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The paper presents new experimental measurements of the thermal conductivity of oxygen for thirteen
isotherms at temperatures from 78 to 310 K with pressures to 70 MPa and densities from 0 to 40 mol/L.
The measurements were made with a transient hot wire apparatus and they cover a wide range of physical
states ineluding the dilute gas, the moderately dense gas, the near eritical region, the compressed liquid
states, and the vapor at temperatures below the critical temperature. The thermal conductivity surface is
represented with an eguation that is based in part on an existing correlation of the dilute gas. The data are
compared with the experimental measurements of others through the new correlation. The new
measurements show that the critical enhancement extends to quite high temperatures, about 300 XK. The
precision {20} of the oxygen measurements is between 0.5 and 0.8 percent for wire temperature transients
of 410 5 K, while the accuracy is estimated to be 1.5 percent.
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1. Introduction

Thermal conductivity values are necessary whenever a
heat transfer problem is to be evaluated. In addition,
thermal conductivity is a property of fundamental in-
terest in developing the theory of fluids. Accurate
measurements of thermal conductivity are of con-
siderable difficulty. Methods and geometries abound,
each with its adherents and its inherent drawbacks. The
steady state hot wire experiment is one of the older, well
established methods. The transient hot wire method
used here has come into its own only with recent ad-
vances in digital electronics. The evolution of the
modern transient hot wire experiment is traced in an
earlier paper [1]! where a complete description of the ap-
paratus is given.

A gearch of the literature reveals a relative abundance
of papers on the thermal conductivity of oxygen [2].
However, measurements that cover a wide range in both
temperature and density or pressure are rare {3,4], and
as we shall ses, differ considerably. It is, therefore, not
surprising that efforts to correlate the thermal condue-
tivity surface of oxygen [3] are beset with difficulties, and
that the results are of doubtful accuracy. In this paper,

*This work was carried out at the National Bureau of Standards under the
sponsorship of the National Aeronanties end Space Administration (C-32369-C).

}Thermophysical Properties Division, National Engineering Laboratory.

IPigures in brackets indicats literature references at the end of this paper.

new experimental measurements are presented that
cover a large range in density for every isotherm, i.e., 0
to 19 mol/L for 310 K and 0 to 40 mol/L for 78 K. The
new results and a theoretical calculation for the dilute
gas [6,7) are used to fashion a new correlation for the
thermal conductivity surface of oxygen between 78 and
310 K for pressures up to 70 MPa. The new surface
reveals that the critical enhancement extends out to
about 300 K.

2. Method

A hot wire system normally invelves a vertical, cylin-
drical symmetry where the wire serves both as heating
element and as thermometer. Almost without exception
platinum is the wire of choice. The mathematical model
that one attempts to approximate is that of an infinite
line source of heat suspended vertically in an infinite
medinm. The method is labelled transient because the
power is applied abruptly and the measurement is of
short duration. The working equation is based on a
specific solution of Fourier’s law and can be found in
standard texts {see for exainple reference [8), page 261).
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Where T(t) is the temperature of the wire at time #;

Tkt) — Ty = AT = {1)
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T

o i8 the reference temperature, the temperature of

the cell;

g  is the applied power;

A is the thermal conductivity of the fluid, a func-
tion of both temperature and density;

K is the thermal diffusivity of the fluid, i.e., K =
A/ QCP. K is normally taken at the temperature
T, and is nearly constant since the fluid proper-
ties do not change drastically with a small in-
trease in temperature;

a is the radius of the wire; and

In C = y, wherey is Euler’s constant, y = 0.5772...

