .78689 12.6451 .0053 37196.8 49787.0 65.959 18.16 22.80 3981.

« THO-PHASE BOUNDARY
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TABLE 6

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS. SI UNITS)

16.00 HPA ISOBAR

TEMPERATURE DENSITY VIOH/OVIq VHOP/DUI,, - V(DP/DI/», (DV/DTI/W THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
r V T P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU H KJ/KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SQ M/HR
X 102 X 10^ X 10'

• 18.378 8l».1703 1085.8 .24014 172.4170 .00618 121.41 353.30 .00077 1.27691 1.9541
19. 83.8i»38 1093.2 .23686 169.1204 .00630 124.12 330.57 .00077 1.27574 1.6356
20. 83.3088 IID 3.2 .23204 163.8434 .00650 128.51 299.59 .00077 1.27384 1.6714
22. 82.2006 1117.5 .22362 153.3933 .00689 137.24 252.55 .00078 1.26990 1.4179
2<». 81.ai>22 1125.8 .21637 143.1502 . 00730 143.07 218.82 .00077 1.26579 1.2568
COa r 7 • OOD7 • C XU 9? Xo£ • OoU <}

n n 77 c 4 79 193*63 • 00 076 1 . 26152 1 . 1529
28. 78.5728 1125.7 .20401 122.9176 . 00819 148.69 174.06 .00074 1.25706 1.0796
30. 77.2670 1127.1 . 19786 114.1641 .00858 149.50 158.54 .00072 1.25246 1.0256
32. 75.9211 1124.4 .19212 105.5769 . 00900 148. 34 145.91 .00069 1.24773 .9957
3<i. 7l».533i» 1119.4 .18671 97.4322 .00943 146.68 135.39 .00067 1.24286 .9748
36. 73.110<> 1114.2 .18137 39.9185 . 00985 144.69 126.46 .00065 1.23788 .9593

38. 71.6542 1137.

6

.17627 82.9097 .01026 142.44 118.81 .00063 1. 23280 .9481
<»0. 70.169<« 1099.3 .17160 76.4173 . 01067 140.02 112.12 .00061 1.22764 .9389
1*2. 68.660(1 1091.3 .16696 70.4825 .01105 137.45 106.22 .00060 1.22240 .9321
1*1*, 67.1339 10S3.3 .16225 64.9599 . 01144 134. 84 100.98 . 00058 1. 21712 .9278
Ho. 65 . 5 91

6

1079.2 » 1568 3 59.9771 . 01180 132. 23 96. 27 . 00057 1. 2116 0 .9266
I>8. 64.039 7 1072.6 . 15193 55.2845 .01217 129.66 92.03 .00056 1.20647 .9266
50. 62.4792 1066.6 .14729 51.0822 .01251 127.13 88.19 .00055 1.20112 .9257
55. 58.6105 1061.7 .13693 42.9730 .01305 121.24 80.14 .00054 1. 18792 .9158
60. 54.8590 1060.9 .12859 36. 8625 . 01335 116.24 73.92 .00054 1. 17521 .9009
65. 51.3040 1068.9 .12127 32.3268 . 01341 112. 74 69.21 .00055 1. 16326 .8600

70. 47.9986 1087.9 .11472 29.0695 .01321 109.89 65.71 .00057 1.15222 .8594
75. 44.9729 1117.1 .10883 26.7252 . 01281 107. 33 63.20 .00060 1. 14217 .8430
80. 42.2333 1154.1 .10348 24.9716 .01232 105.44 61.47 .00063 1.13313 .8268
90. 37.5586 1253.7 .09408 22.60C6 . 01114 106. 24 59.66 .00073 1.11782 .7841

OO • f 7U o X J r ^ • 1 n A 9n CX • H'39 X * U XUU o 4 0 7 C^QXU r • C Q tti
• o

U

n n fl ft 7 X • XU 9 9 0 7c;q 4• r 9 3 i

110. 30.7187 1521.3 .07890 20. 6272 .00907 111.93 60.36 .00095 1.09567 .7445
120. 28.1711 1671.3 .07349 20.0154 .00826 113. 75 60.59 .00105 1.08750 .7357
I<t0. 24.2091 1998.3 .06519 19.2857 .00696 119.80 62.52 .00128 1. 07487 .7258
160. 21.2755 2341.5 .05937 18.8405 .00600 127.71 65.48 .00154 1.06559 .7203
180. 19.0141 2690.3 .05520 18.5275 .00527 136.63 68.95 .00182 1.05848 .7159

200. 17.2120 3039.8 . 05213 18.3010 . 00470 146.03 72.66 .00214 1.05283 .7115
220. 15.7408 3384.6 .04983 18.1087 . 00425 155.57 76.49 .00247 1. 04824 .7077
2<>0. 14.5460 3707.4 ,04817 17.8896 .00391 165.05 30.36 .00282 1.04452 .7060
260. 13.4930 4039.6 .04697 17.7700 . J0361 174.36 84.24 .00319 1.04125 .7042
£ OU •

•19 RATI
'f36 7*0 . 04600 X f • DD99 n n 1 1 c 4 A f. CXO iS* 49 ft n in 4 n t ft fi cX« U •3049 7 n 9 9

300. 11.7769 4707.3 .04523 17.6334 .00311 192.31 91.92 .00402 1.03594 .6998
350. 10.1977 5483.5 . 04397 17.4229 .00267 213.47 101.31 .00514 1.03107 .6954
<»00. 8.9985 6238.0 >04322 17.2590 .00235 233.44 110.41 .00638 1.02738 .6923
•SO. 8.0551 698 8.1 .04273 17.1280 . 00209 252.51 119.24 .00772 1. 02446 .6902
500. 7.2924 7721.1 .04233 17.0209 .00189 270.93 127.81 .00916 1.02215 .6890

550. 6.662 8 8459.7 .04202 16.9319 .00173 288.90 136.14 .01069 1.02022 .6679
600. 6.1338 9201.7 .04174 16. 8568 .00159 306.55 144.25 .01232 1.01860 .6672
650. 5.6830 9947.4 .04147 16.7926 .00147 324.00 152.16 .01404 1. 01723 .6864
700. 5.2942 10702.4 .04119 16.7372 .00137 341.34 159.90 .01585 1.01604 .6858
750 « 4. 9554 11465 .

9

.04091 16. 6888 . Q0126 358 ft 62 167 . 48 . 01775 1. 01501 .685 3

800. 4.6574 12240.7 .04060 16.6464 .00120 375.89 174.91 .01974 1.01410 .6849
850. 4.3933 13028.7 .04028 16.6087 ,00113 393.19 182.20 .02161 1. 01330 .6646
900. 4.1576 13831.

D

.03994 16.5752 . 00107 410. 55 189.36 .02396 1.01258 .6644
950. 3.9459 14648.7 .03958 16.5451 0 00102 427.99 196.41 .02618 1. 01194 .6844

1000. 3.7548 15482.3 .03920 16.5179 .00097 445.52 203.36 .02848 1.01136 .6645

1100. 3.4233 17186,4 .i>3845 16.4709 . 00088 475.56 216.95 .03296 1. 01035 .6922
1200. 3.1456 18949.6 .03768 16.4316 .00081 511.00 230 .19 .03805 1.00951 .6924
1300. 2.9096 20770.8 .03690 16.3984 . 00075 546. 89 243.11 . 04342 1.00879 .6927
1<»00. 2.7065 22647.1 .03614 16.3698 . 00070 583.17 255.75 .04908 1. 00818 .6931
1500. 2.5300 24574.0 .03540 16.3450 .00065 619. 78 268. 13 .05502 1.00764 .6934
1600. 2.3751 26530.4 .03472 16.3233 . 00061 656. 27 260.26 .06124 1.00717 .6937
1700. 2.2380 28525.5 .03408 16.3042 .00058 692.98 292.17 .06773 1. 00676 .6939
1800. 2.1159 30561.1 .03347 16.2870 .00055 730.07 303.85 .07451 1.00639 .6938
2000. 1.9077 3478 8.0 .03229 16.2573 . 00049 807.10 326.58 .08902 1. 00576 .6923
2200. 1.7366 3937 9.2 .03103 16.2310 .00045 893.92 344.89 .10508 1. 00524 .66J4

2(»00. 1.5932 44594.3 .02955 16.2047 .00041 1000.67 366. 24 .12333 1. 00481 .6710
2600. 1.470 9 50848.8 .02773 16.1734 . 130038 1143. 73 387.17 .14475 1.00444 .6546
2800. 1.3647 58685.5 .02555 16.1310 .00035 1342.83 407.82 .17048 1. 0()412 .6311
3000. 1.2708 68730.0 .02308 16.0698 . 00033 1621.58 428.38 .20147 1. 00 383 .6023

• THO-PHASE BOWOARY
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TABLE B

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

17.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/K6 CU n-NPA/KG MP A/K KJ/KG-K KJ/KG KJ/KG-K K J 1 KG-K M/S

• 18. 627 .01183 2.0 958 1. 07 3 232.6 433. 7 14. 429 5, 30 6. 74 1632 .

19. .01186 2.0 773 1.073 234^6 436.2 14.563 5.36 6.84 1628.
20. .01193 2.0277 1.0 72 240 • 3 443.2 14.921 5.50 7.11 1620.
22* . 0 1209 1 . 92 85 1. 0 66 252^ 5 457. 9 15.6 26 5. 75 7. 64 1601 •

2<»< .01226 1.8 300 1.055 265^4 473. 7 16.313 5. 95 8.14 1582^
26. .012'«3 1.7283 1 .042 279^1 490.5 16.982 6.13 8.65 1562^
28. .01263 1.6350 1.020 293.6 508.3 17.640 6.28 9.12 1541^
30. .01263 1.5434 .9936 308.8 527.0 18.285 6.41 9.57 1518^
32. • 01305 1.4575 .9647 324. 7 546.5 18.917 6.52 10.00 1495^
3<i. .01328 1. 3742 . 9347 341. 1 567. 0 19.536 6.61 10.43 1472^
36. .01353 1.2966 .9026 358 .2 588.2 2 0.144 6.69 10.63 1449.

38. .01379 1.2218 • 8688 375.8 610. 3 20^ 740 6. 75 11.22 1425^
<»0. .OlifO? 1.1543 .8342 393 .8 633.1 21.324 6. 78 11. 56 1402^
<^2. .01437 1.0920 . 7991 412. 3 656.5 21.896 6.81 11.88 1380 •

. 0 14 66 1.0 331 .764 0 431 • 1 680.6 22^456 6.84 12.19 1357^
<>6. •01500 .9790 . 7293 449. 7 704. 8 22.993 6. 90 12. 52 1333^
<i8. .01535 .9290 .6953 469.2 730.1 23.532 6.94 12.82 1310^
SO. .015 71 .8825 .6622 489^0 756.0 24.061 6.97 13.10 1288^
55. .01669 .7913 • 5845 539^2 822. 9 25.336 7.01 13.62 1240 •

60. .01776 .7248 .5157 590 ^2 892.2 26. 543 7.00 13.95 1202^
65. .01893 • 6 799 . 4564 640^ 7 962. 4 27« 665 6. 99 14. 13 1172 •

70. .0 2016 .6510 .4059 690 • 5 1033.3 28.717 7.00 14.20 1149^
75. .0 2146 .6 352 . 3631 739.5 1104.3 29 .697 7.02 14. 19 1133 .

80. .02279 .6290 .3270 787 • 7 11 75.

2

30.611 7.06 14.13 1122^
90. .02553 .6384 .2707 861.5 1315.6 32.266 7.21 13.94 1111.

100. .02631 • 6642 .2299 973.0 1454.

2

33. 726 7.41 13. 79 1111.
110. .03107 .6968 .1997 1065.1 1593.4 35.051 7.74 13.82 1115.
120. .03383 .7344 .1766 1156.3 1731.5 36.253 8.01 13.84 1127^
1<>0. . 0 3929 . 81 76 .1433 1340.9 20 08.

9

38g 391 8. 52 13. 95 1157.
160. .04466 .9050 . 120 6 1529.8 2289.

0

40.260 8.96 14.09 1193^
180. .04992 .9932 . 1041 1723.1 2571.8 41.926 9. 33 14.22 1231^

200. • 05511 1.0817 • 0917 1920.3 2857.

2

43.429 9. 61 14. 33 1270»
220. .06023 1.1688 .0820 2120.

7

3144.6 44. 799 9. 83 14.42 1309^
2(»0. •06529 1.2552 • 0742 2323 .5 3433.

5

46. 056 10.00 14. 48 1 34S«
260. • 07019 1.3338 .0682 2528 .2 3721.4 47. 209 10.13 14.59 1386^
280. .0 7521 1.4203 .0629 2735.0 4013.7 48.291 10.22 14.64 1426«
300. .0 80 38 1.5151 .0583 2945.2 4311.6 49.312 10.30 14.66 1468^
350. .09276 1.7262 .0 495 3467.9 5044.9 51.574 10.39 14.66 1561^
<»00. .10507 1.9356 .0430 3991.

5

5777.7 53.531 10.42 14.65 1650 •

450. .11732 2.1439 .0381 4515.0 6509.5 55.255 10 .42 14.5 2 1734^
500. .12955 2.3515 .0342 5038.1 7 240.3 56.794 10.43 14.61 1815.

550. .14174 2.5586 .0310 5560 .

8

7970.5 58.186 10 . 44 14. 60 1892.
600. • 15393 2. 7654 .0284 6 0 64 . 1 8700 .6 59.454 10 .45 14.61 1966 .

650. .16610 2.9721 .0 262 6607.6 9431.3 60.620 10.47 14.62 2037.
700. •17826 3.1 785 .0243 71 32.

5

1 0162. 9 61.711 10.50 14. 64 2105.
750. • 19042 3. 3849 .0227 7659.0 10896.1 62 . 724 10.54 14.68 2171.
800. .20257 3.5912 .0213 8187.

4

11631.

1

63.673 10.59 14.72 2235^
850. .21472 3.7974 .0203 8718.5 12368.7 64.567 10.64 14.77 2296^
900 . .22687 4.0036 .0189 9252.5 13109.

2

65.412 10.71 14. 84 2355^
950. •23901 4.2098 .0179 9789.8 13853. 0 66. 215 10.79 14. 91 2413^

1000 • •25115 4.4159 .0170 10330 .9 14600.4 66.981 10.87 15. 00 2468^

1100. •27543 4.8282 .0154 11427.2 16109.5 68.409 11.05 15.17 2575^
1200. •29970 5.2404 .0142 12542.8 17637.7 69.731 11.25 15.37 2676^
1300. •32397 5.6526 .0131 13679.

0

19166.4 70 .970 11.46 15.58 zm.
i<»oa. .34823 6.0648 .0121 14836.5 20 756.5 72.141 11.68 15.80 2864^
1500. .37250 6.4770 .0113 16015.7 22348.2 73^253 11.91 16.03 2953.
1600. .39676 6.3892 .0106 17215.6 23960.6 74^287 12.12 16.24 3038.
1700. .42103 7.3015 .0100 18437.1 25594.6 75.273 12.33 16.46 3121.
1800. .44530 7.7137 .0094 19680.2 27250.2 76.216 12.55 16.67 3201.
2000. .49385 8.5382 .0085 22232.8 30628.1 76.008 12.98 17.11 3355.
2200. .54246 9.3628 .0077 24873.1 34094.8 79.652 13.48 17.63 3499^

I 2<t00. .59123 10.1873 . 0071 27629.5 37680.3 61^206 14.14 18.32 3633^
2600. • 640 34 11.0119 .0065 30546.2 41432.0 62^707 15.04 19.30 3758^
2800. •69010 11.8366 .0061 33691.3 45422.9 64.191 16.31 20.70 3875^
3000. .74096 12.6612 .0057 37156.6 49752.9 85^693 18.06 22.67 3985^
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TABLE 8

THERHOOVNAHIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITS!

17.00 NPA ISOBAR

HPERATURE DENSITY VIOH/OVIp V(DP/DUIy -W<OP/OV)^ <OV/OTy W THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
COHOUCTH/ITY DIFFUSIWITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K M/K-M KG/M-S SQ M/HR
X 10'' X 10^ X 10^

18. 627 8'>«52<»0 1112.0 • 23939 177.1450 .00606 123. 75 359.37 .00078 1. 27817 1^9563
19. 8i».3323 1116.6 . 23747 175. 1853 . 00613 125. 36 345 .27 .00078 1. 27748 1.8841
20. 83.8095 112 7.4 • 23268 169.9398 .00631 129. 89 312 »3S . 00076 1. 27562 1 . 7109
22. 62.7276 1143.3 .22431 159.5390 . 00668 1 38. 86 262^ 53 • 0 0 079 1. 271 77 1 . 4446
2<>. 81.5983 1153.0 .21712 149. 3236 . 00 706 144. 90 226.95 .00079 1.26776 1.2755
26. 80.<>2ii7 1154.1 .21150 138.9956 .00750 148.73 200^48 .00077 1^ 26360 1.1665
2S. 79.198i» 1158.0 .20502 129.4868 .00788 150.87 lOO^Ol .00075 1.25927 1.0884
30. 77.9306 1158.3 .19893 120.2751 .00826 151^81 163^80 •00073 1^25479 1.0325
32. 76.6235 1157.7 .19309 111. 6772 .00 864 150. 75 150 • 65 •00071 !• 250 19 . 9993
3i». 75.2796 1153.9 .18780 103.4473 .00904 149. 20 139^ 75 .00068 1^2454e • 9766
36. 73.9026 1149.7 .18260 95. 8186 • 00942 147. 30 130^54 .00066 1^24065 .9598

38. 72.*9*»8 1143.4 .17759 88.5727 •00981 145.13 122^65 • 00064 1.23573 • 9477
<>0. 71.0 617 1136.6 .17305 82. 0291 • 01017 142. 79 115. 78 • 00063 1.23074 .9372
<»2. 69.6052 1130 .0 • 16855 76. 0086 • 01051 140. 29 109.73 • 00061 1^22568 • 9292
<»<». 68.1337 1123.4 .16397 70.3663 .01085 137. 74 104. 37 .00060 !• 22058 • 9239
^6. 66.6'»8<» 1120.4 .15666 65.2516 .01118 135^19 99.57 .00058 1^ 21545 • 9222
48. 65.15<»7 1116.0 .15386 60.5283 . 01149 132^67 95^25 .00057 1^21030 .9204
50. 63.6570 1111.2 .14931 56.1788 .01179 130^20 91.34 .00056 1^20515 .9189
55. 59.9230 1105.4 .13908 47.4198 • 01233 124^37 83. 09 .00055 1^19238 .9102
60. 56.2917 110 3.7 .13081 40 . 79 76 .01264 119.37 76.68 .00055 1.18005 . 6962
65. 52.8312 1111.9 .12353 35. 9185 . 01271 115. 73 71.75 .00 056 1. 16838 . 8761

70. <t9.5912 1129.6 .11694 32.2817 .01257 112.82 68. 04 .00058 1^ 15753 .8566
75. <»6.601<i 1156.

8

.11097 29.603,9 .01227 110. 25 65.31 .00060 1. 14757 .840 7

80. <i3.8726 1192.4 .10552 27.5957 .01185 108.24 63.37 .00063 1. 13854 .8274
90. 39.1653 1287.9 .09585 25. 0017 . 010 83 108. 83 61. 22 .00072 1. 12306 • 7843

100. 35.3282 140 7.4 .08776 23.4660 .00980 110.07 60.58 .00081 1.11056 .7589
110. 32.1803 1551.8 .0801/ 22.4230 . 00891 114.39 61.61 . 00093 1.10037 .7445
120. 29.5562 1701.1 .07461 21. 7064 . 00813 115. 95 61 .69 .00102 1. 09193 .7361
140. 25.'><>89 2025.8 . 06606 20.8071 . 00688 121. 62 63. 36 .00123 1. 07881 . 7267
160. 22.3930 2368.3 . 06006 20.2664 . 00595 129.21 66.16 .00147 1.06912 .7213
180 . 20.0305 2717.4 .055 75 1 9.8949 . 00523 137. 87 69.50 .00174 1. 06167 .7171

200. 18.1<><»6 3067.6 .05259 19.6265 .00467 147^05 73.12 .00204 1. 05575 .7128
220. 16.6031 3413.8 •05022 19.4055 . 00423 156^ 42 76. 88 .00235 1. 05093 . 7090
2%0. 15. 3152 3754.

3

.04842 19. 2232 . 00386 165^ 76 60.70 •00269 1.04692 .7051
260. 14.2475 4066.5 .0 4726 19.0034 . 00359 174^96 84.53 • 00303 !• 04360 . 7049
280. 13.295<> 4393.1 .04630 18.8835 .00333 183^96 88. 3B .00340 1^04064 .7032
300. 12.<»<iOe 4735.9 .04551 18.8497 .00309 192^75 92.15 .00381 1^03799 .7J07
350. 10.7800 5512.6 .04420 18.6088 • 00266 213^ 79 101. 49 .0 0487 1. 03286 .6961
<»00. 9. 5176 6267.4 • 04342 18.4222 .00234 233^69 110 .56 •0O604 la 02397 . 6929
<»50. B.523<t 7009.7 . 04290 18.2733 . 00209 252. 71 119.36 •00730 1. 02592 .6906
500. 7.7193 7750 .9 .04249 18.1518 .00188 271.09 127.91 .00865 1^02345 .6893

550. 7.0 5'»9 8489.7 • 04216 18.0509 • 00172 289.03 136. 22 . 01010 1. 02142 .6882
600. 6.'»965 9231.7 .04186 17. 9658 .00158 306. 67 144.33 • 01163 1. 01971 .6874
650. 6. 0205 9977.

5

. 04158 17.8932 . 00147 324. 11 152.23 .01326 1. 01826 .6866
700. 5.6097 10732.6 • 04130 17. 8305 .00136 341.43 159.96 .01496 1. 01700 • 6860
750. 5.2515 11496.1 . 04100 17.7759 . 00128 358. 70 167. 53 .01676 1. 01591 .6854
800. <».9365 12271.1 .04069 17.7279 .00120 375.96 174.95 .01863 1.01495 • 6850
850. '•.6572 1305 9.2 . 04037 17. 6854 • 00113 393^ 25 182. 24 .02057 1. 01410 .6847
900. '».«»079 13861.6 . 04002 17.6475 . 00107 410.61 189.40 .02260 1.01334 .6845
950. <».18(iO 14679.4 •03965 17.6135 • 00102 428^ 04 196. 45 • 0 2469 1.01266 .6845

1000. 3. 981

7

1551 3. 2 . 0 39 2 7 1 7. 5829 . 000 97 445. 57 20 3*39 . 02666 1 . 012 05 . 6846

1100. 3.6307 17217.7 •03651 17.5298 • 00088 475.56 216.98 .03107 1.01096 .6924
1200. 3.3367 18981.2 .03773 17.4856 .00081 511.00 230.21 .03587 1.01009 .6925
1300. 3.0 367 20802.8 .03695 17.4480 •00075 546.89 243.14 .04093 1. 00933 .6928
1<»00. 2.8716 22679.5 •03618 17.4159 .00070 583.17 255.77 .0>>626 1.00868 .6931
1500. 2.68'>6 24606.7 .03544 17.3880 .00065 619. 77 268.15 .05185 1. 00811 .6935
1600. 2.5204 26563.4 .03476 17.3635 .00061 656.26 280.28 .05770 1.00761 .6938
1700. 2 . 3 751 28558.5 .03411 17.3419 .00058 692.95 292.18 .06382 1. 00717 .6939
1800. 2.2457 30593.7 •03350 17.3226 . 00054 730.01 303. 87 .07020 1. 00678 .6939
2000. 2.0249 34816.9 •03233 17.2893 .00049 806.88 326^60 •08385 1. 00611 .6924
2200. 1.8435 39396.2 .03107 17.2600 .00045 893.21 344.89 •09895 1.00557 .6806

2<>00. 1.6914 44582.7 .02961 17.2309 . 00 041 999.04 366^24 •11609 1.00511 .6715
2600. 1.5617 50779.1 .02782 17.1971 .00038 1139.67 387^16 •13615 1.00471 .6555
2800. 1.4491 58512.6 .02567 17.1520 .00035 1334.85 407.80 .16019 1^00437 .6324
3000. 1.3496 68391.1 .02324 17.0876 . 00033 1607.30 428.35 •1S913 1^00407 .6041

* THO-PHASE BOUNDARY

6-231



TABLE 8

THERMOOYNftMIC PROPERTIES OF NORMAL HYDROGEN fISOBARS, SI UNITS)

18. OD MPA ISOBAR

TEHPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/K5 KJ/KG -K KJ / KG-K H/S

• ie.87i> .01178 2.1426 1. 080 233. 7 445. 8 14.447 5. 33 6.76 1648.
19. .01179 2.1364 1. 080 234.4 446. 7 14.492 5.35 6.79 1647.
20. .01186 2.0875 1. 060 240.

1

453. 6 14.847 5.49 7. 06 1639.
22. .01201 1.9897 1.075 252.0 468.3 15.547 5.74 7.58 1621.
2%. .01217 1.8923 1.064 264. 8 483.9 16.228 5.95 8.07 1603.
26. .01235 1.7964 1. 049 278. 3 500. 5 16. 892 6. 12 6. 55 1584.
26. .01253 1.7001 1. 032 292.6 518.1 17.542 6.28 9.C4 1564.
30. .01273 1.6057 1.007 307.5 536.6 18.182 6.41 9.48 1541.
32. .01294 1.5226 .9789 323.1 556.0 18.807 6.52 9.89 1520.
3ii. .01316 1.43 80 .9496 339. 3 576. 2 19.419 6.62 10.31 1497.
36. .01339 1.3617 .9186 356.1 597. 2 20.020 6.70 10.70 1475.

38. • 013 6i» 1.2873 .8859 373.4 619. 0 20.609 6.76 11.07 1452.
(>0. .01391 1.2192 .8523 391 .

2

641.5 21.185 6.80 11.41 1430.
«»2w .01419 1.1548 . 6181 409. 3 664.6 21.749 6.83 11.72 1408.
kh. .01448 1.0969 . 7838 427.8 688. 4 22.301 6. 86 12. 02 1387.
<>6.. .01478 1.0427 .7499 446.1 712. 2 22.830 6.91 12.34 1364.
<»8. .01511 .9914 .7165 465.3 737.2 23. 362 6.96 12.63 1342.
50. .01544 .9454 .6840 484.7 762.7 23.882 6.99 12.89 1321.
55. .01636 .8486 .6069 534.2 828.6 25.138 7.04 13.42 1272.
60. .01735 .7 794 .5381 584.4 896.8 26.327 7.03 13.74 1234.
65. .01843 .7289 .4784 634.3 966.1 27.434 7.02 13.95 1204.

70* .01958 .6962 .4270 683.7 1036.

1

28.473 7.02 14.05 1180.
75. .02078 .6762 .3832 732.4 1106.4 29.443 7.05 14. 08 1162.
80. .02202 . 6677 .3459 780.4 1176.7 30.351 7. 09 14.0 4 1150 .

90. .02457 .6711 .2872 874.2 1316.6 31.998 7.23 13.91 1136.
100. .0 2717 .6927 .2 442 965.9 1455.0 33.457 7.43 13. 79 1134.
110. .0 2977 .7235 .2122 1058.4 1594.3 34.783 7.76 13.83 1136.
120. .03237 .7567 .1876 1149.9 1732.5 35.986 8.02 13.86 1145.
140. .03751 .8391 .1523 1335.2 2010.5 38.128 8.54 13.98 1172.
160. .04258 .9252 .1281 1524.8 2291.2 40.001 8.98 14.12 1206.
180. .04756 1.0128 . 1106 1718.

8

2574.8 41.672 9.34 14.26 1243.

200. . 0 5246 1.1000 .0974 1916.6 2860.9 43.179 9.63 14.37 1281.
220. .05730 1.1874 .0870 2117.5 3148.9 44.551 9.85 14.45 1320.
2<»0. . 06208 1.2 728 .0 786 2320.8 3438.3 45.811 10.02 14. 51 1358.
260. .06670 1. 3507 .0720 2525.8 3726.4 46.965 10 .14 14 .58 1394.
280. .0 7145 1.4373 .0667 2732.6 4018.

7

48.048 10.23 14.66 1435.
300. .07635 1.5332 .0618 2943.1 4317.4 49.071 10.31 14.67 1477.
350. .08806 1.7441 .0524 3466.3 5051.3 51.334 10.39 14.67 1569.
400. .09968 1.9533 .0456 3990.

3

5784.6 53. 292 10.42 14.65 1657.
450. .11126 2.1615 .0404 4514.1 6516.7 55.017 10.43 14.63 1741.
500. . 12281 2.3690 .0362 5037.3 7247.8 56.556 10.44 14.61 1821.

550. .13433 2.5760 .0 329 5560.2 7978.2 57.949 10.44 14.61 1898.
600. . 14584 2.7827 .0301 6 0 83.6 8708.6 59.217 10.45 14.61 1972.
650. .15733 2.9893 .0278 6607.3 9439.2 60.384 10.47 14.62 2043.
700. .168 62 3.1956 .0258 7132.2 10171.0 61.475 10.50 14.64 2111.
750. .18030 3.4019 .0240 7658.8 10904.2 62.488 10.54 14.68 2176.
800. .19178 3.69 82 • 0 225 8187.

3

11639.

3

63.437 10.59 14.72 2240.
850. .20325 3.8143 .0212 8718.4 12377.0 64.331 10.64 14.78 2301.
900. .214 72 4.0205 .0200 9252.5 13117.5 65.176 10 .71 14.84 2360 .

950. .22619 4.2266 .0189 9789.8 13861.3 65.979 10.79 14.92 2417.
1000. .23766 4.4327 .0180 10330.9 14608.7 66. 745 10. 87 15.00 2473.

1100. .26059 4.844B .0164 11427.3 16117.9 68.173 11.05 15.18 2579.
1200. .28351 5.2570 .0150 12543.0 17646.1 69.495 11.25 15.37 2680.
1300. .30643 5.6691 .0138 136 79.2 19194.9 70.734 11.46 15.58 2776.
1400. .32935 6.0812 .0128 14836.7 20765.

0

71.905 11.68 15.80 2868.
1500. .35227 6.4934 .0120 16015.9 22356.7 73.017 11.91 16.03 2957.
1600. .37518 6.9056 .0112 17215.8 23969.1 74.051 12.12 16.24 3042.
1700. .39810 7.3178 .0106 18437.3 25603.1 75.037 12.33 16.46 3125.
1800. .42102 7.7300 .0100 19680.4 27258.7 75.982 12.55 16.67 3205.
2000. .46687 8.5544 .0090 22232.7 30636.

3

77.772 12.98 17.10 3358.
2200. .512 78 9.3789 .0082 24872.1 34102.1 79.415 13.48 17.62 3502.

2400. .55883 10.2034 .0075 27626.1 37685.0 80.969 14.12 18.30 3636.
2600. .60520 11.0280 .0069 30537.6 41431.1 82.467 15.01 19.26 3762.
2800. .65216 11.8525 .0064 33672.4 45411.3 83.947 16.25 20.63 3878.
3000. .70014 12.6772 .0060 37119.9 49722.4 85.443 17.95 22.55 3989.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARSt SI UNITS)

18.00 MPA ISOBAR

TEMPERATURE DENSITY WlOH/DVJp V<OP/OU)y -V(OP/OV), (OV/OTI^V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
1 CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/IC6 MPA-CO M/KJ MPA 1/K M/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

* 18.87<i 8<>-.8 70 <t 113 7.7 .23871 181.81*03 . 00591* 126. 01* 365. 1*1* .00 0 79 1. 2791*0 1 . 9593
19. S't. 8070 1139. <» .23807 181.1831* . 00596 126. 58 360. 52 .00079 1.27918 1.931*6

B** . 295 5 115 1.0 .23330 175. 96 8 1* . 00611* 131.23 325 . 55 . 00079 1.27735 1. 7520
22. 83 . 2 361 1168. . 22*»97 165.6158 .0061*9 11*0 • 1*1* 272 . 79 .00080 1. 27359 1 . 1*725

2<». 82.1357 1179.6 .21783 155.1*285 .00685 ll»6.66 235.26 •00060 1. 26967 1 • 2951
26. 80.9895 1186.2 .211'*5 11*5.1*917 .00721 150.68 207.1*2 .00078 1. 26560 1.1769
28. 79.7998 1187.5 . 20598 135.661*7 .00761 152.98 166.01* .00076 1.26139 1.0988
30. 78.563 7 1187.5 . 19997 126. 11*67 . 00798 151*. 05 169. 09 . 00071* 1.25703 1.01*05
32. 7 7 . 2 9'» 1 118 9.5 • 19'» 15 117.6901* • 00832 15 3.10 155.1*1 .00072 1. 25255 1. 00 <«i*

3(». 75.9926 1186.<» • 18882 10 9.2805 . 00869 151. 61* 11*1*. 12 .00 0 70 1. 21*798 • 9798
36. 7<i. 6560 118«i.l . 18371* 101. 6578 . 00901* 11*9. 83 131*. 59 .00068 1.21*329 .9612

38. 73. 2918 1179.1 .178 83 9 1*. 31*67 .00939 11*7. 73 126 • 1*5 • 00 066 1. 23852 .91*77

1*0 . 71.905

1

1173.2 .171*39 8 7.6682 • 0 0972 11*5. 1*6 119.39 • 00 061* 1. 23366 .936 2

70 .^1961 1166.7 .17000 81 . 1*0 92 . 010 0 5 1 1* 3. 0 2 113.19 . 0 0062 1 . 22 8 77 . 9279
1*1* t 69.

0

1161 .

9

. 1 65 5 <* 75. 7670 • 01035 11*0 « 53 107. 70 .00061 1.22383 .9213
<»6. 67.6380 1160.3 .16033 70.5256 . 01063 136. 03 102.80 .00060 1.21887 .9188
<>8. 66.196l> 1156.6 .15563 65.6252 .01092 135.55 98.39 .00058 1.21389 .9166
50 . 6(».750'f 1153 .5 .15117 61 .2150 . 01117 133. 12 91*. 1*1 .00 05 7 1. 20 891 . 91 1*1

55. 61.1<»30 ll'«7.5 . 11*107 51. 8652 . 01170 127. 36 85. 98 . 00056 1. 19655 .9061
60 . 57. 621 llif 6. 8 .132 87 1*1*. 90 82 .01198 122. 36 79. 38 .0 0 056 1. 181*56 .8915
65. 5<>.251<> 1153.

3

. 12563 3 9 .51*5 0 . 01210 118. 79 71*. 26 • 00 057 1. 17316 .8722

r Q . 51.0 762 1170 .

1

. 1190 H 35.5587 . 01201 115. 61* 70.31* .00056 1.16250 . 851* 8

75 . 'id. 1267 1195.

6

. 11299 32. 51*26 • 01177 11 3.07 67 . 1*1 • 00 06 0 1. 15261* .83 93
80. (»5.<»163 1230.7 .107'*5 30.3250 . 0111*1 110. 91* 65. 28 .00 063 1. 1<*361* .8260
90

.

HO . 09«»H 1322.9 . 0 9758 27.3081* .010 52 111 . 36 62.78 .00071 1.128 07 . 781*1*

100. 36.80'><» 1(»39.6 .08927 25.1*928 .00958 112.1*1 61.89 .00080 1.11536 .7593
110. 33.5890 1583.6 .081<*2 21*. 3021 . 00873 116. 80 62.61* .00091 1. 101*92 .71*1*1

lew. 30 . 8955 1731 .

1

. 0 75 69 23 . 1*1*0 7 n n a n n
. IID6U0 118.11 62 . 77 1. 09621* . 73 61*

IWO. 26. 6567 2053.

8

. 06691 22.3681 .00 681 123. <»i* 6<*. 22 . 00 119 1. 08266 .7273
160. 23.<»862 2395.9 .0607(» 21.7295 . 00590 130.73 66.61* .0011*2 1. 07258 .7221
180 . 21.0 273 27<t5 • 6 . 05630 21 .2970 . 00519 139.13 70 . 06 .0 0167 1. 061*61 . 7180

200. 19.0621 309<».9 .05305 20.9689 . 001*61* 11*6. 09 73. 59 .00195 1. 05663 . 711*0

220. 1 7. (>52 0 3<»<»3.1 • 05060 20 .7219 . 001*20 157. 28 77 . 28 • 00 221* 1.05359 .7102
2<«0. 16.1070 3782 .9 • 01*6 71* 20 . 5002 .00381* 166. 1*8 61. 01* .00256 1. 01*936 .70 61*

260

.

H.9925 Uii 0.5 .a<t736 20.2510 • 00 355 175. 57 81*. 83 .00289 1. 01*591 .701*3
280. 13.9953 <»<»19.3 .0<*660 20.111*7 . 00332 181*. 1*9 86.62 .00321* 1.01*281 .701*1

300. 13.0969 <»76i».8 .01*579 20.0796 . 00308 193.21 92.39 .00362 1.01*002 .7016
350 • 11.3563 55'»1.9 . 0'>'*<*3 19.8062 .00265 211*. 12 101.67 .001*63 1. 031*61* .6968
kQQ m 10 . 0 31

8

6297.0 . 01*361 19. 5952 . 00233 233. 91* 110 . 71 .00573 1.03056 . 6931*
<«50. 8.9880 7039.

5

. 01*307 19.1*272 . 00208 252. 91 119. 1*8 . 00693 1. 02735 .6910
500. 8.1'»30 7780.8 .01*2 61* 19.2901* .00186 271. 26 128.01 . 00821 1. 021*75 .6897

550 . 7.l»'»'»5 8519 .7 . 01*229 19.1769 .00171 289.17 136 .31 .00957 1. 02261 .6885
600. 6.8570 9261.8 .01*198 19.0812 . 00158 306. 79 11*1*. (,0 .0110 3 1. 02081 .6876
650 . 6. 3560 1000 7.

7

.01*170 18. 9996 • 0 011*6 321*. 21 152. 30 .01256 1. 01928 .6866
700 . 5.923<» 10 762 • 8 . 01*11* 0 18.9292 • 00136 31*1. 52 160. 03 • 011*17 1 . 01796 .686 2

750. 5.5<»62 11526. i» .01*110 18.8679 .00127 356.78 167.59 .01567 1.01661 .6856
800. 5.21l>3 12301.5 .01*078 18.811*1 .00120 376.03 175.01 .01761* 1.01580 .6851
850 . ».9200 13089.6 • 0 1*0 1*5 18.7661* • 00113 393. 32 162. 29 . 0 1 91*6 1. 011*90 . 681* 8

900. '•.6572 13892 .2 .01*010 18.7239 .00107 1*10. 67 189. 1*5 .02139 1. 011*10 .681*6
950

«

'».'t210 1<«710 .2 .03973 18 .6858 .00101 1*28 .10 196.1*9 .02337 1.01336 .681*6

1000. i».2077 155<f<».l .03931* 18.6515 .00096 1*1*5.63 203.1*3 .0251*2 1. 01271* .681*7

1100. 3.8375 172<»8.9 .03857 18.5920 .00088 1*75.56 217.01 .0291*0 1. 01161 .6925
1200. 3.5272 19012.8 . 03779 18.51*25 . 00081 511. 00 230.21* .03393 1.01067 .6926
1300. 3 . 2 63<» 20831*.

7

.03700 18.5005 .00075 51*6.89 21*3.16 .03871 1.00987 .6929
1(>00. 3.0363 22711.8 . 03623 18. 1*61*5 .00070 583.17 255.80 .01*375 1.00918 .6932
1500. 2.8388 2<»639.i« .0351*8 18.1*332 .00065 619. 77 268.17 .0)>903 1.00858 .6936
1600. 2.665<f 26596.3 .031*79 18.1*059 . 00061 656.25 280.30 .051*56 1. 00805 .6938
1700. 2.5119 28591.5 .0 31*15 16.3817 .00058 692.93 292.20 .06031* 1.00759 .691*0

1800. 2.3752 30626.3 .03351* 16.3602 .00051* 729.96 303.88 .06637 1.00717 .6939
2000. 2.1U9 3'«8<»6.2 .03236 18.3229 . 0001*9 806.67 326.61 .07927 1. 00 61*7 .6925
2200. 1.9502 39'»li».7 .03111 18.2901* .0001*5 892.56 31*1*. 89 .09351 1.00589 .6608

2<»00. 1.7895 if<>575.0 .02967 18.2585 .0001*1 997.36 366.21* .10965 1.0051*0 .6719
2600. 1.652 it 50718. (« .02790 18.2221 .00038 1135.96 387.16 .12852 1.091*99 .6563
2800. 1.533(t 58357. i» .02579 18.171*3 . 00035 1327. 53 1*0 7.79 .15108 1.001*63 .6337
3000. l.<»283 68083.8 .02339 18.1067 .00033 1591*. 22 1*28.31 .17820 1.001*31 .6058
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITSI

19.00 HPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C» VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-HPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

19. lis .0117<» 2.1 888 1.087 231..

9

1.57. 9 11. .1.65 5.36 6. 78 1664.
20. • 0 USD 2.1l»63 1.087 239.9 1.61..

0

11.. 776 5 .1.8 7.01 1657.
22. . 0 119<i 2.0'»97 1.083 251.6 1.78.5 15.1.70 5 . 73 7.52 1641

,

2<». .01210 1.9535 1.073 261.. 2 1.91.. 1 16. 11.7 5.91. 8.01 1623,
26. .01226 1.8585 1.059 277.6 510.6 16.8 01. 6,12 8. 1.8 1605 ,

28. .012<«<* 1.7 623 1. 01.1. 291. 6 528.0 17. 1.1.9 6,28 8 . 96 1586 .

30. .01263 1.6739 1.020 306^tt 51.6.3 18.082 6.1.1 9.38 1565.
32. .01283 1.5866 .9927 321^ 7 565.5 18.701 6.53 9.60 1543.
3<». .0130'» 1. 50<»2 • 9637 337, 7 585. 5 19. 307 6.62 10,19 1522

.

36. .01327 l.<»2<«3 . 9337 351.. 2 606. 3 19^ 902 6.70 10.58 1499.
38. .01350 1.3517 .9022 371.3 627.8 20 .1.81. 6.77 10 . 91. 1478 .

AO. .013 75 1.2831 . 8695 388.7 650.1 21^053 6, 81 11. 27 1457.
<»2. . 0 1<>02 1.2175 .8 361 l.D6a 6 672.9 21.611 6,81. 11.58 1436 .

<|4. .01<»29 1.1 596 . 8027 1.21.. 8 696. 1. 22, 1 56 6, 87 11.87 1415.
<»6. .011*56 1.1050 . 7691. 1.1.2.8 719.9 22.678 6.93 12.17 1393 .

Mm .01'»89 l.D 53't .7366 1.61. 7 71.1.. 5 23. 202 6.97 12. 1.5 1 372 .

50. .01520 1.0068 .701.6 1.80. 8 769.7 23.715 7.01 12.71 1351.
55 . .01606 .90<»3 .6281. 529.5 831..

6

21.. 953 7.06 13.25 1303,
60. .01699 • 8322 .5596 579 .1 901.9 26.126 7.05 13.57 1265 ,

65. .01799 .7795 . 1.991. 628 .1. 970.3 27.219 7.01. 13.78 1235 .

70. .01906 .7i»28 • 1.1.71. 677. 1. 1039.5 28.21.6 7. 05 13.90 1210

,

75. .0 2016 .7196 .1.027 72^. 8 1109.2 29.207 7. 07 13,95 1192,
80. .02133 .7070 .361.1. 773.6 1179.0 30.108 7. 11 13. 95 1178 .

90. .02373 .70'»2 .3035 867. (> 1318.2 31.71.8 7.26 13.88 1161

.

100. . 0 2617 .7223 .2581. 959. 3 11.56. 1. 33, 201. 7, 1,5 13. 78 1156.
110. .02862 .750i» .221.7 1052.0 1595.7 31.. 530 7.78 13,81. 1155 .

teo. .03106 .7837 .1986 111.3.8 173i». 0 35.731. 8.01. 13.87 1163.
tw. .03593 .8610 .1612 1329.8 2012.1. 37.880 8.55 11., 01 1188.
160. .0'»0 72 • 9(»59 • 1 356 1520 • 0 2293.

8

39.757 9. 0 a 11. • 16 1220.
180. .0<»5<«<» 1.0 322 . 1171 171'.. 6 2578, C 1.1 .1.31 9.3& 11..29 1256.
200. .05009 1.1192 .1030 1912.

9

286<., 7 1.2 • 91.2 9. 61. 11., (.Q 1293 .

2 20 . .05<»68 1.2060 .0920 2111.. 1. 3153.3 1.1.. 317 9.87 11.. ^8 1330 .

2<»0. • 0 5922 1.2 915 • 0 831 2318.

2

31.1.3, 3 1.5.579 10.03 11., 51. 1366.
260. . 06371 1.3 766 . 0 75 9 2523.7 373l.,2 1.6. 71.1. 10.15 11., 57 1405.
280. •06809 l.(»5<>3 • 0701 2 730.3 1.021., 0 1.7. 817 10.21. 11., 63 1441

.

300 . .07275 1.5513 • 0653 291.1. 0 1.323.3 1.8 .81.2 10.32 11.. 69 1486 .

350 . .083ai> 1.7620 .0551. 3'»6i..7 5057.8 51.107 10,1.0 11.. 68 1577.
(>00. .a9<»86 1.9711 .01.81 3989.1 5791.5 53.067 10,1.3 11.. 66 1665.
<»50. .10583 2.1791 • 01.26 1.5 1 3 • 1 6521.. Q 51.. 7 92 10,1.3 11.. 63 1748

,

500. .11677 2.3865 .0382 5036.6 7255.3 56. 332 10 .1.1. 14.62 1828 ,

550. .12769 2.593i» • 031.7 5559.

7

7985,

8

57.725 10.1.1. 14. 61 1905.

600. .13859 2.3000 • 0 318 6 0 83. 2 8716^5 58.993 10 .1.3 14.61 1978 .

650. .l'»9<*9 3 .0 065 .0293 6606.9 91.1.7.2 60.160 10.1.8 14,62 2049.
700. • 160 37 3.2128 . 0 272 7132.0 10179.0 61.251 10.5 0 14,65 2116.
750. .17125 3. '•190 ,0 251. 7658.6 10912. 1. 62.265 10.51. 14, 68 2182,
800. .18212 3. 6251 . 0 238 8187.

2

1161.7.5 63.211. 10 .59 14.72 2245.
850. .19299 3.8312 .0221. 8718.3 12385.2 61., 108 10.65 14.78 2306.
900. .20386 «».0373 .0211 9252.1. 13125.8 61.. 953 10.71 14.84 2365,
950. ,21«» 72 '».2<«33 .0200 9789.9 13869.6 65, 756 10.79 14.92 2422.

10 00. .22559 . 0 190 10 331.0 11.617. 1 66.5 22 10,87 15.0 0 2477.
1100. .2<»731 <».861i» .0 173 111.27.5 16126.3 67.950 11.05 15. 18 2584.

1200. .26902 5.2735 .0158 1251.3.1 17651..

6

69.272 11.25 15.37 2664.
1300. .2907i» 5.6855 .011.6 13679.1. 19203,1. 70.511 11.1.6 15.58 2780.
li»00. .3121.5 6.0976 .0136 11.836.9 20773.5 71.682 11.68 15.80 2872.
1600. .3 3i»16 6.5097 .0127 16016.1 22365.2 72,791. 11.91 16.03 2960.
1600. .35587 6.9218 .0119 17216.1 23977.6 73.828 12.12 16.24 3045.
1700. .37758 7.331.0 .0112 18i.37^5 25611.6 7l», 811. 12.31. 16. 46 3126.
1800. .39929 7.7«.61 .0105 19680.6 27267.2 75,759 12.55 16.67 3208.
2000. .l><i273 8.5705 .0095 22232.7 3061.1..

5

77,51.9 12.97 17.10 3361.
2200. .<»8622 9.39'.9 . 0086 21.871,2 31.109.1. 79.192 13.1.7 17.61 3505.
2i»00. .52984 10.2191. • 0079 27623.0 37690.0 iO.Tkk 11.. 10 18.28 3639.