The relation given by eq (1) implies a straight line for a
plot of AT versus Inft). In practice systematic deviations
occur at both short and long times. However, for each ex-
perimental measurement there exists a range of times

over which eq (1) is valid, that is the relation between AT

and Inft} is linear. This range of validity is determined
from 250 measured AT-t pairs by selecting a beginning
time t; and an ending time t;. The slope of the AT vs
In(t) relation is obtained over the valid range, i.e., be-
tween times t; and ty, and using the applied power the
thermal conductivity is calculated from eg (1). The
temperature assigned to the measurement of A is given by

T = Ty + 5 ATw) + ATe (@)
The density assigned to the measurement of A is taken
from an equation of state using &n experimentally
measured pressure and the temperature assigned above.
The experimentally determined temperature rise of the
wire is AT,,. A number of corrections account for the
departure of the real instrument from the ideal model:

AT = AT, - Z 6T;

These corrections JT; have been fully described
‘elsewhere [9]; the most important at lower times is 6T,
the effect of the finite heat capacity of the wire.

3. Apparatus

A detailed description of the apparatus, of the ex-
perimental procedure, of the wire calibration, of the data
reduction, and of the apparatus performance are given in
the earlier paper [11. A brief description of the system
follows.

"We use a long or primary hot wire approximately 10
cm in length. Its resistance varies from about 20 Q at 76
K to 90 Q at 298 K. A short or compensating wire is ap-
proximately 5 cm in length and its resistance varies from
10 to 45 Q. Both wires are mounted in a Wheatstone

3)

bridge to provide end effect compensation. Voltages are
measured directly with a fast response digital voltmeter
(DVM). The DVM is controlled by a minicomputer,
which also handles the switching of the power and the
logging of the data. The measurement of thermal con-
ductivity for a single point is accomplished by balancing
the bridge as close to null as is practical at the cell or
reference temperature. The lead resistances, the hot wire
resistances, and the ballast resistors are read first with a
very small applied voltage. Then the power supply is set
to the desired power and the voltage developed across
the hridge as a function of time is read and stored. The
basic data form a set of 250 voltage readings taken at 3
ms intervals. The other variables measured include the
applied power, the cell temperature, and thé pressure.
All of the pertinent data are written by the minicomputer
onto a magnetic tape for subsequent evaluation.

For each isotherm, the data on the magnetic tape are
processed on a large computer. In addition to the reduc-
tion of the raw data, i.e., the conversion of bridge offset
voltages to resistance changes and then to temperature
changes, the large computer also handles the wire
calibration data and evaluates the best straight line for
the AT-Inft} data and determines the thermal conduc-
tivity.

The samples used are research grade oxygen stated by
the supplier to be a minimum of 99.994 mol percent ox-
ygen. The impurities listed were 17 ppm hydrocarbons,
3 ppm argon, 20 ppm nitrogen, 16 ppm krypton, and 3
ppm water. The samples were run through molecular
sieve and through a 65 micron line filter when routed
through the compressor. We used a small diaphragm
compressor as a pressure intensifier, and observed nor-
mal precautions for high pressure and high vacuum.

One of the additional design considerations for the cell
was liquid oxygen safety since the interior of the cell is
exposed to very high pressure 70 MPa (10,000 psi) -
quid. The materials directly exposed to liquid oxygen
have been limited to beryllium copper, copper, stainless
steel, silver, teflon, and a polyimide (kapton) all of which
have been found to be “oxygen compatible” [10]. Clean-
ing procedures for cell, wire supports, capillary and sam-
ple handling system were extensive [11]. o

Several changes from the apparatus paper [1} were in-
corporated into the data reduction process; one involves
a digital filter applied to the voltages measured across
the bridge, the second changes the deviation plot of ex-
perimental temperature rises from the calculated

straight line from logarithmic to linear.

The basic data in the experiment are the voltages
measured across the bridge which, when plotted against
time, form a logarithmic curve as shown in figure 7 of
the apparatus paper [1]. Noise levels in the readings were
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ascribed to ac pickup. For some of the experimental
points the noise level can be reduced considerably hy
employing a digital filtering process. Briefly, the raw
data are fitted to a logarithmic curve. The remainder
forms the noise spectrum which was shown to corre-
spond to a frequency of 60 cycles with harmonies at 120
and 240 cycles. The periodicity of the noise spectrum

Delta-T, T 1na K

T inK

Delta-T,

corresponds to 50 measurements exactly. For those ex-
perimental points where the voliages follow a
logarithmic curve over all of the measurement time, four
or even five cycles of the noise spectrum can be identified
uniqeely, averaged, and subtracted from the input.
Figure 1 illustrates the effect of the digital filtering
technigue for point 22016. Shown are the plot of AT vs
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Fi6URE 1. Effect of the digital filtering technique for point 22016,
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In{t} and the deviations of the experimental temperatures
rises from the straight line without, and then with filter-
ing.

Application of the digital filtering results only in a
reduction of the least squares straight line regression er-
ror, STAT. The thermal conductivity values change very
little, in rare instances as much as 0.2 percent. Not all of
the experimental points are amenable to the filtering pro-
cess because several cycles of the noise spectrum are re-
quired to identify it uniquely. For measurements to be
made in the future on other fluids we plan to incorporate
an electronic filter into the apparatus.

4. Reosulis

To define the thermal conductivity surface of oxygen a
grand total of 1628 points were measured. Of these 162
points involved the alignment of the cell, and 340 points
were rejected for experimental reasons such as insuifi-
cient experimental time of measurement, inadequate
equilibrium, experimental density too low, AT-In(t) rela-
tion not linear enough, etc. The remaining 1126 valid
points are distributed among 13 isotherms as shown in
table 1. The portion of the PVT surface covered by the

TABLE 1. Summary table of oxygen thermal
conductivity measurements.

Nominal Temperature Number of Points
T1.K 35.
99. 28.

121. 102.
1435. 101.
159, 164.
178. 92,
202. 152.
218. 68,
242, 143.
263. 60.
282, 63.
298. 53.
310. 65.

measurements is shown in density-temperature coor-
dinates in figure 2. The fluid states measured in this ex-
periment include the dilute gas, dense gas, the near
critical states, vapor at temperatures below critical, com-
pressed liquid states, and metastable liquid states at den-
gities below saturation. On each isotherm measurements
were made at a number of different pressure levels. At
the low temperatures the spacing was about 7 MPa
(1000 psia) in pressure. At higher temperatures the spac-
ing in pressure levels was arranged to give a spacing in
density of about 1 mol/L. At each pressure level several
different power levels were used, resulting in slightly dif-
ferent experimental temperatures and densities. The
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FIGURE 2. Region of the PVT surface covered by the present thermal
conductivity measurements,

pressure, temperature, and applied power are measured
directly, the thermal conductivity and the associated
regression error are obteined through the data reduction
program, while the density is calculated from an equa-
tion of state [7] using the measured pressure and
temperature. Each point is adjusted to the nominal
isotherm temperature by a slight shift in temperature us-
ing the correlating equation given in the next section.
The deviation of the points adjusted to isotherms from
the correlation is calculated at the same time. All of the
experimental and adjusted data are assembled and
presented in table 2.2 An overview of the measurements
is given in figure 3 where the adjusted data and the
isotherms calculated from the correlation are plotted.
The apparatus is not specifically designed to measure
thermal conductivity in the critical region. Nevertheless,
measurements were made as close to critical as is possi-
ble with the present system bearing in mind that the
measurements must be free of convection, The
measurements closest to critical temperature and critical
density are most likely to experience convection. We will,
therefore, look at the 159 K isotherm where the actual
temperatures range between 158.229 and 162.531 K,
ie., between 1.02 and 1.05 7T.. On this isotherm den-
sities hetween 5 and 20 mol/L were difficult to execute
because rather large changes in density occur near the
wire after the power is tnrned on and the wire starts
heating. In extreme cases the change in density was as
much as 1 mol/L even though the applied power was
reduced coneiderably resulting in very amall temperature