2600. .57376 ii.O'.sg .0073 30529,6 1.11.31.0 82.21.1 11.. 97 19.22 3 765.
2S0O. .61822 11.8681. .0068 33655.1 1.51.01.3 83.717 16.19 20.56 3882.
3000. .663 62 12.6930 . 0063 37086^2 1.9695.0 85.206 17.86 22.44 3992.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HVDROGEN tISOBARS, SI UNITSI

19.00 MPA ISOBAR

MPERATURE DENSITY tfCOP/OU>^ - V!DP/OVJ^ «D«/OTy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
rnwniirTTUTTvOUiiUtJOl XVX 1 T DTFFII^TUTTVuxrrusxvxi i 0 un 0 1 A n

1

\ l\ b / u (J H HPA W/ K* M
X i 0^ X 10^ X 10

1 7 • 1 1 0 3 5 • 2 10 1 116 3.2 .23306 . U U 9 Q O 128. 28 3 71 . 53 n n n A n
. u u u 0 u 1 . £ B D 6 2 1 . 7& 3 2

20 • (J * • f fa * 7 1 17 • 0 9 ? 1 O 1« C 0 0 7l 18 1 «93'tl n Q7
. U U9 7 f 132.54 339.20 • U U U 0 u 1.27904 1 • 794 6

22 • ft ^ . 7 ^3 P 1192.9 • 225 62 1 71 .fi?a9 . 0 0 631 141. 99 283.35 .00061 1.275 35 1 . 5016
2*1 • O C . O 3 V f 120 5.6 » 216 51 . l* U WV "t 148. 43 243. 78 • 0 0 0 61 1.27152 1.3157
26 • 61* 5368 Icl 0.9 9 1 9 1 A• c X C X 0 ft ncOQ < c 9 c n1 9 £ « 0 u 214. 52 . 0 0 0 79 1 . 26 754 1 . 1917
23. 8 0 . 3 75 6 1215.5 .20686 l<tl.6<<itO .00737 155. flit 192.11 .00078 1.26343 1.1100
30. 79.1733 1219. If .2009<» 132.5251 .00770 156. 2't 174. 4if .00076 1. 25916 1.0U77
1 oj£ . 77. 9376 1 9 9 n c:X Cd U • 9 . 1 79 1

9

19'? <^ 7 n c n n A n 7
. u U 0 U 0 ICC 7 A19 9. 00 1 c T 9 nlO J . £ U ft n n 7 7

. U U U ( 0 1 e 25 8

2

1.0102
"KUO** . 76.6 71

7

1219.9 © 1 89 80 1ic^7979XX9ttiJCf £ . u u 0 0 0 154.01 Iff3 « If 6 ft n n 7

1

1 9 c n 7 c1 « £ 9 u 0 0 .982 6

o o • 75.3 732 191 A 7 • 18479 1 n 7 n 7Xu r.O9U0 n n A7 n. u u 0 r u 1 C9 9 71 9c . £ r 1 7A fk7X 0 0 . 00 n n n c Q• U U u D 9 1 9ti c A n1 . £H 9 0 U Q c 7 c

3d • 121 3.9 .18 0 0 0 inn n Q 7

1

1UU.U70O .00901 15 0.25 130.23 • 0 0 0 6 7 1 . 24117 .9464

'fO . 72. 7052 120 8.9 • 1 75 64 9 3.2685 . 00932 148. 04 122. 97 n r n £ c
• u w u 0 9 1 ?7(^/*7X . £ 0 OH f Q7 C Q. 7 0 9 7

HC 71 7 7Q

1

1 9n 9 ft 1 7 1 7 C
. X r 1 0 9 A AC 7 CL.0 D • 09 0 O . u u 7D 0 1 45 . 65 11c CI1 lO . Ol . 0 0 06 3 1.231 71 . 927 0

69 • 959 9 119 9.3 . 16696 81. 1246 .0 0989 l^t 3. 21 110.98 « 0 0 06 2 1 . 22 691 • 9 1 9 6

. P» ft * t: 7n 1 1198 .8 « 16187 75 .772 5 .01015 1 1| 0 . 75 105.97 n n n A

1

• u u u 0 X 1 9 9 9 n Q1 . £ £ £ u 7 Q 1 C C. 7 X 0 9

67.17«»«» 1196.2 .15726 70.7616 . OlOitl 138. 32 101. 't7 .00060 1. 21726 .9136
50. 65.7751 119'^.2 .15288 66.2246 . 010611 135.92 97.itl .00059 1. 2121.1. .9105
35 • OC 9 C OHO 1 1 A 7X X 0 r .9 1 l*.9 Q"?• 1 7 0 C T 9 7 A9 O . 0 c 0 0 n 1 1 1 ft. U X X X 0 1 7 n 9 91 0 U . £ £ ft A A

1

0 0.01 n n n K 7. u U U 9 r 1. 200 45 Q n 7 c
. 7 u 0 b

60 • 5 8.8 64

1

1 1 a 7 T
. 13482 f A a A C 9to • 909 C . 01142 1 2 5« 23 82.03 . 0 0 056 1 . 18 8 76 .8688

65 . 5 5 • 5777 1195 • 0 * 12759 . 0115 3 121. 65 76 .73 . 0 C 0 5 7 1 . 17764 A C A Q

7(1 52 . 67

3

1 9 1 n AX &x U • 0 1 9 1 n nX £ X u u
» A Q7 970 O • 7 r c f n 1 1 (a. A. U X X H 0 1 1 A 7CX X 0 . 09 79 P.9 n n n c A

. u u u 9 0 1 1 c 7 1 cX . XD r Xb A C 9 Q• 09£ 7

75 • '(9 .5 605 1 23 5 » 5 c 114 92 O V . w v& O « 01129 115. 79 69.50 ^ n n rt c n
. u U U D U 1 . 15 743 .8373

60 • UFi . A 71 ft 1 268 . 7 • 1 C 9 3

1

7 -1 7 f;9O 0« X O D £ « UX X u u 113.56 67.18 n n n c 7
. u u u 0 0 1 . 14847 A 9 C 9. 0 £ 9 £

an He • 1 **tJ O 1 "^K 7 &10 9 f .0 n Q Q 9 ft
e U 9 7 t H 9 Q ^ A f 9£ 7 . 09 L £ n 1 n 9 9

. 01 U £ £ 117 A9110. 0£ C |j 7 c0 H • 0 D .00070 1 . 132 85 .7848
100 . 3 8. 218 6 1^*72 B 5 • 0 90 70 2 7.6063 . 00 936 114.70 63 • 21 » 0 0 0 78 1.119 97 .75 96
110. 3*t.9<*61 1615.2 .06265 26.2242 .00857 119.16 64.05 . 00069 1. 10932 .7438
120. 32.1917 1761.7 .07674 25.2298 .00787 120. 24 63.85 .00097 1.10041 .7365
ffO o 27 .8 335 2 C32 .

2

• 067 74 23 . 9651 • U J 0 r 0 125. 25 65.06 • 0 C 1 1

6

1 - n A P» (a9X . U 0 0 H£ .7279
160. 21* . 5555 2tf2 1 .0 61 41 £ O . C £ DO • 00 584 132. 27 67. 54 .00137 1. 075 97 .7226
1 0 u •

9 9 n nc9 9 77 7 9 n C £. A c
« U 9D 09 22 • 71 45 n n c 1 c

. U U 9X9 140 • 41 73 • 63 .00161 1 « 06790 .7190
2 0 0. 1 9 • 9 63 2 312 3.6 _ n c -7 c 1

e U 9 O 9 X 22.3426 • UU HOX 149. 16 74.07 .00167 1 nf^ 1 fj.c1 . U D X HD .7151

9 9 nc c u •
4 D 9 ft7ft 1 /. 7 9 1OH r £ • O • 0 9 0 98 22. 0555 0 00 417 158.17 77. 69 . 0 ij 2 1 5 1 » 056 2 0

7 1 1 7.'110
2'»0 • 361 3 .

5

« 0 49 0 7 91 - An A (iex. o U O H 9 00 381 167. 23 81.40 .0 0 245 1 . 05 1 6 2 .7076
260 . 1 ^ ^Ql^ AX 7 • D 77 O 'f 14 8.7 « 04760 9 1 (it A 9 00351 176. 21 09 . X H n n 9 7 7e U U £ ( 1

1 nia.A 1 nX . UHO X u . 7039
2 8 Q . 1 H. D0O7 445 5.8 9 0^663 21 .3591 .00 326 135. 03 83.69 .00310 4 n /. /» Q t1

.

Uhh 70 .7029
300. 13.7i»53 '»793.S .04606 21.3231 •00306 193.68 92.63 .00345 1.04204 . 7024
350. 11.9268 557m .04466 21.0151 . 00264 214.46 101.86 .00441 1. 03640 .6975
4 U U • 10. 5^*1 5 632 6.

7

. 0 4361 2 0. 7761 . 00232 23 4. 20 110.66 » 0 0 5 W 6 1 . 03 213 .6940
*»50 • 9 « <fit8 7 706 9.4 . 04324 9 n . CA Q A

C. u * 90 9 O • 00 20 7 253. 11 1 1 Q ClX X7 . 0

X

.00 65 9 1. 028 76 .6915
500* O • ? DO D 7 A1 n A1 0 X U « 0 n /. 9 7Q. U * c r 7 9fl li'tS.7£ U . HO O r n n 1 A 7. U U X 0 r

971 /47c r X . HO 1 9A 1 9X £ 0 • 1 £ n n 7 A

1

1 n 9 c n LX « U £ D U H .690 0

550* 7.8313 8 54 9.7 . 0 42 43 2u • 30^0 • 0Q171 289. 31 1 36 . 41 . 0 0 91

G

1 n 9 7 ft n1 . 11 £ 0 OU .6888

O U u • 7 9-1 R 7f • C X ~ o Q9 Q 1 Q7C 7 1 .

7

n f• 9 1

1

. U *f£ 1 X 9 n 9 n 9o£ U • £ U £ 7 n n 1 c 7• U U X9 r 30 6.91 144 . 49 . 01048 1 n 9 1 Q

1

1 . U £ 1 7X C ft 7 Q. D 0 f 7
c c n 6.6895 10 03 7.8 . 04161 20 • 1 11

8

. 00146 324.31 152 • 36 .0119 4 1 . 020 30 .6870
7 00. 6 . 235 5 1 n 7Q X nX U r 7 3 • U . 0415 0 C V • \J 0 0 o ft ft 1 7. U U X 0 D 0 H 1 • 01 1 cn n QX ou . u 7 n 1 7ti 7. U 1 0 H r 1 n 1 A Q

1

1 . U X 0 7 X .6863
750* 5 . 6395 1 1 c^c; 7X X 99 O . f

n f& 1 1 Q. U HI X 7 1 Q Q&.(i.Q1 7 • 7 OH

7

n n 1 9 7. U U X £ f
7 e: A AC090. 00 1 C7 cclor. D9 n 1 c n 7. U X 9 U r 1 . 01771 .6857

800. 12331.

9

.Oit087 19.90it8 .00119 376.11 175.06 .01675 1.01661. .6852
650. 5.1816 13120.1 .0(tQ53 19.8517 . 00113 393. 39 182.3'. .01850 1. 01570 .6849
a u u • t* . 9 05 1* 1392 2 .8 . U *t U 1 f

1 a nn tit
1. ^ . 0 u *t o an i m. u U lU f

li 4 n 77 fi 9 n T 4. u C U 0 1 i fl 1 fx A P.X . U ^ H 0 D .68^7
7 3 u • . 6572 * 0 3 980 19. 7619 . 00101 it28 . 1

6

1 96. 53 .02219 1 . 0 1 It 1 C .6847
1000 . '».<«329 15571..

9

.039<tl 19.7236 . 00096 <tlt5. 68 203. '7 .021.1 3 1.0131.2 .681.7

1100. l».a'«36 17280.0 .03863 19.6575 .00088 It 75. 56 217. Ott .02790 1. 01221. .6926

1200. 3.7171 190<»l».3 .0378lt 19.6023 .00081 511.00 230.27 .03219 1. 01121. .6927
1300. 3.'»395 20866.6 .03705 19.5556 . 00075 5"t6. 89 2'»3.19 .03673 1. 0101.0 .6930
11*00. 3.2005 227i»l..l .03627 19.5155 . 00069 583.17 255.82 .01.151 1. 00968 .6933
1500. 2.9926 2't672.1 .03552 19.'t808 . 00065 619.77 268. 19 .01.651 1. 00905 .6936
1600. 2.8100 26629.2 .a3it83 19.'»50it .00061 656. 25 28a. 32 .05175 1. 00 81.9 .6939
1700 . 2.6i*8i» 2862'*. It . 03itl8 19.it236 .00057 692.91 292.22 .05723 1.00800 .691.1
1800. 2.504'* 30659.0 .03357 19.3996 . 0005lt 729.91 303.90 .06295 1. 00757 .691.0

2000. 2.2587 3'»875.8 .03239 19.3583 . 000(19 806. It8 326.63 .07516 1. 00682 .6926
22 00. 2.0567 39't3't.'» .03115 19.322't . 00 0't5 891.96 31.1.. 89 .08865 1.00621 .6810
2if00. 1.387<« '.'570.6 .02972 19.2876 . OOQitl 995. 82 366.21. .10390 1.00570 .6723

2600. 1.7i»29 50665.3 .02798 19.2lt8it . 00038 1132. 5it 387.15 .12170 1.00526 .6571
2800. 1.6175 58217.it .02589 19.1977 .00035 1320. 80 1.07.77 .11.291. 1. 03it68 .631.9

3000. 1.5069 6780 It.

1

.02352 19.1270 .00033 1582. 18 1.23.28 .1681.6 1. 001.55 .6071.
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TABLE B

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

20.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 19.360 .01169 2.2344 1.094 236.2 470. 0 14.482 5.38 6. eo 1680.
20. . Oil 73 2.2040 1.094 239.7 474.4 14.706 5.47 6.97 1675.
22. .01187 2.1087 1. 090 251.3 488.8 15.396 5.72 7.47 1659.
2<». . 31203 2.0136 1. 082 263. 7 504. 2 16.068 5.93 7. 95 1642,
26. .01219 1.9195 1.068 2 76.9 520.6 16.720 6.11 8.41 1625.
28. .01236 1. 8274 1. 051 290. 8 537. 9 17.359 6.26 8.66 1606.
30. .0125'» 1.7369 1.032 305.3 556.1 17.987 6.41 9.50 1588.
32. .012 73 1.6480 1.006 320.5 575. 1 18.600 6.53 9.71 1566.
31*, .01293 1.5685 .9777 336. 2 594. 9 19.201 6.63 10.09 1546.
36. .01315 1.4861 .9483 352. 5 615.4 19. 789 6.71 10.48 1523.
38. .01337 1.4146 .9177 369.3 6 36.8 20.365 6.78 10 .82 1503.

(»0. .01361 1.3444 .8859 386. 5 658. 7 20.928 6.82 11.15 1462.
<»2. .01386 1.2303 .8533 404.1 681.3 21.479 6.85 11.44 1462.
<»<». . 01'«12 1.2210 .8206 422. 0 704. 5 22.018 6.89 11. 73 1442 .

<»6. .OliftfO 1.1649 .7880 439.8 727.7 22.534 6.95 12.03 1420 .

<»8. .01i>68 1.1145 .7558 458.4 752.1 23.051 6.99 12.30 1400 .

50. .01498 1.0671 .7242 477.2 776.9 23.558 7.03 12.54 1380.
55. .01578 .9631 . 6489 525.3 841.0 24.780 7. 08 13.07 1333.
60. .01666 .8863 .5803 574.3 907.5 25.938 7.07 13.40 1296.
65. .01760 .8293 .5197 623.1 975. 1 27.018 7.07 13.62 1265.
70. .018 60 .7893 .4671 671 .6 1043.6 28.034 7. 07 13.76 1239.

75. .0196'* .7626 .4216 719.7 1112.6 28.987 7. 09 13. 84 1220 .

80. .02 073 .7461 . 3823 767.3 1181.9 29.881 7.13 13.87 1204.
90. .02297 .7396 .3195 860.9 1320.3 31.513 7.28 13.83 1186.

100

.

.02527 . 7532 . 2725 953. 0 1458.

3

32.966 7.48 13.77 1178,
110. .02758 .7787 .2370 1045.9 1597.6 34.292 7.80 13. 83 1175.
120. .02990 .8101 .2096 1138.

0

1735,9 35.496 8.06 13.88 1181.
1<>0. .031.51 .3842 .1702 1324.5 2014.7 37.645 8.57 14.03 1203.
160. .03906 .9669 • 1432 1515.4 2296.6 39.525 9.01 14. 19 1234.
180. ..a<»355 1.0521 .1235 1710 .5 2581.4 41.203 9.37 14.32 1268.
200. .0'«796 1.1390 .1087 1909.4 2868.7 42. 717 9. 66 14.43 1304.

220. .05233 1.2245 .0970 2111.4 3157.9 44.095 9.38 14. 51 1341.
2<ta. .0566tt 1.3iQ5 . a 876 2315 ,

6

3448.

5

45, 359 10.55 14,56 1376.
260. .0 60 91 1. 3950 . 0 60 ^ 2521 .6 3739.8 46.526 10.17 14,59 1415

.

280. . 065 li» 1.4793 . L 735 2728.6 4031,5 47,606 10.26 14.60 1451

.

300. .06951 1.5696 . 0688 29 J9 .

0

4329.2 48 ,624 10.73 14,70 1495 •

350. .08005 1.7800 . 0583 3463,

2

5064,

3

50.892 10.41 14.69 1585,
<f0a. .09053 1.9889 . 0507 3987,9 5798.4 52.852 10.43 14,67 1672,
1*50. . 10095 2.1968 .0449 4512.

2

6531.

3

54.578 10.44 14, 64 1755,
50Q. .11135 2.404C . 0403 5035.9 7262.8 56.119 10 .44 14.62 1835.
550 . .121 72 2.6108 .0365 5559.1 7993 .5 57.512 10.45 14, 61 1911.

600. .13206 2.8173 . C 334 6 0 £2.8 8724.3 58.781 10.46 14.61 1934.
650. 3.0 237 . 0308 6606.

6

9455.

1

59. 948 10.48 14.62 2054

.

700 . .15277 3.2299 . 0286 7131.7 101? 7,

0

61.039 10.51 14.65 2122 .

750. .16310 3. 436Q . 0 267 7658,5 10920.

5

62,0 53 10.54 14.68 2187.
800. . 1 73'»3 3. 6420 . 0 250 8187.

1

11655.7 63.0 02 10.59 14.72 2250.
850. .183 76 3.8481 .0235 8716.3 12393.4 63.896 10.65 14.78 2311.
900. .19<>a8 4.0541 .0222 9252.5 13134.0 64.741 10.71 14.84 2370.
950 . 4.2601 .0 210 9789.9 138 77.

9

65.544 10 .79 14.92 2427,
10 00 . . 21472 4.4660 . 0200 10 331.

0

14625.

4

66. 310 10. 87 15.0 0 2482 .

1100 . .23535 4.8780 .0182 11427.6 16134.7 67.738 11.05 15 .18 2588 .

1200. .25599 5.2899 .0167 12543.3 17663.0 69.060 11.25 15.37 2689.
1300. .27661 5.7019 .0154 136 79.6 19211.8 70.299 11.46 15.58 2784.
1(»00. .29724 6.1139 .0143 14837.2 20762.

0

71.470 11.68 15.80 2876.
, 1500. .31786 6.5260 .0133 16016.4 22373.7 72.582 11.91 16. 03 2964.

1600. .33849 6.9380 .0125 17216.3 23986.1 73.616 12.12 16.24 3049.
1700. .35911 7.3501 .0118 18437.8 25620.1 74.602 12.34 16.46 3131.
1800. .37974 7.7622 .0111 19680.9 27275.7 75.547 12.55 16.67 3211.
2000. .42100 8.5865 .0100 22232.7 30652.7 77.337 12.97 17.10 3364.
2200. .46231 9.4108 .0091 24870.5 34116.

7

78.980 13.46 17.51 3508.
2<»00. .50375 10.2352 . 008 3 27620.2 37695.2 80.531 14.09 18.27 3642.

2600. .54546 11.0597 .0077 30522.

3

41431.5 82.026 14.95 19. 19 3768.
2800. .58767 11.8842 .0071 33639.2 45392.7 83.498 16.14 20.50 3685.
3000. .63076 12.7087 .0067 37055.1 49670.3 84.983 17.77 22.33 3996.

THO-PHASE BOUNDARY

5-236



TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

20 • 00 MPA ISOBAR

TEHPERATURE OENSITY V(DH/DV)p

K K6/CU M KJ/KG

* 19.360 85.5(>33 1188, <»

20. 85.2277 1196,5
22. 6<>.21<«2 1216,9
2<». 83.1599 1231,0
26. 82.0662 1240,2
28. 60.93<>6 1246.8
30. 79.7603 12<»8.6

32, 78. 5555 124 9. 8

3(>. 77.3220 1251.9
36. 76.0619 1248.7
36. 71,, 7739 1247,5

<iO. 73. (>653 1242,

7

>»2. 72.1398 1238,5
(»<>. 70. 801

1

1235,4
46. 69.i»518 1235,3
<»8. 68. 0970 1234,

8

50. 66.7399 1233,4
55. 63.35i»<» 1229,0
60. 60.0282 1228,7
65. 56.8213 1235,5
70. 53. 773'* 1250,6

75. 50.9103 1274.2
80. i>8.2i«79 1305.7
90. <»3.5352 1393.9

100. 39.57it2 1506.3
110. 36.253 7 1647.9
120. 33.'»'»77 1793.6
I<t0. 28.9 793 2112.2
160. 25,6015 2452.6
180. 22.96i«7 2801.5
200. 20, 8<,e6 3153.1

220. 19,1108 350 0 .9
2<»(i. 17,65i»9 3844.4
260. 16,<»175 4179.8
260. 15.3509 4508 .9
300. 1<».3862 4823.0
350. 12.'>91<» 5600,9
(»oa. 11,0'»65 6356,5
(>5Q. 9,9058 7099,3
500. 8.9811 7840.9
550. 8,2157 8579.

8

600. 7.5713 9322.1
650. 7. 0212 10068.0
700. 6.5<t60 10823.3
750. 6.1 312 11587,0
800. 5. 7660 12 362.2
850. 5,<fi»20 13150,6
900. 5,1525 13953.4
950. l»,892<» 14771.6

1000. <». 6572 15605,7
1100. <>,2'»89 17311 ,1

1200. 3.9065 19075.7
1300. 3.6152 20898,4
1<»00. 3.36l»3 2 2 776 ,3
1500. 3,1<»60 2470 4,6
1600. 2.95«»3 26662.0
1700. 2.78i»6 28657.3
1800. 2.633(> 30691,6
2000. 2.3753 34905,7
2200. 2,1630 39455.2
2<»00. 1.9851 4456 9.2

2600. 1,8333 50618,9
2800. l,70ie 58090.9
3000. 1,585<» 67548.4

V(OP/DU>y -V(OP/DW)y (OW/OTJ/V

PA-CU M/KJ MPA
X 10^

,23748 191.1415 . 00572
.23452 187.8410 .00582
.22624 177.5827 . 00614
.21916 167,4527 .00646
.21286 157,5289 , 00678
.20687 147,8964 . 00710
,20186 138.5345 .00745
,19620 129.4586 .00777
.19082 121.2815 .00806
, 18579 11 3.0376 .00839
,18109 105. 7719 .00868

. 17682 98,7645 . 00897
,17261 92,3572 .00924
.168 32 86,4488 .00949
. 16330 80 , 9077 .00974
.15876 75, 8970 . 00996
.15447 71.2198 . 01017
.14469 61.0163 . 01064
.13665 5 3.2057 ,01091
.12944 47.1485 . 01102
.12286 42.4454 .01100

. 11675 38,8224 .01086

.11107 36.0001 . 01062

.10084 32.2001 . 00992

. 09212 29. eOBO . 00914

.08384 28.2319 . 00840

.07778 27.0964 .00774

.06855 25.6237 ,00664

.06207 24.7531 ,00578

.05739 24.1615 .00511

.05396 23.7458 . 00458

. 051 36 23.4010 .00415

.04940 2 3, 1363 .00379

.04788 22.9019 .00349

.04669 22. 7079 .00324

.04633 22.5803 .00305

.04488 22.2353 . 00262

.04400 21.9708 .00231

. 04341 21. 7611 .00206

.04294 21.5907 .00186

.04256 21.4496 . 00170

.04223 21.3309 . 0D157

.04192 21.2298 . 00145

.04160 21.1426 .00135

.0 4129 21,0668 . 00127

.04096 21.0002 . 00119

. 04061 20.9412 . 00112

.04025 20,8888 .00106

.03987 20.8418 . 00101

.03948 20. 7994 .00096

.03869 20, 7262 . 00088

.03789 20.6651 .00081

.03710 20, 6134 . 00075

.0 36 31 20, 5690 . 00069

.03556 20. 5306 . 00065

.03487 20.4971 .00061

.03422 20.4674 . 00057

.03360 20,4409 . 00054

.03243 20.3953 .00049

. 03119 20.3559 .00045

.02977 20.3180 .00041

.02805 20.2759 .00038

.02599 20.2224 , 00035

.02365 20.1484 , 00033

THERMAL
CONDUCTIVITY

W/K-M
X 10^

130.47
133.83
143.51
150.14
154.47
157.06
158. 37

157. 60
156.30
154.65
152.69

150.53
148.20
145.80
143.38
140. 98
138.61
132.96
127.99
124. 39
121.20

118.42
116.11
116.24
116.95
121. 46
122.33
127.06
133. 82
141.71
150. 25

159. 09
168.00
176. 86
185.59
194.16
214. 81
234.46
253. 32
271.60
289.46

307,03
324,42
341,71
358, 95
376.19
393.46
410.80
428.22
445.73
475.56

511,00
546.89
583.17
619.77
656. 24
692. 89
729. 87

806.30
891.41
994.40

1129.38
1314.58
1571.05

ISCOSITY THERMAL DIELECTRIC PRANOTL
OIFFUSIVITY CONSTANT NUMBER

KG/M-S SQ M/HR
X 10^

377.62 .00081 1. 28131 1.9680
353.32 .00081 1.29068 1.8393
294.22 .00082 1. 27706 1. 5319
252.50 .00082 1.27331 1.3371
221. 76 .00081 1. 26942 1.2073
198 .32 .00079 1.26541 1.1185
179.85 .00077 1. 26125 1.0564
165. 02 .00074 1.25700 1.0170
152. 86 .00072 1. 25265 .9869
142.68 .00070 1. 24822 ,9665
134.00 .00 068 1.24370 ,9499

126.52 .00066 1.23912 .9368
119. 99 . 00065 1.23 450 .9265
114.23 .00063 1.22984 ,9187
109.10 .00062 1. 22515 ,9154
104.50 .00061 1. 22045 .9114
100 .35 .00060 1. 21576 .9031
91.58 .00058 1. 20 412 .9003
34.63 .0 0 057 1. 19274 .8861
79. 15 .00058 1. 18135 .8666
74.87 . Ou 059 1. 17155 . 3502

71.57 . 00061 1. 16194 .8363
69.08 .00062 1.15305 .8250
65. 95 . 00 070 1. 13742 . 7846
64.54 .00077 1. 12440 .7599
65. 24 .00087 1. 11357 .7431
64.92 .00095 1.10447 .7364
65.94 .03113 1. 09008 .7281
68.24 .00133 1. 07930 .7234
71. 21 .0 0155 1.07 0 93 .7197
74.56 .00180 1. OS 425 .7160

78,13 . 0 C 2 0 7 1.05 8 78 . 7125
81.76 .00235 1.05422 .7087
85.46 .00266 1. 050 35 .7051
89.17 . 0 0298 1. 04703 .7014
92.89 .00331 1.04403 . 7033

102.06 .00421 1. 03815 .6982
111. 02 . 00521 1.03368 . 6945
119.74 .00629 1.03017 .6919
128.23 .00745 1. 02732 .6904
136.50 .00866 1. 02497 . 6891

144,57 .00999 1. 02300 .6381
152,45 .01137 1,02132 .6872
160,16 .01283 1. 01986 .6865
167, 71 .01436 1. 01860 ,6859
175.11 .01595 1. 01748 ,6354
182. 39 .01761 1. 01649 ,6850
189.54 .01934 1.01561 .6848
1 96. 57 .0 2112 1. 01482 . 6347
203. 50 .02297 1. 01410 .6648
217. 08 .02655 1. 01286 .6927

230.30 .03063 1.01182 .6923
243.21 .03495 1. 01093 .6931
255.84 .03948 1.01017 .6934
268.21 . 04424 1. 00951 .6937
280.34 .01*923 1.00393 .6940
292.24 .05443 1. 00842 .6941
303.91 .05986 1.00796 .6940
326.64 .07147 1. 00717 .6927
344.89 .0B427 1.00653 .6812
366.23 .09873 1.0C599 .6727

387.15 .11557 1. 00553 .6578
407.76 . 13564 1. 00514 .6360
428.25 .15972 1.00478 .6088
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TABLE 8

THERMODYNAMIC PR3PERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

22.00 MPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNA
DERIVATIVE DERIVATIVE ENERGY

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-

19.835 .01160 2.3243 1.107 236.7
20. .01161 2.3167 1.107 239.6
22. .01175 2.2238 1.105 250.9
Zk. .01189 2.1308 1. 098 263. 0

26. .012a<t 2.0385 1.086 275.9
28. .01220 1.9476 1. 070 289.4
30 . .01236 1.8591 1. 051 303. 5

32. .0 125'« 1.7748 1.031 318.3
3<». .012 73 1.6912 1. 004 333.7
36. .01293 1.6150 .9760 349.5
38. .0131<» 1.5350 .9468 365.8

<tO. •01335 1.4676 .9167 382.6
<»2. .01358 1.4033 .8856 399.7
<i4. .01382 1.3406 .8542 417.2
I»6. .Slk07 1.2848 . 8227 434.4
I>S^ . 01433 1.2332 .7915 452.6
50. .011*59 1.1839 ,7609 470.9
55. . 0 1531 1.0 785 .6875 517.8
60. .016 09 .9927 .6193 565.7
65. .01692 ,9299 .5583 613. 6
70. .01780 .3831 .5046 661.3

75. .01873 .8498 .4577 708.8
80. .019 69 .8291 .4170 756.0
90. .02168 .8110 . 3506 849.2

100. .0 23 71* .8163 . 3002 941. 3

110. .02582 .8367 .2616 1034.6
120. .02790 .8643 .2314 1127.1
li»0. . 0 3207 . 9309 . 1880 1314.6
160. .03620 1.0099 .1582 1506.5
180. .04028 1.13 936 .1365 1702.7
200. .0i<i«30 1.1784 .1230 1902.6

220. . 04827 1.2638 .1071 2105.5
2i»0 . .0 5219 1.3483 .0 966 2310.

7

260. .05608 1.4326 .0881 2517.5
280. .05993 1.5155 .0810 2725.4
300. .06392 1.6065 . 0 758 2935.

1

350. .0 73 51 1.8164 .0 642 3 460 .

2

<»oa. .08303 2.0248 . 0553 3985.7
l>50. .09252 2.2323 .0 494 45 1 0 • 5

500. .10197 2.4392 .0 443 5034.6
550. . lll^O 2. 6457 .0402 5558.1

600. . 12082 2.8520 .0368 6 0 82.0
650. .13023 3.0581 .0339 6606.1
700. . 1 3963 3. 2641 .0 315 7131.

4

750. .1490 2 3.4700 .0294 7658.3
800. .15841 3.6759 • 0275 8187.

0

850. .16780 3.5817 .P259 8718.

3

900. .17718 4.0 8 75 • C 244 9252.5
950. .18657 4.2934 . 0 231 9790.1

1000. .19595 4.4993 • C220 10331.

3

1100. . 21471 4.9110 .0 200 11427.9

1200 . .23346 5.3227 .0183 12543.

8

1300. . 25221 5.7345 .0169 13680.1
1<»00. .27096 6.1463 .0157 14837.

7

1500. .28971 6.5582 .8146 16017.0
1600. .30846 6.9702 .0137 17217.0
1700. .32721 7.3821 .0129 18438.5
1300. .34596 7.7941 .0122 19681.5
2000. .38347 8.6182 .0110 22232.9
2200. .42102 9.4424 .0100 24869.3
2(»00. .45868 10.2667 .0092 27615.

3

2600. .49658 11.0910 . 0085 30509.4
2800. .53492 11.9154 .0079 33610.7
3000. .57401 12.7398 .0073 36999.6

ENTHALPY ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG KJ/KG-K KJ / KG-K M/S

493.9 14.516 5.43 6. 84 1711.
495.1 14.574 5.45 6.88 1710.
509.3 15.255 5.71 7.37 1695.
524.6 15.917 5.92 7.64 1680.
540.7 16.561 6.11 8.29 1663 .

557.7 17.190 6.27 8.72 1646.
575.5 17.806 6.41 9.14 1628.
594.3 13.411 6.53 9.55 1611.
613.7 19.001 6.63 9.92 1590.
633.9 19.578 6.72 10.27 1571.
654. 8 20.143 6.79 10.62 1549.

676.4 20.695 6.84 10.92 1531.
698.5 21.235 6.88 11.21 1512.
721.2 21.763 6.91 11.49 1492.
743.9 22.267 6.98 11.77 1472.
767.7 22.774 7.02 12.03 1453.
792.0 23.270 7.06 12.27 1434.
854.7 24.463 7.12 12.77 1391.
919. 7 25.596 7.12 13.12 1353.
985. 8 26.653 7.11 13.35 1321.

1053.0 27.649 7.11 13.51 1295.

1120.8 28.585 7.14 13.62 1274.
1189.1 29.467 7.18 13.68 1257.
1326.2 31.0 83 7.32 13 .73 1234.
1 463 .

6

32. 529 7.52 13.74 1222 .

1602.6 33.853 7.83 13.83 1215 .

1741.0 35.057 8.09 13.88 1218.
2020.1 37.206 8.60 14. 07 1234.
2302.3 39.095 9.04 14.24 1261.
2588.7 40.779 9.40 14.38 1293.
2877.1 42.296 9.69 14.48 1327.

3167.4 43.661 9.91 14.56 1362.
3459.0 44.950 10.06 14.61 1398.
3751.2 46.120 10.20 14.64 1433.
4043.8 47.204 10.29 14.64 1468.
4341.

2

48.220 10.34 14.73 1513.
5077.5 50.491 10.42 14.71 1602.
5812.4 52.454 10.44 14.68 1687.
6545.9 54.181 10.44 14.65 1770 .

7277.

9

55. 723 10.45 14.63 1848.
8009.0 57.117 10.45 14.62 1924.

8740.0 58.386 10.46 14.62 1996.
9471.1 59.553 10.48 14.63 2066.
10203.2 60.645 10.51 14.65 2133.
10936.7 61.659 10.55 14.68 2198.
11672.1 62.608 10.59 14.73 2260.
12409.9 63.502 10.65 14.78 2321.
13150.

6

64. 348 10.72 14. 84 2379.
13894.5 65.151 10.79 14.92 2436.
14642.

1

65.917 10.88 15. DO 2491

.

16151.5 67.345 11.05 15 .18 2597.

17679.9 68.667 11.25 15. 37 2697.
19228.7 69.906 11.4} 15.58 2792.
20798.

9

71.077 11.68 15.80 2883.
22390.7 72.139 11.91 16.03 2971
24003.1 73.223 12.12 16.24 3056.
25637.

1

74.209 12.34 16.46 3138.
27292.

6

75.154 12.55 16.67 3218.
30669.2 76.943 12.97 17 .10 3370.
34131 .7 78.586 13.45 17.59 3514.
37706.

3

80.135 14.06 18.24 3648.

41434.2 31.627 14.89 19.13 3774.
45378.9 83.093 16.04 20.40 3892.
49627.8 84.567 17.60 22.15 4003.
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TABLE 8

THERMODYNftMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

22.00 NPA ISOBAR

rtPERATURE DENSITY V(DH/DVId V(OP/OU),, -V(DP/D\/»_ (DV/OT)/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
r V 1 P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K K&/CU M KJ/KG MPA-CU M/KJ HPA 1/K H/K-M KG/M-S SO M/HR
X 10^ X 10^ X 10'

19.835 86.1915 1237.7 .2361.6 200.3367 . 00553 135. 33 389.82 .00083 1.281.12 1.9700
20. 86.1126 12i«0.0 .23571 199.1.935 . 00555 136.31. 383.11 .00083 1. 28381. 1.9336
22. 85.1375 1263.3 .2271.5 189.3277 . 00581. 11.6. 1.7 316.97 . 00081. 1.28036 1.5960
2'». 8<».1251 1280.1 .22039 179.2570 .00613 153.1.7 270.62 .00061. 1.27675 1.3827
26. o 0 . u r o 3 129 1.9 • 2

1

. 0061.1 158. 10 236. 71 . n n n A ^. U U U O J 1.27301 1 • 2** fl 5

28. 81.99'»3 1300.9 .20822 159.6962 .00670 160.95 211.00 .00061 1.26917 1.11.32
30. 80.8791 1306.6 .20282 150.3656 . 00699 162.51 193.91. .00079 1. 26521 1.0731.
32. 79.7230 1310.1 . 19800 11.1.1.922 .00729 161. 88 17i». 79 .00077 1.25112 1.0307
3i». 78.5'»9l 1312.0 .19279 132.8393 .00756 160. 73 161.68 . 0C071. 1.25697 .9979
36. 77.3507 131i».5 .18771. 121.. 9211. .00781 159. 21 150.76 .00072 1.25275 .9725
38. 76.1310 1310.9 .18310 116. 8606 .00810 157.37 11.1.53 .00070 1.21*81.6 .9552

%

(>0, 7i».889if 1309.6 . 17898 109.9089 .00831. 155.31 133.59 .00068 1. 21.1.11 .9391.

1*2. 73.631 6 1307.3 .171.92 103.3082 . 00857 153. 07 126.68 .00067 1.23970 .9275
1*1*. 72.3632 1301*. 1* .17076 97.0078 .00881 150. 75 120.62 .00065 1.23528 .9190
'6 . 7 1 . 0 85 8 130 7.0 • X O " o o 91 • 32 S** . A n Qfl 4

• U U 7 U X 11.8 . 39 1 1 5 • 2 'i • u u U O H 1 ? n A

1

X . & o u o o . 91 1.

3

It8. 69.8029 1308.1 .1611.6 86.0786 . 00920 11.6. 01. 110. 1.3 .00063 1. 22637 .9095
50. 68.5179 1307 .9 .15731 81.1197 . 00938 11.3. 72 106.10 . 00C62 1. 22191 .9056
55. 65.3150 1308.2 . 1<»788 70.1. 1.0 7 .00976 138.15 96.96 .00060 1.21085 .8961
60. 62.159 0 130 6.9 .11.000 61. 7071 .01001. 133.20 89.70 .00059 1.20002 . 86 3 3

65. 59.0971 131 3.9 .13286 51.. 9559 .01016 129. 59 83.90 .00059 1. 18957 . 861.2

70. 56.1677 1323.3 .12626 1.9.6016 .01017 126. 33 79.30 .30060 1. 17961. .81.81

75. 53.3927 1350. <» .12012 1.5.371.1 .01009 123.1.3 75.67 .00061 1.17027 .8352
80. 50.7897 1381.7 .111.38 1.2.1081 . 00990 120.97 72. 86 .00063 1. 16151. .821.1

90. <«6.1163 1<>65.0 . 10388 37.3989 . 00937 120. 88 69.13 .00069 1.11.596 .7855
100. 1^2 • 1 2'f6 1 573 .

5

. 0 91.81. . W U O f J 121.33 67. 23 .00075 1. 13277 • 761

2

110. 38.7330 1713.5 .08620 32.1.091 . 00807 125.91 67.55 .00085 1.12165 .71.19

120. 35.8 380 1857.7 .07982 30.9735 .0071.7 126.39 67.01 .00091 1.11222 .7360
1(»0. 31.1839 2171.6 .07012 29.0286 .0061.8 130.65 67.66 .00107 1. 09716 .7281.
160. 27.6265 2510.'. .06335 27.8988 . 00567 136.95 69.65 .00125 1.08575 .721.1

180. 2i».8290 2860.2 . 0581.5 27.1517 . 00503 11.1.. 38 72.39 .0011.6 1.07681. .7208
200. 22.5752 3211.3 .051.85 26.6016 .001.51 152.50 75.55 .00168 1.06970 .7176

220. 20.7183 3561.8 .05211 26,1833 . 001.09 160.98 78.96 .00192 1. 05381. .711,3
2<>0. 19.1592 3905.8 .05003 25.8330 .00371. 169.60 82.50 .00218 1. 05891. .7137
260. 17.8323 '»2<«3.2 . 01.81.2 25.51.61. .0031.5 178.22 86.11 .0021.6 1.051.78 .7072
280. 16. 6866 If57 2 . 0 . 01.717 25.269 0 . 00320 186. 76 89.75 • 0 D 275 1.05119 .7037
300. 15.6'»57 <»882.0 .01.687 25.13'>5 . 00 30 2 195.17 93.1.0 .00305 1, 01.795 .701.8

350. 13. 6037 5660. i» .01.532 21.. 7099 .09260 215.51. 102.1.6 .00388 1. 01.160 .6995
<«00. 12.0 (^l &<«16.'» .01.1.38 21..3855 . 00229 235. 02 111. 31. .001.78 1.03676 .6956
i*SO. 10.3089 7159.1. .01.371. 21..1293 .00205 253.76 120.01 .00577 1.03295 .6928
500. 9.8070 7901.1 .01.323 23.9216 . 00185 271. 95 128.1.6 .00682 1. 02986 .6911
550. 8.9766 861.0.2 .01.283 23.71.98 .00169 289.75 136.70 •00795 1.02731 .6897

600. 8.2769 9382.5 .01.21.6 23.6056 .00156 307.28 11.1.. 71. .00911. 1.02516 .6836
650. 7.6789 10128.5 .01.211. 23.1.828 .0011.1. 321.. 61. 152.60 .0101.0 1.02333 .6876
700. 7.1619 10883.8 .01.180 23.3771 .00135 31.1. 90 160.29 .01173 1. 02175 .6869
7E»ftf 911 . D • r XU *t i. 1 OH r • D • U '1 H r

n n 1 7 c• U U l£ O ICO A 9 lor • o J • U 1 0 X £ ± • U £ U 0 f C A £L 9• O 0 O £

800. 6.3126 121.23.0 . 01.113 23.201.1. . 00119 376.31. 175.22 .011.57 1.01915 .6856
850. 5.9595 13211.5 .01.077 23.1331 .00112 393.60 182.1.9 .01609 1.01807 .6852
900. 5.61*38 11.011..5 .01.01.0 23.0696 . 00106 1.10. 93 189.63 .01766 1. 01711 .6850
950. 5.3600 11.832.9 .01.001 23,0127 .00101 1.28. 31. 196.66 .01929 1. 01621. .631.9

1000. 5.103<i 15667.3 .03961 22.9615 .00096 1.1.5. 81. 203.58 .02097 1. 0151.6 .681.9

1100. <».6575 17373.3 .03881 22.8730 . 00087 1.75.56 217.15 .021.22 1. 011.10 .6930

1200. '».2e3<« 19138.5 .03800 22. 7992 .00080 511.00 230. 36 . 02791. 1. 01297 .6930
1300. 3.96<t9 20961.9 .03719 22.7368 .00071. 51.6. 89 21.3.27 .03186 1.01200 .6932
liiOO. 3.6905 228'.0.5 .0361.0 22.6831. . 00069 583. 16 255. 89 .03599 1.01116 .6935
1500. 3.<»517 21.769.5 .03561. 22.6371 .00065 619. 76 268.26 .01.032 1.0101.1. .6938
1600. 3.2I»19 26727.1. .031.91. 22.5966 . 00061 656. 22 280.38 .01.1.86 1. 00980 .691.1

1700. 3.0 562 28722.9 .031.29 22.5609 . 00057 692.86 292.27 .01.959 1. 00921. .691.2
1800. 2.8905 30756.8 .03367 22.5290 . 00051. 729. 79 303.95 .051.53 1. 00871. .691.2

2000. 2.6078 31.966.1 .0321.9 22.1.71.3 .0001.9 805.98 326.67 .06508 1.00788 .6929
2200. 2.3752 391.99. 1. . 03126 22.1.273 . 00 01.5 890.1.2 31.1.. 89 .07671 1.00717 .6815
2<f0a. 2.1802 1.1.573.9 .02987 22.3829 . 0001.1 991. 85 366.23 .08981 1.00658 .6731.

2600. 2.0138 5051.3.1 .02819 22.331.8 . 00038 1123.72 387.11. .10501 1.00608 .6591
2800. 1,869(> 57871.5 .02618 22.2752 .00035 1303.1.1. 1.07.73 .12307 1.00561. .6380
3000. 1.74t21 67097.7 .02389 22.191.5 . 00033 1551.11 1.28.20 . 11.1.70 1.00526 .6115

• TMO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

2<».00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/K6 CU M-MPA/KG MPA/K KJ/KG-K K J/KG KJ/KG-K KJ / KG-K M/S

• 20.300 .01152 2.'»12it 1.120 241.3 517.7 14.550 5.48 6.88 1741.
22. .01163 2.335<» 1.119 250.7 529.8 15.122 5.69 7.29 1729.
2<>. .01176 2.2'»i«5 1.113 262.6 544.6 15.776 5.91 7.74 1715.
26. .01190 2.1539 1.103 275. 1 560 . 7 16.411 6.10 8.18 1700

.

2S. .01205 2.06<«3 1. 069 268.3 577. 5 17.031 6.26 6.60 1683.
30. .01221 1.9767 1. 071 302.1 5 95.1 17.639 6.41 9.00 1666 .

32. .01237 1.8916 1.051 316.5 613.5 18.232 6.53 9.39 1649,
3(>. .01255 1.8136 1. 029 331.5 632. 7 13. 615 6.64 9.76 1633.
36. .01273 1.7350 1.002 347.0 652.6 19.383 6. 73 10.11 1614.
38. . 01292 1.6620 .9740 363.0 673.1 19.939 6. SO 10.43 1596.
>0. .01312 1.58<>& .9451 379.3 694.3 20.481 6. 65 10.74 1576.

<»2. . 01333 1. 5207 .9154 396.

1

716.1 21.012 6 . 90 11. 01 1558 .

.01355 l.'»602 .6853 413.

1

738.3 21.530 6. 94 11.27 1541.
i*b. .01378 l.'»025 .8548 429.9 760.6 22.025 7.00 11.55 1521.
<>8. .0 moi 1.3'»75 . 82*i5 447. 6 784. 0 22.522 7.05 11. 61 1502.
50. <C1<>26 1.2986 .7946 465.6 307. 6 23.009 7.09 12.03 1465.
55. .01(»91 1.1903 .7228 511.5 869.3 24.180 7.15 12.52 1443.
60. .01561 1.1015 . 6558 558.4 933. 0 25.290 7.16 12.86 1407.
65. .01636 1.031<* .5943 605.4 998.0 26.326 7.15 13.11 1375.
70. .01715 .9787 .5398 652.4 1064.0 27.307 7.16 13. 28 1346.
75. .01798 .9'»01 .4919 699.3 1130.7 28.228 7.16 13.42 1326.

80. .aie8'» .9126 .4499 746.0 1198.1 29.098 7.22 13.52 1307.
90. .02063 .8660 .3806 638. 7 1333.8 30 .697 7. 36 13.62 1261.

100, .022 '•8 .8836 . 3273 930.6 1470.

3

32.1 35 7.55 13.66 1265.
110. .02'»37 .8972 .2857 1024.3 1609.1 33.456 7.37 13.81 1255.
120. .02626 .9203 .2531 1117.2 1747.4 34.660 8.12 13. 68 1254.
1(»0. .0 30 05 .981<« .2057 1305.4 2026.6 36.611 6.63 14.08 1265.
160. .03362 l.a5<>9 .1732 1498.2 2309.9 38.702 9.07 14.27 1269,
180. .03756 1.1359 .1494 1695.3 2596.7 40.391 9.43 14.42 1318,
200. .0'»125 1.219'* .1313 1696.1 2866.1 41.915 9.72 14.53 1350,
220. .a<.<»89 1.30 32 .1171 2099.9 3177.3 43.303 9.95 14.61 1384.

2<»a. • 0'»8<»9 1.3873 .1057 2306.

0

3469.

8

44.576 10. 11 14.66 1416.
260. .05206 T..i»706 .0963 2513.6 3762.

9

45.750 10.24 14. 68 1452.
280. .05559 1. 5537 .0885 2722.2 4056.4 46.8 37 10 .32 14.68 1466.
300. .0 5925 1.6<>i»Q .0628 2931.4 4353 .5 47.851 10.36 14.75 1530 .

350. . 06806 1.8531 .0 701 3457.4 5090.

8

50.125 10.43 14. 73 1616.
l>00. .0 7679 2.0610 .0609 3983.5 5826.6 52.090 10 .45 14.70 1702.
<>50. .085<i9 2.2661 .0539 4508.

9

6560.

6

53.819 10 .45 14.66 1784.
500. .09«tl5 2.if7't6 .0483 5033.4 7293.0 55.362 10.45 14.64 1861.
550. .10280 2.6808 .0438 5557.2 8024.5 56. 756 10.46 14.52 1936.
600. . 111<«3 2.8867 .0401 6061.

4

8755.

8

56.026 10 .47 14.62 2008.

650. .12006 3.0925 .0370 6605.6 9487.1 59.193 10.49 14.63 2077.
700. .12668 3.2983 .0343 7131.1 10219.3 60.285 10.51 14.65 2144.
750. .13729 3.5039 .0320 7658.1 10953.0 61.299 10.55 14.68 2208.
800. .1'.589 3. 7896 . 0300 8167.0 11666.5 62.249 10 .60 14.73 2271

.

850 • . 1 5450 3.9153 .0 262 8718.4 12426.

4

63.143 10. 65 14. 78 2331

.

900. .16310 4.1209 .0266 9252.7 13167.

2

63.988 10.72 14.65 2369.
950. .17170 <t.3266 .0252 9790.3 13911.2 64.792 10.79 14. 92 2445.

1000. .16030 '.5323 . 0 240 10 331.

6

14658.

8

65.558 10.88 15. DO 250 0 .

1100. .197J»9 i».9i»37 .0218 11426.4 16168.2 66.986 11.06 15.18 2605.
1200. .21<»6e 5.3553 . 0200 12544.3 17696.7 63.308 11.25 15.37 2705.

1300. .23187 5.7668 .0184 13660.7 19245.6 69.547 11.47 15.58 2800.
1<>00. .2(»9a& 6.1785 .0171 14638.4 20815. 8 70.718 11.69 15. 51 2891.
1500. .26625 6.5902 .0160 16017.7 22407.6 71.830 11.91 16.03 2978.
1600. .263'»3 7.0020 .0150 17217.7 24020.0 72.864 12.13 16.24 3063.
1700. .30062 7.4138 .0141 18439.2 25654.0 73.850 12.34 16.46 3145.
1800. . 31780 7.8257 .0133 19682.2 27309.5 74. 795 12.55 16.67 3224.
2000. .35219 8.6496 .0120 22233.2 30685.7 76.584 12.97 17.09 3376.
2200. .38661 9.4736 .0109 24668.4 34146.

9

78.226 13.45 17.58 3520.
2i»00. .'»2112 10.2977 .0100 27611.3 37718.2 79.774 14.04 18.21 3654.
2600. .If55 81* 11.1219 .0092 30496.

4

41438.7 81.263 14.35 19.08 3780.

2800. .it9096 11.9462 .0086 33586.2 45369.1 82.724 15.96 20.30 3698.
3000. .526 73 12.7705 .0060 36951.3 49592.8 84.189 17.46 21.99 4009.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

2<>.00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/OV»
r

V<DP/DU)y - V(DP/DV)_

K KG/CU H KJ/KG MPA-CU M/KJ MPA
X 10''

* 20.300 86.8172 1285.9 .23558 209.4394
22. 86.0150 1307.8 .22862 200. 8776
2<>. 85.039'» 1327.3 .22156 190.8687
26. 8't.0311 1341.6 .21532 180.9929
28. 82.9915 1352.9 .2 0944 171,3226
30. 31.9220 1360.7 .20411 161,9329
32. 80.82i«5 1366.5 .19903 152.9007
3'». 79.6883 1371.4 .19451 144.5215
36. 78.51*50 1374.3 . 18963 136.2770
38. 77.3810 1376.7 .18499 128.6050
kO. 76.2003 1371.9 . 18094 120,7474

42. 75.0009 1371.8 .17700 114,0513
1*1*, 73.7929 1372.1 .17297 107, 7547
i*b. 72. 5767 1375.8 .16816 101, 7880
1*9. 71.3536 1377.0 .163 85 96,1475
50. 70.1302 1379.2 . 15979 91,0690
55. 67.0791 1382.8 .15064 79,8470
60. 6'».069't 1384.2 .14304 70, 5749
65. 61.1381 1390.6 . 13594 63.0573
70. 58.3171 1404.7 . 12933 57. 0761
75. 55.6308 1426.4 .12318 52.3013

80. 53.0 88 3 1455.

4

.11739 48. 4474
90. '»8.i»772 1537.

1

.10669 42.9526
100. if'».'»809 1642.9 . 09740 39.3019
110. itLOitll* 1 78 0 .

0

.08846 36. 8214
120. 38.0809 1922.6 ,08180 35.0463
1<»0. 33.2795 2235.

I

.07165 32. 6598
160. 29.5650 2570 .4 .06460 31.1885
180. 26.6240 2919.4 .05949 30.2420
200. 2<».2'»38 3271.7 .05571 29.5624
220. 22.2 769 3622.4 .05285 29. 0318

2(»0. 20.6220 3968.1 . 05066 28.6092
260. 19.210i« 4306.9 .04896 28.2515
280. 17.9895 4638.6 .04763 27.9499
300. 16. 8763 4941.

5

. 04739 2 7, 7i»i»8

350. 14.6938 5720.3 .04576 27.2296
i*oa. 13.0222 6476.6 .04475 26,8391
kSO. 11.6977 7219.7 .04406 26,5315
500. 10. 6210 7961.5 .04352 26,2827
550. 9.7276 8700.6 .04308 26,0774
600. 8.9739 944 3.0 . 04270 25.9051

650. 8.3293 10189.0 .04235 25.7585
700. 7,7715 10944.3 . 04200 25.6324
750. 7.2840 11708.3 .0 4165 25.5227
800. 6.8542 12483.

7

. 04130 25.4266
850. 6.4725 13272.4 .04093 25,3417
900. 6.1311 14075.5 .04055 25,2661
950. 5.8240 14894.1 . 04C15 25,1984

10 00. 5. 5463 1 5 72 8 . 8 . 03974 25. 1375
1100. 5.0 634 17435.3 .03892 25,0 32 3

1200. 4.6580 19201.1 .03810 24. 9447

1300. 4.3127 21025.2 .03728 24.8706
li>00. 4.0151 22904.5 . 03643 24.8072
1500. 3.7559 24834.2 .03571 24.7523
1600. 3.5282 26792.6 .03501 24.7043
1700. 3.3265 28788.4 .03435 24.6620
1800. 3.1466 30821.9 .03373 24.6243
2000. 2.8394 35027.2 .03255 24.5597
2200. 2.5866 39546.5 .03133 24.5045
2'»00. 2.3746 44586.5 .02995 24.4530
2600. 2.1937 5048 5.7 .02831 24.3985

2600. 2.0368 57689.1 .02634 24.3325
3000. 1.8985 66713.6 .02411 24.2450

• THO-PHASE BOUNDARY

<DV/DT)VV THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
° CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K M/K-M KG/M-S SQ H/HR
X 10^ X 10^

. 00535 140. 60 402. 08 .00085 1.28636 1.9669

.00557 149. 33 341. 16 . OD 086 1.28349 1.6650

. 00583 156. 68 289.73 .00 086 1.28001 1.4318

.00609 161.60 252.34 .00085 1. 27641 1.2766

.00635 164.70 224.16 .00083 1.27271 1.1702

. 00662 166. 47 202. 29 .00081 1. 26891 1.0938

.00687 166. 02 184. 83 .00079 1.26502 1.0458

. 00712 164. 96 170.61 .00076 1.26100 1.0098

. 00735 163. 55 158.91 .00074 1.25696 .9821

. 00757 161. 82 149.05 .00072 1. 25286 .9604
,00783 159.86 140.62 .00070 1.24871 .9446

.00803 157. 68 133. 31 .00069 1.24450 .9309

. 00822 155. 42 126.92 .00067 1.24027 .9205

.00840 153. 12 121.26 .00066 1. 23602 .9150
, 00858 150 . 81 116. 22 .00064 1. 23176 .9100
,00873 148.52 111.70 . 00063 1. 22750 .9050
,00905 143.00 102.17 . 00061 1.21693 .3944
, 00929 138.07 94.60 .00060 1. 20657 .3813
,00943 134.45 88.52 .00060 1.19653 .8629
, 00946 131. 14 83. 62 . 00061 1. 18692 .8471
, 00941 128. 15 79.71 .00062 1. 17782 .8345

. 0 Q 929 125. 56 76.60 .00 06 3 1. 16925 .8246

.00836 125. 31 72.33 .00068 1. 15331 .7863
. 00833 125.53 69.96 .00074 1. 14055 .7623
. 00776 130. 14 69. 75 .00 08 3 1. 12921 .7403
.03722 130.28 69.04 .00 089 1. 11952 . 7357
. 00630 134.18 69.37 .00103 1. 10392 .7279
. 00555 140. 11 71 . 08 .00120 1. 09196 . 7242
.00494 147.13 73.60 .00138 1. 03255 .7215
. 00444 154. 84 76.58 .00158 1. 07498 .7186
> 0040 3 162. 97 79. 85 .00180 1.06376 .7158

. 03369 171.29 83.27 .00204 1. 06353 .7125

.00341 179.66 86.79 .00229 1. 05910 .7091

. 00316 188.00 93.36 .00256 1.05527 .7055

. 00299 196. 24 93.94 .00284 1. 05179 .7062

. 00258 216. 32 102. 88 .00360 1. 04498 . 7007

.00227 235.60 111.69 . 00443 1. 03979 .6967

.00203 254.22 120. 30 .00534 1. 03569 .6937
, 00184 272. 32 128. 70 .00631 1. 03237 .6916
.00168 290. 06 136.91 .00734 1. 02962 .6903
. 00155 307.55 144.92 .00844 1.02730 .6891

. 00144 324.87 152.76 .00960 1. 02532 .6880
« 00134 342. 10 160. 44 .01081 1. 02361 .6872
.00125 359.29 167.96 .01209 1. 02212 .6865
.00118 376. 50 175.34 .0134 3 1.02081 .6859
.00111 393.75 182.59 .01482 1. 01964 .6855
.00105 411. 06 189.73 .01626 1. 01860 .6852
. 00100 428.46 196.75 .01775 1.01766 .6851
. 00095 445.96 203.67 .01930 1. 01681 .6851
.00087 475,56 217.22 .02228 1.01534 .6933
. 00030 511. 00 230.43 .02569 1. 01411 .6933

.00074 546.89 243.33 .02929 1. 01305 .6934

.00069 583.16 255.94 .03308 1. 01215 .6937

.00065 619.76 268.30 .03706 1.01136 .6940

.00 061 656.21 290.42 .04122 1. 01067 .6942

.00057 692.83 292.31 .04556 1.01006 .6943

. 00054 729. 72 303.98 .05009 1. 00951 .6943

.00049 805.71 326.70 .05977 1.00858 .6930

.00044 889.55 344.89 .07041 1.00782 .6817

. 00041 989.62 366.23 .08238 1. 00717 .6740

.00038 1118. 79 387.13 .09623 1. 00663 .6602

.00035 1293.72 407.71 .11264 1.00615 .6398

. 00033 1533. 71 428.16 .13225 1. 00573 .6139
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN CISOBARS, SI UNITS)

26.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERH/ATItfE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 20.756 .011'* If 2. 1*989 1. 133 21*3 . 9 51*1 .

3

1 1.. 58'* 5.52 6,92 1 769.
21. . 0 11 '5 2, I* 882 1.133 21*5. 3 51*3.

0

1 <.. 6 65 5. 55 5.97 1 768 .

22 . . 01151 2 . '*<*39 1.133 250 . 8 550 .

1

1 . 996 5.68 7,21 1762.
23. .01158 2.399'* 1. 131 256.5 557.5 15.321 5.79 7.1.3 1755 •

2<f. . 0 116'» 2«35'*9 1.123 262.1* 565 . 0 15 .6'*2 5.90 7,65 171*8.

25. .01171 2.310'* 1.12'* 268. 1* 572.8 15.959 5.99 7,67 171*1 •

26. . Oil 77 2.2660 1. 119 271*.

6

580.7 16.270 6.09 8.0 8 1 731*

.

27. .Oils'* 2.2218 1.113 281.0 588.9 16.579 6.17 8.28 1727.
28. .01191 2.1778 1. 106 287.5 597.3 16.883 6.26 6.1*9 1719.
29. •01199 2 .1 3'*2 1.098 29'*. 2 605. 9 1 7. 1 85 6.33 8.69 1711.
30 . .012 06 2. 0 911 1. 090 301.1 611*. 7 1 7. 1*83 6, 1,

0

6,88 170 3.

32. • 0 1222 2.0 066 i. 071 315.2 632 . 8 1 8. 0 66 6.53 9.26 1687 .

31* . .01238 1.9252 1 « 0 1*9 329.8 651.7 IS 9 6 1*0 6 .&<« 9,62 1670 .

36. .012 55 1.85 33 1 . 0 26 3'*5. 0 671.1* 19.20 3 6.7'. 9.96 1655 »

38. . 01273 1. 7791* . 9998 360.6 691. 6 19.750 6.81 10 . 27 1638 .

. 01292 1.7093 .9718 3 76.6 712. 1* 2 0.28'* 6.87 10.56 1621

.

**2. .013 11 1 .63 1*8 « 9 1*33 392.9 7 33.8 6.91 10 .81* 1601 .

<«<f. .01331 1.571*0 .911*1 '*09.6 755. e 21.316 6.96 11.10 1565.
<f6. .01352 1.5171 . 38't8 '*26.1 777.7 21. 803 7.03 11. 37 1567.
1*6, , 0 13 7i» 1 .<»625 .8553 '»'*3 . 1* 800.7 22 .292 7.08 11.61 151*9 .

50 . .01396 l.'*113 . 8261 1*61 . 0 82'*. 1 22.770 7.12 11.63 1532.

52 . . 0 1<«2 0 1 • 3 625 .7972 1*78 . 9 81*8.0 2 3. 2 39 7.15 12.01* 1515.
5<». . Q !'»'*<« 1. 31 97 . 7692 1*96.9 872. 3 23.697 7, 18 12.22 11,99,

56. . 01*»68 1.2 797 .71*19 515.1* 897.1 2'* . 1 50 7,19 12.38 11,81,,

58 . . 0 1^* 91* 1 » 2 '»22 .7153 533 . 7 922. 0 21.. 587 7,19 12.52 11*71

.

60 . .01520 1.20 77 .6895 552.1 91*7.2 25.013 7.19 12 .65 11*57.

65 . • 01586 1.13 37 ,6285 598.3 1011.1 26. 0 35 7. 19 12.90 11*26

.

70. .016 59 1.07'*1 .5733 61* I*.

7

1076.1 26.998 7.20 13,09 1398.
75. .01731* 1.0313 .521*3 691.0 ll'*1.9 27.906 7,22 13,23 1375.
80 . . 0 18 12 .9976 .1*812 737.2 1208.1* 28.765 7.26 13. 36 1355.
85 . .01892 .9759 . 1* 1*32 783.1* 1275.'* 29.5 76 7.32 13. 1*5 1339,

90 . . 0 19 75 .9621 . 1* 0 96 829.1* 1 3'*2 .

8

30 . 3 '.9 7.1*0 13.52 1326.
95. . 0 20 58 .95<*S . 3798 875,1* 11*10 . 5 31.0 80 7.1.9 13.57 1315 .

100 . . 021<«3 .9522 .3535 921.3 11*78.5 31.777 7.59 13. 62 1307.
110 . .0 2315 .9591* .309'* 10 1<*. 9 1616.

8

33. 091* 7. 91 13. 79 1291*.

120. . 0 21*68 • 97 81 « 2 71*1* 110 8.0 1 755 .

0

3 '*. 2 97 8.16 13. 88 12 90.
11,0 , • 0 26 36 1. 0 328 . 2233 1296.

9

2031*. 2 36.'* 1*9 8 .66 11.. 09 1297.
160. .03183 1.1016 .1881 11*90.1* 2317.8 38.31*1 9.10 11*. 30 1316.
180. .03527 1.179'* .1623 1688.

3

2605.3 i*C.03l* 9.'*6 li*.>.6 131*3.

200 . . 0 3867 1. 2608 . 1 1*26 1890 .

0

2895 .

5

1,1,563 9 .75 11*. 57 1373 .

220 • . 0 *f2 0 <* 1. 31*39 .1271 2091*. 6 31 87.

6

1,2, 955 9. 98 11,, 65 11*05 .

2'tO . . 0<*5 36 1 •'* 26'* . 1 1'»7 2301 .5 31,80 . 9 1,1,, 232 10.15 11,, 70 11,38.

260 . . U " u u 1.50 96 . 1 0 '*5 250 9.

9

3 771* . 9 1,5, 1,09 10, 27 11,, 72 11*71.

280 • . 05191 1.5 918 . 0 959 2719 .

3

1*0 69 .

1

1,6 , 1, 99 10.35 11*, 72 1501*.
3 00. . 0 55 31 1.6 819 .0 898 2927.

8

1*366. 0 1,7,511 10.37 11,, 78 151*8 .

350 . . 0 63 1.3 9 02 .0760 3 1*5 1* . 8 5 IQi* . 3 1,9 ,7 89 10 .'*'* 1'* , 75 1631*.

^00. . U ( X V X .0660 3981.5 5 81*0 . 8 51 . 756 1 0 . 1*6 11. , 7

1

1717.
.0 795'» 2.301*0 . 0581* 1* 50 7 . 1* 6575.1* 53.'*85 10.1.6 1'..67 1796.

500. .0875it 2.5101 .0523 5032.2 7308.3 55.029 10.1*6 1'..65 1871*.

550 • • 0 955 2 2 a 7 159 • 0 75 5556 » 3 0 'tO • 0 56 • 2'* 10 , '. 7 11. .63 191*9 .

6 00* • 1 03 '•9 2*9215 • 0 '35 c, n An . A 87 71* 6 57« 69** 1 0 • '*6 11, , 6 3 2020 .

650 • • 1 11 ^(5 3 B 1 270 • 0 0

1

DO U 7*3 9503*

1

58* 862 1 0 » 1*9 11. • & 1. 2 089.
7 0 0 • • 1 iS^fl 3 • 3 3 2 ^ • 0 3 72 7 13 0 •

9

1 0235 • 5 59 • 95 10.52 11. • 66 2155 .

750 • • 12736 3*5379 • 0 3 7 7656 e 1 c. n Q C. A 10.55 11, , 69 2219 .

Anno u u • 1 7 n• X 07 0 u J 9 f **0 0 • u 0 ^ ~ 81 8 7 • 0 ft 1 Q 1 p.0 X • 7 X 0 10.60 11. . 7 3 2281

.

85Q t • 1 ^32*1 3» 9 4 87 • 0 30

6

6718* 6 12 ''2 • 9 62*812 10.66 11. • 79 231,0 ,

9 0 0 • 1 CI 1 a
• X 71 1 0 n 7 fl 0

• u c 0 7 7 1 V 0 • u X J X D 0 • r 63 * 658 1 n - 7p1 U . ' £ 11.. 95 2 398,
950* .15912 '.3597 .0273 9790.7 13927.8 6i**'f61 10.80 11.. 92 21*51*,

1000. .16706 i*.5652 .0260 10332.0 11*675.5 65.228 10.88 15.00 2509.
1 1 u u . 1 fl 9 Q 1 1* • 9 7 63 n 7 T c

. U c -3 D 1 1 ^12 8 • 9 i. D 1 0 7 . u 66 656 11.06 15 ,18 2613.
1200. . 1 98 79 5.3876 .0216 "12 5'»i* • 9 17713.5 67. 978 11.26 15,57 2713 .

1300. .21'* 66 5.7999 .0 200 13681.1* 19 26 2.5 69.217 11. '*7 15,59 2807.
1<»00. .2 30 52 6.210'. .0185 11*839.1 20832.

7

70.388 11.69 15.61 2898.
1500. .2'*639 6.6219 .0173 16016.5 221*21*. 5 71.500 11. 91 16.03 2985.
1600. .26225 7.0335 .0162 17218.5 21*037.0 72.531* 12.13 16.21. 3069.
170Q. .27811 7.1*1*52 .0153 181*1*0.0 25670.9 73.520 12.3'* 16.1*6 3151.
1800. .29397 7.8569 .011*1* 19683.

0

27326.

3

71.. 1.65 12.55 16, 57 3230.
20QQ. . 32571 8.6306 .0130 22233.

7

30702.

2

76.25'. 12.97 17.09 3382.
2200. .357<*8 9.501*'* .0118 21*867.8 31*162.3 77.895 13.'»"r 17,57 3526.
2'tOa. .38933 10.3283 .0108 27607.9 37730.6 79. '.1.2 11*. 02 18.19 3660 .

2600. .'»2137 11.1521* .0100 301*88.9 1*1'*'*'*.

5

80.928 11*. 91 19.33 3786.

2800. .1*53 76 11.9765 . 0093 33561*.

7

1.5362.'. 82.381. 15.38 20.22 3901*.

3000. .<»8673 12.8003 . 0087 36909.

0

1.9563.9 83. 61.2 17.31; 21. B5 1*015.

* TWO-PHASE BOUNDARY

5-242



TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN CISOBA^S, SI UNITS)

26.00 HPA ISOBAR

TEMPERATURE DENSITY

K KG/CU M

V(OH/OV)„

KJ/KG

V(DP/DU)„ -VIOP/OV), «OW/DT)/V THERMAL VISCOSITY THERMAL DIELECTRIC
" CONDUCTIVITY DIFFUSIVITY CONSTANT

MPA-CU M/KJ
X 10^

MPA 1/K H/K-M
X 10^

KG/M-S
X 10^

SQ M/HR

PRANOTL
NUMBER

20.756 87.(>223 1333.3 .23i»81 218.1»609 .00519 11.5.72 «.1'..39 .30087 1.26653 1.9666
21. 87.3115 1336.9 .23377 217. 21* 1.6 . 00522 11.7.08 l»fl<..17 .00067 1. 28813 1.9165
22. 86. 8520 1350.5 . 22978 212. 25'»2 . 00531. 152. 10 366. 91. .00087 1 . 28 61.9 1.73 91
23. e6.38<»5 1362.3 .22612 207.2732 . 0051.6 156.29 335.97 . 00088 1.281.81 1.5982
2<». 85.9092 1372.7 .22269 202.3095 .00558 159.79 309.91 .00087 1.28311 1.1.81.7

25. 85.<»26<> 1381.6 .219<»9 197.3713 .00570 162.68 287.75 .00087 1.28139 1.3917
26. SI*. 9362 1389.5 .216'fi» 192.'f670 . 00581 161..99 268. 72 . 00087 1. 27961. 1.3156
27. 8<».i>3e9 1396.6 .213<»7 187.6052 . 00593 166. 85 252.21. .00086 1.27786 1.2521.
23. 83.93it5 1<»0 3.1 .21057 182. 79'»6 . 00605 168.31 237.85 .00085 1.27607 1.1996
29. 83.(>23'« i<»oa.7 .20782 178.0<»<»0 .00617 169.1.5 225.21 . 00081. 1.271.25 1.151.8
30. 82.9055 1<«13.0 .20527 173.3623 . 00629 170. 28 211.. 02 .00083 1. 2721.0 1.1162

32. 81.8507 l't20.6 .20025 16<i.2(>10 . 00652 169.98 195. 11. .OD081 1. 26866 1.0632
3<i. 80.7719 li»26.0 .19559 155.5019 .00675 169.08 179.85 .00078 1.261.83 1.0236
36. 79.6560 l'»32.8 .19126 147.6268 .00695 167.71 167.11. .00076 1.26089 .9928
36. 78.5'.36 1(«36.3 .18680 139. 7629 .00715 166. 06 156.61 .00071. 1. 25696 .9689
ka. 77. '.132 ll»37.3 .18278 132.3252 .00731. 161.. 18 11.7. 61. .00072 1.25297 .91.92
<»2. 76.2690 1<»33.2 .17891 12'».6851 . 00757 162. 08 139.91 .00071 1.21.895 .9360
1*1*. 75.1118 l'»35.1 .17if97 118.2239 .00773 159.87 133.16 .00069 1.21.1.89 .921.2
(»6. 73.9«t73 ll»<*l.if .17026 112.1823 . 00789 157. 60 127.21 .00067 1.21.081 .9175
<>8. 72.7792 l<»i»5.0 .16603 10 6.<4(»22 .00801. 155. 33 121.92 .00066 1.23673 .9113
50. 71.6093 l'tl«7.8 .1620i» 101.061.9 .00817 153.07 117.19 .00065 1. 23265 .9060

52. 70.<«365 l«t'»9.5 .15827 95.9713 .00831 150.83 112.92 .00061. 1.22857 .9011.
5li. 69.2688 1«»52.'» .15<»75 91.'»121 .0081.1 11.8.65 109.05 .00063 1. 221.51 .8966
56. 68.1060 1<»5<».7 . 15iU<3 87.1538 .00851 11.6.52 105.53 .00063 1.2201.9 .8919
58. 66.9501 li»55.9 .1I>856 8 3.1667 . 00860 11.1.. 1.5 102.32 . 00062 1.2161.9 .8869
60. 65.8029 1«»57.5 .l'»571 79. '.700 .00868 11.2.65 99. 37 .00062 1.21253 .8809
65. 62.9868 lit65.!» .13878 71.<.067 . 00880 139. 03 93.00 .00062 1. 20286 . 862 6

70. 60.2661 i'»78.5 .13218 bi*. 7324 . 00886 135.67 87.81. .00062 1.19355 .81.76
75. 57.6618 1500.7 .12597 59. '.679 .00882 132.61 83.67 . 00063 1. 181.70 .831.9

80. 55.183't 1528.0 . 12ai'» 55.0509 .00871. 129.92 80.31 .00063 1. 17631 .8257
85. 52.8i«31 156<».5 .11<»60 51.5670 .00859 129.71 77.63 .00066 1. 1681.2 .601.7

90. 50.61.37 1607.9 .10932 t.8.7231 . 0061.1 129.51. 75.53 .00066 1. 16105 .7681
95. 1.8.5853 1657.0 .101*1.2 1.6.3870 . 00819 129.1.7 73.92 .00071 1. 151.17 . 771.6

100. 1.6.6621 1711.6 .09981 1.1.. 1.301 .00796 129.57 72.71 .00073 1.11.777 .761.2

110. 1.3.1971 181.6.7 .09062 1.1. 1.1.32 .0071.7 131.. 17 71.85 .00081 1.13631 .7381.
120. 1.0.1885 1967.8 .08371 39.3070 .00696 131.. 01 71. 01 .00087 1. 1261.1 .7353
11.0. 35.2629 2296.5 .07311. 36.1.196 . 00613 137.65 71.05 .00100 1, 11035 .7271.

160. 31.1.218 2631.9 . 06580 31.. 6155 . 0051.3 11.3.26 72.52 .00115 1.09793 .7238
180. 28.3535 2979.7 .06050 33.1.1.09 .001.85 11.9.91. 71.. 82 .00132 1. 08806 .7216
200. 25.8571 3331.7 .05657 32.6018 . 001.37 157. 27 77,63 .00150 1. 08011 .7191.

220. 23.7883 3681..1 .05358 31. 96 87 . 00398 165.05 80.76 .00170 1.07351. .7169

21.0. 22.01.1.2 1.030.1 . 05126 31.1.1.1.9 .00365 173. 07 81.. 07 .00192 1. 06602 .711*0

260. 20.5527 1.371 .3 .01.950 31.0273 .00337 181.16 8 7.1.9 .00216 1. 06332 .7108
280. 19.2621. 1.70 1..2 .01.809 30.6617 .00313 189. 31 90.98 . 0021.0 1. 05926 . 7073
300. 18.0791 5001.5 .01.791 30.1.077 .00295 197.36 91.. 50 .00266 1. 05555 .7075
350. 15.7621. 5780.6 . 01.619 29.791.2 . 00255 217.13 103.32 .00336 1.01.831 .7019
(.00. 13.931.1 6537.0 .01.511 29.3312 .00225 236.22 112.01. .001.13 1.01.278 .6977
1.50. 12.5726 7280.3 .01.1.38 28.9676 .00201 251.. 70 120.59 .001.97 1. 0381.0 .691*5

500. 11. 1.235 6022.1 .01.360 28.671.0 . 00183 272. 71 128.95 .00587 1.031.85 .6925
550. 10.1.668 8751.2 .01.331. 26.1.319 .00167 29 0.33 137.13 .00663 1. 03190 .6909
600. 9.6626 9503.6 .01.293 28.2290 .00151. 307.82 11.5.11 . 00781. 1.0291*2 .6896

650. 8.9721. 1021.9.6 .01.256 26.0565 .0011.3 325.10 152.93 .00891 1. 02730 .6881.

700. 8.371.7 11005.0 .01.219 27. 9082 .00133 31.2.30 160.59 .01001* 1. 0251*6 .6876
760. 7.6520 11768.9 . 01.183 27.7791. . 00125 359.1.6 168. 09 .01122 1. 02386 .6868
800. 7.3910 1251.1..

5

.01.11.6 27.6665 .00117 376.66 175.1*6 .0121*6 1. 022'*5 .6862
650. 6.9612 13333.2 .01.108 27.5668 .00111 393.69 182.71 .01371* 1. 02119 .6857
900. 6.611.5 11.136.5 .01.0 69 27.1.761 . 00105 1*11. 19 189.83 .01507 1. 020 07 .6851.
950. 6.261.5 11.955.3 .01.026 27.3987 .00100 1.28.58 196.61* .0161*5 1. 01906 .6853

1000. 5.9660 15790.2 .03986 27.3273 .00095 1.1.6.07 203.76 .01768 1. 01615 .6853
1100. 5.1.66 7 171.97.2 .03903 27.2039 .00087 1.75.56 217.29 .02063 1. 01657 .6935
1200. 5.0303 19263.6 .03820 27.1013 . 00060 511. 00 230.1*9 .02379 1. 01521* .6935

1300. I..6585 21086.3 .03737 27.011.6 . 00071. 51.6. 89 21.3.38 .02712 1. 011*11 .6936
11.00. (..3360 22968.3 .03656 26.91.01. .00069 583.16 256.00 .03062 1. 01313 .6936
1500. ..0567 21.896.6 .03579 26.8762 .00061. 619. 75 268.35 .031*29 1. 01228 .691*1

1600. 3.8132 26857.6 .03508 26. 6201 . 00060 656. 20 280.1.7 .03811* 1. 01151* .691*3
1700. 3.5957 26853.6 .03(.(.l 26.7706 .00057 692. 60 292.35 .01*215 1. 01086 .691*1*

1800. 3.1.017 30886.9 .03379 26.7266 .00051. 729.66 301.. 02 .01*631* 1. 01029 .69i*i»

2000. 3.0702 35088.7 .03261 26.6512 .0001.9 805.1.7 326.73 .05527 1. 00928 .6932
2200. 2.7971. 39595.8 .0 3139 26.5672 . 0001.1* 888. 79 31.1.. 69 .06506 1. 0081*5 .6820
21.00. 2.5685 1.1.605.6 .03003 26.5282 . 0001.1 987.66 366.22 .07610 1. 00776 .671*5

2600. 2.3732 501.1*3.1 .0261.2 26.1.668 . 00038 1111.. 1.3 387.12 .06662 1. 00717 .6612

280D. 2.2036 57536.1. .02650 26.391.2 . 00035 1285.11. 1.07.69 . 10381. 1. 03 666 .61*13

3000. 2.051.5 66383.1 .021.30 26.2996 . 00033 1518. 35 1.28. 12 .12176 1. 00620 .6161

* TWO-PHASE BOnSDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITS>

28.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C7 CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CD M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 21.205 . 01136 2. 5840 1. 146 246. 7 564 .

8

14.616 5.56 6 . 95 1797.
22. . ailitl 2.5495 1. 146 251. 0 570.4 14. 8 76 5. 66 7.14 1793.
23* .011'»7 2 .5061 1. 145 256.6 577.7 15.193 5.78 7.36 1787.
2<»« • 01153 2 .4625 1 .142 262 .

3

585 .

1

15.516 5.88 7.57 1780.
25. .01159 2.4189 1.139 268 . 3 592. 8 15. 829 5. 98 7. 78 1774.
26. .01166 2.3753 1.134 274.4 600 .7 16.137 6.08 7.99 1767.
27. • Q1172 2.3 318 1. 129 280.6 60 8.8 16.443 6.17 8.19 1760 .

28. .01179 2.2884 1.122 287.0 617.1 16.743 6.25 6.39 1753 .

29. .01186 2.2454 1.115 293.6 625.6 17.041 6. 33 8.59 1745.
30. . 0 1193 2.20 27 1.107 300. 3 6 34. 2 17.335 6.40 8.77 1738.
32. • 0 1207 2.1168 1. 0 89 314. 1 652.2 17.913 6.53 9. 14 1722.

3<». .01223 2.0 374 1. 069 328.4 670.8 18 .478 6.64 9.50 1706.
36. .01239 1.9594 1. 0 47 343. 3 690.1 19. 0 31 6. 74 9.9 3 1690.
38. . 0 1256 1.8935 1.023 358.6 710.2 19.574 6.32 10.14 1677.
ifO . . 01273 1. 8 243 . 9969 374. 3 73 0. 8 20.101 6 . 88 10.41 1662.
1*2, .01291 1.7570 .9693 390 . 3 751.9 20 .615 6.93 10,57 1645 .

<|lt. .01310 1.6857 .9413 406. 7 773.5 21.117 6.97 10.94 1626.
itS, .01329 1.6273 .9127 422. 8 795. 1 21.597 7.05 11.21 1609.
<»8. .01350 1.5737 .8841 439.8 817.7 22. 079 7.10 11.44 1592.
50. .01370 1.5221 .8556 457.1 840.8 22.551 7.14 11.66 1576.
52. •01392 1.4731 .8273 474.6 864.3 23.012 7.18 11.86 1560 ,

5<». .Ql(»l'» 1. 4282 . 7996 492.4 888.2 23.463 7.21 12 . 04 1545.
56. 1.3 862 • 7 726 510.5 912 . 7 23.910 7.22 12.20 1530 •

58. .01<>60 1.3465 . 7463 528.5 9 37.3 24. 341 7.22 12.34 1516.
60. .01<»8<» 1.3108 .7209 546 .6 962.1 24. 761 7.22 12. 46 1504.
65. . D15<«6 1.2344 . 6606 592. 1 1025.1 25. 767 7.22 12.72 1474.
70. .01612 1.1720 .6050 637.9 1089.2 26.718 7.23 12.91 1446.
75. .01680 1.1230 . 5553 663 .7 1154.1 27.614 7.2o 13.07 1422.
80. .01751 1.0848 .5112 729.5 1219.8 28.462 7.30 13.21 1401.
85. . Qie2'» 1.0 576 .4721 775. 3 1286.

1

29,267 7.36 13. 32 1 384.
90* . C 1900 1.0 395 . 4374 821.1 1352.9 30.031 7.43 13 .41 1369.

95. . B 19 76 l.C 284 .4065 866.9 1420.2 30 . 75£ 7.52 13.48 1358.
100. .0 20 5<» 1.0 229 . 3 790 912. 7 1487.8 31.451 7.5 3 13.55 1348.
110 . • 0 22 1

2

1.0 237 . 3326 1 006.4 1625.

6

32. 763 7.94 13. 75 1332.
120. .0 23 71 1.0 3 78 .2955 1099.6 1763.5 33 .964 8.19 13 . S7 1326.
I(t0. .02692 1.0866 . 2407 1289.

0

2042.7 36.115 8.69 14.09 1328.
160. .0 30 1 2 1.1497 .2629 1463.

1

2326.6 3 8.009 9.12 14.32 1343 .

lao. .03331 1.2234 .1751 1 6 81 . 8 2614.5 39.705 9.49 14.50 1367.
200. .0 36'»7 1.3033 .1539 18 84.2 2905.4 41.237 9.78 14.61 1396.
220. . 03960 1.3851 .1372 2 089.

6

3198.

3

42.633 10 .00 14 .69 1426.
2<»0. .ait269 1.4673 .1237 2297.2 3492.4 43.913 10. 18 14.74 1458.

260. . 0W 7i» 1.5489 . 1127 2506. 3 3787.

2

45.093 10. 30 14.76 1490 .

280. .0'»877 1.6308 .1034 2716.4 4082.1 46.186 10.39 14.75 1522.
300. . 05193 1.7203 .0968 2924.5 4378.6 47. 196 10.39 14.80 1565 .

350 . .OB'i't') 1.9276 .0819 3452.3 5117.9 49.476 10.45 14.77 1650 .

<»aa. . 0 6698 2.1 341 .0711 3979.7 5855.

2

51.445 10.47 14. 72 1732.
i»5a. 2.3401 .0629 4506.0 6590.3 53.177 10.47 14.68 1811.
500. .08187 2.5457 . 0564 5031.2 7323.5 54. 721 10.47 14.65 1888.
550. .0 89 28 2.7511 .0511 5555.7 8055.6 56.117 10.47 14.64 1961.
600. .09668 2.9563 . 0468 6080 . 3 8787.

4

57. 387 10.48 14,63 2032.
650. . 10'«07 3.1614 .0431 6605.0 9519.

1

58. 555 10 .50 14,64 2100 .

700. .lll'»6 3.3666 .0400 7130.

8

10251.7 59.648 10.52 14,66 2166.
750. .1188'» 3.5 717 .0373 7658 .

1

10985.6 60.662 10.56 14.59 2229.
800 • .12622 3. 7769 .0350 6187.2 11721.3 61.612 10.60 14.73 2291

.

850. .13359 3.9821 .0 329 8718.8 12459.4 62.506 10.66 14.78 2350.
900. .l'»0 96 4.1 873 . 0 311 9253.

3

13200.

3

63, 352 10. 73 14. 85 2408.
950 . . l'«833 4.3926 .0294 9791.1 13944.4 64, 156 10.80 14. 92 2463.

1000. . 15570 4.596Q .0279 10332.5 14692.2 64.922 10.88 15.00 2518 .

1100. . 1 70 <•!» 5.0088 .0254 11429.5 16201.7 66.350 11.06 15.18 2622.
1200. .18517 5.4197 .0233 12545.6 17730.

3

67.672 11. 26 15. 37 2720 .

1300. .19990 5.8308 .0215 13682.1 19279.3 68.911 11.47 15.59 2815.

1(>00. .21<«63 6.2420 .0200 14839.9 20849.6 70.082 11.69 15.61 2905.
1500. .22936 6.6533 .0186 16019.4 22 441.4 71.195 11.91 16.03 2992.
1600. .2W»09 7.0648 .0175 17219.4 24053.9 72.228 12.13 16.24 30 76.
1700. .258 82 7.4763 .0164 18440.9 25687.8 73.214 12.34 16.46 3157.
1800. . 2 7351* 7.8879 .0155 19683.

9

27343.1 74.159 12.55 16.66 3237.
2000. .30301 8.7112 .0140 22234.4 30718.7 75.948 12.96 17.09 3388.
2300. .33251 9.5348 .0127 24867.5 34177.

8

77.589 13.43 17,57 3531.
2i«00. .36208 10.3586 .0116 27605.1 37743.4 79.134 14.01 18.17 3 666.
2600. .39182 11.1825 .0108 30480.6 41451,

6

80.618 14.77 18.99 3 792.
2800. .'»2187 12.0065 .0100 33545.8 45358.2 62.070 15.82 20.14 3910.

3000. .^521*5 12.8306 .0093 36871.4 49540.

0

83.522 17.23 21.72 4021.

• TMO-PHASE BOUNDARY
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TABLE 8

THERMOOYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

28.00 MPA ISOBAR

TEMPERATURE DENSITY

K KG/CU M

V(OH/DV)„

KJ/K6

VIOP/DUli •V«OP/DV», <OV/OT)/\/ THERMAL VISCOSITY THERMAL DIELECTRIC
P CONDUCTIVITY DIFFUSIVITY CONSTANT

MPA-CU M/KJ
X 10^

MPA 1/K KG/M-S SO 11/HR

X 10^

PRANDTL
NUMBER

21.205 as. 0083 1379.8 .231.12 227.1.110 . 00501. 150. 72 1.26. 76 .00089 1. 29063 1 .9688
22. 87.6531 1391.6 .23091. 223.1.755 . 00513 151.. 79 391.. 1.5 .00089 1.28936 1.6186
23. 87.1999 11.01..

3

.22725 218.5311 . 00521. 159. 15 360.09 .00089 1. 28773 1. 6650
2<>. 86.7396 11.16. 1. .22379 213.5971. .00535 162. 81 331.27 .00069 1.26608 1.51.13

25. 86.2722 11.2&.6 .22058 208.6821 . 0051.6 165.81. 306.63 .00069 1. 281.1.1 1.1.1.02

26. 85. 7981 11.35. 7 .21752 203.7931. .00556 168. 28 285.92 .00068 1. 28272 1. 357<.

27. 85.3171* 11.1.1..

0

.211.51. 198.9393 .00567 170.25 267.85 . 00088 1. 2613 0 1.2388
26. 61*, 6302 11.51.7 .21161. 191.. 1280 .00578 171. 82 252.13 .00087 1. 27926 1.2313
29. 61*. 3368 11.58. 3 .20889 189.3677 . 00589 173.05 238.31. .00066 1.27750 1.1625
30. 83.8372 11.63.6 .20631. 181.. 6668 . 00599 173. 98 226.17 .00085 1. 27572 1.11.05

32. 82.8205 11.73.1 .20136 175.1.760 .00621 173.80 205.70 .00083 1.27 210 1.0622

31*. 81.7815 11.8 0.0 .19675 166. 6218 . 0061.2 173. 00 189. 21 .00080 1. 2681.1 1.0386
36. 80.7222 11.85.5 .19237 158.1692 . 00662 171. 77 175. 65 .00 078 1. 261.66 1. 0C56
3S. 79.6309 11.93.7 .18835 150. 7823 .00679 170.13 161.. 23 .00076 1.26060 .9786
<>a. 78.5<*5i. 11.96.5 .181.50 11.3.2901. .00696 168. 32 151.. 69 . 00071. 1. 25696 .9566
<»2. 77.1.1.71 11.98.1 .18068 136.0715 .00712 166. 27 11.6. 1.9 .00072 1. 25309 .91.02
<f<». 76.3388 11.95.8 .17683 128.6811. .00731 161.. 12 139.37 .00071 1.21.919 .9292

75.2198 1503.3 .17217 122.1.022 . 0071.6 161. 89 133.10 .00069 1.21.527 .9216
(»8. 7'».0969 1509.3 .16602 116.601.1 .00756 159.61. 127.55 .00068 1.21.133 .911.3
50. 72.9730 1513.8 .161.10 111.0701. . 00770 157. 1.0 122.59 .00067 1. 2371.0 . 90 62
52. 71.81.91 1517.2 .160 39 105. 8386 . 00782 155. 18 118. 11. .30066 1.2331.6 .9029

5(>. 7 0 • 7 27 0 1520.8 . 15690 101.0133 . 00792 153.00 111.. 11 .00065 1.22956 .8978
56. 69.6092 1523.5 .15370 96.1.91.8 .00801 150.87 110 .1.1. . 00061. 1.22569 .8929
58. 68.1.956 1521..

7

.15083 92.2291. . 00809 l'«8. 80 107.09 .00063 1.22183 .8879
60. 67.3919 1527.1 .11.606 88.31.01 . 00816 146.99 101.. 02 .00063 1.21602 .8619
65. 61.. 6769 1537.1 .11.136 79.8351 . 00827 11.3. 36 97. 3B .00063 1.20866 .8639
70. 62.01.72 1552 .0 .131.80 72.7208 .00832 139.96 91.97 . 00063 1.19961. .81.85
75. 59.5203 1573.1 .12658 66. 81.17 .00831 136.81. 87.56 .00063 1. 19101 .8363
80. 57.1053 160 0 .1. .12268 61.91.91 . 30825 131.. 06 83.96 . 00061. 1. 18281 .8270
85. 51.. 8122 1635.1. .11709 57. 9683 .00811. 133. 82 61.05 .00066 1. 17506 . 8067
90. 52.61.1.1. 1677.9 . 11176 51.. 7211. . 00799 133.59 78.73 .00068 1.16776 .7903

95. 50.601.6 1726.3 .10678 52.01.29 . 00761 133. 1.5 76. 89 .00070 1.16092 .7770
100. 1.8.6892 1760.6 .10208 •.9.6061. . 00761 133. 1.6 75.1.8 .00073 1.151.52 .7663
110. 1.5.211.6 1911..

0

.09266 1.6.2866 .00719 138. 02 73.86 . 00 080 1. 11.297 .7361
120. 1.2.1725 2053.7 .08556 1.3.7660 . 00675 137.58 72.90 .00065 1. 13293 .731.8
11.0. 37.1500 2363.7 .071.60 1.0.3686 .00596 11.1.05 72.71 .00097 1.1161.8 .7266
160. 33.1965 2691..

2

.06698 38.1655 .00532 11.6. 1.7 73.95 .00111 1. 10 365 .7230
180. 30.0178 3039.7 .0611.9 36.7232 .001.77 152.61 76.06 .00126 1.0931.1 .7215
200. 27.1.181 3392.7 .0571.1 35.7338 .001.31 159. 79 78.70 .0011. 1. 1.06509 .7197
220. 25.251.1. 371.6.2 .051.29 31.. 9799 . 00392 167.22 81.69 .00162 1. 07819 .7177
21.0. 23.1.260 1.091..!. .05190 31..3718 . 00360 171.. 93 81.. 69 .00182 1.07239 .7151

260. 21.8607 1.1.35.5 .05003 33.6600 .00333 182. 79 88.22 .00201. 1.0671.1. .7122
280. 20.5035 1.770.5 . 01.856 33.1.365 .00309 190.69 91.63 .00227 1.06316 .7089
300. 19.251.9 5061.9 .01.81.2 33.1238 .00292 198.58 95.08 .00251 1.05921. .7086
350. 16.8102 561.1.2 .01.661 32.1.0 31 . 00253 218.00 103.78 .00316 1. 05158 .70 30
1.00. 11.. 9291. 6597.7 .01.51.8 31.8611. . 00223 236.87 112.1.1 .00386 1.01.572 .6966
1.50. 13.1.31.0 731.1.

0

. 01.1.70 31.1.371 . 00200 255.21 120.90 .001.66 1. 01.107 .6953
500. 12.211.7 8082.9 . 01.1.08 31.091.9 .00181 273.12 129.22 .0 051.9 1. 03729 .6932
550. 11.2005 8822.0 .01.359 30.8132 . 00166 290. 72 137. 35 .00638 1. 031.16 .6915
600. 10.31.31 9561..

3

.01.315 30.5772 .00153 308. 10 11.5. 31 .00733 1. 03152 .6901
650. 9.6085 10310.3 .01.277 30.3767 .0011.2 325.35 153. 10 .00833 1. 02925 .6889

700. 8.9719 11065.6 .01.238 30.201.5 .00132 31.2.52 160.71. .0C938 1.02730 .6879
750. 6.1*11*7 11829.6 .01.200 30.051.9 .00121. 359.67 168.23 .0101.6 1. 02559 .6671
800. 7.9229 12 60 5.2 .01.162 29.9236 . 00117 376.83 175.59 .01162 1. 021.08 .6861.
850. 7.1.855 13391..

0

.01.123 29.8081 . 00110 391.. 05 162.82 .01262 1. 02271. .6859
900. 7.091.1 11.197.1. .01.063 29.7053 .00105 1.11. 33 189.91. .011.06 1.02151. .6856
950. 6.71.16 15016.1. .01.01.1 29.6133 .00099 1.28.71 196.91. .01531. 1. 0201.6 .6851.

1000. 6.1.225 15 851.5 .03996 29.5305 . 00095 1.1.6. 19 233. 85 .01667 1. 0191.9 .6851.

1100. 5.8673 17559.0 .03911. 29.3876 .00086 1.75.56 217.37 .01922 1. 01779 .6938
1200. 5.1.005 19325.9 . 03830 29.2688 .00080 511. 00 230.56 .02216 1.01637 .6937
1300. 5.0025 21151.2 .0371.6 29.1665 .00071. 51.6.89 21.3.1.5 .02525 1.01515 .6938

11.00. 1..6592 23031.8 .03661. 29.0627 . 00069 583. 16 256.05 .02651 1.011.11 .691.0
1500. 1..3600 21.962.8 .03586 29.0081. . 00061. 619.75 263.1.0 .03192 1. 01320 .691.2

1600. 1..0969 26922.2 . 03515 28.91.36 .00060 656.19 280.51 .03550 1. 0121.0 .691.1.

1700. 3.8638 28918.5 .031.1.8 28.6865 .00057 692.78 292.39 .03922 1. 01169 .691.5
1600. 3.6557 30951.8 .03365 28. 8357 .00051. 729.61 301.. 06 . 01.311 1. 01106 .691.5

2000. 3.3002 35150.5 .03266 28.71.88 .0001.9 605.25 326.76 . 0;li.l 1. 00998 .6933
2200. 3.0071. 3961.6.8 .0311.5 28.6751. .0001.1. 886.11 31.1.. 88 .06052 1.00909 .6622
21.00. 2.7618 1.1.629.8 .03011 28.6083 .0001.1 985.91 366.22 .07073 1. 00635 .6750
2600. 2.5522 501.12.5 .02852 28.5397 .00038 1110. 55 387.11 .0821.8 1. 00771 .6621
2800. 2. 3701. 571.0 7.8 .02663 28.1.601 . 00035 1277.1.9 1.07.66 .09633 1.00716 .61.28

3000 . 2.210 2 66096.2 .021.1.6 28.3582 .00033 1501.. 66 1.28.08 .11282 1.00668 .6180

* THO-PHASE BODNDARY
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^ TABLE 8

THERHODYNAHIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS. SI UNITS)

30.00 NPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU H/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

.01129 2 .6677 1.159 249.4 588. 1 14.647 5.60 6. 99 1624.
ZZm • 01131 2.6527 1. 159 251. 3 590. 6 14.761 5 .65 7.07 1823.
23* .01137 2.6102 1.158 256.8 597. 8 15.081 5.76 7.29 1817.
2<»a • 011'>2 2.5675 1 . 156 262.5 605.2 15 . 396 5.87 7.50 1811.
25* • 011<»6 2. 5247 1.153 268. 3 612. 8 15.706 5.97 7. 71 1805.
26* • 0115<» 2. 4819 1. 149 274. 3 620 .6 16.010 6.0 7 7.91 1799.
Z7» .01161 2.4391 1.144 280 . 4 628 . 6 16.313 6.16 8.11 1792.
28. .01167 2.3964 1.138 286.7 636.8 16.610 6.24 8.30 1785.
29. .ail7it 2.3539 1.131 293.1 645.2 16.905 6.32 8.49 1778.
30. .01180 2. 3117 1.123 299. 7 653. 8 17.196 6. 39 8. 68 1771.
32. .0119<« 2.2285 1 .107 313.3 671.5 17.768 6.53 9. 04 1756.

3<». . 0 1209 2.1473 1.088 327. 3 689.9 18 . 326 6 .65 9.36 1741

.

36. .0122i> 2.0691 1.067 341.9 709. 0 18. 872 5.75 9.71 1726.
38. .012'tO 1.9944 1.044 356. 9 728.8 19.406 6.83 10.02 1711.

' .01256 1.9328 1.020 372.3 749. 2 19.929 6.89 10.29 1699.
(»2. .01273 1.8695 .9938 388.1 770.0 20.437 6.94 10.54 1685.
<»'!. .01291 1.8049 .9667 404.2 791 .3 20.933 6.99 10.78 1669.
<i6. .01309 1.7369 .9392 420^0 812.b 21.406 7.07 11.07 1649.
I»8. .01328 1.6806 .9112 436.7 835^0 21.682 7.12 11.30 1633.
50. . 013'»7 1. 6300 . 8834 453. 7 857^ 8 22 .347 7.17 11.51 1618.
52. .01367 1.5811 .8557 470 .9 681 • 0 22.8 02 7.20 11.70 1603 •

5<i. .01387 1.5340 . 8284 488. 4 904^6 23. 248 7.23 11. 86 1588.
56. . 0 1<»08 1.4913 .8017 506.2 928^ 8 23.688 7.25 12. 04 1574.
58. . 01<»30 1.4507 .7756 524.0 953.0 24.113 7. 25 12.17 1560 •

60. .aii»52 1.4139 .7504 541.8 977.5 24.528 7.25 12.29 1548.
65. •01510 1. 3324 . 6905 586. 7 10 39.6 25. 522 7.26 12. 56 1518.
70. .01570 1.2694 • 6352 631.9 1103.0 26.461 7.27 12.75 1492.
75. .01633 1. 2140 .5648 677.2 1167.2 27.347 7.29 12.93 1467.
80. .01698 1.1744 .5399 722.6 1232.2 28.186 7.33 13.06 1446.
85. .01766 1.1411 .4998 768.1 1297.

8

28.962 7.39 13. 19 1427,
90. .018 35 1.1182 .4642 813.6 1364.0 29.740 7.47 13.31 1411.

95. .01905 1. 1033 .4323 859.2 1430.8 30.461 7.56 13.40 1399.
lOO. .01977 1.0945 .4038 904.9 1498.0 31.151 7.66 13.48 1368.
110. . D 21 2 3 1.0 697 . 3553 998. 5 1 635.

3

32.457 7. 97 13^71 1369.
120. .02270 1. 0 997 .3162 1091.8 1773.0 33.656 8.22 13. 85 1361.
1<»0. .02568 l.'l425 .2580 1281.7 2052.

0

35.606 6.71 14.09 1359.
160 • .02865 1.2009 .2176 14 76 .3 2335.9 37.700 9.15 14.33 1371

.

180. . 0 31 62 1.2699 .1879 1675.5 2624.2 39.398 9.51 14.52 1392.
200. .031*57 1.3471 . 1652 1878.7 2915.7 40.934 9.80 14.64 1418.
220. • 037l>9 1.4270 .1472 2084.

8

3209.

3

42.333 10.03 14. 73 1447.
2'»0. .0'»0 37 1.5078 .1327 2293.1 3504.

2

43.616 10 .20 14.78 1478 .

260. • 0<>322 1 . 5886 .1208 2502.9 3799.

6

44. 799 10.33 14. 79 1508.
280. . 0<«605 1.6701 .1109 2713 .7 4095.3 45.894 10 .42 14.79 1540.

,
300. .0<>901 1.7590 .1038 2921.

2

4391.

5

46.9 03 10.40 14.82 1583 .

350 • .0 56 06 1.9653 .0878 3449.9 5131.7 49.186 10 .47 14.78 1666.
fOO. .06306 2.1710 .0762 3977.9 5869.6 51.157 10.48 14.73 1747.
<»50. •07002 2.3 764 .0 673 4504.

7

6605.2 52^889 10.48 14.69 1825 .

500. .0 7695 2.5814 .0 604 5030 .3 7338.9 54^434 10.48 14.66 1900.
550. .08387 2.7863 .0548 5555.1 8071.3 55.831 10.48 14.64 1973.
600. .09078 2.9911 .0501 6079.9 8603.3 57.102 10.49 14.64 2043.
650. « 0 9768 3.1 959 .0 462 6604.

8

9535.2 58. 270 10.50 14. 64 2111.

700. .10«»57 3.4007 .0429 7130.6 10267.9 59.363 10.53 14.66 2176.
750. .11146 3.6055 .0400 7658.2 11002.

0

60.377 10.56 14.59 2239

.

800. .liSZi* 3.8104 .0375 8187.4 11737.7 61.327 10.61 14.73 2300.
850. .12522 4.0154 .0 352 8719.2 12475.9 62. 221 10.66 14.79 2359.

' 900. .13210 4.2204 .0333 9253.8 13216.9 63.067 10.73 14.85 2417.
950. .13698 4.4254 .0315 9791 .6 13961.

0

63.871 10 .90 14.92 2472.
1000. . IkS 66 4.6306 . 0 299 10333.

1

14 7 0 6.

8

64.637 10.89 15.00 2526 .

1100. .15961 5.0 410 .0 272 11430.2 16218.5 66.065 11. 06 15.18 2630.
1200. .17336 5.4516 .0 249 12546.4 17747.1 67.388 11.26 15.38 2726.
1300. .18711 5.8624 .0230 13683.0 19296.1 68.627 11.47 15.59 2622.

1<>00. .20085 6.2734 .0214 14840.9 20866.4 69.798 11.69 15.81 2912.
1500. . 21460 6.6845 .0200 16020.

3

22458.3 70.910 11.92 16.03 2999.
1600. .2283(» 7.0 957 .0187 17220.4 24070.7 71.944 12.13 16.24 3083.
1700. •24209 7.5070 .0176 18442.

0

25704.

6

72.930 12.34 16.46 3164.
1800. .25583 7.9185 .0166 19684.9 27359.9 73.875 12.55 16.66 3243.
2000. .28334 8.7415 .0150 22235.1 30735.2 75.663 12.96 17.08 3394.
2200. . 31086 9.5649 .0136 24867.4 34193.

3

77.303 13.43 17.56 3537.
21*00. .33846 10.3885 .0125 27602.8 37756.6 78.648 13.99 18.15 3671.
2600. .36621 11.2122 .0115 30473.3 41459.6 80.330 14.74 16 .96 3797.
2800. .39424 12.0360 .0107 33529.0 45356.1 81.778 15.76 20.07 3915.

3000. .422 74 12.8600 .0100 36837.9 49520.2 83.224 17.13 21.61 4027.

» TWO-PHASE BOUNDARY
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMftL HYDROGEN (ISOBARS, SI UNITS)

30. OD MPA ISOBAR

TEMPERATURE DENSITY \/<DH/OV>p V ( DP/OU)y - V( DP/DV)^ (OV/OTy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

8 8.5767 1425.6 .23351 236.2961 . 00490 155.60 439.19 .00090 1.29267 1.9731
22. 88.<>220 1431.2 .23210 234.5564 . 00494 157. 41 423.85 .00091 1.29212 1.9038
23. 87.9818 1445.7 .22837 229.6496 . 00504 161.94 385. 75 .00091 1. 29054 1. 7364
21*. 87.53«»8 1458.6 .22489 224.7472 .00514 165. 74 353.91 .00091 1.23893 1.6019
25. 87.0814 147 0.0 .22165 219.6570 .00524 168.92 326.99 .00091 1. 26731 1.4921
26. 86.621

7

1480.3 .21857 214.9665 .00534 171.47 304.01 .00090 1. 28566 1.4022
27. 86.1559 1489.6 .21557 210.1434 .00544 173.55 284.22 .00089 1.28399 1.3277
28. 85.68<*1 1498.6 .21266 205.3357 .00554 175.23 267.04 .00039 1. 23231 1. 2653
29. 85 . 2066 150 6 .3 .20990 200 .571

0

. 0 0564 176.55 252 .01 .00 0 38 1.23060 1. 2123
30. 8i».723'» 1512 .6 .20736 195. 8572 .00574 177.56 238.78 .00087 1. 27868 1. 1668
32. 83. 7'»07 1524.0 .20238 186.6133 , 00593 177.50 216.60 .00084 1.27538 1.1028

3<». 82.7375 1532.5 .19781 177.6659 .00612 176. 80 196.81 .00032 1.27181 1.0549
36. 81.7153 1539.3 .19348 169.0756 .00631 175.66 184.24 .00080 1. 26818 1.0187
38. 80.6760 1544.5 .18947 160.9016 . 00649 174. 14 172.12 .00078 1. 26449 . 9907
<»0. 79.6102 1551.

8

.18598 153.8691 .00663 172.31 161.81 .0C076 1.26072 .9660
1*2. 78.5503 1556 .8 . 18232 146. 8531 . 00677 170. 30 153.10 .00074 1.25698 .9471
1*1*. 77.lf833 1559.9 .17853 139.8430 .00691 168.19 145.57 . 00072 1.25322 .9332
1*6. 76.1.083 1563.9 .17397 132.7170 .00708 166. 00 138;97 .00071 1. 24944 .9265
1*6, 75. 3261 1570 .

1

. 16985 126. 5935 .00720 163.77 133.13 .00069 1.24564 .9187
50. 71.. 21.19 1575.9 .16600 121.0169 . 00730 161. 54 127.93 .00066 1.24184 .9116
52. 73.1587 1582.1 .16235 115. 6721 .00740 159. 33 123.28 .00067 1.23805 .9056

51*. 72.0777 1586.0 .15891 110.5687 .00749 157. 15 119.07 .00066 1. 23428 . 900 3

56. 70.9997 1589.9 . 15573 105.8852 . 00757 155.02 115.25 .00065 1.23053 . 8949
58. 69.9274 1592.1 .15290 101.4425 . 00765 152.95 111.77 .00065 1.22680 .8896
60. 68.8615 1595.3 . 15018 97.3636 .00771 151.13 106.57 .00064 1.22310 .8832
65. 66.2361. 1605.4 .14362 88.2556 . 00782 147. 49 101.67 .00064 1. 2140 3 .8658
70. 63.681.9 1623.

3

. 13722 60. 8416 . 03786 144.04 96.01 .00064 1. 20525 .8501
75. 6 1 . 2 32

1

1643.3 .13097 74.3388 . 00787 140. 86 91.33 .00064 1. 19635 .6386
83. 58.8 765 1672 .6 .12505 69 • 1426 . 00781 138. 01 87.56 .0 0 065 1.186 82 .8266
85. 56.6333 1706 .0 .11939 64.6270 .30773 137. 75 84.44 .00066 1. 18121 .6068
90. 54.5005 1747.3 .11401 60. 9434 . 00762 137. 48 81.91 .00068 1. 17400 .7928

95. 52.1.83 7 1794.9 .10696 57. 9045 . 00747 137.27 79. 87 .00070 1. 16722 .7797
100. 50.5805 184S .6 .10421 55.3620 .00729 137. 21 78.26 .00072 1. 16084 .7690
110. 47.1078 1981.5 .09461 51.3345 . 00692 141. 68 75.77 .00079 1. 14925 .7335
120. 44. 0441 2120.7 . 08733 48.4344 . 00653 140. 99 74. 73 .00083 1. 13910 .7338
lifO. 38.9443 2430.1 . 07603 44.4929 . 03580 144.37 74.34 .00095 1. 12234 .7257
160. 34.8991 2759.8 . 06814 41.9073 .00519 149.66 75.38 .00108 1. 10917 .7217
180. 31.6242 3102.7 .06246 40.1595 .00468 155. 73 77. 30 .00122 1. 09658 .7207
200 . 28.9273 3454.

8

.05824 38.9666 . 00424 162. 38 79.79 .00138 1. 08992 .7196
220. 26.6772 3806.3 .05501 38.0675 . 00387 169.48 82. 64 .00155 1. 03272 .7182
2<»D. 24. 7712 4157.2 . 05252 37.3495 .00355 176. 88 85. 72 .00174 1. 07666 .7160

260. 23.1356 4499.9 .05056 36.7534 . 00329 184. 47 88.96 . 0 C 194 1. 07147 . 7134
280. 21. 7153 4637.

0

. 04902 36.2665 .00306 192. 15 92.29 .00215 1. 06698 .7103
300. 20.4046 5122.7 .04892 35.8926 . 00289 199. 84 95. 66 .30238 1.06265 .7096
350 . 17.8377 5902.1 . 04702 35.0560 .00 25 0 218.91 104.25 .00299 1. 05479 .7040
i»00 . 15.8585 6653.6 .04583 34.4295 . 00221 237.55 112. 80 .00366 1. 04861 .6995
if5a. 14.2821 7401.9 .04501 33.9397 . 00198 255. 74 121. 22 .03439 1.04370 .6961
500. 12.9946 8143.8 .04435 33.5454 .00180 273. 55 125.^ .00517 1. 03971 .6939
550 • 11. 9229 8862.8 043 83 33.2209 . 0 0165 291. 07 137.58 . 00600 1.03639 .6921
600. 11.0157 9625.0 .04333 32.9494 .00152 308.40 145.51 .00689 1.C3359 .6906
650. 10.2377 10371.0 .04297 32. 7186 . 0C141 325.60 153.26 .00732 1. 03119 .6893

700. 9.5629 11126.3 .04257 32.5208 .00132 342. 74 163.90 . 0C880 1. 02911 .6883
750. 8.9720 11390 .3 .04218 32.3469 . 00 124 359.86 168. 36 .00983 1.02730 .6874
eoo. 8.4 501 12665.9 .041 76 3 2.1984 . 0D116 377. 00 175. 72 .01090 1. 02569 . 6867
650. 7.9857 13454.8 .04138 32. 0656 .00110 394. 20 182.94 .01202 1. 02427 .6862
900. 7.5698 14258.3 .04096 31.9475 .03104 411. 47 190.05 .01318 1. 02300 .6358
950. 7. 1952 15077,5 . 04054 31.6419 .00099 428.84 197.04 .01438 1.02185 .6856

1000. 6.8559 15912.

7

.04010 31. 7470 .00094 446.31 203.94 .01562 1.02061 .6856
1100. 6 . 2 65 3 17620 .

6

. 0 3925 31 . 5832 .0 30 36 475. 56 2l7, 45 .01600 1. 01901 . 6941
1200. 5. 7684 19336.1 .03839 31.4470 .00079 511.00 233.63 .02074 1.01749 .6939
1300. 5.3446 21214.0 .03754 31.3321 . 03073 546. 89 243.51 .02364 1. 01620 .6940

I<f00. 4.9788 23095.2 .03672 31.2338 . 00068 583.16 256.11 .02666 1. 01508 .6941
1500. 4.6599 25026.8 . 03593 31.1469 . 00064 619. 75 263.45 .02987 1.01411 .6944
1600. 4.3794 26936.7 .03521 31.0746 .03060 656. 19 230.56 . 0J321 1. 01326 .6946
1700. 4.1307 28933.3 . 03454 31.0095 .00057 692. 75 292.41. .03669 1.01250 .6947
1800 . 3.9088 31016.4 .03390 30.9514 .00054 729.56 304.10 .04032 1. 01183 .6946
2000. 3.5294 35212.6 .03272 30 .8523 . 00049 805. 05 326. 80 .04807 1.01067 .6935
2200. 3.2168 39699.2 .03151 30 .7688 .00044 667.50 344.86 .05656 1. 00973 .6823
2<«00. 2.9545 4465 8.2 .03016 30. 6932 .30041 964. 33 366.22 .06607 1.00693 .6754
2600. 2.7307 50391.3 .02361 30.6170 .00038 1107. 06 387.11 .07699 1.00625 .6629
2800. 2.5366 57299.2 .02676 30.5330 .00035 12 70. 62 407.66 .38983 1. 03 766 .6441

3000. 2. 3655 65845.4 .0 2464 30.4206 .03033 1492.37 428.05 .10510 1. r0715 .6198

* TWO-PHASE BOroiDART
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN IISOBARS, SI UNITSI

35.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

, K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

22.715 .01112 2.8721 1.190 256.6 645.8 14.721 5.70 7.08 1889.
23. .01113 2.8606 1.190 258.1 647.8 14.809 5.73 7.14 1888.
2'*. .01119 2.8201 1. 189 263.5 655.0 15.117 5.84 7.35 1883.
25. .0112<» 2.7794 1.186 269.1 662.5 15.421 5.94 7.54 1878.
26. .01129 2.7385 1.183 274.8 670.1 15.719 6.04 7.74 1873.
27. .01135 2.6975 1.179 280.7 678.0 16.015 6.14 7.93 1867.
28. . 011<»1 2.6564 1. 174 286. 7 686. 0 16.3 05 6. 22 8.11 1861.
29. .011<»7 2.6154 1.168 292.9 694.2 16.594 6.31 8.30 1855.
30. .01152 2.5745 1.161 299.2 702.6 16.878 6.38 8.47 1848.
32. .01165 2.4933 1. 147 312.2 719.8 17.436 6.52 8.81 1835.
31*. .01177 2.4133 1.130 325.7 737.6 17.980 6.65 9.14 1822.

36. .01191 2.3352 1.111 339.7 756.4 18.512 6.75 9.45 1808.
38^ .0120i« 2.2595 1.091 354.1 775.6 19.031 6.85 9.75 1794.
<»0. .01219 2.1869 1.069 368.8 795.4 19.538 6.91 10.02 1780.
'i2. .01233 2.1179 1.047 384.0 815.7 20.033 6.97 10.27 1767.
1*1*. .012<>9 2.0695 1.023 399.4 836.6 20.518 7.02 10.49 1759.
<>6. .01265 2.0 085 . 9981 414. 7 857. 3 20 . 978 7.10 10.75 1 744.
i»8. .01281 1.9548 .9725 430.7 879. 0 21.441 7.17 10.97 1730.
50. .01297 1.8968 .9466 447.1 901.2 21.893 7.22 11.19 1715.
52. . 0131'» 1.8424 .9204 463.7 923.7 22.336 7.26 11.39 1700.
5<*. .01332 1.7924 .8941 48 0.6 946.7 22.769 7.29 11.56 1686.

56. .01350 1.7490 .8682 497.8 970.2 23.198 7.31 11.71 1673.
58. .01368 1.7066 .8428 515.0 993.8 23.611 7.32 11.84 1661.
60. .01387 1.6653 .8179 532.2 1017.6 24.015 7.33 11.96 1649.
65. .01lf35 1.5755 .7585 575.8 1078.

0

24.981 7. 34 12.22 1620.
70. .ai<t86 1.5009 . 7037 619.7 1139.8 25.896 7.35 12.45 1594.
75. .01538 1.4414 .6533 664. 0 120 2. 5 26. 761 7.38 12.63 1571.
80. .01593 1.3958 . 6C68 708.5 1266.0 27.582 7.42 12.77 1550 .

85. .ai6i»9 1.3528 .5648 753.1 1330.2 28.361 7.48 12.92 1529.
90. .01706 1.3226 .5269 798.0 1395.2 29.104 7.55 13. 05 1512.
95. .01765 1.2957 .4930 843.1 1460.8 29.813 7.64 13.19 1496.

100. .01825 1.2775 .4624 868.4 1527.0 30.492 7.74 13.31 1482.
110. .019'»7 1.2593 .4096 981.6 1663.0 31.786 6.J5 13.60 1459.
120. .0 20 71 1.2580 .3662 10 75.0 1799.7 32.976 8.30 13.78 1445.
li»0. .02322 1.2843 .3004 1265.5 2076.2 35.122 8.78 14. 09 1435.
160. .0 25 7'* 1.3330 .2538 1461.2 2362.1 37.016 9.21 14.34 1440.
180. .0 2826 1.3923 .2195 1661.6 2650 .

7

38 . 716 9.57 14.55 1 455 .

200. .0 30 77 1.4599 .1932 1866.1 2943.1 40.257 9.87 14.71 1475.
220. . 0 33 27 1. 5347 .1722 2073.7 3238.2 41.663 10.10 14. 61 1500.
2<«0. .0357^ 1.6127 . 1553 2283.6 3534.6 42.953 10.27 14.86 1527.
260. .0 3819 1.6921 .1413 2495.1 3831.7 44.142 10.40 14. S7 1555.

260. . 0 40 61 1.7709 .1296 2707.5 4129.0 45.243 10.49 14. 87 1584.
300. .0<»316 1.8575 .1213 2913.8 4424.4 46.247 10.44 14.67 1626.
350. . 0<»921 2.0607 . 1025 3 444 .4 5166.6 48.5 36 10.50 14. B2 1705.
'tOO. .05521 2.2642 .0869 3973.9 5906.1 50.511 10.51 14.76 1783.
if50. .06117 2.4677 .0 785 4501.9 6643.0 52.247 10.50 14.71 1859.
500. .0 6712 2, 5712 . 0 704 5028 . 3 7377 .5 53.794 10.50 14.68 1933 .

550. .07305 2.8748 . 0638 5553.9 8110.

6

55.192 10.49 14.65 2003.
600. .07897 3.0 784 .0584 6079.3 8843.2 56.463 10.50 14.55 2072.
650. .08<»88 3.2821 . 0 538 6604.7 9575.5 57.632 10.51 14.65 2136.
700. .0 90 78 3.4860 .0 499 7131.

0

10308.5 56.726 10.54 14.67 2202.

750 . . C9669 3.6899 . 0466 7658.9 11042.9 59.740 10.57 14.70 2265.
800. .10258 3.8940 .0436 6188.4 11778.8 60.691 10.62 14.74 2325.
850. .10648 4.0982 .0411 8720.3 12517.2 61.585 10.67 14.79 238'.
900. .11438 4. 30 25 . 0 388 9255.

2

13256.

3

62 .431 10.74 14.85 243 .

950. .12027 4.5069 .0367 9793.2 14002.6 63.235 10.81 14.92 2494.
tooo. .12616 4.7115 .0349 10334.8 14750.5 64.001 10.90 15.01 2547.
1100. .13794 5.1208 .0317 11432.2 16260.3 65.430 11.07 15.18 2650.
1200. .14972 5.5305 .0291 12548.6 17789.

0

66. 752 11.27 15.36 2747.
1300. .16150 5.9405 .0268 13665.5 19338.1 67.991 11.48 15.59 2840.
1<»00. .17328 6.3507 .0249 14643.5 20908.4 69.162 11.70 15.81 2929.

1500. .18506 6.7612 .0233 16023.1 22500.2 70.274 11.92 16.03 3015.
1600. .19684 7.1718 .0218 17223.3 24112.7 71.306 12.14 16.24 3098.
1700. .20862 7.5827 . 0205 18444.9 25746.5 72.294 12. 35 16.46 3179.
1800. .22040 7.9936 .0194 19687.8 27401.8 73.239 12.55 16.66 3258.
2000. .24397 8.8159 .0174 22237.6 30776.4 75.027 12.96 17.08 3408.
2200. .26756 9.6385 .0159 24866.

1

34232.6 76.667 13. 42 17.54 3550.
2(>00. .29120 10.4615 .0145 2 75 98.7 37790.8 78.209 13.96 18.12 3684.
2600. .31497 11.2847 .0134 30458.9 41482.7 79.686 14.67 18.88 3810.
2800. .33896 12.1081 .0125 33494.4 45357.9 81.127 15.63 19.93 3929.
3000. .36333 12.9317 .0116 36768.0 49464.4 82.559 16.92 21. 37 4041.

• THO-PHASE BOUNDARY
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TABLE 8

THERHODYNAMIC PROPERTIES OF NORHAL HYDROGEN (ISOBARS, SI UNITS)

35.00 HPA ISOBAR

TEMPERATURE DENSITY V(OH/DV)d V<DP/OU!,, -VIDP/Otf»_ (OV/OTI/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
r V T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU H KJ/KG MPA-CU JJI/KJ MPA 1/K H/K-M KG/M-S SQ M/HR
X 10 X 10 X 10^

• 22.715 89. 9Z8H 1 537 .

2

.2 3225 Z70.Z031 . 0 0461 167, 31 4 70,59 ,00095 1, 29753 1.9916
23. an a J A t89. 8102 154 1 . 8 .23123 256. 9143 . 00463 166,63 457,54 , 00 095 1, 29711 1.9371
2'». 69.391

5

1558.

Q

• 22 764 *> c o n o c 4Z? Z. 0 ?ol . 00471 1 7Z , 79 416,8 0 ,0 0 095 1. 29560 1 , 77 1

8

25. 86.967'# 1572 .

5

. 224 30 Z4 f .Z f b 9 . 0 048 0 176, 28 362,62 ,0 0 095 1 . 29407 1,6373
26. 8 8.5380 1585 « 7 .22114 242.4608 . 00488 1 79, 13 353, 65 , 00094 1, 29253 1,5275
27. 88 . 1035 1598.

2

.2180 7 237. 6579 • 0 0496 1 8 1 , 46 328 ,86 • 00 094 1,29097 1.436 6

28. 87.66'»1 1609.9 .21510 232.8743 . 00504 183,37 307,46 ,00093 1, 28940 1,3606
29. 87.2198 1620.3 .21229 22 8.1169 .00512 184.90 283.69 .00092 1.Z8780 1,2962
30. 86 . 771

0

1629.

Z

. 2 0 9 72 223.39Z7 . 0 0520 186, 10 272,62 ,0 0 091 1, 28620 1, 240 8

32. 85 . 859 8 1645.3 . 20471 214, 0714 . 00536 186, 31 245, 56 ,00089 1, 28294 1.1616
3k» 8(.9317 165 8.1 .20014 204.9647 • 00551 185, 84 224, 06 ,00 066 1, 27962 1.1C19

36. 83. 9876 1 66 8.5 . 19586 196.1255 .00567 164, 88 206, 64 , 00084 1, 27626 1.0 565
38. 83. 0 289 1676.5 .19193 18 7.60 46 .00581 163,51 192, 28 ,00082 1, 27284 1. 0214
kit 82.0 570 168 1.

0

. 18856 If 9.45 0 8 . 00596 181 • 84 180,25 n n n a n,00080 1, 26939 . 992 9

kZt 81 .0 73 7 1685 .

2

. 18529 , 7 , 7n o1 f 1 . 70 y "3 . 00610 1 79, 90 170, 04 ,00078 1 , 26590 .9709
1*1* m 8 0.0660 1699.2 .18204 165.6944 . 00616 177, 76 161,17 ,00 076 1. 26233 .9514
k6. 79.07i»i. 1710.9 .17770 158.8177 . 00628 175,62 153,61 ,00074 1, 25883 .9405
1*6. 78.0791 1722.4 . 17383 152.6322 . 00637 173, 43 146,99 ,00073 1.25532 ,9301
50 • 77. 0835 172 8 . 7 .17016 146.2088 .00647 171 , 23 141, 14 , 00071 1. 25181 ,9225
52. 76.0 855 1 73 4.6 .16665 , f. fl ,011,140 . 18 0

1

. 0065 7 169, 03 135 , 92 ,00 0 70 1. 24830 ,9158
5'f

.

75 .0 875 1740 .6 . 16330 134.5895 . 0 0664 166. 85 131 , 23 ,00069 1 . 24480 ,9095

56. 71. naif,
f H. Q ?1H 174 7.

8

. 160 23 1Z9. 3oZZ . 00670 164, 69 126,99 ,00066 1. 24131 • 9029
58. 73. 100 7 1752 •

4

« 15747 124.7533 . 00676 162. 59 123, 14 ,00068 1. 23 765 .8966
60. 72 .1159 1756 • 2 .15480 4 o n ft n £. e1Z0.0965 .0 0681 160, 76 119,63 ,00067 1 , 23441 .690 0

65. 69.68<i8 1769.3 .14839 10^. 7904 .00691 157, 08 112, 04 ,00066 1,22 596 . 671 9

r 0 . 67. 3054 1787.

0

. 14226 , 11 , n 9 , clUl. Ucl7 , 00697 153, 53 105, 81 ,00066 1,21772 , 8579
75. 65.0001 1811.6 .13626 93.6896 .00697 150.20 100,64 ,0C066 1, 20977 , 8464
80. 62.7793 1844.4 . 13032 87.6305 . 00692 147. 16 96,33 .00066 1,20214 ,8359
85. 6 0 . 6 51

1

1877 • 7 . 1Z455 oZ. . 00688 1 46. 89 92 , 74 .00067 1 ,19487 , 8160
90 . 58.6090 1920.

3

. 1190 3 77.5149 ,00680 146. 54 89. 75 , 00069 1, 18791 , 7995
95 • 56. 663 7 1964.4 .11388 73.4173 . 00672 146. 22 87. 27 ,00070 1, 18131 , 7873

100. 5<».8072 2016.0 .10897 70.0140 .00660 146,03 85,22 ,00072 1, 17504 ,777 0

110. 51.3711 214 8 . 8 . 0990 Z 64.6923 • 00633 150, 12 80, 16 ,00 0 77 1, 16346 , 7264
1 20

.

228 6.

4

. 091 39 60 . 7526 . 0060 3 148. 91 78,99 ,00081 1, 15320 ,7311
ikOm <>3.069<* 2593 • 8 • 07941 55,3153 . 00543 152, 36 78, 27 ,00 090 1, 13589 , 723 6
160. 3 8 .8(196 2925 .

1

.070 91 51. 78 7 2 • 00490 15 7,62 78 ,90 , 00102 1, 12203 ,7176
180. 35.3863 3265.6 .06479 49.2697 .00446 163,26 80,42 ,00114 1,11075 ,7167
200. 32.1*953 3611.6 .06025 47.4392 . 00407 169, 21 82,54 ,00127 1, 10139 ,7174
220

.

30 .0560 3965 « 0 . 0 56 75 46.1257 , 00373 175, 51 85,07 , 0D142 1, 09354 ,7176
27.9 77*» 431 7 .

0

. 05403 45.120 4 . 0 0 344 18 2, 16 87,88 ,0 0158 , n a £ o o
1 , 06688 ,716 8

260. 26. 18't7 4664.8 .05187 44.3060 .00319 189. 05 90 . 89 .0D175 1, 08115 .715 0

280. 2'». 622** 5 00 4.1 .05016 43.6041 .00297 196, 13 94, 0 3 ,00193 1, 07619 .712 8
300. 2 3 . 1 70 6 5275.9 • 05013 4 3.0404 , 00Z82 203, 31 97,25 ,00212 1, 07158 .7111
350 . ZO. 3ZZ3 6055 .0 • 046 0 3 41.6 772 , 00245 221. 42 105 , 49 , 3G 265 1 ,06259 .7060
(tOO . 18.113 6 6811.6 . 04669 41.0123 .00217 239, 43 113,81 ,00 322 1,05 566 .7016
>50 . 16. 3<«68 7554.

7

• 04576 40. 3390 , 00195 257. 20 122,06 ,0 0 385 1, 05013 , 698 0

500. ll».8989 6296.4 .04502 39.7984 .00177 274.71 130,20 .00452 1, 04562 ,6956
550. 13.6895 9035.2 . 04443 39,3544 , 00162 292,02 138.20 .00524 1,04186 .6935
600 . 12.663<t 9777.3 .04391 38.9832 .00150 309.19 146, 06 .00600 1, 03868 .6919
650 . 1 1 . 781 5 10523 lO . 04345 38.6684 ,00139 326,28 153, 76 .0 0681 1, 03595 . 690 4

700 . 11.0151 11278.2 . 04301 38. 398 2 , 00130 343, 33 161. 33 , 0 0 765 1, 03359 .6892

750. 10. 3<t27 12042.1 . 04259 38.1639 , 00122 360 , 38 168 . 76 ,0 0854 1, 03151 .6862
SOO. 9.7W0 1281 7. 7 .04216 37.9589 .00115 377. 46 176. 07 ,00 946 1, 02968 . 68 74
850 . 9.2182 1 3 60 6 . 7 .0 4173 37.7781 , 00109 394, 61 183, 26 , 01042 1, 02805 . 6668
900. 8 . 7 43

1

14410 .

5

• 04129 3 7.6175 . 00103 411,85 190 , 34 • 0114Z 1.02659 .6864
950 . 8.31<» 7 1522 9.

9

• 04065 37.4740 ,00098 4Z9, 1

8

197, 31 , 01245 1, 02528 .6861
1000. 7.9264 16065.5 .040 39 37.3450 .00093 446. 6Z 204,19 .01352 1, 02409 .6860
1100. 7.2ii9«» 17774.3 .03950 37.1227 , 00085 475,56 217,67 ,01556 1,02201 .6948
1200. 6.6790 19542 .9 .03662 36. 9381 , 00079 511,00 230,82 .01791 1,02027 .6945
1300. 6.1918 21370.1 .03775 36.7825 .00073 546, 89 243,68 ,02040 1, 01678 ,6945
1<*00. 5.7709 23252.8 .03690 36.6497 .03066 583,16 256.26 .02302 1.01750 .6946

1500. 5.4036 25185.8 .03610 36.5349 .00064 619, 74 268,59 .02576 1, 01636 .6947
1600. 5.0803 27146.9 .03536 36.4349 ,00060 656,17 260,66 .02862 1, 01539 .6949
1700. 4.7934 29144.

Z

.03468 36.3466 .00056 692.71 292.55 .03162 1, 01452 ,6949
1800. 4.5372 31177.3 .03404 36.2687 .00053 729,46 304.20 ,03474 1,01374 ,6949
2000. 4.0989 35368.1 .03264 36.1356 .00048 804, 64 326, 69 ,04138 1.01240 ,6938
2200. 3.7375 39834.7 .03164 36.0243 .00044 886.22 344,66 ,04666 1. 01131 .6827
2<>00. 3.4340 44743.3 . 03034 35.9252 .00040 981.01 366,21 ,05677 1.01039 ,6763
2600. 3.1749 50373.4 .02882 35.8262 .00037 1099.69 367,09 .06604 1.00960 ,6646
2800. 2.9502 57095.3 .02704 35.7217 . 00035 1256.10 407,63 ,07689 1.00692 ,6469
3000. 2 . 7523 65341.6 .02500 35.5924 . 00033 1466.36 427.98 .08974 1.00832 ,6238
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN JISOBARS, SI UNITS!

>»0.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERIVATII/E

K CU M/KG CU M-MPA/KG

• 23.ri.6 .01097 3.0705
2<». .01098 3.0607
25. .01103 3.0220
26. .01108 2.9829
27. .01113 2.9<»37
28. .01118 2.90'»3
29. .01123 2.86'»8

30. .01128 2.8253
32. .01139 2.7i»6(>

3k. .01151 2.6681
36. .01163 2.5909

38. .01175 2.515i»

kO, .01187 2.i»l«2a

1*2. .01200 2.3712
ki*. .01211* 2.3036
»6. .01228 2.2396
i»8. .012(>2 2.201Q
50. .01257 2.11*11*

52. .01272 2.095'.
SI*. .01287 2.01.72
56. .01303 1.9978

58. .01319 1.9532
60. .01335 1.9092
65. .01377 1.8163
70. .011.20 1. 7308
75. .011.66 1.6626
80. .01513 1.6071.

85. .01561 1.5662
90. .01610 1.5299
95. .01660 1.1.911.

100. .01711 1.1.676

110. .01815 1.1.337

iZO. .01922 1.1.216
ll>0. .02139 1.1.312
160. .02357 1.1.693

180. .02576 1.5206
200. .02791. 1.5801.
220. .03012 1.61.72

2<.0. .03228 1.7212
260. .031.1.2 1.7982
280. .03651. 1.8760

300. .03877 1.9580
350. .01.I.07 2.1575
1.00. .01.932 2.3581.
U50. .05«.5i» 2.5599
500. .05971. 2.7616
550. .061.92 2.9637
600. .07010 3.1659
650. .07527 3.3681.
700. .0801.1. 3.5711
750. .08560 3.771.0

600. .09076 3.9772
850. .09591 1..1805
900. .10107 1.. 381.0

950. .10622 1..5877
1000. .11137 1..7915
1100. .12168 5.1997
1200. .13198 5.6082
1309. .11.229 6.0173
11.00. .15259 6.1.267
1500. .16289 6.8363

1600. .17320 7.21.63
1700. .18350 7.6565
1800. .19380 8.1)669
2000. .211.1.2 8.8881
2200. .23505 9.7100
21.00. .25571. 10.5322
2600. .27652 11.351.8
2800. .2971.6 12.1777
3000. .31876 13.0008

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENER&Y

MPA/K KJ/KG-K KJ/KG

1.220 263.9 702.6
1.220 265.3 701.. 1.

1.218 270.7 711.7
1.215 276.2 719.2
1.212 281.9 726.9
1. 208 287. 7 731..

8

1.202 293.6 71.2.8

1.197 299.7 751.0
1.183 312.2 768.0
1.168 325.3 785.6
1.151 338.7 803.8

1.132 352.6 822.5
1.112 366.9 81.1.9

1.091 381.5 861.7
1. 070 396.1. 862.0
1.01.7 1.11.1 902.2
1. 025 1.26.7 923.7
1.001 1.1.2.6 91.5.1.

.9765 1.58.7 967.1.

.9519 1.75.0 989.9

.9271. 1.91.8 1012.9

.9026 508.5 1035.9

.8783 525.3 1059.2

.8195 567.7 1118.1.

.761.6 610.6 1178.8

.7139 653.9 121.0.2

.6672 697.6 1302.6

.621.2 71.1.6 1365.9

.581.8 785.9 11.29.7

.51.91 830.1. 11.91..

3

.5167 875.1. 1559.7

.1.605 968.0 1691..

1

.1.137 1061.2 1829.9

.31.13 1252.0 2107.5

.2892 11.1.8.3 2391.3

.2505 161.9.6 2680.0

.2207 1855.1 2972.8

.1971 2063.9 3268.7

. 1778 2275.1 3566.1.

.1617 21.88.0 3661..

9

.11.82 2701.9 1.163.6

.1386 2907.3 1.1.58.2

.1171 31.39.6 5202.2

.1015 3970.5 591.3.1

.0697 1.1.99.5 6681.0

.0801. 5026.9 71.16.1.

.0729 5553.1 8150.1

.0667 6079.2 8883.2

.0611. 6605.0 9615.9

.0570 7131.8 1031.9.2

.0532 7659.9 11083.8

.01.98 8189.7 11820.0

.01.69 8722.0 12558.5

.01.1.2 9257.0 13299.7

.01.19 9795.3 11.01.1..

1

.0398 10337.1 11.792.1

.0362 111.31.. 8 16302.0

.0332 12551.1. 17830.8

.0306 13688.1. 19379.9

.0281. 11.81.6. 6 20950.2

.0265 16026.1. 2251.2.1

.021.9 17226.7 21.151..

5

.0231. 181.1.8.3 25788.3

.0221 19691.2 271.1.3.1.

.0199 2221.0.7 30817.5

.0181 21.869.9 31.272.0

.0166 27596.7 37826.2

. 0153 301.1.8.5 1.1509.2

.011.2 331.67.7 1.5367.1

.0133 36712.9 1.91.63.1.

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

11.. 790 5.78 7.16 1951.
11.. 866 5.81 7.22 1950.
15.161. 5.92 7.1.1 191.5.
15.1.57 6.02 7.60 191.1.
15.71.7 6.11 7.78 1936.
16.032 6.21 7.96 1930 .

16.316 6.29 8.11. 1925.
16.591. 6.37 8.31 1919.
17.11.1 6.52 8.63 1908.
17.671. 6. 61. 8.95 1895.
18.191. 6.76 9.21. 1863.

18.702 6.85 9.53 1870.
19.197 6.93 9.78 1857.
19.683 6.99 10.03 161.5.
20.152 7.05 10.27 1832.
20.602 7.11. 10.53 1816.
21. 058 7.20 10. 71. 1611.
21.500 7.26 10.95 1798.
21.933 7.30 11.13 1787.
22.357 7.31. 11.30 1775.
22.776 7.37 11.1.6 1763.

23.181 7.38 11.58 1751.
23.575 7.39 11.71 1739.
21.. 521 7.1.0 11.96 1713.
25.1.17 7.1.2 12.19 1686.
26.265 7 .1.5 12. 39 1663.
27.070 7.50 12.56 161.1.

27.837 7.56 12.70 1623.
28.568 7.63 12.81. 1605.
29.266 7.72 13.01 1585.
29.936 7.82 13.11. 1571.

31.215 8.13 13.1.9 151.3.

32.398 8.37 13.71 1526.
31.. 536 8.85 1I..C6 1508.
36.1.30 9.28 11.. 31. 1507.
38.130 9.63 11.. 56 1516.
39.673 9.92 11.. 71. 1532.
1.1.082 10.16 11.. 8 6 1552.
1.2.378 10.33 11..93 1577.
1.3.573 10.1.7 11.. 95 1602.
<»i*.680 10.56 11.. 91. 1629.

1.5.678 10.1.8 11.. 91 1669.
1.7.973 10.53 11.. 85 171.1..

1.9.952 10.53 11.. 78 1819.
51.690 10.52 11.. 73 1893.
53.239 10.52 11. .69 1961..
51.. 638 10. 51 11.. 66 2033.
55.911 10.52 11.. 65 2100.
57.080 10.53 11.. 66 2165.
5 8.17i< 10.55 11.. 67 2228.
59.189 10.59 11.. 70 2269.

6 0.139 10.63 11.. 71. 231.6 .

61.0 31. 10.68 11.. 79 21.06.

61.880 10.75 11.. 85 21.61.

62.681. 10.82 11*. 93 2515.
63.1.51 10.90 15.01 2566.
61.. 879 11.08 15.18 2669.
66.202 11.28 15.38 2766.
67.1.1.1 11.1.6 15.59 2658.
68.612 11.70 15.81 291.6.

69.721. 11.93 16.03 3031.

70.758 12.11. 16.21. 3111..

71.71.1. 12.35 16.1.5 3191..
72.689 12.56 16.66 3272.
71.. 1.77 12.96 17.07 31.21.

76.115 13.1.1 17. 53 3563.
77.656 13.91. 16.09 3697.
79.129 11.. 62 18.82 3623.
80.561. 15.51. 19.82 391.1.
81.986 16.75 21.18 1.053.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN <ISOBARS, SI UNITS)

kO.OO HPA ISOBAR

TEHPERATURE DENSITY V(DH/DV)p <DP/OU)y -V(DP/DV)^ (OV/Diy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
nrtMniirTTtfTTV r fiM^T AWT >JI 1 M Q C 0nu no t f\

K mj/ n M PA M/K ~ M KG/M""S
X 10^ X 10^ X 10^

* 2 3» 7kb 91.1935 1 6't'f . 6 . 2 31 9An-ni n7 . 0 0'*3& 178. 1.0 502 . '9 . n n n Q A. u u u 7 0 1 . 30 209 2 • 0 1 8 0
Q1 n 093 X . U 7C H 1 D*T 9 • H • 2 3 0 '6 7 7 A A n AC; n n k 7 7. U U t O r i. f J • ** 1

on 9

1

* 9U . cx n n n QA 1 7n 4 7

7

1 . ^U 1 ( <>
1 Q 7 n a1 . 9 ' u 9

25 • on. 6916 166 7.

0

« 22 7 0

Q

27 0 675 . OO'f't'* 183 . 27 1*1*6 • 98 • 00 098 X . w u u & 0 1.8070
26* 7 V . & V U tJ 168 3.3 .223 73 .00 '5

1

186. 38 1* 1 0 .60 .00098 1.29882 1.6736
AO A 7f> 7 1 fkQ A 71 D9 O . f 9 9 n c. c C U 9 D Pf^U C7n 7 n n la c; A

. U U H 90 •»7Q c,A0 f 7. DO n n n Q 7 1 9Q 7 7 CX . C 9 ( 0 9 1 . 56 35
Z8. 89.i»630 1713.2 .21750 259.8275 . 00'f65 191.07 353.17 •00097 1. 29586 1.1*716
29. 89. I]<«52 1726.1* .21't62 255.0973 . 00<.7l 192.80 330.25 .00096 1.29'.35 1.3939

0 D . O COO 4 7 7 7 Q1 f O f . 9 • 2 1 1 98 9c; n 7B C 9 . 0 01*78 1 9 ** . 1

7

310.30 • 0 0 0 95 4 9 Q 9 A /.1 . C 9C 0 1.3272
32 • 8 7. 7692 1 75 9 . 0 . C U U o o 2^1. 0 '»61 .00 '91 19**. 62 277 . 37 . 0 0 G 9 2 1 . 28 9 77 1 . 230 5

3** •
o c an n 7 1776 2 90997. C U C C O 97i AC^^Qcox. 09D9 . U U 9 u * 19'*. 3^* 9C 1 /, 7C 9 X • H r

n n n Q n• u u u 9 u 1 • 28666 1*15 76
36* AC n -1 A A 1 79 0.6 . 19792 O o "5 A C C 9cc c . oobc . 00516 193. 53 2 30. 66 n n n A A

. U U 0 0 0 1 . 28 3 50 1.1018

38 • 85 • 1 2'* 6 180 1.9 . I9'i 0 0 2 1 4. 11 9 8 .00 52 9 192 . 29 213. 65 . n n 11 A c
. U U U 0 9 1 9fl n ^1X . CO u ox 1 . 0 58 5

ft f> 9 1 fl O 1809.0 .190 66 C U 9 . obi H .00 5'*1 19 0.71 4 QQ c

9

I99 .9c n n n A 7
. U U U 0 0 4 97 "7 ft A1 . C f r U 0 4 n 9 7 c1. U C <S9

O V . V U V X 1815.2 • 187*»6 197 • 5321 . 0 0552 16 6. 8** 187 • 62 .00061 1.27362 ^ 99g(i
f*t* •

A p ^ » 7a c 1821.9 . 1 S** 20 XD9. r fUU . U U 9 O** 1 A^ AnX oo. o u 177. 1*7 . U u uo u 1.27053 .975 5

81.<»<»66 16311.

6

•18013 182.1*096 .0057** 161*. 66 168.71 .00078 1.26722 .9620
if8. 80.<f895 1856.0 .17681 177.l5i»»» . 00579 182. 37 160.96 .00076 1. 26383 .9U77
50 • 79. 557** 1 86*1 . k .173 31 1 7n - "^f*9P . 0 0 5 87 180. 16 151* . 32 • 0 0 07 1* 1 • 260 51* • 93 8 0

52 • 78.6 261 187 8.1 .170 0^ IS km 75 2 0 • 00593 177. 95 11*8 . 1*1* • 0 0 0 73 1. 25725 • 92 6 5
77. 693

1

188 8.1 . 166 9 0 • 0 0598 175 • 7** 11* 3 .19 • 0 0 0 7 2 1 . 25 396 .9207
56 • 76 . 76*t9 1 AQ 1& 7109 H . «

4 f^ii n n. X DH u u 1 C% 7 C Q C; • U U D U9 4 7 7 C 7X r 0 • 9 r
4 7 A f. AX 0 0 . HO n n n 7

1

. u U U r X 1 9 c

n

1 . C9 U b9 01 1.

9

. 9l H c

56 • 75. 8377 1901.1 .16132 1271 171 . **3 131* . 22 .00070 1 . 21* 71*3 .9070
60 • 7U • 9161 190 6.3 .15872 1 i*7- n771kXHO* UOCH . u u ox *T i CQ C AX O 9 . 9 O 13 0.31* n n fl 7 0. u u U r u X . C HH C U . 8997
(*e;03 • r c * OOD

c

4 Q9 e: nX 9C 9 . U 1 K 9 l» 9. X 9 c He 17 4 Q 9XOX.9C99 n nc 9 4. U UD C X 4 t;. C A 7X b 9 . O 0 499 n 9Ic^ . U c n n n Q. u U U 0 9 4 9 7 C 9 71 . c Ob c 0 A 7 Q 0.0*99
70 • 7 0 •40'tQ 19*»3. 1 . Iif6 32 171. ft^t^R . 00627 162 . 20 115. 23 . fl Q 0 Fl. u u w 0 0 1 . 22 81*5 .666 2

75. 68.2267 1968.9 • li*0<»l iis.^tswg . 00629 158. 73 109.56 .00068 1.22090 .6551*

60. 66.11<»6 2001.3 .13«»62 106.2736 .00628 155.56 101*. 80 .00067 1.21361 .81*65
05. 6'f. 0 771 20'»'fr. 3 . 12892 , 0 0621 155. 22 10 0.78 • 00 069 1 - 7n fifioX . b. u u u u . 821*5

90 • 6 2 . 1 255 2067 .6 . 123 3^1 9 5. 0^*70 « 0 0 615 1 5 1* . 8 3 97 . 1*0 . nn fl 7 n. u U U ( u 1 . 19991 . 8080
•

c A 9 CI 7D U • C 91

O

9 1 9 A QClC O . 7 1 -1 A n A
. 1 lo U 0 A Q AG Q A0 9. 0970 . 00 611 1 5 1^. kh 91* .51* n n n 7

1

« u U U r X 4 1 Q 7 c n1 . I9 0 9U 70 A 1*. f 90
100« 58. (fr5<»5 218 2.1 • 1130 5 85 .7859 .00602 15**. 1

7

92 . 13 • 00 072 1 • 19 739 • 785 1*

4 4 n1 lU •
c c n AO A9 9 . U u9 0 2313.2 4 n 9 A 7

. 1 U c o r
7 A Q 7 QC
f 0 . 9 f 99 * 0 0 5 8 3 157. 68 81* . 07 . 00 0 76 1 * 17 599 7 4 0 9

1 20 • 9 C . U O U U 2'»5 0.7 . 0 9U99 f 0 . 9D O U . 0 0 559 156. 0** 82 • 87 .00079 1.165 69 • 727 8

1 0 • 1^6. 75'> 8 2 75 7.2 . 0 82 ^#8 C & . Ql 7 aDO. 9X O 9 • 00510 159 . 66 81 • 96 . n n n ft fl. U U U D 0 1 . 11*6 0 8 .7210
1 dU • '2 . '19 6 3C 6 9 . 8 * 0 73 50 62 • 3 257 . 0 01*6'* 165 .52 82 . 32 n n n Q A

• U U U 90 1.133 71* • 71 2 9
180. 38.6206 3i»31.5 . 06698 59.3296 . 00i*2<^ 171. 0** 83.52 •0C109 1.12191* .7110
200. 35.7665 3776.1 .06216 56.5563 .00390 176.1*9 85.32 .00120 1.11205 .7125
9 9 necu. 7 7 9 n n 7 '*12 ff

.

. U 9 0 HH c; 1. c A 7 n9 . D O 1 U n n 7 & n. u u o ou 4 A 9 in1 o c . 1 u A 7 C C0 f . 9 b . U u 1 a J 1 1 fl 7 c 71 . 1 U 0 b r . f X * f

2 'f 0 • 30 • 9777 kUT7 . 0 . 055 53 53.3182 . u u o o o 188.01 90.12 . 0 0 1 1.6 1 . no A c^nX . u 9 0 9 u . 71 55
C D U . 9Q n C^fl AC 9 * U 9U O I. Q 9 a 7 n C7 -1 A. U 9 O X 0 52.2382 nn 7 1 n. UU O X u i QU 9 nX 9 ** . c U Q9 on9C . 9 u . U U i D X 1 . nQ n 71X • u 9 u ox 71 tin. r X 7 u

2 80. 9 7 7 C 1. fl
• 05130 C 4 7 7 7 49 1 . o O f 1 n n 9 A Q. U U CO 9 9 n n fc 7c UU . b o Ot^ AC99 . 09 n n 1 7 7. u u 1 r r

4 ft A fi^O 91 . uo H9

C

7 1 7

1

7 n n
•9 U U « 9K 7Q99 c; ji T n 5 n 9Q. U 91 C 9 K n an 9 99 U . 9U C C n n 9 7t;

. U U C f 9 907 9RCO f • C9 OA on90 • 9 U . U U X 7 1 n 7 QonX . U r 9 9 U 71 1 7. ( X X 0

350* 22. 6935 620 8.9 n f . a n n f. A QC 9 9HO • 9bc C . 00 239 22 1*. 2 9 106. 81 n n 9 i. n 1 . 07007 .7072
Ik n n•t u u • 20.2 773 6965 .

1

. Q'*752 £i 7 ^ 62 25 nn 9 1 9. UU C X c 2 1*1 .57 X X H . 09 • 0 D 2 9 0 1 . 06 2 1*5 .7031
1 A 7 TF^ 1 770 8.0 . 0 ^6 't 8 f. f, g 7A nH D . 9 OO U n n 1 a 1. U U X 9 X 258. 85 19 9 Q7X C c . 9 f . 0 0 31.

5

4 . nc c 7c
X . u 9 D 0 9 .6996

500. 16.7397 8(»i»9.5 .Oi»566 <»6.2291 . 00171. 276.02 130.97 .001.01. 1. 051 36 .6971
550. 15.i»02<t 9188.1 . 0(»500 '5.61.75 . 00160 293. 09 138. 87 .001.67 1.01.719 .691.8

600. Iff. 2650 9929.8 .0<><»l>3 '»5.1617 .0011.8 310. 08 ikb.bl* .00531. 1. 01.365 .6930
650. 13.2852 10675.3 . Oi»392 i»i».7l»99 .00137 327. 03 151.. 28 .00605 1. 0<f0&l .6911.
700. 12.'«322 ll'«30.3 .01*31*1* It '.3967 .00128 31.3.97 161.79 .00679 1.03797 .69lj2

750. 11.6826 1219<».l .0'»298 i» If. 0905 . 00121 360. 91. 169.18 .00757 1.03565 .6890

800. 11.0185 12969.6 .Oi»252 1.3.8227 .0011'. 377.96 176.1.1. .00838 1. 03360 .6831
850. 10.i»262 13758.6 . 0'«206 if3.5867 . 00103 395.06 183.60 .00922 1. 03177 .6871.

900. 9.89<»'» l<t562.'» . a'»160 if3.3771 .00102 1.12. 25 190.65 .01010 1. 03013 .6869
950. 9.'tl'f3 15382.1 .0'»113 If 3. 1900 . 00C97 '.29.51. 197.60 .01100 1.02866 .6866

1000. 8.9787 16218.0 .a<«066 (f3.0218 .00093 '.'6. 95 20<..1.6 .01191. 1. 02732 .6865
1100. 8.2183 17927.5 . 0397l» ^2. 7323 .00085 1.75.56 217.90 .01372 1.02'.98 .6956
1200. 7.5767 19697.1 .03883 if2. 1.922 .00078 511.00 231.03 .01579 1. 02302 .6952
1300. 7.0281 21525.1. .a379<» lf2.2899 . 00072 51.6. 88 21.3. 86 .01797 1. 02131. .6950
ikOO. 6.5536 23(»09.3 .03708 'f2.117'f .00068 583.16 256. 1.2 .02027 1.01989 .6950
1500. 6.1390 253<»3.6 . 03625 '.1.9685 . 00063 619. 71. 268. 73 .02267 1.01862 .6951

1600. 5.7738 27305.7 .03551 1.1.8388 .00059 656.15 280.81 .02519 1.01751 .6952
1700. 5.1.1.96 2930 3.8 .031.81 1.1. 721.9 . 00056 692. 67 292.67 .02781 1. 01652 .6952
1800. 5.1599 31337.0 .031.16 1.1.6238 .00053 729.38 30if.31 .a305lf 1.01563 .6951
2000. 1..6637 35523.8 .03295 lfl.lf520 . 0001.8 801.. 31 326.98 .03636 1.01ifl2 .691.1

2200. 1.. 251.3 39971.. I. .03176 ifl.3093 .0001.1. 885. 18 3if<f .88 .Olf273 1.01288 .6830
21.00. 3.9103 1.1.81.2.

6

.0301.7 ifl.1838 . 00 01.0 978. 33 366.21 .01.980 1.01183 .6770
2600. 3.6161. 50389.7 . 02900 ifl. 0636 .00037 1093.75 3 87.0 8 .05786 1. 0109lf .6660
2800. 3.3615 56962.6 .02727 ifO.9356 .00035 121.1.. 39 lf07.61 .06721. 1. 01016 .61.92

3000. 3.1371 61.967.1. .02530 1.0. 7851 .00033 11.1.5. 38 if27.93 .07832 1.009ifB .6270
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSt

l»5.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY

1^ CU M/KG CU H-MPA/KG HP A/K KJ/KG-

K

KJ/KG KJ/KG-K KJ / KG'K M/S

.01082 3,2 640 1 • 249 271 . 5 756.6 14. 854 5.86 7.25 2009.
25, . 0 10 64 3^2545 1, 2!»9 272, 9 760^ 5 14.929 5.89 7.30 2 008.
C D« . U X u o o 3*2173 1 • 247 278 • 2 767^9 15.218 5.99 7. 48 7 D n£ U U *T •

27, .010 93 3.1798 1 . 244 283. 7 775 .5 15^ 5 04 6.09 7.66 200 0 .

28, . 0 1097 3» 1420 1.240 289.3 763.2 15 • 784 6.19 7.84 1 995 .

29, .011 02 3* 1 0 41 1.235 295 • 1 791. 1 16^ 0 63 6. 26 6.01 1 QQ n1 3 7 u •

30. .01107 3.0660 1.230 301.0 799.2 16.337 6.36 6.17 1985.
32. .01117 2.9896 1.217 313.1 815.9 16.674 6.51 8.49 1975.
3i». .01127 2.9133 1.203 325.8 8 33.1 17.396 6 . 64 8.79 1963 •

36. .01136 2.8375 1.187 336.8 851.0 17.909 6. 76 9.0 8 1952,
38. • 0 1149 2.7628 1. 170 352. 3 869. 4 18.407 6.86 9*3 5 1940 •

40. , 0 11 61 2, 6696 1. 151 366.1 888.4 18.693 6.94 9.59 1928 •

42. •01172 2,6182 1.131 380.3 907.8 19.3 66 7.01 9.83 1916^
44. • 0 11 84 2 • 5 492 1 • 1 1

1

394 • 8 927. 7 1 9 • 829 7.07 10.06 X 9 u *• •

46. .01197 2^4829 1 . 090 40 9.0 947.5 20 •269 7.16 10.31 1891^
48. , 0 1209 2.4193 1. 0^6 424. 2 968.4 20.713 7.23 10 .54 1678 •

50. .01222 2.3601 1.046 439.6 989.7 21.148 7.29 10.76 1865.
52. .01236 2.3042 1.023 455.2 1011.4 21.573 7.34 10.95 1854.
54. .01250 2.2794 1. 002 471 .2 1033.6 21.993 7*38 11.10 1 851 •

56. .01264 2. 2290 • 9 786 487. 5 1056.

2

22.405 7*41 11.26 1 840 •

58. ,01278 2.1913 .9554 50 3.8 1078.9 22.803 7.43 11.37 1832 •

60. .01292 2,1 (»32 .9323 520 . 2 1101.7 2 3,190 7. 44 11.50 1820 •

65. •01329 2.0 456 .8749 561. 7 1159.9 24.120 7.46 11.76 1795,
70. .013 68 1.9626 . 8202 603.6 1219.

3

25.0 00 7.49 11.98 1772 .

f ^ . . 0 14 07 1.6870 . 7692 646 • 3 12 79.7 25,8 33 7.5 2 12.16 X f H o .

80. . 0 1446 1.8198 • 7219 689^ 2 1 341 •

1

26.626 7.57 12.38 1725.
85. .01491 1.7672 .6782 732.6 1403^4 27.382 7.53 12.55 1705^
90. .01534 1.7229 .6379 776.3 1466^5 28.104 7.71 12.71 1685^
95. • 015 78 1.6938 .6010 820 .5 15 30^4 28.794 7.79 12.63 1670 .

100. . 0 1622 1.6639 • 5671 865 . 0 1594^9 29.456 7.89 12.98 1 654.
110* • 0 171

3

1 .6143 • 50 82 957 . 0 1727,9 30. 721 8.20 13.36 1622^

120. . 0 18 0 6 1.5871 • 4586 1049.

6

1862,

7

31 . 895 8. 44 13.63 1601

.

140. .0 1997 1.5823 • 3806 1 240 .

5

2139,2 34. 0 25 8.92 14.03 15 78.
160. .02190 1.6 0 82 • 3236 1437.4 2422^ 7 35.916 9.34 14. 33 15 71.
180 . • 0 2382 1. 6516 • 2807 1639.3 2711, <> 37. 617 9.69 14.57 1576.
C II u • • 0 25 75 1.7050 . 2 477 A O H9 .9 0 u u * • 39 . 161 9.98 14. 75 1588.
220. •02768 1.7654 .2215 2055.2 3300^7 40.572 10.21 14.89 1605.
240. .02959 1.8336 .2001] 2267.5 3599^2 41.871 10.39 14.98 1626.
cow. n XI E^n• U ox OM 1 Q (1 71 1 A 91• 1 O c X 7 f* A1 A 3 898 •

9

43 • 0 72 10.52 15.01 X D

•

280. -0 33 38• U s2 4? O 1» 9838 • 1669 2696 . 6 '»198 • 9 44.183 10 . 62 15*00 1 674 •

300. • M *J V -J O 2,36 02 • 1 959 290 1.6 i^fi92 ^ g 45. 177 10.52 1** • 9'» 17 11 •

350 . > W *T W WO 2,2557 • 1 316 3435.5 5238 • 47.477 10.56 l**. 8 8 1 783 •

400. • 0 tf<> 73 2.45 37 • 1 I'll 3967 • 6 5980 •

5

49. 459 10.56 1**. 81 1 855 •

•9U * • U O f c . D9 C 0 1 n n A• 1 U U 0 7HH l3 r . f O f 1 7 • * CI 1 QQ9 X . X 7 7 X U . 9 9 1 Q9A.X 7 c o •

500. • 0 5399 2.8 526 • 0 90 3 5025.

9

7(»55 • 6 5 2.7 50 10.5 4 l*t . 70 1995 .

550 . • U 7 Q O U 3. 0 529 • 0 818 5552 .

8

8189*9 54.150 10 .53 11* .68 2063 .

600. •06320 3^2536 6079.4 8923. i» 55.423 10.53 l(f.&6 2128.
650. .06779 3.4547 .0690 6605.8 9656. 56.593 10.54 2192^
700 .u u • • 0 72 3 6 3*6562 . 064 3 7133.

0

1 n 7Qn 1 57.668 10. 57 l^t. 68 2253 .

n 7fc<i7. U f bl?r 7 a C 7QO . 0 9 f 7 n c; o7
f OO 1 .

9

11 124^9 eft 7 n 79 0 . f U o 1 n P^n 1 ti. 7 n c O xo .

800. . 0 81 55 f. . ri (L n nH • U D U U .0 559 6191.6 11 d61^ 2 59. 654 10. 64 1 *f . 7*» 2372.

• U OO X o 9 fc9 7H . £ DC 0 n R9f^. U D A79li 1 . 9 C QQ AXC 9 7 7 • 0 60.549 in 7

n

X U . ' u 2 426 •

900. • 0 90 71 4*4649 . 0 49 7 9259* 3 13341*2 61. 395 10 • 76 lU • 86 2483^
950 • •09529 4.66 78 .0471 9797 .

8

X *t u O V • V 62 . 199 10 .83 1^.93 2536^
1000. • 0 9966 4.8 7 08 . 0 447 10339.6 14833 •

6

6 2.965 10.91 15.31 2588^
1100. •10902 5*2775 .0406 11437.6 16343.6 64.394 11.09 15.18 2686^
1200. •11817 5.6849 .0373 12554.7 17872.4 65.716 11.28 15.58 2763.
1300. •12733 6.0928 .0 344 13691.9 19421.

6

66.955 11.49 15.59 2875^
1400. •13648 6*5012 .0320 14850.3 20991.9 68.126 11.71 15.81 2962^
1509. •14563 6.9100 .0296 16030.1 22583.7 69.239 11*93 16.03 3047.
1600. •15479 7.3191 .0280 17230.5 24196.

1

70.272 12*15 3126.

1700. •16395 7.7286 .0263 18452.3 25829.8 71.258 12*36 16. (»5 3 208.
1800. •17310 8.1383 .0249 19695.2 27484.8 72.203 12.56 16.66 3285.
2000. •19142 8.9564 .0224 22244.5 30856.5 73.991 12.96 17.07 3434.
2200. •20976 9.7793 . 0204 24672^5 34311.

6

75.629 13.40 17.52 3575.
2400. •22814 10*6007 • 0187 27596^2 37662.

3

77.168 13.92 18.06 3709^
2600. •24660 11*4226 .0172 30441.1 41537.9 78.638 14.56 18.77 3334,
2800. .26521 12*2443 .0160 33446.9 45381.5 80.066 15 .45 19.72 3953.
3000. •28410 13.0674 .0149 36668. 49452. 7 81.481 16.61 21.02 4065.
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

1*5. aO MPA ISOBAR

TEMPERATURE DENSITY

K KG/CU M

WtDH/DV),

KJ/KG

V<OP/DU(„ • V(DP/DV), (DV/DT)/V THERMAL
P CONDUCTIVITY

MPA-CU M/KJ
X 102

MPA 1/K H/K-M

VISCOSITY THERMAL DIELECTRIC
OIFFUSIVITY CONSTANT

KG/M-S SO M/HR
X 10'

PRANOTL
NUMBER

9U 7 U9C H • f HC Q9 7 All n7 1 • o OH U ? 7 n 71• c 0 U r 1 7ft 1 . R7 • 0 0 I'f IRA QF\
J. 0 O • 7 D 534. 95 n n 1 n 7• U U 1 U c 1 7n C« 7 Q 5 n c 5 n

25. 92. 2852 175i».5 .22980 300.3381 . 00416 189. 95 521. 85 .00102 1.3Q603 2.0046
26. 91.8995 1773.8 .22639 295.6654 . 00422 193.31 476.31 .00101 1. 30464 1. 8431
27. 91.5102 179 2.2 .22310 290.9811 . 00427 196.11 437.86 .00101 1. 30323 1.7103
26. 91.1173 1809.6 .21993 286.2917 .00433 198.43 405.09 .00100 1.30182 1.5998
29. 90.7211 1825.6 .21695 281. 6032 .00439 200. 33 376.93 .00099 1.30039 1. 5065
30. 90. 3216 1839.6 . 211*23 276.9220 .00444 201. 86 352.54 .00098 1.29895 1.4267
32. 89.5132 1865.8 .20897 267.6047 . 00455 202.52 312.59 .00096 1.29604 1.3100
3>». 88.6930 1887.6 .20423 258.3862 .00466 202.41 281.45 .00093 1.29309 1.2220
36. 87.8617 1906.2 .19985 249.3110 .00476 201. 73 256.65 .00091 1.29010 1.1546
3S. 87.0201 1921.2 .19588 240. 4212 .00486 200. 58 236.54 .00089 1.28709 1.1021

<»0. 86.1667 1931.3 .19252 231. 75 7 3 . 00497 199.09 219.96 .00087 1.28404 1.0597
<f2. 85.3086 1940 .0 .18932 223.3571 .00507 197.27 206. 09 .00085 1.28097 1.0266
<»(i. 8'*.<»'«05 1 9i« 8 . 9 .18608 215.2561 . 00516 195.27 194. 34 .00083 1. 27787 1.0011
l»6. 83.5657 1963.8 . 18205 207. 4866 . 00525 193.14 184.27 .00081 1.27475 .9841
<»8. 82.6853 1975.3 .17853 200.0778 . 00534 190.93 175.55 .00079 1.27162 .9695
50. 81.8007 1985.9 .17525 193.0548 . 00542 188.68 167.94 .00077 1.26848 .9574
52. 80.9135 1995.8 .17216 186.4382 .00549 186. 41 161.22 .00076 1. 26533 .9472
5l». 80.0086 2&2Q.3 .16959 182.3746 . 00549 184. 07 155.17 .00075 1. 26213 .9356
56. 79.1 301 2028.7 .16683 175.3816 .00555 181. 86 149.90 .00074 1.25903 .9278
58. 78.2527 20<>1.3 .16436 171.4717 .00557 179.66 145.15 .00073 1.25593 .9189

60. 77.382'» 20<»6.3 .16195 165.8425 . 00562 177. 77 140.87 .00072 1. 25286 .9116
65. 75.2269 2068.5 . 15584 153.8824 . 00569 173. 95 131.74 .00071 1.24529 .8907
70. 73.1119 2095.2 •14983 143.4871 . 00572 170.21 124.33 . 00070 1.23789 .8748
75. 71.0<»8l 2123 .1 .14392 134.0696 .00574 166.64 118.20 .00069 1.23069 .8640
80. 69.0373 2153.9 .13814 125.6357 .00575 163.34 113.03 .00069 1.22371 . 8563
85. 67.0851 2193.I* .13247 118.5543 . 00572 162.98 108.62 .00070 1. 21696 .8362
90. 65.1997 2238.0 .12692 112.3300 .00568 162.51 104.86 .00071 1. 21046 .8201
95. 63.3895 2293.1 . 12164 107.3672 . 00560 162.06 101.66 .00072 1.2Q424 .8051

100. 61.6<»72 23<»7.5 .11656 102.5731 .00553 161. 72 98.93 .00073 1.19827 .7940
110. 5 8 . 3 73 8 2477.7 . 10620 94.2308 .00539 164. 49 87.55 .00076 1. 18711 . 7113

120. 55.3571 2611.1 .09815 87.8588 . 00522 162.49 86.38 .00078 1. 17690 .7245
140. 5 0 . 0 76 0 2920.4 . 08524 79.2331 .00480 166.97 85.43 .00086 1. 15915 .7179
160. 45.6714 3253.1 .07588 73.4478 .00441 173.32 85.61 .00095 1. 14449 .7079
180. 41.9732 3597.2 .06902 69.3320 .00405 179. 03 86.57 .00105 1. 13226 .7043
200. 38.8312 3942.8 . 06393 66.2089 . 00374 184.20 88.11 .00116 1.12197 ,7056
220. 36.1318 4289.5 . 06Q03 63. 7886 .00347 189.24 90.10 .00127 1.11317 .7090
240. 33.7920 4639.0 .05697 61.9605 .00323 194.45 92.42 .00138 1. 10558 .7118
260. 31.7500 4990.6 .05450 60,5518 .00 301 199. 92 94.99 .09151 1.09899 ,7131
280. 29. 9569 5341.6 .05246 59.4287 .00281 205.69 97. 74 .00165 1. 09322 .7129
300. 28.2816 5585.0 .05240 58.2664 . 0G268 211. 71 100.62 .00180 1.06785 .7101

350. 24.9599 6363.1 .04994 56.3024 .00234 227.54 108.20 .00221 1. 07726 ,7075
400. 22. 3557 7119.0 .04832 54. 8534 . 00208 244,01 116.03 .00265 1. 06900 ,7041
450. 20.2547 7861.7 .04718 53.7312 . 00188 260.71 123.93 .00314 1. 06238 ,7008
500. 18.5211 8602.9 .04627 52.8327 . 00171 277.49 131.79 .00367 1.05693 .6983
550. 17.0646 9341.2 .04554 52.0962 .00157 294.28 139.58 .00423 1.05237 .6961
600. 15.8228 10082.7 .04492 51.4811 .00145 311.06 147. 26 .00463 1. 04850 ,6942
650. 14.7509 10827.8 . 04437 50.9600 .00135 327.86 154.83 .00546 1. 04516 .6924
700. 13.8159 11582.5 .04384 50.5130 .00127 344. 68 162.28 .00612 1. 04225 .6911
750. 12.9929 12346.1 .04335 50.1256 .00119 361.55 169.62 .00661 1. 03970 .6698
800. 12.2628 13121.5 .04286 49.7869 .00112 378.50 176.85 .00754 1. 03744 .6888

850. 11.6106 13910.4 .04238 49.4885 .00106 395.54 183.97 .00829 1,03543 ,6661
900. 11.0245 14714.3 .04190 49.2236 . 00101 412. 68 190.99 .00907 1. 03362 ,6875
950. 10.4947 15534.1 .04141 48.9872 .00096 429.93 197.91 .00986 1. 03198 .6871

1000 . 10.0136 16370.2 . 04092 48.7748 . 00092 447. 31 204. 74 .01072 1. 03050 .6869
1100. 9.1728 18C80.3 .03996 48.4094 .0C084 475. 56 218.15 .01229 1. 02791 .6964
1200. 8.4622 1985J.7 .03903 48.1065 .00077 511. 00 231.24 .01414 1. 02573 .6958
1300. 7.8538 21680.0 .03811 47. 8516 .00072 546. 88 244.05 .01608 1.02387 .6956
1400. 7.3271 23564.9 .03723 47.6344 .00067 583.16 256.59 .01813 1. 02225 .6955
1500. 6.8665 25500.4 .03640 47.4472 .00063 619. 73 268. 89 .02027 1. 02084 .6955
1600. 6.4604 27463.4 .03564 47.2842 .00059 656.14 280.95 .02251 1. 01960 .6955

1700. 6.0996 29462.2 .03493 47.1411 .00056 692.65 292.80 .02485 1.01650 .6955
1800. 5.7769 31495.5 .03427 47. 0144 . 00053 729. 31 304.43 .02728 1.01751 .6954
2000 . 5.2241 35679.1 . 03306 46,7994 . 00043 804. 04 327. 08 .03246 1.01563 .6944
2200. 4.7674 40116.6 .03186 46.6216 . 00044 884.32 344. 88 .03812 1. 01444 .6833
2400. 4.3834 44951.7 .03060 46.4667 .00040 976.12 366.21 .04439 1. 01327 .6776
2600. 4.0552 50430.2 .02915 46.3210 .00037 1088.83 387.07 .05151 1. 01227 .6672
2800. 3.7705 56879.9 .02747 46.1698 .00035 1234.69 407,59 .05977 1. 01141 .6511
3000. 3.5199 64685.0 .02556 45. 9966 . 00032 1427.99 427.88 .05949 1. 01065 .6298
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

50.00 MPA ISOBAR

TCMDCDATllDIT
1 t n r t rC ft 1 LI Kt V u L un c 1 ^ u i n t^n T UT p p MA 1 phjT U A t PYtri 1 n H L r I uv wp 1 nr* T T

V

V L L 111
DERIVATIVE DERIVATIVE ENERGY OF SOUND

i;.

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/K6 KJ/KG-K KJ / KG-K M/S

• 25.708 .01069 3.(»533 1.278 279.2 81'».0 1"».915 5.91* 7.33 2061*.
'

i

26. .010 71 3.<*<(30 1.278 280.8 816.1 11.. 997 5.97 7.38 2063.

i

27. .01075 3.1»B72 1. 275 286.1 823.6 15.279 6.37 7.56 2060.
28. .01079 3.3711 1. 271 291.6 831.2 15.556 6.17 7.73 2056.

1; 29. .OlOSij 3.33<*6 1.26 7 297.2 839.0 15.831 6.26 7.90 2051.
'

~30. .01088 3.2989 1.262 302.9 8i»7.0 16.101 6.31* 8. C6 201*7.

32. .01097 3.22'»2 1, 250 31i».7 863. i» 16.631 6.50 8.37 2037.
^' 7^ . 0 11 07 3. 1501 1.236 327. 0 880 . If 17. 1 '7 6. 61* 8.66 2027 .

' 36. .01117 3.0761 1.221 339.7 898.0 17.650 6.76 8.91* 2016.
38. .01127 3.0027 1.205 352.8 916.2 18.11*0 6.87 9.20 2005.

.01137 2.9302 1.187 366. 3 93i«.8 18.618 6.95 9.1*3 1995.
;

i' .

'

.0111(8 2.8590 1.168 360.1 953.9 19.081* 7.02 9.66 1981*.
<»<». .01159 2.7895 1.1'»9 39«t.2 973.5 19.538 7.09 9.88 1972.

.01170 2.7220 1.129 itOS.l 992.9 19.971 7.19 10.13 1959.
<»8. .01181 2.6570 1. 108 i»22. 8 1013. (» 20.1*07 7.26 10.36 191*7.

50. .01193 2.59'»8 1.087 l»37.8 103i>.<» 20.831* 7.33 13.57 1931*.

52. .01205 2.5156 1.065 i»5 3.1 1055.7 21.252 7.38 10.76 1923.
5>. .01217 2.'»797 1.0(>3 «»68.7 1077. It 21.662 7.1*3 10.9(» 1911.
56. .01230 2.i»27i» 1.021 i»8l». 7 1099.7 22.068 7.1*5 11.10 1900.
58. .012'«3 2.'»097 1.002 500 .6 1122.2 22.1*61* 7.1*7 11.21 1901.
60. .01256 2.3577 .9796 516. 7 ll'f'f.8 22.81*6 7.1*9 11.31* 1890.

65. .01290 2.2638 .92<»8 557.3 1202.1 23.762 7.52 11. >0 1869.
70. .ai32>> 2.1798 .8710 598.6 126 0.7 21*. 630 7.55 11. 62 181*7.

75. .01360 2.10i»3 .8199 eifO.S 1320.2 25.1*52 7.59 12.01 1826.
80. .01396 2.0360 . 7723 682.8 1380.

8

26.231* 7.61* 12.20 18 01*.

85. .0i<«33 1.9731* .7280 725.6 lit 1*2.

3

26.980 7.70 12.39 1782.
90. .01«»72 1.9221 .6869 768.8 150i». 7 27.691* 7.78 12.57 1762,
95. .01511 1.S31D .6<.89 812.5 1567.

9

28.377 7.87 12.72 171*1*.

100. .01550 1.85'>6 .6139 856.7 1631.9 29.033 7.97 12. 85 1730.
110. .01631 1.7960 .5528 gifS.l 1763.7 30.287 8.27 13.25 1696.
120. .0171<» 1.7591 .5009 1897.1* 31.1*51 8.51 13.51* 1673.

1(*0. .01863 1.7337 .1*181* 1231.0 2172.7 33.572 8.98 11*. 00 161*1*.

160. .02055 1.71*91 .3569 11*28.1 21*55.8 35.1*61 9.1*0 11*. 32 1632.
180. .02228 1.7838 .3103 1630.5 271*1*.

5

37.161 9.75 11*. 57 1633.
200. .021*00 1.8323 .271*0 1837.1* 3037.6 38.705 10.03 11*. 76 161*2.

220. .0 25 73 1.6865 . 21*53 201*7.7 3331*.

0

1*0.113 10.26 11*. 91 1655.
2<*0. .Q27<*1» 1.91*85 .2218 2260.8 3633.0 1*1.1*19 10.1*1* 15. 01 1673.
260. .02916 2.Q170 . 2022 21*75.8 3933.6 1*2.622 10.58 15.06 1695.
280. .03085 2.0909 .1856 2692.1 1*231*.

8

1*3.738 10.68 15.07 1718.
300 . .03263 2.1638 .1730 2896.6 1*528. 0 1*1*. 728 10.55 11*. 97 1752.
353. .03686 2.3550 .11*61 31.31.9 5275.0 1*7.033 10.59 11*. 90 1820.

1*00. .01*106 2.51*98 .1266 3965.3 6018.3 49.018 10.59 14.33 1890.
l*5(). .01*523 2.71*63 .1118 1*1*96.1* 6758.1 50.760 10.57 14.76 1958.
500. .01*939 2.91*1*0 .1002 5025.1* 7494.9 52. 312 10.56 14.72 2026.
550. .05351* 3.11*21* .0908 5553.0 8229.6 53.714 10.55 14.68 2091.
600. . 05767 3.31*11* . 0830 6080.

1

8963.

8

54.966 10.55 14.67 2155.
650. .06180 3.51*10 .0 765 6606.9 9697.1 56.156 10.56 14.57 2218.
700. .06593 3.71*11 .0710 7134.5 10431.0 57.253 10.56 14.68 2278.
750. .07005 3.91*16 .0 662 7663.1* 11166.0 56.268 10 .61 14.71 2337.
800. .071*17 I*. 11*25 .0620 8193.8 11902.4 59.219 10.66 14.75 2394.
850. .0 7629 1*. 31*37 .0581* 8726.6 12641.2 60.114 10.71 14.30 2450.

900. .08241 1*. 51*53 .0 551 9262.1 13382.

6

63.961 10.77 14.86 2504.
950. .0 865 3 1*. 71*72 .0 522 9800.7 14127.1 61.765 10.84 14.93 2556.

1000. .09065 1*. 91*91* .01*96 10342.9 14875.2 62.531 10.92 15. 01 2608.
1100. .09888 5. 351*5 .0451 11441.2 16385.2 63.960 11.10 15.18 2706.
1200. .10711 5.7601* .01*13 12558.1* 17914.0 65.282 11.29 15.38 2801.
1 300. .11535 6.1670 . 0382 13695.8 19463.1 66.522 11.50 15.59 2691.
11*00. .12358 6.571*3 . 0351* 11*651*.!* 21033.4 67.693 11.72 15.81 2978.
1500. .13162 6.9821 .0331 16034.1* 22625.2 68.805 11.94 16.03 3061.
1600 . .11*005 7.3901* .0310 17234.9 24237.5 69.838 12.15 16.24 3143.
1700. .11*829 7.7990 .0292 18456.

7

25871.2 70. 824 12.36 16.45 3222.

1800. .15653 8.2060 .0276 19699.7 27526.1 71.769 12.57 16.66 3299.
2000. .17301 9.3268 .021*8 22248.6 30899.3 73.557 12.97 17.07 3447.
2200. .18951 9.81*65 .0226 24875.9 34351.2 75.194 13.40 17.51 3587.
21*00. . 20601* 10.6670 .0?0 7 27597.0 37899.0 76.732 13.91 18.04 3720.
2600. .22261* 11.1*881 .0191 30436.0 41568.2 78.200 14.55 18.72 3845.
2600. .23938 12.3096 .0178 33430.5 45399.7 79.624 15.39 19.64 3964.
3000. .25635 13.1315 .0166 36632.2 49449.7 31.030 16.50 20.88 4076.

" THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

50.00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/DVIp VIOP/DUly -V<OP/D\/»j

K KG/CU M KJ/KG MPA-CU M/KJ MPA
X 10^

• 25.708 93.5095 1851.7 .23018 322.9196
26. 93, (,612 1858 .0 ,22917 .321 . 5761
27. 9 3.0286 1879.3 .22574 316.9646
28* 92. 6530 1899.6 . 22244 312.3381
29. 92.27J.5 1918.3 .21935 307.7025
30. 91.8933 1935.1 .21652 303.0636
32. 91.1229 1966.3 . 21109 293.8000
3i». 9 0 . 3 42 7 1992.9 . 20621 284. 590 9
36. 89. 5533 2015.8 . 201 72 275. 4789
38. 88.7551 2034.7 . 19767 266. 5040
40. 87. 9489 204 8 .

1

.19426 25 7. 70 42

%2. 87. 1 352 2059.8 . 19102 249.115 3

O 0 . 1? X *. D 2071.

2

. 18777 &*.U. ffUV
<>6. 85. 488 0 2088.9 .183 73 232. 7010
48. 84.6562 2102.6 .18022 224.9347
50. 33.6203 2114.6 .17696 217.4966
52. 82. 9812 2125.6 .17390 210. 4081
54. 8 2 . 1 40 3 2135.6 .17104 203. 6869
56. 81. 2989 2144.

7

. 16841 197. 3461
58. 80.4310 2168 .3 .16667 193.8173
60. 79.600 3 2173.0 • 16434 187,6705

65. 77.5440 220 2 .

2

. 15863 175.5411
70. 75. 5271 2234.0 . 152 79 164.6374
75. 73 .5548 226 8 . 5 . 14694 15 4. 81 64
80. 71.6309 2304.7 .14118 145.8433
85. 69. 7620 2343.5 .13549 137.6651
90. 67. 9453 238 9.4 . 12991 130 • 5979
95. 66.1884 2441 .1 .12460 124.5019

100. 64.i»956 250 4.1 .11948 119.6114
110 • 61. 3053 2638.9 . 10904 110 . 1069
120

.

58 .3468 2773 .5 .10091 102 . 6367

1<»0. 5 3.0937 3079.6 . 08772 92. 0502
160 • 48.6518 3415 . 0 . 078 04 35. 0971
180. 44. 8845 3760 .

1

> 070 90 80 . 0658
200. 41.6582 4110.1 .06557 76.3289
220. 38.8704 4456.4 .06149 73.3272
2<»0 . 36.4373 4803.0 .05831 70 .9973
260 . 34. 2992 5151 .6 . 0 55 74 69. 1826
280. 32. 410 8 5502.7 .05362 67. 7689
3 00. 3 0. 6495 57J 9.

9

. 05347 6 6. 3210
350. 27. 1292 6517.4 . 05C84 63.8894

<»00. 24. 3547 7273.1 . 049C9 62. C985
(tSO • 22 . 1071 8015.4 . 0 4785 60. 7131
500. 20. 2464 8756.5 . 04686 59.6048
550. 18.6789 9494.5 .04607 58.6964
600. 17.3392 10235.6 .04539 57. 9379
650. 16. 1 80 4 10980.

5

. 04479 57. 2953
700 . 15.1678 11734.9 • 04423 56. 7441
750 • 1 4 . 2 75

1

12498 .

2

• 043 70 56.2665
800 • 1 3. 4820 13273.5 . 0 4319 55. 8489
850. 12. 7726 14062.

3

. 04268 55.4809

900. 12.1343 14866.2 .04217 55.1545
950. 11.5569 15686.0 .04166 54.8631

1000. 11.0320 16522.3 .04115 54.6014
1100. 10.1133 18232.8 .04017 54.1514
1200. 9.3359 20003.8 .03921 53.7787
1300. 8.6695 21833.9 .03828 53.4653
1(»00. 8.0919 23719.9 ,03736 5 3.1985
1500. 7.5863 25656.2 .03653 52.9686
1600. 7.1402 27620.2 .03576 52. 7687
1700. &.7i»36 29619.5 .03505 52.5934

1800. 6.3887 31652.9 .03438 52.4382
2000. 5. 7801 35833.8 .03315 52.1754
2200. 5.2769 40260.4 .03196 51.9590
2<»00. 4.8535 45067.5 .03070 51.7719
2600. 4.4915 50488.2 ,02929 51.5984
2800. 4.1774 5 6 83 3 .8 .02765 51.4221
3000. 3.9009 6447 0.2 .02578 51.2248

» THO-PHASE BOUNDARY

(DV/DT»/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
P CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

1/K H/K-M KG/M-S SO H/HR
< 10^ X 1

0^

. 00396 198. 99 567.99 .00105 1. 31046 2. 0922
• 00397 199.97 552.43 .00104 1.31007 2. 0392
.00402 202.99 504. 76 .00104 1.30872 1. 8795
. 00407 205. 49 464.37 .00103 1. 30 736 1.71.71
. 00412 207.56 429. 87 . 00103 1.30600 1. 6356
• 00416 209. 24 400. li» .0010 2 1. 30 462 1 . 5406
.00425 210. 09 351.80 . 00 099 1. 30181. 1.4009
.0 0434 210. 12 314. 46 • 0 0 097 1. 299 02 1. 2956
. 00443 209.56 284.97 . 00094 1 . 29618 1.2150
. 00452 208. 49 261 . 23 .00092 1. 29331 1.15 2 2

• 00461 207.06 2^1.60 . 30090 1 . 29 0 42 1.1015

. 00469 205. 28 225. 65 ,00088 1.28750 1.0618

.00if77 203.30 212.06 .00086 1.23456 .0309

. 00485 201. 19 200.49 . 00081. 1.28161 1.0097

.00493 198.98 190 . 53 .00082 1 . 27864 .9917

.00500 196. 71 181 .87 .00 080 1.27566 .9770

. 00506 194. 42 174. 28 .00 078 1 .27267 . 9646

. 00512 192.11 167. 58 . 00 077 1. 26969 .9541

.0 0517 189. 82 161.62 . 00076 1. 26670 . 9448

.00517 13 7.45 156.13 .00 075 1. 26363 .9335

.00522 1 95.50 151. 37 . 00074 1. 26069 . 9256

.0052 7 181.57 141. 30 .00 0 73 1. 25343 .90 29

.00529 177.73 133.23 .00072 1.24634 .8860

.00530 17l».03 126.58 .00071 1. 2391.4 . 8738

. 0 0530 170. 61 121. 00 .00 0 70 1. 23272 • 8655

.00529 170.24 116 .25 .00 071 1 . 22 622 . 8462

. 00526 169. 74 112.16 . 00072 1 . 21993 .8305

.0 05 21 169.22 108 . 64 .00 0 72 1.21386 .8168

. 00513 168. 82 105.61 .00 073 1.20803 . 8040
, 0050 2 170. 66 90 .67 . 00076 1. 19710 .7038
.0 0486 168. 35 89. 59 .00 077 1. 18702 . 720 3

. 0 0455 173. 67 88.69 .00084 1. 16927 .7148

. 00419 i61. 00 88.78 . 00094 1. 15439 . 7025

. 00388 187.20 89.56 .00103 1. 14188 .6971

. 00359 192. 31 90 . 88 .00113 1. 13124 . 6973

. 0 0335 196. 92 92.65 .00122 1 . 12210 .7013

.00312 201. 49 94. 75 . 0 C 133 1. 11416 . 7057

. 00292 206. 26 97. 12 .0 Dl<.4 1. 10 722 .7091

. 00274 211.33 99.69 .00156 1.10112 . 7107

. 00261 216. 71 102.41 .00170 1. 09544 .7075
, 00229 231 . 22 109.66 .0 0 206 1 . 08417 .7068

e 00204 246. 76 117. 24 .0C2'.6 1 . 075 34 .7045
. 00184 262. 82 124.94 .00290 1. 06822 .7C17
.00168 279.15 132.66 .0C337 1. 06235 .6993
.0 0155 295.61 140 . 33 .00388 1.05743 .6971
. 0J143 312.16 147 . 92 . 0 0442 1.05 323 .695 2

. 0 0 134 328.78 155 . 41 . 0 0 499 1. 04961 . 693 4

. 00125 345. 46 162. 80 .00558 1 . 0461.6 .6919

. 00116 362.23 170 . 09 . 0 C 621 1. 04366 .6906

. 00111 379 • 0 9 177 3 27 .0 0 686 1 . 04122 . 6895

.00105 396. 06 IB"*. 35 . 00 751. 1. 03902 .6887

.00100 413.14 191. 34 .00825 1.03704 .6881

.00095 430.35 198.21. .0C898 1.03526 .6876

. 00091 447. 69 205. 04 .00973 1. 03364 .6871.

.00083 475.56 213.41 .01115 1. 03081 .6973

. 00077 511.00 231.47 .01281 1.02842 .6965

.00071 546.88 241.. 25 .01457 1.02637 .6961

. D0067 583.15 256.77 .0161.1 1.02460 .6959

.00062 619.73 269.05 .01835 1. 02305 .6959

. 00059 656. 13 281.10 .02037 1. 02168 .6959

.00056 692.62 292.93 .02247 1. 0201.7 .6958

.00053 729.25 304. 56 .021.67 1. 01938 .6957

.00048 803.80 327.19 .02934 1.01752 .6947

. 00043 883.59 34(».88 .03443 1. 01599 .6835

.00040 97i». 21. 366.21 .0U006 1. 01470 .6781

.00037 1084.67 387.07 .01.643 1. 01360 .6681

. 00035 1226. 48 40 7. 57 .05381 1. 01264 .6528

.00032 1413.28 427.84 .0621.6 1. 01180 .6322
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

55.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHE^H ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
riFR Tl/ A TT Mr E NERG

Y

ur duunu
K CU M/KG CU M-MPA/KG MPA/ K V0 / INU TV K J /KG KJ / KG" K M/S

* 26«6*»6 .010 57 3.6 392 1.307 287.1 8 68.6 14.972 6.01 7 1

1

r . < X c xxo •

27» . 01059 3.6 271 1. 305 2 89.0 871. 3 15.070 6.05 7. 7 2117 •

28. . DID 63 3.5926 1.30 2 294.3 878.8 15.3 44 6.15 7.64 2113 .

29. • 0 10 67 3.5577 1.298 299. 7 886. 6 15. 616 6^24 7 ft 1'.ox 7 1 n Qc X U 7 .

30 . • 010 71 3.5225 1 . 293 305.3 894 .4 15.383 6.33 7.96 2 10 5 •

32 . -(11 0 ft n 3 . *f 51'f 1.282 316 . 8 910.7 16.406 6.49 8.26 2 0 9 7 *

3<». •01088 3.3796 1. 268 328.8 927.5 16.916 6*63 8.55 2087.
36. .01097 3.3076 1.251* 341.2 944.8 17.412 6.76 8.82 2077.
38* • 0 11 07 3.2 3 57 1.238 354 .

1

962. 7 17. 8 96 6 . 87 9.07 2067.
40. • 0 1116 3.16^3 1.221 367 . 2 981.1 18.367 6.95 7 n c; 7c u 7 r «

Ii2 , • 0 11 26 3.3 937 1.203 380.7 999. 9 18. 826 7.03 9.52 2047.

• 0 11 3 6 3 . 0 2 1 . 1 0 H 1 U X 7 . C 1 Q 9 7Ii1 7 . c f 7 in
r . xu Q 7L. 9 n 7 c

46. • Oil <»6 2. 9566 1 . 165 408 . 0 10 38.4 19.7 00 7.21 9.93 20 23.
48 . • 3 115 7 2*6906 1.14 5 422 . 4 10 58.5 2 0.129 7.29 10.20 2 011.
50 m • 0 11 67 2 . 8269 1 . X C 7 437.1 4 n 7Q 11 U ( 7 . X 20 .550 7 35 in b.

n

X U • f u 7 n n n& u u u •

52. « 0 11 78 2. 7656 1.104 452 • 1 1100.1 20 . 961 7.41 10.59 1 988 .

5i». •01189 2.7071 1. 083 467.3 1121.5 21.365 7.46 10.77 1977.
56. •01201 2.6515 1.061 483.0 1143.5 21.765 7.50 10.93 1966.
i*fi

.

?o . • 0 1213 2.5990 1 n it! '(96.5 X X 07 . 7 7 7 1£ c . X 7X 7 <i 7 11 n 7X 1 . U ( X 77 D .

DU a • 0 12 ZU C . 5 * ^ "3 1 . U X O 51(f . 3 1 1 A 7 7X X 0 f • r ? 7 cooCC m ^ CO 7 R L. 1 i 1 QX X . 1. 7 1 0 f. cX 7*fD .

2 • 7 5'» OC^ Q'l c C I. 7 1 2'*'* . 7 1 5. * T C 7
f . 7 f 1 1 . *i 6 1 ^-5 7 .

70 . • 0 12 8 7 2.38 95 .9170 59^^ . 9 1302.6 24.297 7.61 1 1 . B 6 1 Q 1X 7 X D .

75 . • 0 131

9

2.3173 . 8665 636.1 1 361 . 6 2 5.111 7.65 11.87 1 897.
80. • 0 1352 2. 2 tt38 • 8 1 87 677. 9 1 '*2 1 . 'fr 25.3 84 7.70 12.07 18 75.
65* • 013 86 2.1303 . 7 7*»3 720.1 1 482 .

2

26. 621 7.77 12.2 6 1855.
90 . • 0 l't20 2.1219 . 7327 762 • 9 15'*3 . 9 27.327 7.85 12 .44 1 834 .

95. .01*f55 2.0737 .6939 806.2 1606.6 26.004 7.94 12.61 1815.
100. • Qlif91 2o0336 .6579 850.0 1670.0 28.655 8.04 12.77 1797.
110 • • 0 15 6** 1.9 7 86 . 5 9'tO 9'f 0 . 9 18 01.0 29.901 8*34 13.14 1 765*
120. • 0 1638 1.9310 • 5'fr05 1032 .8 193 3.7 31 • 0 56 8.56 13.45 1740 .

I'tO • « 0 179C 1.8 38^ . 5*#5 1222.9 22 07.6 J 0 • X 00 9.05 13.96 1707 •

160 • • 019<*5 1.8 907 • 3891 1*»20 . 2 2if90 «

1

35. 0 51 9.45 14 . 31 1691 •

180 • •02102 1.9181 .3 390 1 623 .

0

2 778« 9 36.751 9.81 14. 5 7 1688 .

2 00. • 0 2257 1. 9596 • 2998 1830 • 30 72^0 38.2 95 10.09 14.76 1693 •

220. • 0 2't 1

3

2.0 0 95 . 2 685 20 ifl • 3 3 363.6 39.7 09 10.32 14. 91 1704.
2i»o . • 0 2569 2.0 6't8 • 2 31 2 255 •

0

?ftP»7- ft 41.011 10 . 49 15.0 3 1720 .

260. • 0272(» 2.128Q • 2220 2*»70^7 3 968.9 42.216 10.63 15.09 1738.
280. .02878 2.1975 .2039 2687,9 *»270.9 43.335 10.73 15.12 1760.
300 . • U OU O 7 2.2 68 7 . 1 899 28 92 •

3

^5 63 . 7 44.323 10.59 15.00 1 792 .

350 . • U OH'C * C . H 7? 0 1 n. X D u 7 oHt 0 • y 7 ox X . 7 46 s 6 31 1 n fi7X U * 0£ XH . y J X 0 7 # .

40 0. - n ^ft n• U U !3 2 . 6^1 66 . 1 390 3963 •
c.n cc, -ID U 7D . a 48 .619 10.62 14 . 8 5 1924.

450 . • 0 'fl 85 2 . 8 0 ^ 1 7 9 A. X c c 0 '95 .
C 7QC Q en 1 nX u • 7 7 14 .77 1 QQnX 7 7 u .

5 00. • 0 *f5 62 3.0 358 .110 0 5025.2 73Sh .

5

m Q 1 7~ X . 7 X f 1 n ^ftX u . 7 0 14.73 2056.
550 . • 0 9 39 3 . 2 322 . 0 997 5553 .

5

8269.

8

5 3. 319 10.57 14 .69 2120 •

SCO

«

• 0 5315 3. *>2 9** • 0 9 1

2

6 0 81 . 2 9004.2 54.594 10.57 14.68 2 1 82 .

650. • 0 56 90 3 • 62 7** . U OH J
e:c n a cD D U 0 . 7 9737.

8

55 . 765 10.58 14.67 2243 .

700. •06065 3.8259 .0779 7136.5 10472.0 56.860 10.60 14.69 2302.
750. .06i»39 '•.0251 .0727 7665.7 11207.1 57.876 10.63 14. 71 2360.
800 . • 0 681

3

2 2

7

.0681 8196

.

^ 11943.

7

5 8.827 10.67 14. 75 2416 .

650. • U r 1 O r 't • 2 4 7 n f& 1
. u 0 1 A77 Q 1 7f> A7Xc D 0 c • D c G 7 ?07 ^ • t CC in 7

?

1 £1, AnX H . 0 u 2471

.

Q n n • U f 7 O £ Q 9C. 9? tDt> • t 13424 .

1

6 0.568 1 u . r 0 x*» . 0 0

Q c n n 7Q It H . 8 261 . 0 573 9 80 H * 1 14168 •

6

D X • 0 r c in A £.1 u . Ob m. 7

0

9 c;7ft

10 00. • 0 83 10 5 . 0 272 • 0 545 1 0 3'>6

.

149 16 .

7

62^139 10.94 15.01 2627.
1100. •09058 5.i»3a& .0495 11445.

1

16426.7 63.563 11.11 15.18 2724.
1200. •09805 5.83<»9 .0454 12562.5 17955.5 64^390 11.30 15.33 2818.
1300. • 1055I* &.2itC2 .0419 13700.2 19504.6 66.129 11.51 15.59 2907.

•11302 6.&i«62 . 0 339 14S58.9 21074.8 67.300 11.73 15.80 2993.
1500 . .12050 7.0529 .0363 16039.1 22666.

6

68.412 11.95 16.03 3076.
1600. .12798 7.1»601 .0341 17239.8 24278.8 69.446 12.16 16.24 3157.
1700. .135tt7 7.8678 .0321 18461.7 25912.4 70.432 12.37 16.45 3235.
1800. • 1*»295 8.2763 . 0 30 3 19704.7 27567.

1

71. 377 12.57 16. 66 3311.

2000. .15793 9.0933 .0273 22253.

7

30939.9 73.164 12.97 17.06 3459.
2200. .17292 9.9118 .0248 24880.0 34390.8 74.300 13.40 17.50 3598.
2<»00. .18795 10.7312 .0228 2 75 99.0 37936.0 76.337 13.89 18.02 3731.
2600. •20303 11.5513 .0210 30433.0 41599.8 77.803 14.52 18.69 3856.
2800. • 2182i* 12.3721 .0195 33417.7 45420.8 79.224 15.33 19.57 3974.
3000. • 2336tf 13.1933 .0182 36602.2 49452.5 80.624 16.40 20.77 4087.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

55.00 MPA ISOBAR

TEMPERATURE DENSITY V (DH/OVIp VCOP/DUJ,,
T

(DV/DT»/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
V P C0NDUCTI7ITY DIFFUSIVITY CONSTANT NUMBER

K KS/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-H KG/M-S SQ i/MR
X 10^ < 10^ X 10^

9'».5778 1952.1 .22975 31*1*. 1862 . 30380 208. 55 601.69 .00107 1.311*31* 2,1378
27. 9(«. 1*^03 1960 .6 .2281*9 31.2.5778 .00 381 209.63 581.97 .00107 1.31368 2. 071*2

2S. 9'f .0893 1983.8 .22505 336.0217 .00385 212. 31 532.32 .00106 1.31257 1.9159
29. 93.7257 2005. <* .2218? 333.1*1*76 . 00389 211*. 5/, 1*90. 11* .00106 1. 31125 1. 7832
30. 93.3597 2021*.

8

.21889 326.8612 . 00393 216.36 1*51*. 00 .00105 1.30992 1. 6705
32. 92. 6212 2061.2 . 21326 319. 671*1 . 001*01 217. 38 395 ,65 .0010 2 1.30725 1. 501*0

31*, 91.8 7«»6 2092.5 .20622 310. 5035 . 001*09 217.51* 350.98 .00100 1,301*55 1.3791
36. 91.1202 2119.9 .20360 301.3902 . 001*16 217.08 315.99 ,00097 1. 30183 1.2836
38. 90.3586 211*2.8 . 1991*5 292.3729 . 001*23 216.08 288.03 .00095 1.29908 1.2092
dO. 89.5903 2159.8 .19596 283.1*879 . 001*31 211*. 69 265.29 .0C093 1. 29631 1.11*92
<i2. 88.8157 2171*.

6

.19266 271*. 7696 .001*36 212.91* 21*6.52 .00091 1.29353 1.1020

88.0353 2189.3 .18936 266.21*99 . 001*1*5 210. 98 233.82 .00089 1,29073 1.0651
(»6. 87.2i»98 2299.8 . 18529 257.9587 .001*52 208. 66 217.52 .00086 1.28791 1.0392
i»S. 86.1*597 2225.9 . 18177 21*9.9233 . 001*56 236. 65 206.1'* . 00 061* 1.28508 1.0173
50. 85.665 7 22<*0.1 .17850 21*2.1633 .001*6'* 201*. 36 196.31 .00063 1.23221* .9993
52. 6k. 8687 2252.7 .1751*1* 231*. 7155 .001*7 0 20 2. 01* 1 67. 73 . 0 D 0 81 1 . 2791*0 . 981*1*

51*. 8i».a695 2261*.

0

.17259 227.5835 .001*76 199. 71 180. 19 • 00079 1.27655 .9718
56. 83.2691 2273.7 .16998 220. 7875 .001*61 197. 38 173.51 .00078 1.27370 ,9608
58. 82.1«687 2281.1* .16767 21i*.3387 .001*85 195.06 167.55 .00077 1.27085 .9507
6C. 81.6692 2289.1* .1651*2 203. 21* 1*6 .001*69 193. 03 162,21 .00076 1,26801 .91*06
65. 79.6560 2333.9 . 16072 197. 1767 . 001*91 188. 61* 153.86 . 00071* 1. 26088 .9151

70. 77.71l»0 2366.1 . 15511* 185.6980 .001*91* 181*. 85 11*2.00 .00073 1.251*03 .6975
75. 75.8132 21*07.7 .11*91*6 175.6616 .001*93 131.00 131*. 76 .00072 1.21*735 ,681*2

80. 73.9677 21*1*6.5 .11*371* 165.9722 . 001*93 177, 1*6 128. 76 .00072 1. 21*088 ,8756
85. 72.1689 21*90.6 . 13811 157.31*62 .001*92 177. 09 123.66 .00072 1.231*60 .6558
90 • 70 . '19 7 253 7.1* . 13251* 11*9. 1*223 . 00<*90 176. 57 119.28 . 00073 1, 22 851 ,61*06

95. 68.7183 2589.9 .12717 11*2.5027 .001*87 176.00 115.1*8 .00073 1,22261 .6271*

100. 67.0733 261*7.9 .12198 136.1*020 .001*62 175.51* 112.18 . 00071* 1,21691 .6161
110. 63.950'* 2798.1* .11136 126.5290 .001*69 176. 26 93.1*7 .0D076 1,20616 .6966
120. 61.0551 2933.1 .10322 117.8960 .00'*58 173.70 92.51 .00076 1, 19625 .7161
I<f0. 55. 855<* 3236.9 . 08993 105.1*773 .a0'*31 179.99 91.71* .00083 1.17656 .7113

160. 51.'»027 357l>.5 .06000 97.1666 . 001*00 186.57 91.81 .00092 1.16359 ,6967
ISO. It7.58l»9 3923.3 .07262 91. 2726 . 00371 195.53 92.1*8 .00102 1,15 081* .6891
200. (»<>.2982 '*27i*.9 .06706 66. 8068 . 003'*5 200. 82 93.63 .00111 1, 13991* .6683
220. '»1.'»370 1*621*.

8

.06281 63.2668 .00322 205.15 95.20 .00120 1,13051 .6921
2<»0 . 38 • 9298 1*967 .9 . 05952 60.3801* . 0 0302 209, 16 97.11 .00129 1, 12229 . 69 76
260. 36.7130 5312.

S

.05688 78.121*1* . 00281* 213.25 99,29 .00139 1, 11506 ,7028
280. 3i». 7'»^2 5660.3 . 051*71 76.31*69 .00267 217.61 101.69 .0011*9 1.10866 .7065
300. 32.9061 5891*.!* .051*50 71*. 651*0 . 00251* 222.30 101*. 2S ,00162 1,10272 ,7033
350. 29.208'* 6671.6 .05170 71. 711*6 .00221* 235.38 111.17 ,00191* 1.09082 .7050
(»00. 26.279'* 71*27.0 .01*981* 69.5512 . 002QO 21*9. 87 118.50 ,00231 1. 0311*6 .701*0

(»50. 23.8972 8169.1 . 01*81*9 67.8786 .00181 265.21 126.01 ,00270 1. 07366 .7020
500. 21. 9189 8910.1 . 01*71*3 66.51*09 . 00165 281.02 133.57 .00313 1.06762 ,7000
550. 20.2'*77 961*7.8 .01*657 65.1*1*1*1* .03152 297.11 11*1.12 .00360 1.06236 .6979
600. 18.8162 10398.7 .01*581* 61*. 5288 .0011*1 313. 36 11*8,61 .301*09 1, 05766 .6960
650

.

1 7 . 5 75 5 11133.

2

• 01*520 63, 7529 .00132 329. 79 156. 03 . 0 0 1*60 1. 05397 ,691*2

700. 1&.'*89'* 11887.1* .01*1*60 63.0873 . 00121* 31*6. 32 163.35 . 0C515 1, 05058 .6927
750. 15.5303 12650 .5 .01*1*01* 62.5101* .00116 362.97 170.58 .00572 1.01*759 .6911*

BOO. 1<*.6771 131*25.5 .01*350 62.0060 .00110 379.71* 177.72 .00632 1. 01* 1*93 ,6932
850. 13.9131 11*21'*.

3

.01*296 61.5616 . 00101* 396. 63 181*. 76 . 0C69I* 1. 01*256 .6693
900. 13.22'*8 15018.1 .01*21*3 61.1673 .00099 1*13.65 191.72 .00758 1. 01*01*2 .6886

950 . 12.6015 15837.9 .01*191 60.8151* . 00091* 1*30.60 196.56 .00621* 1.0381*9 .6882
1000. 12.03'*3 1667'*.

3

.01*136 60.1*995 . 00090 1*1*8.09 205. 36 .0}893 1.03671* .6879
1100. 11.0 1*0 5 18385.1 .01*037 59.9563 . 00083 1*75.56 216.69 .01021 1.03367 ,6981
1200. 10.19S1* 20156.

e

.03938 59.5066 . 00076 511. 00 231,71 .01173 1.03107 ,6972
1300. 9.'*755 21987.1* . 0381*3 59.1289 .00071 51*6.86 2i*l*,i*7 .01333 1.02881* .6967
11*00. 8.8'»83 23871*.

1

.03752 58.8073 . 00066 583.15 256,97 .01501 1. 02692 .6961*

1500. 8.2968 25811.1* .03665 56.5307 . 00062 619.73 269. 23 ,01677 1.02523 .6963
1600. 7.8136 27776.0 .03587 58.2902 .00058 656.12 261,26 .01861 1. 02371* ,6962
1700. 7.3819 29775.8 .03515 56.0791* .00055 692.60 293.06 .02053 1.0221*2 ,6962
1800. 6.9953 31609.1* .031*1*7 57.6931 .00052 729.20 301*. 69 .02253 1. 02121* ,6960

2000. 6.3319 35987.9 .03321* 57.5781 . 0001*7 603.60 327.30 .02676 1. 01921 .691*9

2200. 5.7829 1*01*05.1 . 03201* 57.3195 . 000<*3 882.96 31*1*. 88 .0311*1 1. 01753 .6836
2(»00. 5.3207 1*5188.1 .03080 57.0975 .0001*0 972.62 366.20 .03652 1.01612 .6785
2600. I*. 9253 50559.1 .0291*1 56.8939 .00037 1081. 08 387. 06 .01*229 1.011*92 .6690
2800. i».5822 56815.3 .02781 56,6907 . 00031* 1219.1*2 1*07. 55 .01*691, 1. 01367 .651*2

3000. '*.2801 61*306.6 .02596 56.1*680 .00032 11*00.61 1*27.81 .05673 1,01296 .631*3
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HrOROGEN (ISOBARS, SI UNITS)

60.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM
DERItfflTIVE

X CU M/KG CU M- MPA/ KG

27.559 .010<t6 3.8220
28. .010<»8 3.807<»

29. .01052 3.77'»1
30. .01056 3.7i»0'»

32. 9 0i0 6<» 3.6720
3tt, .01072 3.6026
3b, .01080 3.5327
38. .01089 3.'»625

1*0, .01098 3. 3921*

<»2. .01107 3.3228
1*1* m • 01116 3.25'»1

t»e. .01125 3.186(>
I*6m . 01135 3.1202
50. .011<t5 3.0557
52. .01155 2.9932
5(i. .01165 2.9329
56. .01175 2.8751
58. .01186 2.8199
60. .01197 2. 7676
65. .01225 2.&i»98

70. .0125<» 2.5870

75. .012ei» 2.5083
60 . .0131it Z. 1*1*71*

85. .ai3it5 2.3781*

90. .01376 2.320<»
95. .01<>08 2.2690

100. .Q1<«<»0 2.2209
110. .0 15 07 2.1<»97
120. .0157«» 2.1021
li«Q. ,01712 2.a<>ll

160. .0185i> 2.0338

ISOCHORE INTERNAL ENTHALPY
DERIVATIVE ENERSV

MPA/K KJ/KG-K KJ/KG

1 . 334 295.

1

922. 7

1.333 297.4 926.0
1. 329 302.7 933.7
1.321* 308.2 941. 5
1.313 319.4 957.5
1. 300 331.1 974.2
1.285 343.3 991.3
1. 270 355. 8 1009.0
1. 253 368.7 1027.

2

1.236 381.9 1045.8
1.217 395.4 1064.8

1.199 40 8. 6 10 83.7
1. 180 422. 8 1103.6
1. 160 437,2 1124.

0

1 . lifO 45 1 . 9 1144.

7

1. 119 466.8 1165.7
1. 09"^ 482,2 1187.4
1.078 497.5 1209.1
1.057 513.0 1231.1
1.00<» 552.2 1287.0
.9585 592.2 1344.8

.9089 632.9 1403.2

.8616 674.2 1462.6

.8168 716.0 1522.8

. 7751 758.3 1584.0

.7361 801.3 1646.1

.6 991* 844.8 1709.0

.6333 935.2 1839.1

.5771 1026.

7

1971.1
.<»e86 1216.3 2243.6
.4201 1413.5 2525.7

ENTROPY CV CP VELOCITY
OF SOUND

KJ/KG-K KJ / KG-K M/S

15.027 6.09 7.49 2169.
15. 146 6.13 7.56 2167.
15.415 6.23 7.73 2164,
15.679 6.31 7.88 2161.
16.197 6.48 8.18 2153.
16.701 6.62 8.46 2144.
17.192 6.76 8.72 2135.
17.671 6. 87 8.97 2126.
18.136 6.96 9.19 2116.
18. 589 7.04 9. 40 2107.
19.0 31 7.12 9.61 2096.

19.452 7.22 9. 85 2084.
19.875 7.30 10.06 20 73.
20.290 7,38 10.26 2062.
20.696 7.44 10.45 2050.
21.094 7.49 10.52 ZG39.
21. 489 7.53 10.78 2028.
21.870 7.56 10. 92 2018.
22.242 7.58 11.05 2008 .

23.137 7.62 11.33 1985.
23.993 7,66 11. 57 1977.

24.799 7,71 11.78 1968.
25.565 7.76 11.95 1941.
26.296 7. 83 12.14 1920.
26.996 7.92 12.33 1901.
27.667 8. 01 12.50 1882.
28.312 8.11 12.68 1363.
29.550 8.41 13.07 1827.
30.699 8.65 13.36 1802.
32,799 9.11 13.91 1765.
34.680 9.52 14.29 1747.

160. .01996 2.0523 .3668 1616.6 2814.1 36.3 78 9.87 14.57 1741.
200. .0 2138 2.0 865 .3249 1824.4 3107.3 37.923 10.15 14.77 1743.
220. .02230 2,1322 .2912 2035.9 3404.

0

39.337 10.37 14.92 1752.
240. .02422 2^1830 .2638 2250.1 3703.4 4 0.640 10.54 15.03 1764.
260. .02564 2.2398 .2411 2466.4 4004.7 41.846 10.68 15.11 1780.
280. .02705 2.3043 .2218 2684,2 4307,3 42.967 10.78 15.15 1800.
300, .02852 2.3746 .2067 2888,5 4599,9 43.953 10.63 15.02 1832.
350. .03205 2.5564 .1747 3426,4 5349.2 46.264 10,66 14.95 1894.
400. .03554 2.7441 .1514 3961,9 6094.5 48.255 10.64 14. B6 1958.
450. .03902 2.9351 .1337 4494,8 6836.0 50.001 10.62 14.79 2022.

500. .04248 3. 1280 .1197 5025.4 7574.1 51,556 10.60 14.74 2085,
550. .04593 3.3222 .1065 5554.3 8310.0 52,959 10.59 14.70 2148.
600. .04937 3.5175 .0992 6082.6 9044.7 54.235 10.59 14.68 2209.
650. .0 52 80 3.7137 .0915 6610.4 9778.

6

55.406 10.60 14.68 2268.
703. .0 5624 3.9107 .0 848 7138.8 10513.0 56.501 10,61 14. 69 2326.
750. .05967 4.1083 .0 791 7668.3 11248.3 57.517 10.64 14.71 2383.
800. .06309 4.3066 .0741 8199.4 11985.0 58.469 10.68 14.75 2438.
850. .06652 4.5053 .0698 8732.7 12 723.9 59.364 10.74 14. SO 2492.
900, .06995 4.7046 .C659 9268,

7

13465.5 60.211 10.80 14. 86 2545.
950. ,07337 4.9043 .0 624 9807.8 14210.1 61.015 10.87 14.93 2596.

1000. .07680 5.1045 . 0 593 10350.4 14958.2 61.781 10.95 15.01 2645.
1100. ,0 83 65 5.5058 .0539 11449.4 16468.2 63,210 11.12 15.18 2742.
1200 . .09050 5,9085 .0494 12567.1 17997.0 64,532 11. 31 15.38 2834.
1300. .09735 6.3122 .0456 13705.0 19546.0 65,771 11.52 15,59 2922.
1400. .10420 6,7169 .0424 14863.9 21116.1 66,942 11. 74 15.80 3007.
1500. ,11106 7,1223 .0396 16044,

3

22707,8 68,054 11.96 16.03 3090.
1600. .11791 7.5284 .0371 17245,1 24319.9 69,088 12.17 16.24 3170,
1700. .12477 7.9351 .0350 18467,1 25953.4 70, 074 12. 38 16.45 3248.
1800. .13163 8.3423 . 0330 19710.2 27608.0 71,018 12.58 16.66 3324.
2000. .14535 9.1580 .0297 22259,2 30980.3 72,805 12.97 17.06 3470.

2200. .15909 9.9751 .0271 24884,8 34430.2 74.441 13.40 17,49 3609.
2400. .17286 10,7933 .0248 27601.9 37973.2 75,977 13.89 18.00 3 741.
2600. .18666 11.6124 .0229 30431.5 41632.2 77,441 14.49 18,65 3866.
2800. .200 60 12.4322 .0213 3 340 7.7 45444,0 78.859 15.28 19.51 3984.
3000. .21471 13.2526 .0199 36577.3 49459,7 80.253 16.31 20,66 4096.
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TABLE 8

THERHODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS!

60.00 HPA ISOBAR

MPERATURE DENSITY V(DH/DV)„ W«OP/OU»,, -VIOP/OW)- (OV/DT> /V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
P V T P CONDUCTIVITY OIFFUSIVITY CONSTANT NUMBER

K KG/CU M KJ/KG HPA-CU M/KJ HPA 1/K W/K-M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

27.559 95.5951 2051.5 .22930 365.3665 .00365 217.73 636.02 .00109 1. 31803 2.1385
28. 95.'»lf08 2062.7 .22776 363.3861 .00367 218.92 610 .1)1* .00109 1.3171*7 2.1091.
29. 95.0898 2087.0 .221*1*1 358.6802 .00370 221.30 558.99 .0C108 1. 31620 1.9517
30. 9<».7368 2109.1 .22131* 351*. 3538 . 00371* 223. 25 515.11* .00108 1. 311*92 1. 8182
32. 9l»,a253 2150.7 . 21550 31*5.2615 .00380 221*. 1*1* 1*1*1*. 87 .00105 1. 31233 1.62 0 8

3't

.

93.3 070 2186.9 .210 28 336 . 1 51

6

. 00387 221*. 72 3 91.56 . 00103 1. 30973 1 . 1.7 3 3

36. 92.582'* 2218.8 .20551 327.061*2 . 00393 221*. 33 350 .12 .00100 1.30711 1.3608
38. 91.8519 221*5.9 .20123 318.0367 .00399 223.1*0 317.25 .00098 1. 30 1*1*7 1. 2732
<»0. 91.1158 2266.5 .19765 309.101*6 . 001*05 222.01* 290. 69 .00095 1. 30 181 1.2028
1*2. 90.37<f6 223<«.& .191*27 300.3011 .001*11 220. 31 268.91 .00093 1.29911* 1.11.71*

(»(». 89.6286 2302.2 . 19091 291. 65 75 .001*17 218. 35 250.78 .00091 1.2961.5 1.1C38

l|6. 88.8782 2326.3 .18679 283.2026 .001*23 216. 23 235.52 .00089 1.29375 1.0726
(>8. 88.1239 231*5. i« . 18323 271*. 9631* . 001*29 213. 99 222. 53 .00087 1.29105 1.01*62
50. 87.3663 2362.0 .17993 266.961*2 .001*31* 211.69 211.35 .00085 1. 28833 1.021.5
52. 86.6059 2376.7 .17687 259.2269 .001*1*0 209. 31* 201.66 .00083 1.23560 1.0066
S**

.

85.6(t3'« 233 9.6 . 1 71*0

1

251 . 770

7

.00 1*1*5 206. 97 193. 17 . 0 0 0 8 2 1 . 28 286 .9916
56. 8 5.0 79 5 21*00.6 .1711*0 21*1*. 6121 .001*1*9 201*. 60 185.69 .00080 1. 28015 .9786
58. 8(«. 3151 21*09.1 .16910 237.761*2 .001*53 202.21* 179.01* .00079 1.2771*2 .9668
60. 83.5509 21*17.6 .16685 231.2368 . 001*57 200.18 173.11 .00073 1.271*70 .9555
65. 8t.6't80 21*1*1.3 .16132 216.351*0 .0 01*61* 195.98 160 .71 .00076 1.26791* .9291
70. 79.727«» 21*89.8 .15696 206.2571* .001*65 191. 68 150.75 .00075 1.26111* .9100

75. 77.8890 2531.7 .1511*1 195.3693 .001*65 187.67 11*2.87 . 00071* 1. 251.65 .8966
30. 76.0998 2583.7 . 11*585 186.21*51* . 001*63 183.99 136.37 .00073 1.21.835 .8859
85. 7if.3631 2629.5 .11*025 176.861*1* .001*62 183.60 130.91 . 00 073 1. 21.226 .8659
90. 72.6669 2682.1 .131*71* 168.6176 . 001*60 183. 03 126.21 . 0 0 071* 1. 23631* .8501
95 . 71. 0 221 2 73 7 • 6 . 1291*3 161 • 11*71* . 001*57 182 . 1*5 122. 16 . 0 0 0 71* 1 . 23 0 60 . 3372

100. 69. "259 2795.3 . 121*22 15i*.l877 .001*51* 181.95 118.62 .00071* 1.22506 .8266
110. 66.3788 291*5.1* .11338 11*2.6935 .001*1*1* 181.1*2 95.99 .00075 1.211*52 .6917
120. 63.5332 3091.1 .10505 133.5510 . 001*32 178.59 95.18 .00076 1. 201*73 .7119

58.(f025 3391*.

0

.09183 119.201*1 .001*10 185.97 91*. 60 .00082 1.18721 .7077
160. 53.9<»90 3733.2 .08177 109.7236 . 00383 196. 01 91*. 72 . 00092 1. 17215 .6907

180. 50.1C62 i*OSi».0 .071*19 102.8327 .00357 201*. 09 95.32 .00101 1.15925 .68J6
200. <»6.7707 1*1*36.6 .0681*7 97.5868 . 00333 209. 70 96.31* .00109 1. 11*813 .6786
220. l»3.8538 1*790.1* .061*01* 93.5038 . 00311 213.91 97.75 .00118 1.1381*7 .6818
2'»0. '»1.23(f3 5135.7 . 06061 90.121*1 . 00293 217.1*6 99. 1*8 .00126 1.13001 .6378
260 . 39 . 0 033 51*76. 2 . 05789 3 7. 3592 .0 0 276 220.90 101 . 1*9 . 00135 1.12253 . 69'*i»

280. 36.9667 5819.2 .05567 85.1829 . 00260 221*. 51* 103.73 .0011*1* 1.11589 . 700 0

300. 35.0 602 601*8.3 .0551*9 83.251*1 . 0021*8 228.52 106. 11* .00156 1.10969 .6976
350. 31.20<»1 6825.3 .05251* 79.7700 . 00219 21*0. 01* 112.73 .00185 1. 09723 .7020
<»oa. 28.13'»6 7580.6 .05055 77.2052 .00196 253.38 119.60 .00213 1. 03738 .7028
'f5a. 25.6289 8322.7 .01*912 75.2225 .00178 267. 88 127.12 .00251* 1.07938 .7C17

500. 23.5'.li» 9063.6 . 01*797 73,6366 . 00163 283.11 131*. 53 . 00291* 1.07276 .7003
550. 21.7735 9801.1 .01*706 72.3365 .00150 298. 78 11*1.95 .30336 1. 06717 .6985
600. 20.2558 1051*1.9 . 01*627 71.2505 .00139 311*. 71* 11*9. 31* .00381 1.06238 .6967
650. 18.9377 11286.1 .01*559 70.3299 .00130 330.92 156.67 .001*2 9 1. 05821. .6950
700 . 1 7. 7820 1231*0 .

1

. 0 1*1*95 69. 5398 .00122 31*7. 28 163. 93 . 0 0 1*79 1. 051*62 . 6931*

750. 16.7599 12802.9 .01*1*36 68.8550 .00115 363. 78 171. 10 .00531 1. 0511*2 .6921
800. 15.8'»93 13577.7 .01*379 66.2560 .00109 380.1*1* 178.19 .00586 1.01*358 .6909
850. 15.0329 11*366.3 .01*323 67.7282 .00103 397.21* 185.19 . 00 61*3 1. 01*60'. .6899
900. lit. 2966 15170.0 . Qi*268 67.2599 . 00098 i*ll*.19 192.11 .00702 1.01*375 .6892
950. 13.6292 15989.8 .01*213 66. 81*20 .00093 1*31.29 198.95 .00763 1. 01.166 .6887

1000. 13.0213 16826.3 .01*159 66.1*668 .00039 1*1*8.53 205.70 .00826 1. 03979 .6833
1100. ii.gsi^g 18537.3 .01*055 65. 8219 .00082 1*75.56 218.98 . 0091*3 1.0361.9 .6991
1200. 11.0W9 20309.2 .03955 65. 2883 .00076 511. 00 231. 97 .01083 1. 03369 .6980
1300. 10.2722 2211*0.6 .03857 61*. 61*01 .00070 51*6.88 21*1*. 69 .01230 1.C3130 .6973
litOO. 9.5966 21*027.9 .03765 61*. 1*590 . 00066 583.15 257.17 .01381* 1.02922 .6969
1500. 9.00i»3 25965.9 .03677 61*. 1313 .00062 619.72 269.1*1 .0151*6 1. 0271.0 .6968
1600. 8.11807 27931.1 .03598 63. 61*66 . 0G058 656.12 281. 1*2 .01715 1.02579 .6966
1700. 8.01'»7 29931.3 .03521* 63.5973 . 00055 692. 58 293. 23 .01891 1.021.36 .6965
1800. 7.5971 31961*.

9

.031*56 63.3771 .00052 729. 16 301*. 83 .02075 1. 02303 .6963
2000. 6.8798 3611*1.1* . 03332 63.0051* . 0001*7 803.1*3 327.1.2 . 02'«6i* 1.02038 .6952

2200. 6.2 85 8 1*0550.3 .03212 62. 7012 . 0001*3 882.1*2 31*1*. 68 .02889 1. 01907 .6833
2(»00. 5.7852 1*5312.2 .03088 62.1*1*11* . 0001*0 971.22 366.20 .03357 1.01751. .6789
2600. 5.3566 50639.8 .02951 62.2057 . 00037 1077. 96 387. 06 . 03881* 1. 01623 .6697
2600. <». 98U9 56818.1 .02791* 61.9738 .00031* 1213.26 1*07.51* .01* 1*90 1.01510 .6555
3000. '.6575 61*183.0 .02615 61. 721*1* .00032 1389.57 1*27.78 .05198 1. 011.10 .6362
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

65.00 HPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CI/ CP ViLOCIT

Y

ncD TU a T T U F nCDTU&TTVICjcr\XVH 1 ivc. c wc or V UP oUUND
K MP A/K KJ /KG u ycn/s

t o • * 7 • U lU OD u. n l1 9 9 X • O Oc 7r, 7 1O U 0 . X Q 7C^ 97 f O • c 1 c n 7QX 9 • U '9 0 . I D 7 C 7
r . 9 / 2218 •

29

1

. n 1 n "^ft• U X U OO 3« 9

6

X • 099 30 6.0 9 8 0 • ' 4 C 9 9(1X 9 . c c O ft 9 4D . cl 7 C
r . DO 9 94 7c cl r •

0 u • • U L U O • 9 9 c H 1 7Cc:X • O 99 74 1 7O X X • 0 a ft ft 990 0 . c 4 C 1* ft A1 9 • H 0 0 O. 0 U 7 ft 4
r 0 1 2213*

7?Oc • • U J. U H 7 0 • 0 0 D r 1 • S'lS 32 2 • 't 4 n (\U 4X U U H * 1 4 n n 4lO . U Ul C f« 7O • H f 6.10 2206 .

• 0 1 0 56 3.8196 1.330 333 « 8 1020 .5 16.501 6.62 6*38 cl 99 •

36* • 0 10 6** 3 • 75 20 X • ox o 3'*5 . 7 10 37.6 16.987 ft 7ftO • • 9 A ft 7O . D O 9 1 Q nc 19 U •

38. .01072 3.6836 1.301 358.0 1055.1 17.1*61 6.97 8.88 2182.
i>0. .01081 3.6151 1.28(> 370.7 1073.1 17.922 6.96 9.09 2173.
I&9H£ • • U 1 U O 7 3 * 5 68 X • c O r 38 3.6 4 n Q 4 c1 U 7 1 • 9 1ft 7 7n 7 n (.

r . U H o 7 n7 . 3 u 91 C£*C 1 DH •

HH • n 1 n Q A• U 1 U 9 0 7 (k 7 ft A0 . r O 0 1 9 1.QX • c *»7 7 QC oO 70 e 9 1110* 3 18. 807 7 4 7
r . 1 0 9.50 2l5'^«

'f6« • 0 11 0 6 3. ^1X7 1. 231 'lO 9 • 9 1129.

0

19.222 7.23 Q 7 77 f 0 9 1 f«7C X HO .

HO t n i 1 i• U XX X

9

O • 0 •» 90 1 9 4 9X • c X c /«.9 7 AHe 0 t 0 I 4 I*A CI I HO • O 4 ft 1*41 9 . D H X 7 79f . Oc 9 . 9H 9 17 9c X Oc •

50 • • 0 11 Z'f 3.2809 1.193 '37 . 9 1168.7 9 fl n ft 1c U . U 9 X 7 u nI . H U in 4 /*X U . X H 9 4 9 4C XC X •

9c • • U X X o t 7 91 77O . c L r 1 X • X ' H H9 c • H 4 4 A Q 9X 1 09 .

c

9 n ia ft 9c U . H 9 C 7 *& 1 fi 7 9X U . 0 c 9 1 1 nc XXU «

• • U X X H o 0« X 9 0*T X • X 9 *T
^ ft 7 nH D f • U 1 9 4 fl nX c X U . U 9 n A cc U • 0 H9 7 C 9

f . 9c in c

n

X U . 9 u 9 n QOC U 99 .

90 • • 0 1 1 63 7 n Q71O . U 9 f X 4 4 7 1*X • X 0 H 1* A 9 9Ho c • c 4 97 4 UX c OX • H 9 4 7 7 Cc 1 « 11 0 0 7 ft 7f • 9 f
1 n c^c1 u • O 9 2 0 88*

58. .01162 3.0'tOl 1. 113 1.97.2 1252.8 21.612 7.59 10.79 2078.
60. .01172 2.9855 1.093 512.5 1271*.

6

21.980 7.62 10.92 2068.
o? • • U XX 70 9 A c n cc « 0 O U 9 4 n fi 4X • U Hi 4 499 X . X 4 79Q QX 0 C*? • 9 9 9 ft Cc c • 0 OH 7 1

7

11.21 2 0 **

.

r U • • 0 12 2 5 2.7527 .98 96 590.5 13 86.6 2 3.705 7.72 11 . 'S 2 021 e

n 1 9 C T
• U Xc 9 O 2 • 6 9d'f Ql. 7Q

« 9H f 7 63 0 .7 1*^ '5 .

1

2.h» 512 7.76 11.68 2015.

An n 4 9 ft 1• U Ic 0 1 2.0250 Q n n c
. 9 U U o t 7 4 CD f X • 9 X 9 U H • U 2 9.273 7 ft 9

f . 0 c 11.88 1 996 •

n 1 T no
• U X -3 U 9 9 c 79

1

c . 9 r c D A C A. 4
• 0 90 X 74 9 Q

r X C . 7 4 C&7 QX 900 • 9 9 c a QQC 9. 9 97 7 on 19 n cX c • U 9 1981 •

90 • • 0 133 S 2.5105 • 8 I'd 75 * . 9 1624 •6 2 6.693 7 . 98 19 9 7X c . c 0 4 Qft9X 70C •

J P • « u X<5 O f c • 9 9 u 7 71* Q 70 7 C
r 9 r . 9 4 A 91 0 0 O . c 9 7 7 C Q ft n 70 . U f

19 (.9Xc • H c 4 Of. 7X 9H0 •

inn1 U U •
n ! T Q 7• U lO 9 f 9 1> n A 7 7 7 ft 9

. f 0 Oc ft /* n 7OH U • f 4 7f. ft ft1 r H 0 « 0 28.000 ft 4ftOslo 19 CO1 C . 9 9 1 926 •

110. .01«»58 2.3293 .6709 930.6 1878.0 29.231 8.1*8 13.00 1889.
120. .01519 2.2696 .6121 1021.8 2009.3 30.373 8.72 13.29 1860*
1

•

• 0 16 'tb C . 1 9 5C c 9 n ii
• 9 c U H 1210.

8

2 2 8 0* 6 3 2 . ' 63 a 4 A9.10 17 AC10 • 0 9 18 20 •

X OU • • 0 17 75 2 . 1 75^ .'500 4 tA.t\ 7 QXHO f . 9 9ft ft 4 Qc 9 O X .7 71* 7 /* n0 H • 0 H u Q ft ft7.90 If* 9ftIH • c 0 1 A n n10 u u •

180* n 4 Q n cU X9 U o 9 1 A 7 CC . 1 0 f 9 • 39 37 161 1*3 2 850.

3

36 • 0 38 9.93 1 U • 5 6 4 7Q41 r yi •

? n n£ u u • n 9n 77* U c U Or 9 9 1 7 Ac . c X 0 0 7 i* 07
. 0 H 90 4 ft4 O CX 01 9 . 9 7 4 1*7 f*0 1 HO « H 7 7 C A 90 f • 9 Oc 4 n 9 nX U • c U 4 /. 7 7XH • r f

4 7 0 n1 r 9 U •

9 9 n n 94 Cft
* U £l OO 9 9 CC . C 9H0 • 3 1 3 'f

9 07 4 7C UO 1 • 0 7 1* f*n 9OHHU

•

C 7 A 0 0 7 in (* 7XU . H 0 4 1* 3 7XH . 3 0 1 7Q 7X r 9 « •

2 If 0 •
n o o Q fl 2.3018 • 2 S** 1 22 '6 . 0 3 739.8 'fr 0 . 3 0 0 10.60 15 • 0 ' 1807 •

9 1 nc b u • n 9<i 9 A 9 7 C ? 1C • O 9 OL 9 C Q7
• C 9 y f

9 f* 9 Qc HOC •

9

'O'f 1. 3 1. 1 c n 7HI . 9 U f in 7 71 U « f 0 4 c; 19X9 . I c 1 ft 941 0 cl •

9 ft n£ o u • n 9C c

a

• U c 9 9 0 c H X X 9 9 7Q9. C 09C 9 ft 4 9c OO X .

C

i* 7 (* f* 4H 0 HH •

X

£» 9 9 OH C . O C 7 in A 7X U . 0 0 4 c: 4 AX 9 • X 0 1 A 7 AX 0 0 0 •

300 . .0269tf z.'tei'* .223'* 2885.3 '636. < '3.613 10.66 15.01* 1871.
350. .0 30 19 2.6583 • 1888 3«»2lf .3 5386*8 '5.927 10.69 11*. 97 1929.
U 0 0 • • 0 33 '2 2 . 3 '23 . 1 636 3960 •

8

61 3 2 • 9 * 7 • 921 in c 7 1 /• ft ft1 H « o 0 1 0041 99l •

'f 50 9 • Q 3662 3.0 302 • 1 ''5 ''9'^. 6 6 8 75. 1 '9 .668 1 0 . 6'f I'f. 9

0

20 53*
c n n9 U U • . 0 3981 3.2205 . 1 29^ 5025 .9 7613.9 5 1 • 2 24 10.63 4 1. 7 C1 H . r 9 21 1'f*

5 50. 4 Oho 0 0 3.^125 .1173 5555 .

5

8 350 .

2

5 2.629 10.61 l'^. 71 2175 •
t n n

. 0 6 1

7

3.6058 • 1 07 3 6 0 8 '^ « 3 90 85. 3 53.905 10. 61 4 1* COIH • 09 c c OH •

O 9U . • U H9

O

7 n n n 10 « 0 U U X n Q AQ
• U 9 0" OO X c * O QA4 Q R901 9 •

9

ft ft n 779 9 . U f f
4 n c^i1 u . O X If* ft AX H « 9 O 9 9Q7c c 90 •

"7 n n n C9 c n
• U 9c 9U 3.9 95^1 . 0 917 71'*1 • * 1 0 55^^ . 0 56.1 72 10* 63 4 fl COIH . 0 9 9 7 c nC 0 9 U •

r 9 U • • U 99 OD . 1 91'* n A
. U O 9 9 7R. 7 4 7

1 O / 1 . 0 4 4 9ftQ ftX X c 07 . 9 C 7 4 A fl9 r • X O O X U . OO 4 f» 7 9XH .re 9i* n ftc HU 9 •

800 . .05883 l».3882 .0801 8202.7 12026.3 58.11*0 10.70 11*. 75 21*60.

850. .0 6198 i».5856 .0 751* 8736.

3

12765.3 59.035 10.75 11*. SO 2513.
Q n n9 U U « . U J. H « u r 1 c * 7 c n Q

i. -J 7 U O . 3 1 H . 0 o C .

Q c n99 U • . 0 68 3 0 9821 . 3 675 9811.

9

11*251. 5 60 .6 86 in A A 1** . 3 0

10 00. • 0 71 ^6 5.1611 . 0 61* 1 10 251* . 7 6 1 . 1* 52 10 . 96 15.01 2661*.

1100. ,07778 B.BSOi* . 0583 111.51..0 16509.6 62. 881 11.13 15. 18 2759.
1200. .OSitlO 5.9812 .0 531* 125 72.0 18038.3 61*. 203 11.32 15.37 2850.
1300. .ogctz 6.3832 . 0'»9'» 13710.2 19587.3 65.1*1*2 11.53 15.58 2937.
1<«00. .0967<f 6.7861* .OiiSe li»869.3 21157.3 66.613 11.75 15.80 3022.
1500. .10306 7.1905 .0'»28 1601*9.9 2271*8.9 67. 725 11.97 16. 0 3 3103.
1600. .10939 7.5953 . 0<«02 17250.8 21*360.9 68.759 12.18 16.21* 3163.
1700. .11571 8.0009 .0378 181*73. 0 25991*.

3

69. 71*1* 12.38 16.1*5 3260.
1800. • 122C«. 8. '071 .0357 19716.2 2761*8.8 70.689 12.58 16.65 3335.
2000. .13<»70 9.2210 .0322 22265.1 31020.

6

72.1*76 12.98 17. 06 31*81.

2200. .l'»73;' 10.0365 .0293 21*890. 3 31*1*69.6 71*. Ill 13. 1*0 17.1*9 3619.

2<«00. .16003 10.853<» .0268 37605.

6

38010.5 75.61*7 13.88 17.99 3751.
2600. •17283 11.6713 .021.8 301*31.5 1*1665.3 77.109 11*. 1*7 18. S2 3875.
2800. .18567 12.1»901 .0230 3 31*0 0. 2 1*51*69.0 78.523 15.21* 19.1.6 3993.
3000. .19867 13.3096 .0215 36556.7 1*91*70.5 79.913 16.21* 20.57 1*106.

• THO-PHASE BOUNDARY
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TABLE 8

THERMOOYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

69.00 HPA ISOBAR

TEMPERATURE DENSITY VCOH/DVJp W<DP/OU)y -V«OP/DV»j <OV/DT)|/V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONDUCTI VITY OIFFUSIVITY CONSr ANT NUMBER

K KG/CU H KJ/KG MPA-CU M/KJ MPA VK H/K-M K6/M-S SQ M/HR
X 10^ X 10^ X 10^

• 28.'»'»9 96.5666 2149.1 . 22897 386.4808 .00352 226.54 671 .06 .00112 1. 32157 2 . 2428
29. 96.3788 Z163.7 .22708 3B 4.0341 . 00354 227. 87 637. 85 .00111 1.32089 2 , 1437
30. 96. 0369 2188.5 • 22388 379.5738 . 00357 229. 95 584. 76 .00110 1.31964 1.9860
32. 95.3<»85 2235.3 .21781 370 . 5907 .00362 231.29 500.29 .00108 1.31714 1. 752 7

34. 9<».65(t5 2276.4 .21239 361. 5592 .00368 231.68 436.78 .00105 1. 31462 1.5792
36. 93.955<» 2312.8 .20746 352.5185 .00373 231.37 387.81 .0C103 1. 31208 1.4473
38. 93. 251

5

2344.

2

. 20305 3i»3. 50 58 . 0 0379 230. 48 349. 23 . 0 i) 10 0 1. 30953 1. 3'449

<»0. 92. 5<*32 2368 .5 .19935 334.5557 . 00384 229.15 318.27 .00098 1.30697 1 . 2628
<>2. 91.8306 2390.2 . 19589 325.7010 . 00389 227, 42 293. 03 .00096 1. 30439 1. 1981
<»<i. 91. 11<»2 2411.0 . 19245 316. 9722 . 00394 225.46 272.14 .00 094 1.30180 1.1471
<»6. 90.39<>2 243 8.7 .18826 3D8.3978 . 00399 223. 32 254. 6l» .00091 1.29921 1. 1100

(>8. 89.6710 2460 .8 .18465 300.0041 .00404 221. 07 239.82 .00089 1.29660 1.0787
50. 88.9<f50 2480.1 . 18132 291. 8155 .00409 218^74 227. 13 .00087 1. 29399 1.0529
52. 86.2165 2497.2 .17822 283.8540 .00413 216. 36 216.17 .00 086 1.29138 1.0316
5i». 87.i>a62 2512.2 .17535 276.1393 . 00418 213.95 206.62 .00084 1. 28876 1.0137
56. 86.75(>6 2524.9 .17273 268.6887 .00422 211.54 198.24 .00082 1.23614 .9983
58. 86. 022

3

2534.5 .17042 261. 5165 . 00426 209.13 190.83 .00081 1.23352 .9846
60. 85.2899 2544.

1

. 16818 254.6345 . 00429 207.03 184.23 .30080 1.23090 .9717
65. 83.4637 2569.7 .16264 238. 7487 . 0Q436 202. 75 173.54 .00078 1. 27439 .9427
70. 81. 6539 2600.8 . 15708 224. 7719 . 00440 198.47 159.83 .00076 1.26796 .9221
75. 79.809'« 2654.4 .15300 215.3549 . 00440 194. 09 150. 94 .00075 1. 26143 .9086

80. 78.0 755 2703.1 .14745 204.9503 .00439 190.27 143.92 . 00074 1.25531 .8985
85. 76. 3829 2764.9 .14195 196.5034 . 00436 1 89. 82 138. 02 .00074 1. 24935 . 8758
90. 74.7374 2 819.6 . 13649 18 7.6264 .00434 189.23 133.01 . 0D075 1.24358 .8599
95. 73.1402 2877.1 .13125 179.5626 . 0043 2 188. 61 128.69 .00075 1.23799 .8472

100. 71.5815 2941.0 .12612 172.4154 .00428 188.05 124.90 .00075 1.23255 .8363
110. 68.6093 3096.7 .11525 159.8138 . 00420 186.13 98.28 .00075 1. 22223 .6864
120 . 65. 8245 3244.

1

, 10665 149. 3972 • 00410 18 3. 0 9 97.63 . 00 075 1.21261 .7088
1<»0 • 60 . 7642 355 1.1 .09333 133.3902 .00390 191.63 97. 29 . 00 082 1. 19525 . 703 3

160. 56. 3265 3888.2 .08335 122.5338 .00367 203. 32 97.50 .00091 1.13 017 .6847
180 o 52.4598 4244.3 . 07560 114.7553 . 00343 212.60 98.08 •00100 1. 16714 .6718

200. 49. 0968 4597,

8

. 06973 108.6924 . 00321 218.94 99 .01 .00109 1. 15588 .6682
220. 46.1349 4954.4 .06517 104.0147 .00301 223.22 100.28 .00117 1. 14602 .6707
ZkO, 43.5148 5303.1 .06161 100.1616 . 00284 226. 41 101. 86 .0 0125 1 .13736 . 6767
260. 41. 1807 5642.

7

.05879 96. 9032 .00268 229.25 103.72 .00133 1. 12967 .6842
280. 39.0881 5980.3 .05652 94.2613 . 00254 232.18 105.79 . 00141 1.12281 .6915
300. 37.1199 6201.4 .05645 92.1109 . 00243 235. 42 108.06 .00152 1. 11639 .6903
350. 33.1220 6978 .6 .05335 88.0478 . 00214 245. 26 114. 33 .00178 1.10341 • 6977
<t00. 29.9249 7733. 9 • 05124 85. 0545 . 00192 257. 31 121.15 .30208 1.09312 .7006
<»50 . 27.3054 8476.0 . 04972 82.7398 .00175 270. 89 128. 27 .00241 1. 03473 . 7009
500. 25.1167 9216.9 .04850 80.8880 .00160 285.45 135.52 .00277 1. 07776 .7002

550. 23.2585 9954.4 .04752 79. 3692 .00148 30 0. 64 142. 82 .30316 1. 071 86 .6988
600. 21.6597 10695.0 .04669 78. 1000 . 0C137 316. 26 150.11 .30358 1.06681 .6972
650. 20.2687 11439.1 .04596 77.0235 . 00128 332. 17 157. 35 .00402 1. 06242 .6955
700. 19.0469 12192 .9 . 04529 76.0993 . 00121 348. 32 164.54 .00448 1.05858 .6941
750. 17.9648 12955.5 .04466 75.2978 .00114 364.68 171.65 .00497 1.05519 .6927
800. 16.9995 1 3 73 0 .

1

.04407 74.5967 . 00107 381. 21 178. 69 .00547 1. 05217 . 6915
850. 16.1329 14518.5 .04349 73.9787 .00102 397. 92 185. 65 .00600 1.04946 .6905
900. 15.3506 15322.1 .04291 73.4304 . 00097 414. 79 192.52 .30655 1. 04703 .6897
950 . 14.6407 16141.9 . 042 35 72.9409 .00092 431. 82 199 .33 .00711 1. 04482 .6891

1000. 13.9936 16978.4 .0 4179 72.5016 . 00088 449.01 206.05 .00770 1.04281 .6838

1100. 12.8570 18689.5 .04072 71. 7464 .00081 475.56 219.28 .00877 1. 03928 . 7C00
1200. 11.8910 20461.6 . 03969 71.1217 .00075 511.00 232.23 .31006 1.03629 .6987
1300. 11.0598 22293.5 .03870 70.5974 .00070 546. 88 244.93 . 01142 1.03373 .6980
li»0O. 10.3371 24181.4 .0 37 76 70.1517 .00065 583.15 257. 38 .01285 1. 03150 .6975
1500. 9.7029 26119.9 .03687 69.7686 .00061 619.72 269.60 .31435 1.02954 .6972
1600. 9.1420 28085.5 .036^ 69.4362 . 00058 656.11 281.60 .01591 1. 02782 .6970
1700. 8.6422 30086.1 .0353i 69.1452 .00055 692.56 293.39 .01754 1.02628 .6968
1800. 8.1941 32119.6 .03464 68.8884 . 00052 729.12 304.97 .31923 1. 02491 .6966
2000. 7.423? 36294.2 .03339 68.4555 . 00047 80 3. 28 327. 54 .02284 1.02255 .6955
2200. 6.785') 40695.7 .03219 68.1022 .00043 881.93 344.88 .02676 1. 02060 .6839

2(»00. 6.2471 45439.0 .03096 67.8020 .00040 969.97 366.20 .03107 1.01895 .6792
2600. 5.7861 50728.3 .02961 67.5319 .00037 1075.20 387.05 .03592 1.01754 .6704
2800. 5.3358 56837.8 .02806 67.2696 .00034 1207.82 407.53 .Ol>149 1.01632 .6566
3000. 5.0333 64091.2 .02631 66.9921 . 00032 1379. 81 427. 75 .04797 1. 01525 .6378

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HrOROGEN (ISOBARS, SI UNITSI

70.00 MPA ISOBAR

PERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KS CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

29.318 .01026 I*. 1301 1.389 311.2 1029.2 15.130 6.22 7.65 2266.
30. .01028 If. 1593 1. 385 31i».8 1031*.

5

15. 307 6.29 7. 75 226'*.

32. .01035 'f.0961 1. 37i» 325.6 1050.2 15.816 6.I»6 8.0i> 2258.
3i>. .010'»2 '».0316 1. 361 336.9 1066. 6 16. 312 6.61 8.31 2251.
36. .01050 3.9660 1. 31*6 3't8.6 1083.5 16.79<» 6.75 8.56 22'»3.

33. .01057 3.8996 1.331 360.7 1100.8 I7.26if 6.87 8. 80 2235.
<«0. .01065 3.8328 1. 315 373.1 1118.7 17.721 6.96 9.01 2227.
1*2. .01073 3.7658 1.298 385.8 1136.9 18.165 7. 05 9.21 2218.
1*1*. .01081 3.6990 1.28Q 398.8 1155.5 18.598 7.13 9.M 2209,
i*(>. .01089 3.6326 1.262 1*11. f> 117i».0 19.009 7.25 9.&i» 2198,
1*6. .01097 3.5669 1.2'»'» '»25. 3 1193.5 19.1*21* 7.3l» 9. Bi» 2168,

50. ,01106
52, ,01115
St*. .01123
56. .01132
58. .Oll^tl
60. .01151
65. .01174
70. ,01199
75. . 0122l(

80. .01251

3.5023 1.225
3.<»389 1. 206
3.3770 1.186
3.3169 1.167
3.2586 l.ll»7

3.202'* 1.127
3.0721 1.076
2.9572 1.026
2.8583 .975<«
2.810'* .9375

'»39.2 1213.'*
i*S3.i* 1233.6
1*67.9 1251*.

2

1*82. 8 1275.1*
'»97.6 1296.6
512.6 1318.1
550.8 1372.9
589.7 11*29.0

629.3 1<*86.3
669.7 15'*5.7

19.830 7.'*2

20.227 7.1*9

20.615 7.51*

21.002 7.59
21.371* 7.63
21.738 7.65
22,613 7,71
23.!*'*5 7.77
21.. 236 7.82
25,002 7.88

ICC* 2177.
10.22 2166.
10.38 2156.
10.51* 211*6.
10.68 2136.
10.80 2126.
11.09 2102.
11.35 2078.
11.56 2056.
11.80 2051.

65, .012 78 2,7389 .8922 710.7 1605,1 25.723 7.96 11.99 2031.
90. ,01301* 2.6879 .8500 752.1* 1665,5 26.1*11* 8.05 12. 16 2016.
95, ,01331 2.6388 . 8108 791*.

7

1726.7 27.075 8.1i^ 12.33 2000.
100. .01359 2.5856 .7739 837.6 1788.9 27.713 8.21* 12.52 1982.
110. .011*15 2.5051* .7068 927.1 1917.5 28.937 8.55 12.91* 191*7.

120, .011*72 2.1*1*19 .61*61* 1018.0 201*8.2 30.075 8.79 13.21* 1918.
1<*0. .01568 2.31*28 ,51*96 1206.

6

2318.2 32,151* 9.25 13. 80 1870.
160, .01708 2.3086 .1*780 11*03.3 2598.8 31*, 026 9.65 11*. 27 181*8,

180, .01829 2.3219 .1*199 1606.9 2887.1 35,721* 9.99 li».56 181*0,

20G, .01950 2.31*30 .3730 1815.3 3180.1 37,267 10.26 11*. 77 1837,

220, .02071 2.3767 .3350 2027.6 31*77. 0 38,682 10 .1*6 11*. 91* 181*0,

2<*0, .02191 2.1*198 .3039 221*2.8 3776.7 39,987 10.65 15.05 181*9,

260, .0 2312 2.1*681 .2779 21*60.1 1*078.1* 1*1.191* 10.78 15.13 1861,
280, .021*32 2.5196 .2561 2678.9 1*381.1* 1*2.317 10.88 15.19 1876,
300. .02558 2.5891 .2399 2882.6 1*673.3 '3.298 10.69 15. 06 1909,
350, ,02860 2.7609 .2029 31*22.6 51*21*.

5

'*5.616 10.72 11*. 98 1965,
1*00, ,03159 2.91*09 .1758 3960.

1

6171.5 1*7.611 10.70 11*. 90 2023,
1*50. ,031*57 3.1257 .1552 1* 1*91* . 7 691'*.!* '9.360 10.67 11*. 81 2083.
500, ,03753 3.3133 .1391 5026.8 7653.7 50.918 10.65 1I..76 211*3,

550, ,01*01*8 3.5030 .1260 5557,0 8 390.1* 52.323 10.63 11*. 72 2202.

600. ,01*31*2 3.691*1 .1153 60 86.3 9125,9 53.599 10.63 11*. 70 2260.
650, .01*636 3.8665 .1062 6615.1 9860,1* 51*. 772 10.63 11*. 59 2317.
700, .01*930 i*.a8oa .0985 711*1*. 3 10595,1 55.867 10.65 11*. 70 2373.
750. .05223 1*. 271*3 .0919 7671*.

6

11330.7 56.881* 10.68 11*. 72 21*27.

800, .05516 1*, 1*695 .0861 8206.

3

12067.6 57.835 10.72 11*. 75 2<*81.

850. .05809 i*,6655 .0810 871*0.2 12806.7 58.731 10.76 11*. 80 2533.
900. .06102 i*.8621 .0765 9276.7 1351*8. 3 59.578 10.82 11*. 96 2583.
950. .06395 5,0593 .0725 9816.3 11*293. 0 60.382 10.89 11*. 93 2633.

1000, .06668 5.2571 .0689 10 359.3 1501*1.1 61.11*8 10.97 15. 01 2661.
1100, .07271* 5.651*2 .0626 111*59.0 16551.0 62.577 11.11* 15.18 2775.

1200. .07860 6.0529 .0571* 12577.1* 18079.7 63.899 11.33 15.37 2865.
1 300, .081*1*7 6.1*532 .0530 13715.

8

19628.

5

65.138 11.51* 15.58 2952.
11*00, .09033 6.851*7 .01*93 11*875.2 21198.1* 66.309 11.76 15.80 3035.
1500, .09620 7.2571* .01*60 16055.9 22789.8 67.1*21 11.98 16.03 3116,
1600, .10207 7.6609 .01*32 17257.0 21*1*0 1.8 68.1*51* 12.19 16.24 3195.
1700. .10794 8.0653 .01*06 181*79.3 26035.0 69.1*1*0 12.39 16.45 3272.
1800, .11381 8.1*703 .0381* 19722.6 27689.3 70.381* 12.59 16.65 3347.
2000. .12556 9.2822 .031*6 22271.6 31060.

8

72.171 12.99 17.05 3491.
2200, .13732 10.0961 .0315 21*896.3 31*508.9 73.806 13.1*0 17.48 3629.
21*00, .11*911 10.9115 .0289 27610.

2

38fll*7. 9 75.31*0 13.87 17.98 3760.

2600. .160 91* 11.7282 .0267 30432.7 1*1698.8 76.801 14.1*5 18.60 3884,
2800. .172 86 12.51*59 .021*8 33391*.

8

1*51*95.3 78.213 15.20 19.41 4002,
3000. .181*92 13.361*1* .0231 36539.5 1*91*61*.

2

79.598 16.17 20.49 4114.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

70.00 MPA ISOBAR

1PERATURE DENSITY V«OP/DU)y - V(DP/DVl|. «OV/DTy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANOTL
CONDUCTIVITY DIFFUSIVITY CONSTANT NUMBER

K K5/CU H KJ/ KG MPA-CU M/KJ MPA 1/K W/K-M KG/M-S SQ M/HR
X 10* X 10^ X 10^

29 . 31

8

97. '»967 2244.6 .228 78 40 7.5451 . 00341 235. 0 3 706. 81 .00113 1. 32496 2. 2999
30. 97. 2698 2263.

3

. 22652 404.5479 . 00342 236.43 664.21 .00113 1.32413 2. 1766
32. 96.6013 2315.3 . 22019 395. 6857 . 00347 237. 97 562.84 .00110 1.32170 1.9014
3'»

.

95 . 928 3 236 1 .

3

• 21457 386. 7464 • 0 03 5 2 238 . 45 467 . 31 .0 9108 1.31925 1 . 698 0

36. 95.2513 240 2.4 . 2 0946 377.7693 . 00356 238. 21 429. 54 .00105 1. 31 678 1. 5440
38. 9l».570'» 2438.0 .20490 368.7910 . 00 361 237. 36 384. 35 .00103 1.31431 1.4249
<tO. 93.8860 2466.2 .20109 359.8459 .00365 236.04 348.32 .00100 1. 31183 1.3297
1*2. 93.198'» 2491.4 . 19752 350 .9664 . 00370 234. 32 319.11 . 00098 1. 30934 1.2546
1*1* t 92.5077 2515 .7 .19399 342.1825 .00374 232. 34 2 95.0 8 . 00096 1.30684 1.1953
l*(>m 91.81<»1 2547 ,

0

.18972 333. 5225 . 00378 230. 19 275. 04 .00 094 1. 30 433 1. 1517
1*3, 91.1180 2572.

3

. 18605 325.0125 . 00383 227. 91 258.15 .00091 1.30182 1.1149

50 . 90. '196 2594.6 .18267 316.6769 .00387 225. 54 243. 76 .00 039 1. 29930 1. 0846
52. 89.7192 2614.2 .17954 308.5377 .00391 223. 12 231 . 37 .00 086 1.29678 1.0594
5if. 89. 0173 2631 .5 .17664 30 0. 6150 . 00395 220.67 220. 63 .00086 1. 29425 1. 0383
56. 88. 311*2 2646.1 .17400 292.9268 . 00398 218.22 211 .24 .00 084 1.29173 1. 02G2
58. 87. 6105 2657.3 . 17168 285.4884 . 00402 215.76 202.97 .00083 1.28920 1. 0042
60. 86.9066 2668.2 .16943 276.3130 .00405 213.62 195.64 .00062 1.26668 .9894
65 . 8 5 . 1 50

1

269 6 • 2 .16388 261 . 5869 . 00411 209. 27 1 80 . 52 .00080 1. 28040 .95 71
70. 83.'»061 2728.9 . 158 30 246. 6504 . 00416 204. 83 168. 78 .00 076 1.27413 .9348
75 . 81.6851 276 8.1 .152 64 233.4795 . 00418 200.60 159. 41 .00076 1. 26807 .9190
80. 79. 9139 2826.6 . 14384 224.58 79 . 00417 196. 33 151 . 41 .00 075 1.26180 .9099

85 . 78. 2693 2881 . 0 . 1 4325 21 4. 3757 • 00416 1 95. 86 145. 08 .00075 1. 25599 . 8882
90. 76 . 6 635 2948.

2

• 13782 206 .0676 . 00413 19 5. 21 139.71 .00075 1. 250 33 . 370 4

95. 75.1048 3014.9 .13266 198. 1374 . 00409 194. 53 135. 10 .00076 1.24486 .3566
100 . 73.5871 307 8.2 . 12758 190.2657 .00407 193. 94 131.08 .00076 1.23955 .8461
110. 70.6790 3242.8 .11692 177.0313 .00399 190. 48 100. 35 .00075 1. 22941 .661 9

120. 67, 9'»8<» 3398.3 .10820 165.9205 .00390 187. 24 99. 88 .00075 1.21994 .7062
1<(0 • 62.971

8

3703.6 .09441 147.5332 .00373 197. 01 99.81 . 00082 1. 20280 .6990
160 . 58. 5562 433 4.0 .0 8463 135. 1813 . 00 354 210.50 100.16 • 00091 1.18773 .6787
180 . 5>».67S<> 4401.9 .07689 126.9584 .00331 221.30 100 . 76 .00100 1. 17460 .6628
200. 51.291

7

4760 .5 o 070 86 120.1743 . 00310 228. 53 101.63 .00109 1. 16 322 . 6570

220 . 'f8.29<»8 5117.0 .06619 114. 7806 . 00292 233. 06 102. 80 . 00116 1. 15320 .6586
2<>0. 1*5. 6339 5468.6 .06252 110.4232 . 00275 236.02 104.25 .00124 1.14436 . 6647
260 • <»3 .255 0 5811.7 .05960 10 6. 7565 . 00 260 238. 32 105.95 .0 0131 1. 13650 .6727
280

.

'»1.116'» 6144.6 .05725 103.5957 . 00247 240. 55 107. 89 .00139 1. 12946 .6612
300. 39.092i« 6353.7 .05737 101.2148 .00237 243. 03 113.02 .00149 1. 12283 .6616
350. 3<».9676 7131.2 . 05413 96.5405 . 00210 251.08 115.98 . O0173 1.1E939 .6922
<«00. 31.65lt2 7886.8 .05191 93.0932 .00189 261. 72 122 .55 .00200 1.09868 .6975
<>50 . 28.930 0 8629.

0

.050 30 90 . 4261 .00172 274. 26 129. 46 . 00 230 1.08993 . 6993
5 0 0. 26. 6'»73 937 0.1 . 04901 88. 2911 . 0015 8 283. 08 136.55 .00 264 1. 08263 .6996
550. 2'». 70'»6 10107.7 . 04797 86. 5392 . 00146 302. 73 143.72 .0030 0 1 . 07645 .6987

600. 23.0296 10648.2 .04709 8 5.0 743 .00135 317. 94 150 .90 . Q C 338 1. 07114 . 6975
650. 21.5697 11592.2 . 04632 83. 8311 .00127 333. 56 158.06 .00 379 1. 06652 .6960
700. 20 .2852 12345.8 .04561 82. 7633 .00119 349.48 165.17 . 00422 1. 06247 .6946
750 . 19. l'»6D 1310 8.2 . 04495 81.8368 .00112 365.66 172. 22 . 0 C467 1. 05339 .6932
800. 18.1285 13332.6 .04433 81.0261 .00106 382. 06 179.20 .00514 1.05570 .6920
850 . 17.2139 14670.9 .04373 80.3112 .00101 393.65 186.12 .00563 1.05284 .6910
900

.

16. 3871. 15474.

4

. 04313 79.676 8 . 0 0 096 415.43 192.96 .00614 1. 05026 .690 2

950. 15.6366 16294.1 . 04255 79. 1104 . 00092 432. 39 199. 72 . 00667 1. 04792 .6896
1000 . If*. 9516 17130.6 .04197 78.6020 . 00086 449. 52 206.42 .00721 1. 04578 .6892
1100. 13.7471 18841.7 .04088 77.7280 . 00081 475. 56 219.60 .00820 1.04204 .7010

1200. 12.7219 20614.1 .03983 77.0053 .00075 511.00 232.51 .00941 1.03886 .6995
1300. 11.8389 22446.2 . 03882 76.3988 . 00069 546. 38 245.17 .01067 1. 03613 .6986
I<t00. 11.0702 24334.5 .03787 75.8835 .00065 583.15 257.60 .01200 1.03376 .6980
1500. 10.3951 26273.5 .03696 75.4409 . 00061 619. 72 269. 80 .01339 1. 03168 .6977
1600. 9.797l» 28239.5 .03615 75.0570 . 00058 656. 10 281.76 .31485 1. 02983 .6974
1700. 9.26(»6 30240.2 .03540 74.7213 .00054 692.55 293.55 .01636 1. 02820 .6972
1800. 8.7866 32273.7 .03471 74.4252 . 00052 729. 09 305.12 .01794 1. 02673 .6969
2000. 7. 9643 36446.3 .03345 73.9267 . 00047 80 3.14 327.67 .02129 1. 02420 .6956
2200. 7.2821 40841.1 .03225 73.5209 . 00043 881. 51 344.88 .02493 1.02211 .6840
2<«00. 6.7064 45567.7 .03103 73.1775 .00039 968.87 366.20 . 02893 1. 02035 .6794

2600. 6.2133 5C822.8 .02969 72.8709 .00037 1072.74 387.05 .03342 1. 01885 .6710
2800. 5.7849 5 6 871.0 .02317 72.5766 . 00034 1202. 98 407.52 .03856 1.01754 .6576
3000. 5.4076 64025.0 .02645 72.2696 . 00032 1371.13 427.73 .04454 1.01639 .6393

• TKO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HtDROGEN (ISOBARS, SI UNITS)

80.00 HPA ISOBAR

MPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY Ctf CP VELOCITY
DtRIV ATI ¥

E

ERI VATI Vt ENERS

Y

OF SOUND
K CU n/Kty MPA/K K J/KG KJ/KG-K K J / KG-K M/S

30 « 999 • 0 10 08 '•5298 1 . ''1 32 7.6 1133.7 15.224 6.35 7.80 2358 .

32. . 010 11 If . 5 Q 0 7 1 . '»35 332. 9 1141.

6

15.474 6 . 44 7.94 2355 .

3U • .01017 '•*»'fl2 1 . '«21 343. 8 1157.7 15.954 6.60 8.20 2349 .

36. . 0 1021. If . 3 8 0 2 1 . <»0 6 355.1 11 74.

4

16. 440 6. 74 8.45 2343.
t aJO . . 010 31 It. 31 78 1 . 391 366. 8 1191.5 16 .9 03 6.87 8.66 2336.
(tO . • 0 10 38 '»«25'»5 1 . 3 7'» 378.9 1209.

1

17.3 53 6. 97 8.8 8 2323.
kZ. .aio'>5 '».1906 1.357 391.2 1227.0 17.791 7.06 9.07 2321.
(»<». .01052 4.1263 1.339 403.8 1245.4 18.217 7.15 9.26 2313.
<»6. . 0 10 59 '..0 620 1. 322 416. 3 1263.

6

18.6 22 7.26 9. 48 230 3.
.010 67 3.9979 1.303 429.5 1262.

7

19. 0 30 7.3o 9. &e 2293.

50 . .010 7't 3.9 3'»2 1 .285 443. 1 1 302. 3 19.428 7.44 9.8 6 2263 .

52. .01082 3.8712 1.266 456 • 9 1 322 .

2

19.819 7. 52 10.04 2273.
SW* • 3 10 89 3.8 092 1. 2'»7 471 0 1 342.

4

2 0.201 7.58 10.20 2263.
56 • .01097 3 . 7'»8'» 1.228 485 . 5 1363.2 20.580 7. 64 10.35 2254.
58. . 0 11 0 5 3.6 886 1.209 500.0 1364.

1

20 . 9 46 7. 66 10.48 2244 •

r>9

.

.01113 3.6 308 1 . 190 514.7 140 5.2 21.303 7.71 10.61 2235.
65. .0113<> 3.i»93& 1.1<»1 551.9 1459.0 22.163 7.79 10.90 2212.
ra. .01155 3.3690 1.092 590.1 1514.1 22.961 7.66 11.17 2183.
75. .01177 3.2580 1. ^1*3 629 .0 15 70.6 23. 760 7.93 11.40 2164 .

80 . .01199 3.1609 . 99<t9 666.6 1628.

1

24.503 8.00 11. 61 2141.

85. .01222 3. 0 766 . 9'»73 708. 8 1686 .

6

25.212 8.09 11.79 2116 •

90 . . 012<t7 3.0 327 .9169 749. 8 1747.

7

25.911 8.17 12.05 2115.
95 . . 0 12 71 2.9 769 . 6 75

1

791.5 1806. 3 26.565 8.27 12.22 2097 .

100

.

.01295 2.9212 .8370 634 . 0 1869. 9 27, 1 97 6.38 12.40 2079.
110. .013'>3 2.8310 . 7691 922. 6 1997.

4

28.410 8.69 12.84 2045 .

120

.

• 0139.^ 2. 76'»5 .7095 1012 .9 2127.

2

29.540 8. 93 13. 17 2019.
1<»0. . 01<>93 2.671if .6055 1201.0 2395.5 31.608 9.39 13.68 1972.
160. .01596 2.567f» .5271* 1397.1 2673.8 33.464 9.78 14.19 1930.
18C a . 0 1701 2.5527 . '»662 16C 0 . 4 2961 .

4

35.1 58 10. 11 14. 56 1919.
200

.

. 0 1807 2. 5993 • 4163 1809 .

3

3254.9 36.704 10.38 14.77 1924.

220

.

. 0 1912 2 .62 0<> . 3 764 2022.3 3551.9 38.119 10.60 14.95 1922 .

2<»0 . . 0 20 17 2.6518 • 3 419 2238.3 3 851.8 39.4c4 10.76 15.0 7 1927.
260 . . 02122 2.6955 . 3131 2456.

5

4153.

9

40 . 634 10.69 15. 14 1936.
280 . • 0 2226 2. 7'»19 • 2 886 2 6 76 • 2 445 7.2 41.757 10.96 15.20 1948 .

3 00. . 02336 2.8 0 67 . 2 723 26 76. 5 4747.

6

42 • 732 10.76 15*09 1984 .

350 . .02600 '2.9678 • 2305 3420 .

4

5500.5 45.0 54 10 .78 15 . 02 2033 .

(»00. .02662 3.1398 .1999 3959.6 6249.0 47,054 10.75 14.92 2087.
<»50. .03122 3.3179 .1765 44 95.9 6993.1 46.606 10.72 14. B4 2143.
500. • 03360 3. If 998 . 1561 50 29.

3

7733 .

5

50 ,366 10,70 14.78 2199 .

550 . . 0 36 38 3.6B<«5 .1433 556 0.7 8471.

1

51,772 10 .66 14 , 73 2255 .

600. . 0 3895 3. 8711 . 1310 6091.

2

9207.2 53, 0 50 10.67 14. 71 2310 .

650 • . 0 <«152 f .0 S^k .120 8 6620 . 9 9942.

2

54,223 1 0 •67 14.70 2364.
700. . 0 08 2 '•90 .1120 7151 .0 10677 .

3

55,3 20 10.69 14.70 2418 .

750 . . 0't66i» >>.<«398 .1045 7682.

1

11413.2 56 ,336 10.71 14.72 2470 .

800 . . 0 '»9 2 0 >».6316 . 0 979 8214.

5

12 15Q . 3 57,2 88 10.75 14. 76 2522,
850. • 05176 »« 8 2'»'» .0 921 8749 . 0 12889 .5 5 8.184 10.80 14.80 2572 .

900. .05<»31 5.0180 .0870 9266.1 13631.1 59.030 10.86 14.66 2621.
950. .05687 5.212'* .0624 9826.1 14375.8 59.834 10.92 14.93 2669.

1000

.

. 0 59'»3 5 .'»0 76 . 0 783 10 369.6 15123.9 60.601 11.00 15.01 2716.
1100. . 0 6<»5<« 5. 7997 .0 712 114 70 . 2 16633.

7

62.029 11.17 15,16 2607.

1200. .06966 6.19I»1 .0 653 12569.1 18162.1 63.352 11.36 15.37 2895.
1300. .0 71.78 6.590U .0604 13728.1 19710.7 64.590 11.56 15.58 2980.
I<t00. .07990 6.9883 .0561 14866.0 21260.4 65.761 11.78 15. 60 3062.
1500. . 08503 7.3 8 76 .0524 16069.

2

22671.

5

66.873 12.00 16. C2 3141.
1600. .0 9016 7.7882 .0491 17270.7 24483.1 67.906 12,20 16.24 3219.
1700. .09528 8.1698 .0463 18493.3 26116.0 68.891 12.41 16.44 3294.
1800. .lOOitl 8.592i» .0437 19736.9 27770.0 69.836 12.61 16.65 3368.
2000. .11068 9.3998 .0 394 22286.0 31140.6 71.622 13,00 17. 05 3511.
2200. .12096 10.2099 .0359 24910.0 34587.

1

73,256 13.41 17.47 3647.
ZitOO. .13127 11.0220 . 0329 27621.5 38122.8 74,7 89 13.87 17.95 3777.

2600. .1<>161 11.8358 .0304 30438.3 41767.0 76,247 14.43 18.55 3901.
2800. .15202 12.6509 .0282 33389.1 45550.9 77,654 15.14 19.33 4018.
3000. .162 5 5 13.'»672 .0264 36513.9 49516.2 79.032 16. u6 20.36 4130.

• TMO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

SO. 00 MPA ISOBAR

TEMPERATURE DENSITY V(DH/OV)p V(OP/DU)y -V(DP/OV»^ (Ov/oTy V THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
CONOUCTI VI TY OIFFUSIVITY CONST ANT NUMBER

K Kb/Cll M KJ/KG nrA-L»U n/KJ MPA H/K" M KG/M-S SQ M/HR
X 10^ X 10^ X 10^

2^*3 2 . 2 . 228 5h J. 1. Q C t O T44y • tJbo 1 .00321 250. 16 78 0*58 .00116 1*33135 2.4328
32* 9 9 • 928 7 2'f62 . 8 * 225 19 445. 2508 . 0 0 322 250.8 7 713 • 79 . 00115 1 * 33019 2 . 25 8 2

2518.5 . 21912 436. 5283 • 00 326 251, 53 60 7*43 .00112 1.32 765 1*9803
36* 9 7 « b^td 7 256 8.9 • 2 1 3 62 427. 7161 . 00329 251. 4 0 5 2 7 * 40 * 0 0110 1 * 32 551 1 • 772 2

38« 97« 0 05 5 2613 .3 • 2 08 7^ 418 .8511 . 00332 250. 60 465 * 69 * 0 0 1 0 7 1 * 32317 1*6124
96.360'» 26i»9.3 • 20<»6& 409.9674 .00335 249.31 417.12 *00105 1* 320 82 1*4857

kZ* 95.7136 2681.9 .20086 401.0970 • 00338 247. 56 378.19 *0D103 1* 31846 1* 3861
95*0 65

1

c r 1 o . c 1 Q 7 4 T
• 1^ f 1

^

"7 0 9 9 CL. Q a
. 00341 245. 55 346 * 50 * 0 0 1 0 0 1 * 31611 1 • 30 74

9** • 'f15 2 2 75 2 • 1 . 1 92 6 8 363. 51 3 6 . 00 345 243*33 32 0 * 34 1*31375 1 * 248

5

a 1 7t^t A7 0 • f D<3 o £ 7 0 H . i.
4 a ft 11 c

* 1 0 0 0 D T 7 /. AC C; 9 . 0 0348 240.98 9 Q fi Q
. 00 096 1. 31139 1 * 1990

50 • 93* 111

2

2 61 2 . 5 .18536 36 6. 31 8 3 . 00 351 2 36* 54 y an n "y
£ OU

.

Mc . OC 0 9 3 4 t ft n n1 . 30 90 2 1*15 6 0
e99c • 283 7.8 .18212 35 7 . 92 56 . 00354 236. 03 264* 26 ft ft n Q o

. U U U 7 C 1 * 3 C 6 66 1*124 0
ft « a n 9 ft91» 8 uZS 2860.1 • 179 14 t 1. Q C ft 7 Q

. 0 03 57 2 33 * 49 25 0 * 70 n n /I n n.00 090 1 * 30 4 29 1*095 3

56* 9 1 • l'»7 7 287 9.1 • 17644 3m . 653 8 .0 0360 2 30 . 94 238* 92 . 00088 1*30193 1*0709
C fl9o •

Q ft 1. Q 9 9 289 * . 1 .17408 33 3. 61 0 5 . 00 362 22 8 * 38 228*63 . 0 0 0 6 7 1 , 29956 1 • 0 495
60. 89*8367 2908.3 . 17179 326.1630 . 00365 226.16 219*57 .00085 1*29720 1,0301
65. 88.2001 29'f3.3 .16619 308.1377 . 00370 221* 63 201* 10 * 00083 1.29132 .9992
r 0 . 86 « 5 72

1

298 1.2 . 160 59 . 00 375 21 7 * 05 1 66 * 99 * 0 0 0 8

1

1 . 28548 .9619
75 . OH • 960 2 302 If . 6 . 15488 1 ^ c o n o e276 . cu26 . 00 377 212* 54 1 75 * 89 * 0 0 0 79 1.27972 , 9435
60 . 8 3* 3722 307'». 9 .14908 263. 53C k ,00376 208* 33 166, 95 .00077 1*27406 ,9303

85 . 81* 8 15

1

3132.7 . 143 20 251. 7159 , 00376 2 0 7.78 159,6 0 . 00 078 1*268 53 .90 55
90

.

80 .1666 3195 • 9 .13998 2(»3.120 3 . 00377 206.63 152 * 93 .00 0 77 1 * 262 69 . 8921
95 . 76»68'*8 327 0.2 .13448 23 tf. 238'» . 09 3 74 205, 88 147* 72 * 00 077 1 * 25745 . 8767

1 00

1

77. 22^*3 33'»1. 6 .12939 'i C C Q e T225.585 7 ,0 0 371 205.17 143*17 * 0 0 0 77 1*25231 .865 2

110

«

7**« '32 9 3516.7 . 118 94 210 . 7199 , 00365 198. 22 103* 96 * 0 0 0 75 1* 242 51 ,673 2

120. 71.7961 3663.5 .11069 198.'f620 .00357 194.63 103*66 .00074 1.23330 .7027
li»0. 66.9708 l»0'»0.& .09627 176.9029 .00336 206,98 104*41 .00061 1.216 56 ,6898
1 60 • 62. 663 3 *»32 9.7 . 0 860 7 4 c n & a n T

, 00326 224, 49 105* 14 . 0 0 0 91 1. 20 175 . 664 6

160. 5 9. 780 5 467 3 .

0

. 078 81 1 c n n i.T *lT>U.U4rl • 0 03 1

2

2 36.98 105*89 .0010 0 1 * 16 8 50 .6461
200. 55 . 3^2 9 5 08 0 . 't • 0 72 64 143. 6526 , 00291 248. 71 106*73 • 0 0 1 0 9 1. 17685 .6341

2 20. CO T n 9 ft9 c . ^ lie U Shm-I . 1 . 067 93 13 f . U4y f , 00 275 254. 36 10 7.75 * 0 0 1 1 7 1.16661 .6331
ZUQ • 9 . 5830 579 3.5 * 0 6408 131. 4833 .00 26 0 257, 29 108* 99 • 0 0 1 24 1 * 15 75 0 .6383
260 . 'fr? . 1 31

2

61'*5 .5 • 061 0

1

127. 0411 . 00246 256. 76 11 0 * 46 .00131 1* 14933 . 6465
2 80. f, f, Q 4 Q a 6'»8 5 . 7 . 0 56 50 12 3.1659 • 00234 259 • 67 112*14 * 0 0 137 1 * 14 2 0 0 • 65 6 3

300 . '2.8013 665 3 ml* • 059 13 120.1304 • 00227 260.60 114*01 * 0 0 145 1*13 5 0 0 ,6601
350. 38.t»605 7i*Zl*,3 .05562 114.1447 . 00202 264. 74 119. 38 *0C165 1* 12076 ,6771
koa. 3'f.9'ftf7 8190.9 .05319 109.7182 .00182 272.13 125*45 *aci88 1* 10932 .6690
1*30 » 32. 0 35 0 693 <» • 0 . 05141 106.2877 . 00166 282, 24 131.96 * 3 G 2 1

4

1*09991 • 69 3 7

500 . 29.5836 9675.8 .04998 103.5380 . 00153 294, 27 139.72 * 0 0 242 1 > 09202 • 6966
550 . 2 7 • '879 ICtl 3.8 .0 4862 101.27 86 , 00141 30 7,62 145. 62 * 0 G 2 7 3 1*08531 * 6974

600 • 25.6738 1115<». 6 .04784 99.3 867 • 00132 321 ,83 152*58 * 0 0 30 7 1* 07953 • 6972
650 . Zk* 0871 1 1899 .5 . 04699 97. 7790 . 00124 336* 78 159*55 • 0 0 342 4 n T f. f. o1. 07449 * 6962
700 . 2 2.6866 1265 2. 0 • 04621 96. 3963 .00116 352*17 166 * 51 .00360 1*07005 * 6952
750 . 21.<«<»1<> 1341 4.2 • 04549 95. 1954 . 00110 367* 93 173* 43 • 0 C420 1* 06612 * 6940
600 • 20. 3262 1 <>18 8 • <t • 0 4462 94. 1434 • 00104 38 3* 99 180*30 • 0 0 461 1. 06260 .692 9

850. 19.3216 14976. 1. .04417 93.2151 . 00099 400* 33 187.12 .00504 1* 05945 .6919
900. 18. '117 15779.7 . 04354 92.3906 . 00 094 416* 89 193.86 .00549 1*05659 .6911
950 • 17.583 6 1659 9.2 . 04292 91. 6544 433*68 2 0 3*57 • 3 0 59 5 4 n c #. n n1 • 054 0 0 . 690 5

10 00. 16. 8270 1 743 5 . 7 .0 42 31 90.99 32 . 00086 450* 67 207* 20 * 3 0 642 1* 05163 • 690 0

1100. 15.<»932 19146.7 .04117 89.8565 .00079 475*56 220*26 .00728 1* 04747 * 7031

1200. 1(«.3550 20919.2 .04007 88.9164 . 00073 511*00 233*11 .00834 1. 04393 *7012
1300. 13.3722 22751.7 .03903 86.1279 . 00068 546* 68 245*70 *0C945 1* 04088 * 70 0 0

itfoa. 12.5150 24640.5 .03805 87.4585 ,00064 583* 15 259*07 * 01062 1.03822 *6992
1500. 11.7607 26580.1 .03712 86. 6840 . 00060 619*72 273.22 *011S4 1. 03589 *&966
1600. 11.0919 28546.3 . 03629 86.3863 . 00057 656. 09 282.16 *01312 1. 03392 *6982
1700. 10.'»9'«9 30547.1 .03553 85.9515 . 00054 692.52 293.90 .01445 1*03198 *6979
1800. 9.9587 3258J .2 .03482 85.5686 .00051 729* 03 305. 44 * 01583 1* 030 33 * 6975
2000. 9.a3<»8 36749.3 .03355 84.9255 .00046 802*90 327.94 .01877 1*02749 .6963
2200. 8.2669 41131.7 .03234 84.4043 .00042 880* 77 344, 68 .02195 1*02513 .6841
2400. 7.6181 45829.2 .03113 83. 9666 .03039 966.97 366.20 .02545 1. 02314 .6799

2600. 7.0617 51025.3 .02982 83,5806 .00036 1068.54 387*04 .02936 1* 02144 .6719
2800. 6 . 5 78 0 56968.4 .02835 83.2172 , 00034 1194* 69 407* 50 * 03383 1* 01996 .6593
3000. 6. 1518 63952.0 .02668 82.8475 .00032 1356*25 427.69 .03899 1.01866 .6419
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS>

9C.00 HPA ISOBAR

TCUDCQATtlDC If n 1 (IMC 1 i Ul/fl UK t TUT CD wn 1 t N 1 n flU.r T CUT on DV C V CP VtLOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/K6 MPA/K K J/KG-K KJ/KG KJ/KG-K KJ / KG-K H/S

» 32.611. .00991 I..8726 1.1.92 31. i.. 2 1236.1. 15.312 6.I.S 7.91. 21.1.1..

3l». .00996 I.. 831.5 1.1.82 351.6 121.7.6 15,6l}7 8.12 21.1.1,

36. .01002 1..778I) 1.1.66 362,5 1261*.

1

16. 118 6. 71. 8.36 21.35.
38. .01008 1..7198 1.1.50 373.9 1281.0 16.577 6.37 8.59 21.29.
<»0. .ClOlU l..&&a2 1. 1.32 385.6 1298.1. 17.022 6.97 8.78 21.23.

.01021 <t.5996 1.1.15 397.7 1316.1 17.1.55 7.07 8.97 21.16.

>»<i. .01027 1..5382 1.397 1.10.0 1331..

3

17. 876 7.16 9.15 21.09.
I.A.to . . 010 33 1.. 1. 761. 1. 379 1.22 .

1

1 35 2.3 18.2 75 f • CO 9.37 C H u u •

1.8. .010<«0 1.. 1.11.3 1.360 1.35.1 1371.

2

18.678 7.38 9.56 2391.
50. .010<»7 1..3522 1.31.2 1.1(8.3 1390.5 19.072 7.1.7 9.71. 2362.
52. .0105<» 1..290'. 1.323 1.61.8 11.10.1 19.1.57 7.55 9.90 2373.

5I». .01061 1..2290 1.301. 1.75.6 11.30.1 19.831. 7.62 10.06 2363.
56. .01068 i..l6ei» 1.286 1.89.8 11.50.6 20.208 7.68 10.21 2351..

58. .01075 1..1087 1.267 501..

0

11.71.1 20.569 7.72 10.33 231.5.

60^ .01082 it.OSOQ 1.21.8 518.3 11.91.9 20.921 7.76 10.1.6 2337.
65. .01100 3.9093 1. 201 551..

9

151.1..

9

21.768 7.85 10.75 2311..

ro. .01119 3.7786 1. 153 592.3 1599.1. 22.575 7.93 11.01 2291.
r 7 • n 1 1 A• U 11 o o 3 • 6 5 97 1 • 1 U V & 7 n0<3 U « D 4 CLCC A1 07 ? • U CO m o^o 11.26 2267 .

80. .01158 3.5532 1.058 669.7 1711.9 21.. 078 8.11 11.1.9 221.1..

85. .01178 3.1.592 1. Oil 709.5 1769.9 21.. 781 8. 20 11.69 2220.
90. .01199 3.3767 ,961.8 750.1 1828.8 25.1.55 8.31 11.87 2197,

95. .01219 3.301.1 .9199 791.3 1888.5 26.100 8.1.1 12.03 2171..
100. .012'»3 3.21.90 .8965 833.1 1951.6 26.71.6 8.51 12.33 2170,
110. .01285 3.1371. . 8228 921.1 2077.8 27.91.7 8.83 12.75 2129,
120. .01329 3.0689 .7615 1010.8 2207.0 29.072 9. 07 13.07 2103.
1(»0. .011.18 2.9813 .6595 1198.3 21.71..

8

31.135 9.53 13.61. 2066.
160. .01508 2.8959 .5722 1391..

5

2751.1. 32.980 9.93 11.. 01. 2021..

180. .01599 2.7697 .5081. 1597.

3

3036,

3

31.. 658 10.21. 11.. 51. 1983.
200. .01693 2.7672 .1.587 1806.1 3329.7 36.201. 10.50 11.. 86 1979.
220. .01787 2.81.92 .1.157 2019.6 3627.

7

37.621. 10.71 11.. 97 1995.
2'»0. .01880 2.8911. .3780 2236.1. 3928.3 38.932 10.88 15.07 2001.

260. .01972 2.9172 . 31.63 21.55.3 1.230.1. 1.0.11.2 11.00 15. 16 20C5.
280. .02065 2.951.1 .3196 2 6 75 .9 1.531..

0

1.1.266 11.39 15.22 2013.
300. .02163 3.0270 ,301.2 2 8 75.9 1.8 22.6 1.2.233 10.82 15.11 2056.
350. .02397 3.1770 .2578 31.19.1. 5576.8 1.1.. 560 10.81. 15.01. 2100.
1.00. .02629 3.31.01. .2236 3960.

3

6326.7 1.6.563 10.81 11.. 95 211.9.

"•50. .02860 3.5111. .1975 1.1.98.0 7072.0 1.8.318 10.77 11.. 86 2201.
500. .03090 3.6871. .1769 5032.8 7813.1. 1.9.879 10.71. 11..80 2253 .

550. .0 3318 3.9667 • 1603 5565.6 6551.8 51.286 10.72 11.. 75 2306.
600. .035<.6 '..01.86 .11.66 6097.1 9288.6 52.567 10.71 11.. 72 2359.
650. .03771. 1..2321. . 1351 6627.

8

10021..

1

53.71.1 10. 71 11.. 70 21.10.

700. .COOl i». 1.178 . 1253 7158.8 10759.5 51.. 836 10,72 11.. 71 21.61.
750. .01.226 1.. 601.8 .1169 7690.6 111.95.7 55,855 10,75 11.. 73 2512.
800. .01.1.55 1..7929 .1096 8223.7 12232.9 56,807 10,78 11.. 76 2561.
850. .01.681 1..9823 .1031 8758.9 12972.2 57.702 10.83 11.. 60 2610,
900. . 0 1.9 0 8 5.1 726 .0971. 9296.6 13713,9 58.51.9 10.89 11.. 66 2657,
950. .05135 5.361.0 .0922 9837.2 11.1.58.5 59.353 10.96 11.. 9 3 2701.,

1000, .05362 5.5561 .0877 10381.2 15206.6 60.120 11.03 15. 01 271.9.

1100, .0 5815 5.91.28 .0797 111.82.6 16716.2 61,51.8 11.20 15. 18 2838.
1200. .06269 6.3323 .0731 12602.3 1821.1.. 1. 62,870 11.38 15.37 2921..

1300. .0 6723 6.721.1 . 0676 1371.1.9 19792.7 61., 108 11.59 15.56 3006.

11.00. .07177 7.1179 .0628 11.9C2.1. 21362.0 65.2 79 11.80 15.80 3087.
1500. .0 7632 7.5135 .0587 160 81.. 1 22952.

6

66,390 12.02 16.02 3165.
1600 . .08067 7.9107 .0550 172 86.0 21.561.. 0 67,1.23 12.23 16.23 321.1,

1700. . D851.2 8.3091 .0518 18508.9 26196.6 68,1.08 12.1.3 16. 1.1. 3315,
1600. .08997 8.7068 .01.90 19752.8 27850,2 69.352 12.63 16.61. 3388.
20 00. .09909 9.5111 .01.1.2 22302.2 31219,9 71.138 13. 01 17.01. 3529.
2200. .10821 10.3168 .01.02 21.925.8 31.661.,

9

72.772 13,1.2 17.1.6 3 661..

21.00. .11736 11.1250 . 0369 27635.5 38197,7 71.. 303 13.87 17.93 3793.
2600. .12651. 11.9355 .031.1 301.1.7.6 1.1836,2 75.759 11.. 1.1 18.51 3916.
2800. .135 78 12.71.76 .0317 33389.2 1.5639,5 77.162 15.10 19.26 1.033.

3000. .11.512 13.5613 .0296 361.97.5 1.9558.7 78.531. 15.98 20.21. 1.11.1..
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TABLE S

THERHOOYNAMIC PROPERTIES OF NORHAL HYDROGEN <IS08ARS, SI UNITS)

90.00 HPA ISOBAR

EHPERATURE DENSITY V<DH/DV»p tf (DP/OU>y -V(DP/Dtf)^ (DV/DTyV THERMAL VISCOSITY THERMAL DIELECTRIC PRANDTL
UJPlLIUO 1 IVl 1 I UlrrUblVlIT t( un 0 1 A N 1

U 1 1 U D C 0NUnot K
1/
K KJ/ KG MPA — ni H/l^ 1 HPA 1 /K cn M /ki p^14 n / n f\

y 1 n2A 1 u y 4 n3A 1 u V 1 n 7X 1

U

• 32* 6m 1 n n . ft 71 L. 2616.2 . 228 35 H7X. 7U 07 • u u 0 u 263 • 61 857. 52 n n 1 1 A• U U X 1 0 1 7 7 7 7 n1 • 0 0 r 0 U 9 C 0 7 Ac • 9 0 0 D

S^f • inn uimCT coo U •

(

•Ceo 7l . u u 0 u ~ 9 Afa noC OH. U 7 7 c Q in .00117 1.335 75 2 • 3 3 *4 5

<9D« P7 ? n iftc f t U • H 7 1 A n n i»77 n n xn nnxm 9 Afa n faCDH. UH OHO. 75 • 0 0 1 l^t 1*33350 2 • 05 5 1

38 • 99 • 2193 2773.5 .212 76 (.CiA^oavq*tDO.C707 . n n 7 1 fl. u u 0 ^ u 26 3.29 565. 12 * 3 0111 1 • 3 31 25 1 • BUS 8
an <^ nia

A

70« OUHO c 01 f . D 7 n fl 1

7

. c u 0 0 r n n 1 1 7. u u o 1 c 9c;. 4 QQCDl* 77 H 77. 77 n n 1 n Q
• U U 1 U 7 1 • 3290 0 1 • 676 2

97.9699 2857.7 .20<>31 l»50. 7152 .0031(> 260.21 i><f8.i«0 .00107 1.32676 l,5*45e
97.3 7i»6 2896.3 .20035 lt<»1.9D79 .00316 258.13 <>0&.8if .0010<« 1. 32*451 1^*4 i429

QA 7t;A77D • r 90 f t 7H C . 7 1 QAAQ• X 79 D7 f&7 7 19 AAH 0 0. 1 c 00 ft n 7 1 A9 U U 0 1 0 9 A A A faC 9 9 • OH 7 7 9 AC;0 r c • 0 D n ft 4 ft 9• u u 1 U c 1 • 32227 1 • 0O9 1

•to* QC 1 fa 9A9D • m&D 9 OA 1 Q& 7O 1.7 1 Ql AO. 1 71 D7 fa 9 Ca lOA 1Ht H. 0 7O 0 fl n 7 9 4
• UU Oc

1

9 A 7 la 4C 9 0 . HI 3'4'4 . 72 • U U U 7 7 4 7 9 n ft 71 • Oc U U 0 1 • 30 Q 1

7U t 95« 5262 '^n 1 A A • 1 88 0 '15. 7'*70 n ft7 97. u u 0 c 0 250. 8 7 7 91 1 fa0 c X • 1

H

n n n Q 7• u U U 7 r 4 71 7 7 A1 • 01 r r 0 1 9 laC 71 • C HOO
C99C • OUHO • U 1 A 1. A B

• lOHOO (a n 7 1 QC AHU r • 1 790 n n 1 9 A
. UU 0 c

9

9 la A 9 Ac HO. CD 3 01.17 • Q 0 0 95 1*315 5*4 1 • 2015

• 9% • 2927 3 0 75 .

8

. 18160 7Q A . 7A A

1

. 00327 2*45 • 61 2 8*4 .10 .00093 1 71 7 7n1 • 01 0 0 u 1 1 A 7 A1 • 1 0 0 0
RA Q-s A7AA tn Q Q AOU 77.0 . 1 r 0 01 7an ia77b07U . H f f H ft n 7 9 a. U U 0 c 7 Of. 9 QCC H C • 7 9 9 AQ 7Qc07. 07 n n n Q 4

• u u u 7

1

1 7 4 4 /171 • 0 1 1 U r
4 4 7171 • 1 0 1 r

CA90* 9 0 • U 99 U 01x7.

1

1 7A 77• 1 f D 0 f
7 A 9 7 la 7 AOOc.OHfO n n 77

1

. u u 00

1

9 la n 9 QC HU • C

7

9 AC t 1C 90 • Ol fl n n Q n
• U U U 7 u 1 • 30 8 63 1 • 10 36

60a 92, 6 313 7*1 • 1 7'*0 3 77/4.. 7 Q7 7Of '•.070 1 - n n 77 7. u u 0 0 0 237.97 2*45 • 'S • 0 0 0 8 9 1 . 7n A An1, • 0 u 0 0 u 1^ 0 785
65. 90«90<tl 3180 .6 •16835 355.3682 •0Q338 233.25 222.87 •00086 1^30105 1^0267
70. 89.3730 3225.& .16270 337.7071 . Q03<fl 228. *i7 205.89 • O0Od<4 1.29553 .9925
75 • 87* 85'f5 3275.

1

. 1569 7 79 1 . A1 A AOCX. 7XOO . 0 03'»'i 223. 75 192. 7

1

. n n n A

1

• u u u 0 X 1*29006 • 9696
Anou • OD • 0 9H 9 0 0 0 1 • u 4 c i 4 1.

. 19 1 1

H

7 n A A 7f4 AOUO.OOHO nn 7 fl. A. UU 0 H9 94a 79c 1 7 • 0 c 4 A 9 971 0 c . c 0 n n n A n• u u u 0 u 4 9 A la 741 • £0 H f

1

• 9 5 (4 3

85« AL. . A7Q n 339 . 7 . 1 'S 20 9Q 7 A1 1 7C70.011 I n n 7fii>. U U OHH 91 A 7lac 1 0 . r H 477 711 r 0 • r 1 ft ft n 7Q• U U U ' 7 4 9 7 0 la 71 * c r 7H0 Q 9 A 7« 7c 0 0

90 • AT- (ft '^7 A 0 HO D .

0

.13922 9R 1 - 77 1 ACox. fOXO . 00 3*42 217.96 166 • 66 * 00 0 79 1*27 ^42 8 . 90 7

6

^!>« A9 n9tn 09H C • 0 • 1 0 0 0 r 97 1 fli 1 f.c r 1« Ul 1

H

n n 7 7 Q. u u 0 0 7 947 4 laC X f . 1 H 4 An 771 0 u • r 0 n fl n 7 Q
. U U U r 7 4 9fi. Q 9 71 • cb 7c r . 6 7 0

1

100 • 359 5.

2

.130 95 9A1 . t7 79cox. HOOC - nn 7(ft

7

. u u 0 * 0 215. 80 154 . 96 • 0 0 0 78 1 . 26 375 .8853
ALU* 77 * A n^ A 77A 90 r 0 c • H 4 4 Q 7Q 9li 1 n 9 7£H H. 1 U C 0 n n 77 7• U U 0 0 r 9 n la Q7c U H . 7 0 4 n 7 n n1 U r . u u ft ft n 7 la• U U U r H 1 9Ala7A1 • c 9 H 0 9 AAA 7. 0 D9 1

120 • 75 • 2 353 070H •

U

111 A9. 1. 1 1 0 C 7 7ft A AAA n n 7 7n. u u 0 0 u 7n 4 ft 1C U 1 « U 1 1 n 7 9 A1 U r . c 0 n fl ft 7ia« U U U f H 1 91a A 7 91 • cH 9 Oc AQ 7 7• D 7 » *

l<ftO» 70.5036 «.3<»7,3 .0981<» 210.1927 . 00 31'* 216. 0(» 108.51 .00081 1.22880 .6851
160. 66.3292 1.712.9 .08669 192.0795 . 00298 237. 98 109.71 .00092 1. 211*35 .61*72
1 An A9 i^i&nnDc . 9HU u H 79 0 • C n7Q 7 A. U r 7 0 0 17 7 91 A n1 f 0. £ 1 0 U n n 9Q 7. U U £7 0 9 C A OAC 9 D . 79 lift 741 1 U • r 1 fl n 4 n 9• U U lU c 4 9 0 4 7 91 . cU 1 0 C A 9 A 7• 0 c D 0

2 00 • 59 .0710 529(> . 0 . 0 73 96 4 A7 _ It A1 7XOO.HDXO .00261 270.13 111.63 • 0 0 1 1

1

1*18 9 *46 . 61 tfO

& CU • 9 9. 709 "J
C7£a la n9 f HH •

U

. U b7 0£ 4 A Q I. A n A197. HOU b n n 9 A 4
• U U CO

1

977 AnCI r « 0

U

14 9 AQ11c. 9 7 n n 4 4 Q• u u 1 1

7

4 1 7 A Q A1 « 1 r 0 79 An A Q. bU 0 7

c HU «
c 7 4 Q9 -I9 0.1 7£ <3

Alii Xb 10 1.0 • Ub90 0 4 CI 70 S fa19 0 . f 70H ft ft 9 fa A
. U U c Ho 9 A 4 7 7c OX • 0 r

4 4 7 7nX 1 0 . r u
fl n 4 9 c

• U U Ic b 4 4 C Q An1 • lb 7 bu A n A 0
. bU 0 7

260 • 9 U . r Uc b 6h7h .

3

« 062 09 4 f. 7 on A 7IH 1 . 7U 0 f .002 3h 28 2

•

h2 1 1h . 97 •00132 1 • lb 1 2 H C 4 7 4
• b 1 r X

9 tt n HO. HO r 0 681 3 • ^1 • U 97H7 4 t. 1 n on nIH 0. U 7U U n n 99 7
• UU cc 0 9 A 9 OtXCO c. c

U

116. '4*4 fl n 4 '7 A
• U U X 0 0 1 . 15 366 A ? 7 Q

. be t 7
O U u • H D 6 £ 01

9

079 0 .

0

n A n 7Q. U D U « 7 4 TQ Q f. 1. 7XO7.7HHO n n 9 1 7. U U c 1 f
9 a 1 fi^nc 0 1 « ou I 4 A ft QI I 0 . U 7 n n 1 la A« u u 1 H 9 4 4 I. A7la1 • IHO 0 H .633 8

ten H 1. r Xb f 77'* la Cf f 0 H . 9 . 057 02 132. 53 5^1 .00 19'f 281. ^43 122.91 • 0 0 16

1

1 • 131^3 A c; 7 n. b9 1 u

<»00. 38.0322 dii92.9 • 05i»(tO 127.0<»13 •00176 281.. 99 128.50 .00180 1.11936 .671*0
(ft50. 3<».964l» 9237.3 .05245 122.7753 •00161 292.12 13i«.6D •00202 1.10938 .681*7
c n 0 .9 u u • 79 TA71. 0 Of X QQA n A77O U .

9

ft An A A. U 9U 00 1 1 Q 7A ft 7117. 09 U 0 nn 4 1. A• U U IH 0 7n 1 Qift0 U 1 « 7H 4 f. 4 n 9IH 1 . U c • 0 C 2 2 7 1^10 0 98 .6910
9 9U • 7n 1 77n 1 n 71 Q la

1. U r X 7 . H n tkQ A9• U H 7 be 4 4 A A74 Alib.9019 ft n 4 7 A• U U 1 0 0 71 7 A7010. or 1 ^47 . 6*4 • 0 0 2 5*4 1 n Q 7 A n1 • u 7 0 0 u . 6 9 1* 2
Anno u u • 9 A 4 QQAc 0 . X 77 0 4 4 laA n Q1 1 HD U . 7 . 0 ^(8 5^4 111* 1 A7A1 1 H. 1 0 ( 9 nn 1 9A. u u 1 c 0 326. 72 IS*!. 37 • 0 D 28 3 1 • 08 759 . 6951*

O 9 u • 9A t&QQA10 • H77 9 i 9 9n C 1lc£U 9.1 n <a 7 A 1. U H r 0

1

119 1 A A 711c. 199 r ft n 1 9n• u u 1 c u 7£»,n 770 HU . r 0 1 A 1 4101 .19 n n 71 A• u u ox 9 1 iT A 9 1 AX • U 0 c 1 0 . 695 5

700 • 2*1. 99'*

7

1 2 95 8 • 8 . 0 *»6 76 11 n. L9 7nXXU. HCOU .00 1m 355. '3 167 * 9^4 • 0 0 3*4 8 1^07 737 . 6950
r 9U •

91 C C9 0CO . 0 9C 7 1 3 72 1.0 flf. R 0 A
. UH9 70 4 ft A Q 4 A nIUO.7IOU fin 4 n 7

. UU 1 U r
7 7n AA0 r U . 00 4 7la 771 f H . 1 0 n D 7 A 7

• u u 0 0 0 4 n7 7 4 41 • U f Oil . D 7 ** c

800 • 22 . '»465 l'»'»95 .

1

. 0 26 4 fl 7 A Q la lalU f . 97HH . 0010 2 38 6. 31 181 * 'tS • 0 0 ^42 0 1 • Ob 9 3 0 Q 7 7. 0 7 0 .3

850* 91 7 A4 9 1 A 9 A 7 n19 £0 0 •

u

n laU A A• U HH 9 D 1 n A Zft9 711 U D. He r 1 ft ft n Q7. U U U 7 r i. n 9 79HU c . 0

&

1 AA 7n1 0 0 • C u • 0 0 'tS 8 1 . n A A A AX • U D 7 0 D .692 5

900. 20.3 7<fl» 16086.2 .0V389 105.3896 .00092 <«18. 63 19(f. 86 .001*98 1.06276 .6917
950. 19.<»7i»8 16905.6 .0<»32<» 10t>.i»622 .00088 i>35.20 201. ite .00539 1. 05993 .6912

1000. 18. 6513 1 7 7'» 2 . 0 . O'>260 103 .6291 . 0008 5 1,52, 0

1

20 8. 05 . 00561 1.05731* .6907
1100. 17.1965 19«»52.7 .0<>1'»1 102.1959 .00078 «»75.56 221.01 .00656 1. 05279 . 70 53

1200. 15.9516 21225.1 .0<>a27 ioi.oia<> . 00072 511. 00 233. 7l» .00750 1. 01*890 .7030
1300. l«».87«t3 23057.7 .03920 100.0161 .00068 5<t6.38 2l»6.26 .00850 1.01*551* .7011*

1<>00. 13.9327 2<»9i»6.& .03819 99.1723 .00063 583.15 258.57 .00951* 1.01*262 . 70 01*

1500. 13.1029 26886.3 .03725 98.i«li87 .00060 619.71 270.67 .01063 1.01*001* .6996
1600. 12.3659 28852.5 .a36<»0 97. e22<» . 00056 656.09 282. 57 .01177 1. 03776 .6991
1700. 11.7071 30852.9 .03562 97.2758 . 00053 692.50 29if.27 .01295 1. 03572 .6986
1800. 11.11<>6 32885.2 . 03ii91 96.7950 .00051 728.98 305.78 .ai<«19 1.03389 .6982
2000. 10.0923 370i»9.9 .03362 95.9893 .000<t6 802.71 328.23 .01680 1.03071* .6969
2200. 9.2<il2 '•1<»21.8 .032<tl 95.3389 . OOOitZ 880.16 3i«'». 88 .01961* 1. 02812 .681*2

2<>00. 8.5210 <«609<«.3 .03121 9'».7961 .00039 965.1*0 366.19 .02271* 1.02591 .6802
2600. 7.9027 512<»1.0 .02992 9<«.3223 .00036 1065. 06 387.03 . 0Z621 1. 021*02 .6727
2800. 7.36<>8 57096.2 .028<»9 93.8833 .0003<» 1187.82 i»07.'«8 .03015 1. 02237 .6607

3000. 6.8906 63938.3 .02687 93.«fl»58 . 00032 13i»3.93 1*27.66 .031*69 1. 02092 . 61*1*1

• THO-PHASE BOUNDARY
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TftBLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITSI

100.00 MPA ISOBAR

TEMPERATURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY Ctf CP VELOCITY
DERIVATIVE DERIVATIVE ENERGY OF SOUND

K CU M/KG CU M-MPA/KG MPA/K KJ/KG-K KJ/KG KJ/KG-K KJ / KG-K M/S

• 3i».169 .00977 5.2095 1.51*2 360.9 1337.6 15.391* 6.59 8. C8 2527.
36. .00982 5.1618 1.526 370.7 1352.6 15.822 6.73 8.30 2522.
38. .00988 5.1078 1.508 381.8 1369.1* 16.277 6.87 8.52 2517.
i>0. .00993 5.0520 1.1*90 393.2 1386.6 16.719 6.98 8.71 2512.
i»2. .00999 1*. 991*8 1.1*72 1*05.0 11*01*.

2

17.11*8 7.07 8.89 2506.
kit. .01005 <*.93&5 1. 1*53 1*17.0 11*22.2 17.566 7.17 9.07 21*99.
<»6 . .01011 I*. 8 773 1 . 1*31* (,28,9 11*1*0 . 0 17.961 7.30 9.28 C *, 3 X .

1*6, .01017 i*,8175 1. 1*15 1*1*1.6 11*58. 8 18.3 60 7.1*0 9.1*6 21*62.

SO. .01023 l».7573 1. 396 1*51*. 5 11*77. 8 18.750 7.1*9 9.61, 21*71*.

52. .01029 l*.6971 1.377 1*67.8 11*97.3 19.131 7.57 9. SO 21*65.
51*. .01036 '.6369 1.359 1*81.3 1517.

0

19.501. 7.65 9.95 21*57.

56. .0101*2 i*.5771 1. 31*0 ^95. 3 1537.3 19. 871. 7.71 10. 09 21,1,8.

58. .010i>8 I..5178 1. 321 509.2 1557.6 20.231 7.75 10.22 21*1*0.

60. .01055 I*. 1*591 1. 302 523.3 1578.2 20.579 7.80 10.31* 21*31.
65. .01071 l*.3169 1.255 559.2 1630.6 21.1.16 7.89 10.62 21*10.
70, .01088 I*. 1826 1.209 596.1 1681*.!* 22.211. 7.99 10. 89 2387,
75 . • 0 11 06 1* . 0 5 81 1. 162 633. 8 1 739. 1* 22. 973 8.09 11.11* 2 36V •

80. .01123 3. 91* 1*8 1.116 672.5 1795.8 23.700 8.19 11.38 231*1.
85. .aii<»i 3.81*31 1. 070 711.9 1853.2 21*. 397 8.30 11.60 2317.
90. .01160 3.7530 1.021* 75 2.2 1911.7 25.067 8.1,2 11.80 2291*.
95. .01178 3.6737 .9 796 793.2 1971.2 25.709 8.53 11.98 2271.

100. .01197 3.6035 .9357 831*.

9

2031.5 26.327 8.66 12.13 221*8.

110. .0123(1 3.1*819 .8522 922.1 2155.8 27.511 8.98 12.1,7 2199.
120 . .01276 3.331*6 .8066 1011.2 2287.3 28.656 9.22 13.03 2171.
i<»a. .01355 3.1987 .7030 1198.0 2553.0 30.703 9.68 13.65 2121*.

160. .01«»37 3.1972 .6180 1391*.

3

2831.2 32.560 10.07 11,. 02 2109.
180 . . 0 15 17 3. 1 1 1*3 .51*39 1 597.

5

3111*. 2 31. . 2 2 6 10 . 39 11*. 33 20 72.
200. .01597 2.9502 ."91i* 1806.0 31*03. <* 35.71*9 10.61* 11*. 82 2027.
220. .ai68(» 2.91*19 .1*1*88 2019. 3 3703.

3

37.179 10.81* 15.11 2025.
2<»0. .01768 3.0865 .1*119 2236.5 1*001*.

7

38.1*91 11.00 15.12 2060.
260. .01852 3.1323 .3779 21*56.3 1*307. 9 39.705 11.12 15.18 2068.

280. .019311 3.1686 .31*88 2677.7 1*611.7 (*0,831 11.21 15.23 2075.
300. .0202i» 3.2500 .3351* 2 8 71* . 6 1*898.1 1*1.788 10. 88 15.11* 2126.
350. . 02231. 3.3883 .281*6 31*19.5 5653.5 <*i*.118 10.89 15.07 2165.
i«00. . 32l»i»3 3.51*26 . 21*70 3961.9 61*01*.

6

1*6.121* 10.86 11*. 97 2210.
<«50. .02650 3.7063 .2182 1*501.0 7151.0 1*7.882 10.82 11,. 68 2257.
5 00. . 0 2656 3.8 759 . 1 955 50 37.2 7893.1. tf 9 « ((5 10.79 11*. 81 230 6.
550. .03061 1*. 01*97 .1771 5571.1 8632.6 50 .855 10.77 11,. 76 2356.
600. .03266 t>.226i* .1620 6103.8 9369.9 52.135 10.76 11*. 73 21*06.

65A. .03lf 70 1*. 1*1:55 .11*93 6635.5 10105.9 53.310 10.75 11.. 71 21,55.

700. .0 36 71* (*.586& .1385 7167.1* 1081.1.7 51*. 1.07 10.76 11*. 72 2501*.

750. .0 38 78 I*. 769'* .1291 7700.

1

11578.1 55.1.25 10.79 11*. 73 2552.
800. .0<«0 82 '*.9536 .1210 8231*.

0

12315.5 56.377 10.32 11*. 76 2599.
850. .a<»285 5.1393 .1139 8769.9 13051*.

9

57.273 10.37 11*. BO 261*6.

900. .Oi><<88 5.3261 .1076 9308.2 13796.6 58.120 10.92 11*. 86 2692.
950. .01*692 5.511*0 . 1019 981*9. 1* 11*51*1.2 58.921* 10.99 11.. 93 2737.

1000. .01*8 95 5.7030 . 0968 10393.9 15289.2 59.690 11.06 15.01 2781.
1100. .05302 6.0838 . 0881 111.96.2 16798.6 61.118 11.23 15 .17 2867.
1200. .05710 6.1*678 .0808 12616.8 18326.5 62.1.1,0 11.1*1 15.37 2951.
1300. .06117 6.851*6 . 0 7i^7 13757.2 19871*, 1* 63.678 11.61 15.57 3032.
litOO. .06525 7.21*39 .0 691* 11.918.2 211*1.3.1. 61.. 81.8 11.83 15. 79 3110.

1500. .06933 7.6353 .0 61*9 1610 0.1. 23033.8 65.959 12.01* 16.01 3186.
1600. .0731*2 8.0286 .0609 17302.8 21. 61.1..

6

66.992 12.25 16.23 3261.
1700. .07751 8. '236 .0573 18526.2 26276.

8

67.977 12.1*5 16.1.1. 3335.
' 1800. .08160 8.8200 .051*2 19770.1. 27930.0 68.921 12.65 16.61* 31*06.

2000. .08978 9.6165 .01*89 22320.2 31298.6 70.706 13.03 17.01* 351*6.
2200. .09798 10.1*171 .01*1*5 21.91.3.7 3I.7I.2.1 72.339 13.1*3 17.1*5 3679.
2<»oa. .10620 11.2210 .01*08 2 7651.8 38272.

3

73.870 13.87 17. 91 3807.
2600. .111* 1*6 12.0275 .0377 3 01*60.2 1.1905. 8 75.323 11*. 1*0 18.1*8 3929.
2800. .12276 12.8363 . 0351 33 391*. 0 1.5670. 1 76.723 15.06 19.20 1*01*5.

3000. .13115 13.61*69 .0328 361*88.1* 1.9603.8 78.089 15.91 20.11* 1,156.

• THO-PHASE BOUNDARY
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TABLE 8

THERMODYNAMIC PROPERTIES OF NORMAL HYDROGEN (ISOBARS, SI UNITS)

100.00 MPA ISOBAR

TEMPERATURE DENSITY V <OH/0V)p 1/ (OP/OU)y - V(OP/DV)j (DV/DT) /V TH^PM Al UTCPnCTTVV LfU b 1 1 T T D M A 1 IFLECTRIC PRANOTL
CONDUCTIVITY DIFFUSII/ITY CONSTANT NUMBER

K KG/CU M KJ/KG MPA-CU M/KJ MPA 1/K H/K-M KG/M-S SO M/HR
X lO'^ X 10^ X 10^

• 3<*.169 102. 3875 2795,8 .22835 533. 3893 .00289 276.26 937.81 .00120 1. 31.287 2.71.31

36. 101.8<>60 2858.7 .22256 525.7090 . 00290 276.26 800.91 .00118 1.31*088 2.1.058
38. 101.2550 2920.6 .2169'* 517.1855 .00292 275.52 687.1.6 .00115 1.33871 2.1251.
i»0. 2972.7 .21222 508.5561. .00293 271.. 20 600.50 .00113 1. 33655 1.9077
1*2. 100.0751 3Q2 3.5 .20787 1*99. 851*6 .00291. 272. 37 532.1.3 .00110 1. 331.39 1.7385

99.'»861 3066.5 .20366 1*91.1101* .00296 270.22 1.78.19 . 00106 1. 33223 1.6055
>6. 98. 8 97 8 3120 .

9

. 19876 1*82.3525 .00297 267. 81. 1. 31. .26 .00 105 1. 33008 1 . 50 1.5

<»8. 98.3099 3167.1 .19i»56 1*73.6076 .00299 265.30 398.20 .00103 1.32793 1.1.205
50. 97.7226 3208.6 .19071* 1*61*. 9006 . 00300 262.66 368. 22 .00100 1. 32578 1. 3511
52. 97.1359 32<«6.1 . 18723 1*56.2550 .00302 259.91. 31.3.02 .00096 1. 32361. 1.2933
5t». 9b.5<«96 3279.6 .18l«02 1*1*7.6927 . 00303 257.18 321.63 .00096 1.32151 1. 21. 1.7

56. 95.9639 3308.8 .18113 1*39.231*0 . 00305 251.. 1.0 303. 31 .00095 1. 31937 1.2031.
58. 95.3788 3332.7 .17861 1*30.8979 .00307 251.62 287.50 .00093 1. 31725 1.1671.
60. 9<«.79l»3 3355.1 .17619 1.22.7017 .00308 21.9.19 273.71. .00092 1.31512 1.1351*
65. 93.3370 3408.0 .17038 1*02.921*1* .00312 21.1..27 21*6.21* .00089 1.30981. 1.0705
70. 91.8870 3i»61.0 .16i«66 38i*.32i*9 .00315 239.28 225.80 .00086 1.301*59 1.0273
75. 90.'»<>80 351 7.6 .15891 367, 01*9 7 .00317 231.. 35 210.11* • u u u 0 H 1 . 2991*0 . 9989
80. 89.0 2<fl 3580.0 .15308 351.1813 .00318 229.72 197.82 .00082 1.291*26 .9798
85. 87.6203 3650.1 .11*713 336.7366 . 00318 229. 10 187.92 .00081 1. 28921* .9511.
90. 86.2411. 3728.6 . 11.112 323.6679 .00317 228.27 179.81 . 00081 1.28 '4 3 0 .9296
95. 8i».S920 3813.3 .13521 311.8661* .00311. 227.38 173.06 .00061 1.2791*8 .9116

100. 83.5760 3905.6 . 12931. 301.1690 .00311 226.60 167.36 .00080 1.271*79 .8962
110. 81.0536 '»129.9 .11711 282.2177 . 00302 210. 81 109.58 .00075 1.26563 .61.83

120. 78.3682 1*220.7 .11169 261.3250 . 00309 206.59 110.23 .00073 1.25631* .6951
1<»0. 73.7991* i»582.8 .098i.<. 236.0605 .00298 221.. 30 112.16 .00060 1.21*029 .6825
160. 69.5909 50i«7.0 .08817 222.1*929 . 00278 250. 99 113.90 . 00093 1.22563 .6361
1 80 . 65 .9363 5'»09.2 .07936 205.31*81 .00265 275. 13 115. 21* .00105 1.21299 . 60 0 0

200. 62.602(« 5569.0 .07378 181*. 6887 .00266 292.72 116. 31 .00111. 1.20151* .5838
220. 59.3817 5881.1 .0 69 71. 171*. 6977 .00257 303. 35 117.30 .00122 1. 19051* .581.3

2<«0. 56.5559 6ita8.2 .06623 171*. 5602 .00236 308. 35 118. 33 .00130 1. 18095 .5803
260. 5<>.0061 6795.8 .06291* 169.1637 .00223 309.51 119.1*7 .00136 1. 17231* .5660

280. 51.7071 7152.7 .06019 163.81.06 .00213 308.1.6 120.77 .0011.1 1.161*61 .5961
300. (»9.<>193 72'»7.8 .06236 160.6133 .00209 306.1.2 122.22 .0011.7 1.15695 .60 38
350. «*<». 761*3 8031.9 .05835 151.671.0 . 00188 301. 62 126.51* .00161 1. 11*11*8 .6322
<»oa. <t0.93e8 8792.6 .05553 11.5.0297 . 00170 300. 72 131.66 .00177 1. 12888 .6555
>5Q. 37.7361 9539.0 .0531*3 139.8609 .00156 3 01.. 27 137.36 .00195 1. 1181*0 .6718
500. 35 . 0 120 1028'».1 . 051 73 135.701.1 .0011.1. 311. 38 11*3 • 1*1* .0 0 216 1. 10953 .6821.

550. 32.6639 1102'f.5 .05036 132.2775 .00131. 321. 09 11*9.78 .0D21.0 1. 10193 .6886
600. 30.6169 11767.1 .01*919 129.3991 .00125 332.61* 156.27 .00266 1.09531* .6920
650. 28.8152 12512.1 .01.818 126.91.55 . 00118 31.5.52 162. 85 .00293 1.08956 .6931.

700. 27.2161 13266. i» .01.726 121.. 8291 .00111 359. 37 169.1*7 .00323 1. 081*1*1* .6939

750. 25.7666 ll>028.9 .01.61.3 122.9859 .00105 373.95 176.11 .00 351. 1.07989 .6938
800. 2U.5007 1(»80 3.2 .01.565 121.3671. .00100 389.09 182.71* .00387 1.07580 .6933
850. 23.3373 15591.1 . 01.1.91 119.9362 . 00095 1.01.. 69 189.35 .001.22 1.07211 .6927
900. 22.2795 1639<».3 .01.1.20 118.6628 .00091 1.20.68 195.92 .001.57 1.06676 .6921
950. 21.3135 17213.7 .01.352 117.5236 . 00087 1.36.99 20 2. -j^ .001.91. 1. 06571 .6916

1000. 20.i»277 18050.0 .01.285 116.1.995 . 0008 3 1.53. 58 20 8.95 .00533 1.06292 .6912
1100. 18.8595 19760.5 .01.161 111.. 7366 . 00077 1.75.56 221.79 .00598 1.05799 .7077
1200. 17.51'»1 21532.6 .01.01.1* 113.2771. .00071 511.00 231*. 1*3 .00681. 1.05376 .701.9
1300. 16.3<»72 2336<». 8 .03931. 112.0531. .00 06 7 51.6. 86 21*6. 87 .00773 1. 05013 .7030
1<>00. 15.3253 25253.6 .03830 111. 011*8 . 00063 583.15 259.11 .00867 1.01*695 .7017

1500. 1<>.I>231 27193.1 .03731* 110.121*6 .00059 619.71 271.16 .00966 1. 01*1*11* .7007
1600. 13.6206 29158.7 .0361*8 109.351*7 .00056 656. 08 283.01 .01069 1.01*165 . 7000
1700. 12.9023 31158. <» .03569 108.6833 .00053 692.1.8 291*. 67 .01176 1. 0391*2 .6991.
1800. 12.2556 33189.5 .031*96 108.0935 .00050 728.91. 306.15 .01287 1.0371*2 .6989
2000. 11.1379 373if9.7 . 03366 107.1068 . 0001.6 802. 55 328.51* .01523 1.03397 .6971.

2200. 10.2057 '»1711.i» .0321*5 106.3132 . 0001.2 879.65 31*1*. 88 .01778 1.03109 .661.2
2>>00. 9.i»158 i»6361.9 .03126 105. 651* «* . 00039 961.. 08 366.19 .02058 1.028 66 .6805
2600. 8.7370 51i»65.7 .02999 105. 081.1* .00036 1062. 11 387. 03 .02368 1.02657 .6731*

2800. 8.1'»59 572if5.9 .02859 101*. 5631 . 00031. 1182. 01 1*07. 1.7 .02721 1. 021*76 .6619
3000. 7.62'»6 63967.6 .02702 1C1..0528 .00031 1333.50 1*27.63 .03126 1.02316 .61*60
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Table 11

VAPOR PRESSURE OF COEXISTING GASEOUS

AND LIQUID NORMAL HYDROGEN ^ ^

^

Temperature, K Pressure, MPa

20.560 0.1064887

21 0.1207211

22 0.1581615

23 0.2033624

24 0.2571729

25 0.3204464

26 0.3940357

27 0.4787904

28 0.5755541

29 0.6851619

30 0.8084393

31 0.9462002

32 1.0992464

32.270 1.1432921

I
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Table 15. Isothermal Compressibility of Solid

5 2
Parahydrogen (x'p x 10 ) , cm /kg

P,kg/cm^
±J . J J./ . u J.U .(JJo.UJO.U

0 59.83 57. la 53.7a

20 54 .4 + 1.4 52.3 + 1.3 49.4 + 1.6

40 53.1 49.9 48.2 45.8

60 48.8 46.2 44.7 42.8

80 45.0 42.9 41.8 40.2

100 41.8 40.2 39.3 38.0

120 39.1 37.9 37.2 36.2

140 36.7 36.0 35.4 34.8

180 33.0 + 0.7 32 .9 + 0.7 32.5 + 0.8 32.3 + 1.2

200 31.2a

aobtained by extrapolation.

With permission from Udovidchenko , B. G. , et al
. , Journ. Low Temp. Phys., 3(4), 429,

1970 [Ref. 16].
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Table 17. Lattice Parameters for Hydrogen

Ranges of lattice parameters, nm

species structure a c c/a References

p - hep 0.375 - 0.3761 0.6105 - 0.614 0.1623 - 0.1633 146, 188, 189

fee 0.524 + 0.005 155

n - hep 0.376 - 0.378 0.6105 - 0.616 0.1623 - 0.1633 186-188, 190

fee 0.5312 - 0.5338 186-188

Table 18. Debye 6, Adiabatic Bulk Modulus and Elastic Constants for Hydrogen

Debye 9, K adiabatic bulk modulus ^ ^

^

rill.
19 7

single crystal normal 174 MPa (1740 bar)

mechanical
I 113,

1 9 6

polycrystal para

f 124, para calorimetric
^ ^

^

(assuming V = 22.87 cm^/mol)

calorlmetric
ll22. para calorlmetric^^'*

Elastic Constants/density, cmVs^ (Data from Reference 197)

normal
hydrogen Si

P

S2
P

^3
P

S3
P

^4
P

4.10 1.35 0.45 4.99 0.94

Table 19. Shear Strength of Hydrogen at 4 K

shear strength(kg/cm^) 29 41.6 61.4 64.6

mean applied pressure(kg/cm^) 1050 2010 3190 3710
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Table 20. Melting Pressures of Normal Hydrogen

Temperature Pressure
K MPa atm

13.947 0.0072 0.071

14. 0.1662 1.64

15. 3.2880 32.45

16. 6.647 65.60

17. 10.22 100.9

18. 14.01 138.3

19. 18.01 177.7

20. 22.18 218.9

21. 26.54 261.9

22. 31.09 306.8

23. 35.80 353.3

24. 40.68 401.5

26. 50.94 502.7

30. 73.35 723.9

35. 104.8 1034.

40. 139.8 1380.

45. 178.5 1762

50. 220.7 2178
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Table 21. Molar Volume of Compressed Solid Parahydrogen

Temperature (°K)
Pressure —
(atm) 11.49° 13.98° 16.89° 18.20° 19.97=

0 23 08
25 22 63 22 83
50 22 22 22 58
75 21 85 22 24

100 21 53 21 93
150 21 26 22 00
200 21 55 21.52
250 21 10 21.07 21 45

300 20.70 21 30
350 21 15

* All values of the molar volume are in cubic centimeters per mole.

With permission from Cook, G. A., et. al., Journ. Chem. Phys
. , 43 (4), 1313, 1965

[Ref. 211]. Note: atm x 0.101325 = MPa.
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Table 22. Compressions of Normal Hydrogen at 4 K

Pressure
K.g/ cm

AV"

^0

V

^0

M.V.
cm /mo-L

IX)

%
cm /kg

P or 0
0

1.000 22.65 49

200 .928 21.0 31

400 .883 20.0 23

600 .847 19.2 19

1,000 .794 18.0 14

2,043 0 .711 16.1 8.1

3,000 .065 .667 15.1 6.1

4,000 .110 .632 14.3 4.8

6,000 .181 .583 13.2 3.5

8,000 .227 .549 12.4 2.7

10,000 .266 .523 11.8 2.3

12,000 .297 .500 11.3 1.9

16,000 .343 .467 10.6 1.4

20,000 .376 .445 10.1 1.2

With permission from Stewart, J. W., Phys. Chem. Solids, 1, 146, 1956 [Ref. 180].
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Table .23. Volume Changes of Hydrogen on Fusion at Elevated Temperatures

Bartholome ^ ^ ° Roder ^ '* ^

T n-H2 P-H2 % Difference

13.96 K 2.83 cmVmol 2.81 cmVmol .58

16.43 2.31 2.26 2.15

18.24 2.03 2.02 .61

Table 24. Sound Velocity in Solid Hydro gen

T K V V V
t

a X 10^°
s

"adiabatic" R X 10^°
P rp A i U isother mal

c / mol m. / s m / s cm^ /dyn Poisson's ratio / r\ \riDV— Lll / \A y LI Poisson' s ratio

n-hydrog en

4. 2 22. 64 2190 1160 3.8 0. 30 4.4

11. 49 23. 08 2110 1080 3. 9 0. 32 4.6

13. 96 23. 24 2060 1030 4. 1 0. 33 5. 1

p-hydrog[en

g/cm^

0 0. 0892 2110^ 1140 ^ 4. 12 0. 29 4. 1 0. 29

1 0. 0892 2110""
1 140 ^ 4.12 0. 29 4.6 0. 29

2 0. 0892 2110 1140 4. 12 0. 29 4. 7 0. 29

3 0. 0891 2105 1140 4. 15 0. 29 4.8 0. 26

4 0. 0890 2100 1140 4. 19 0. 29 4. 9 0. 26

5 0. 0889 2095 1 140 4. 22 0. 29 5.2 0. 25

6 0. 0888 2090 1135 4. 24 0. 29 5.3 0. 25

7 0. 0887 2085 1130 4. 26 0. 29 5.3 0. 25

8 0.0885 2075 1125 4.31 0. 29 5.4 0. 25

9 0. 0883 2065 1 120 4. 36 0. 29 5.4 0. 25

10 0. 0880 2050 1115 4.46 0. 29 5.4 0. 25

11 0. 0877 2035 1105 4. 53 0. 29 5.4 0. 25

12 0. 0874 2010 1095 4. 64 0. 29 5.6 0. 25

extrapolated

Note: (cm^/dyne) x 10^ = cm^/N.
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Table 27. Experimental Vapor Pressures of Normal Hydrogen

Below the Triple Point

T (K)

3.4

3.6

3.8

4.0

4.2

4.5

solid

P(Pa) P (mm Hg)

1.33 X 10

7.33 X 10

3.87 X 10

12.67 X 10

4.67 X 10

2.40 X 10

1.0 X 10

5.5 X 10

2.9 X 10

9.5 X 10

3.5 X 10

-9 ^

-9

y Reference 208

- 7

1.! X 10 ^

4.71 6.03 X 10 ^ 4.52

4.78 7 .64 X lO"* 5.73

4.85 9.71 X lO""* 7.28

4.92 1.36 X 10"^ 1.02

5.01 1.83 X 10"^ 1.37

5.0 2.52 X 10"^ 1.89

7.43 5.36 4.02

7 .74 8 .96 6.72

8.11 17.2 1.29

8 .76 42 .4 3 .18

9.29 97.6 7.32

9.91 206.6 1.55

10.67 482.6 3.62

11.11 759.9 5.70

X 10

X 10"^

X 10"^

X 10"^

X 10"^

X 10"^

X 10 ^ > Reference 209

X 10"2

X 10"^

X 10"^

X 10"^
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Table 28. Selected Thermophyslcal , Chemical and Combustion Properties of Hydrogen, Methane, and Gasoline

Property

Molecular weight

Triple point pressure, atm

Triple point temperature, K

Normal boiling point (NBP) temperature, K

Critical pressure, atra

Critical temperature, K

Hydrogen

2.016^^^

0.0695"^

13.803^"

20.268"^

12.759"^

32.976"^

Methane

16.043^29

0.1159"'^

90.680
2 2 9

111.632"^

45.387"-'

190.56"'

Gasoline

-107.0"'

a
180 to 220''^'

310 to 478''''2"

24.5 to 27^"

540 to 569^''

Density at critical point, g/cm

Density of liquid at triple point, g/cm^

Density of solid at triple point, g/cm^

Density of vapor at triple point, g/m^

Density of liquid at NBP, g/cm'

Density of vapor at NBP, g/cm'

Density of gas at NTP, g/m'

Density ratio: NBP liquid-to-NTP gas

0.0314"^"

2 2 6
0.0770

0.0865""

125.597""

0.0708^^"

0.00134""

83.764""

845""

0.1604"'

0.4516"

0.4872"

251.53"

0.4226"

0.00182"

651.19"

649""

0.23

-.70-^''

233''
-0.0045

-4400"'

2 3 1.233^
156

'

Heat of fusion, J/g

Heat of vaporization, J/g

Heat of sublimation, J/g

Heat of combustion (low), kJ/g

Heat of combustion (high), kJ/g

445.59"

507.39

119.93"

141.86"

58.47""

509.88""

602.44""

50.02"'

55.53
2 2 7

lei"'"

309231,233

44 5227,228,233

^g2 27,228,233

Specific heat (Cp) of NTP gas, J/g-K

Specific heat (Cp) of NBP liquid, J/g-K

Specific heat ratio (Cp/C^) of NTP gas

Specific heat ratio (Cp/C^) of NBP liquid

Viscosity of NTP gas, g/cm-s

Viscosity of NBP liquid, g/cm-s

Thermal conductivity of NTP gas, mW/cm-K

Thermal conductivity of NBP liquid, mW/cm-K

Surface tension of NBP liquid, N/m

Dielectric constant of NTP gas

Dielectric constant of NBP liquid

Index of refraction of NTP gas

Index of refraction of NBP liquid

Adiabatic sound velocity in NTP gas, m/s

Adiabatic sound velocity in NBP liquid, m/s

Compressibility factor (Z) in NTP gas

Compressibility factor (Z) in NBP liquid

Gas constant (R), cm'-atm/g-K

Isothermal bulk modulus (a) of NBP liquid, MN/m'

Volume expansivity (6) of NBP liquid, K
^

14.89""°

9.69""

1.383""

1.688""

0.0000881^^"

0.000132""

1.914""

0.99""

0.00193^^"

1.00026'

1.233'

1.00012""

1.110

1294""

1093""

1.0006""

0.01712""

40.7037226

50.13'

0.01658'

2 22

3.50""

1.308""

1.676""

0.000110""

0.001130""

0.330""

1.86""

0.01294""

2 2 61.00079

1.6227""

1.0004^"

1.2739""

448""

1331""

1.0243""

0.004145""

,226
5.11477

456.16
2 3 0

1.62""

2.20"'

b1.05"i

0.000052"'

0.002^"

0.112^"

1.31"'

0.0122"'

1.0035^

1.93"

;2 3'tt

d

1.0017""

d
1.39"'

154

1155""^

1.0069

0.00643*'

0.77

763
2 3 51

0.00346 0.0012
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Table 28. Selected Thermophysical , Chemical and Combustion Properties of Hydrogen, Methane, and Gasoline (cont'd.)

Property

Limits of flammabillty In air, vol. %

Limits of detonablllty In air, vol. %

Stoichiometric composition in air, vol. X

Minimum energy for ignition in air, mJ

Autoignitlon temperature, K

Hot air-jet ignition temperature, K

Flame temperature in air, K

Percentage of thermal energy radiated
from flame to surroundings, %

Burning velocity in NTP air, cm/s

Detonation velocity in NTP air, km/s

Diffusion coefficient in NTP air, cm'/s

Diffusion velocity in NTP air, cm/s

Buoyant velocity in NTP air, m/s

Maximum experimental safe gap in NTP air, cm

Quenching gap in NTP air, cm

Detonation induction distance in NTP air

Limiting oxygen index, vol. %

Vaporization rates (steady state) of

liquid pools without burning, cm/mln

Burning rates of spilled liquid pools, cm/mln

Flash point, K

Hydrogen

4.0 to 75.0^"'^''

18.3 to 59.0^"

29.53

0.02

858

943

2318

,2U0

, 2 t 6

17 to 25

265 to 325

2 4 9.250

2 5 12 52

1.48 to 2.15 '

0.61

<2.00

1.2 to 9

0.008^"

0.064"°'^"

L/D=100"^"''

5.0""

2.5 to 5.0"°

3.0 to 6.6^"'"°

gaseous

Methane

5.3 to 15.0"''"^

6.3 to 13.5"'

9.48

0.29^°

813^"

1493^^

2148"'

23 to 33"'."°

37 to 45"^'"'

1.39 to 1.64"'

0.16

<0.51

0.8 to 6

0.12"^

0.203"°'"'

12.l"«

0.05 to 0.5"°

0.3 to 1.2"'. 250

gaseous

Gasoline

1.0 to 7.6"^'"^

1.1 to 3.3""

1.76

0.24"°'"5

501 to 744"""^

1313"^^

2470""

30 to 42"''-"°

37 to 43"^'"'

1.4 to 1.7""''

0.05

<0.17

nonbuoyant

0.07"^

0.2"'

11.6""^

0.005 to 0.02

0.2 to 0.9"'."°

-230^'^

Energy-' of explosion, (g TNT)/(g fuel)

Energy-' of explosion,

(g TNT)/(cm' NBP liquid fuel)

Energy-' of explosion,
(kg TNT)/(m' NTP gaseous fuel)

Toxicity

-24

1.71

2.02

nontoxic

(asphyxiant)

-11

4.56

7.03

.262
nontoxic

(asphyxiant)

-10

7.04

44.22

^2 6 3
slight

(asphyxiant)

NBP = Normal boiling point.

NTP = 1 atm and 20 C (293.15 K)

.

TNT = Symmetrical Trinitrotoluene.

Note: Thermophysical properties listed are those of parahydrogen. Gasoline property values are the arithmetic
average of normal heptane and octane in those cases where "gasoline" values could not be found (unless
otherwise noted). Also atm x 0.101325 = MPa

.

a Freezing temperatures for gasoline @ 1 atm.

b @ 1 atm and 15.5 C.

c Density ratio @ 1 atm and 15.5 C.

d @ 1 atm and 20 C.

e @ 1 atm and 100 C.

f @ 1 atm and 25 C.

g Based on the properties of butane.

h Based on the properties of n-pentane and benzene.

1 Average value for a mixture of methane, ethane, propane, benzene, butane and higher hydrocarbons,

j Theoretical explosive yields.
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Table 29

ORTHO-PARA
CONCENTRATIONS AT

EQUILIBRIUM

Percentage

Temperature, in para form

K for Hj

10 99.9999

20 99.821

20.39 99.789

23.57

30 97.021

33.10 95.034

40 88.727

50 77.054

60 65.569

70 55.991

80 48.537

90 42.882

100 38.620

120 32.959

150 28.603

200 25.974

250 25.264

298.16 25.075

300 25.072

350 25.019

400 25.005

500 25.000

Table 30

HEATS OF CONVERSION FROM
NORMAL TO PARAHYDROGEN

Temperature,
K J/g cal/mol

10 527.139 253.9865
20 527.140 253.987
20.39 527.138 253.986
30 527.138 253.986
33.1 527.138 253.986
40 527.117 253.976
50 526.845 253.845
60 525.531 253.212
70 521.770 251.400
80 513.932 247.623
90 500.757 241.275
100 481.671 232.079
120 427.248 205.857
150 322.495 155.385

200 163.774 78.91
250 70.524 33.98
298.16 28.558 13.76

300 27.562 13.28
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CHAPTER SEVEN

PHYSICAL CONSTANTS, UNIT CONVERSIONS, AND SYMBOLS

Jesse Hord

7-1



7.1. PHYSICAL CONSTANTS

Molecular weight = 2.01594

Universal gas constant (Rq) = 8.31434 J'mol~^*K ^

= 8.31434 X 10^ N-cm^-m~^-mol"^-K~^

= 82.0562 atm-cm^'mol"^ -k"^

= 10.7314 psi. ft^-mol-^-°R-^

slug = 32.174 lb

7.2. UNIT CONVERSIONS

The international system of units is described in detail in NBS Special

Publication 330^^^ and lists of physical constants and conversions factors are

tabulated by Mechtly.^^^ The American Society for Testing and Materials

(ASTM) , American National Standards Institute (ANSI), and Institute of

Electrical and Electronics Engineers (IEEE) have published a joint standard

for metric practice. ^
^ The most recent guidelines for use of the metric

system are given in References 515, 517 and 518. Selected unit conversions

are given in the following tables.

UNIT CONVERSION FACTORS

Density

kg/m^ g/cm^ mol/cm^ Amagat lb/ft

16.018 0.016018 7.9458 x 10"^ 178.216 1

1 0.001 4.9605 X lO"'* 11.126 0.062428

1,000 1 0.49605 1.1126 x lO'* 62.428

2,015.9 2.0159 1 2.2428 x lO'* 125.85

0.089881 8.9881 x 10"^ 4.4586 x 10"^ 1 5.6111 x 10
-3
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Specific Volume

mVkg
(L/g)

0.062428

1

0.001

4.9605 X 10"^

cm^ /g

62.428

1,000

1

0.49605

cm /mol

125.85

2,015.9

2.0159

1

ftVlb

1

16.018

0.016018

7.9458 X 10 ~3

MPa

6.8948 X 10~3

1

0.101325

1.3332 X lO"'*

0.1

atm

0.068046

9.8692

1

1.3158 X 10"3

0.98692

Pressure

Torr
(mm Hg)

51.715

7,500.6

760.0

1

750.06

bar

6.8948 X 10-2

10.0

1.01325

1.332 X 10-3

1

lbf/in.2
(psi)

1

145.04

14.696

0.019337

14.504

kJ/kg
(J/g)

2.3244

1

0.49605

4.1840

Enthalpy , Heat of Vaporization, Heat of

Conversion, Specific Energies

J/mol

4.6858

2.0159

1

8.4345

cal/g

0.55556

0.23901

0.11856

1

Btu/lb

1

0.43022

0.21341

1.8
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Specific Heat
, Entropy

kJ/kg-K
(J/g-K)

4.184

1

0.49605

2.0755

J/mol-K

8.4345

2.0159

1

4.184

cal/mol-K

2.0159

0.48182

0.23901

1

Btu/lb-*R

1

0.23901

0.11856

0.49605

mW/cm - K

17.296

1

1,000

4,184

Thermal Conductivity

J/s-cm-K cal/s-cm-K

0.017296 0.0041338

0.001 2.3901 X 10

1 0.23901

4.184 1

-1+

Btu/f t-hr-°R

1

0.057816

57.816

241.90

Viscosity

kg/m-s
(N-s/m^

)

1.48816

1

0.001

47.881

Centipoise
(10~ g/cm-s)

1,488.16

1,000

1

4.7881 X lO'

Ib-s/ft
(slug/f t-s)

0.31081

0.020885

2.0885 X 10

1

-5

Ib/f t-s

1

0.67197

6.7197 X 10

32.175

-1+

Velocity of Sound

m/ s ft/s

0.3048 1

1 3.2808

N/m •

175.13

1

0.001

Surface Tension

dyne/cm

175.13 X 10^

1,000

1

Ibf/in.

1

5.7102 X 10

5.7102 X 10

-3

- 3
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Temperature

T(Rankine) = 1.8T (Kelvin)

T(Celsius) = T(Kelvin) - 273.15

T(Fahrenheit) = T(Rankine) - 459.67

T(Fahrenheit) = 1 . 8T(Celsius ) + 32

7.3. SYMBOLS

Some of the symbols used in this compilation describe more than one

property because: (1) data and accompanying symbols are gleaned from the

literature and the nomenclature selected by the originating author(s) is

retained and (2) the number of properties compiled far exceeds the number of

available symbols. Multiple use of sjTnbols should not result in any confusion

as they are explained in the text, on the figure or table wherein they are

used in context with the particular property under consideration.

7.3.1. LIST OF SYMBOLS

atm atmosphere (pressure)

a lattice parameter

a accommodation coefficient

b2,b2,b3, etc. coefficients in equations

c lattice parameter

cal calorie

c^ concentration of species "i" in mixture

cm centimeter

cP centipoise
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density in amagats

dt :
derivative with respect to time

ft foot

g gravitational acceleration constant

g gram

h hour

i used as subscript to denote "ith" element or species

j used as subscript to denote "jth" element or species

k thermal conductivity

k infrared absorption coefficient

kg kilogram

£ liter

1 liter

lb pound mass

Ibf pound force

m meter

n exponent in equations

n index of refraction, also n, and n ... at infinite
A 0°

wavelength

p used as subscript to denote constant pressure

Pq vapor pressure

s second

t time

V specific volume

Vj^ longitudinal velocity of sound in the solid

transverse velocity of sound in the solid

X quality

X fraction of ortho hydrogen in ortho-para mixture

X;i; isothermal compressibility
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A,B,C

A

B

Btu

C

C

C »C •C •C
11' 12' 13' 33' i+it

s

C
a

T

E

E

E°

F

F

F°

FCC

G

G

H

H°

HCP

I

coefficients in equations

infrared absorption parameter

second virial coefficient

British thermal unit

third virial coefficient

temperature in degrees Celsius

elastic constants

concentration gradient of the "i" species

specific heat at constant pressure

molar specific heat at constant pressure

specific heat at constant volume

specific heat at saturation

diffusion coefficient

thermal diffusion coefficient

Young's modulus

internal energy

molar internal energy

temperature in degrees Fahrenheit

Helmholtz free energy

molar free energy

also fee, face centered cubic

shear modulus

Gibbs free energy

enthalpy

molar enthalpy

also hep, hexagonal close packed

intensity of radiation
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J joules = watt • second

Jj^ ^ mass flux of the "ith" species

K absolute temperature in kelvln

L ' liter

LFL lower flammable limit

LNG liquefied natural gas

M molecular weight

MESG maximum experimental safe gap

MPa megaPascal (pressure)

N - Newton

NBP normal boiling point

NBT normal boiling temperature (same as NBP)

NTP normal temperature and pressure (20°C and 1 atm)

Npj- Prandtl number

P pressure

P molar polarizability

Pa Pascal (pressure)

Pr Prandtl number

P^. triple point pressure

Q quality

Q heat

R , absolute temperature in degrees Rankine

R gas constant

Rq universal gas constant

RI refractive index

RTP room temperature and pressure (300 K and 1 atm)

S entropy

S° molar entropy

STP standard temperature and pressure (0°C and 1 atm)
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T

Tc

Tt

TNT

Torr

TP

U

UFL

V

W

W

X

Z

Greek

a

a

a

a

3

3i

3s

3t

Y

Y

e

e

temperature

critical point temperature

triple point temperature

symmetrical trinitrotoluene

millimeter of mercury (pressure)

triple point

internal energy

upper flammable limit

volume

watt

velocity of sound

mole percent solubility in solvent

compressibility factor (EPV/RT)

parameter in equation

thermal diffusivity

isothermal bulk modulus

thermal expansion coefficient

volume expansivity

"instantaneous" compressibility ( ^isothermal)

adiabatic compressibility

isothermal compressibility

specific heat ratio (=Cp/Cy)

surface tension

dielectric constant

relative elongation
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ri viscosity

0 Debye temperature

6 specific heat input parameter

thermal conductivity

wavelength

y viscosity

y Joule-Thomson coefficient

^ frequency

P density

density at critical point

O^. tensile strength (stress)

dy nominal yield strength (stress)

$ energy derivative parameter

CO velocity of sound
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