Table 2 is displayed at the end of thia paper, on pages 296-310.
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FIGURE 3. Overview of the thermel conductivity measurements on oxygen. Each isotherm is on a separate
scale, The scales are offset from each other by 0.02 W/m - K for better visibility.
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riges. In addition, the data analysis had to be restricted
to shorter times than normal resulting in an increase in
the regression statistic, STAT. For these and all
measurements the absence of convection is verified by
replicate measurements at the same cell temperature and
cell pressure with different power levels. This procedure
changes the temperature rise in the wire and hence the
temperature rise in the gas near the wire. The technique
is quite analogous to changing the AT for a steady state
parallel plate system. Extensive comparisons of the ef-
fect of varying the power level for the transient hot wire
system are given for Ny and He in the apparatus paper
(figures 12 and 15 in ref. [1]) and for argon in table 2 of
ref, [12). As an example for the present measurements on
oxygen consider points 21193, 21194, and 21195 in
table 2 at a nominal density of 12.6 mol/L, or 0.92 g,
The power level varies by a factor of 2, and experimental
temperature and experimental density are perforce
somewhat different; however, the measured thermal con-
ductivities differ from each other by no more than 1.8
percent as compared through the correlation. For den-
sities between 4 and 7 mol/L on the 159 K isotherm a
convection contribution is inferred from the AT va In(t)
plots, therefore, these measurements were discarded.

A second argument which implies the absence of con-
vection in the present measurements is to compare them
to the best current theoretical predictions. This is done
for the 159 K isotherm in figure 7 which will be dis-
cussed in the next section. The agreement between
predicted and experimental values is found to be within
experimental error, the experiment generally being
lower. We may thus conclude that convection is absent.

5. Correlation of the Thermal
Conductivity Surface

It is generally accepted that the thermal conductivity
should be correlated in terms of density and temperature
{5] rather than temperature and pressure because over a
wide range of experimental conditions the behavior of
thermal conductivity is dominated by its density
dependence. This preferred technique requires an equa-
tion of state [7] to translate measured pressures into
equivalent densities. The dependence of thermal con-
ductivity on_temperature and density is normally ex-
pressed as

Me, D) = A, (D + ApeenleD + Aheal@T) (@)

The first term on the right of eq (4) is the dilute gas
term which is independent of density. The second is the
excess therma! conductivity. The first two terms taken
together are sometimes called the *background” thermal

conductivity. The final term is the critical point enhance-
ment. An example showing the size and shape of each
contributing term is given in figure 4 for the 159 K
isotherm.

5.1 Term 1, the Dilute Gas

Values for the dilute gas at zero density have been
calculated by Hanley and Ely [6] using kinetic theory
‘equations and an m-6-8 model potential. These results
were presented as a curve fit by McCarty [7] in connec-
tion with an equation of state for oxygen. The exact ex-
pression is

+ A.TVS + AT2? 4 AT (5)
+ ATV + AgT5/31/1000.

with 4, in W/m-K and T in kelvin. The coefficients 4;
are given in the appendix.

To obtain a value at zero density from the experiment
we must extrapolate the measurements at low densities
to zero density, usually with a low order polynominal. A
comparison of the extrapolations of the experimental
data of table 2 and the values obtained from eq (5) is
given in table 3. The deviations are seen to be very close
to one percent. We will, therefore, use eq {5) to calculate
the values of A, in the correlation, in effect constraining
the new correlation to the kinetic theory expressions.

5.2 Term 2, the Excess Thermal Conductivity

The expression used for the excess thermal conductivi-
ty is a8 follows:

Aoxcessl@, T) = ag + dleﬁQT - 1.0] {6)

where the parameters a, f§, y. J are functions of

temperature as follows:
a = BT

g = Bz + B3T + B4T2
y = B + BT + B;T?
Jd = BB + BQT + 310/T2.

The B coefficients are given in the appendix.

The use of an exponential function for term 2 is quite
conventional [see for example references 13, or 3},
however, several remarks regarding the analysis must be
made. First, it is customary to omit those points which
show a critical enhancement from the fitting of the ex-
cess thermal conductivity along an isotherm. For the pre-
sent set of data the critical enhancement extends to near-
ly 2T .. In the first pass at determining the B coefficients
roughly one half of all the data had to be omitted. Se-
cond, the expression «g is necessary if the exponential
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part of the term is to fit the isotherms adequately. At the
same time, @@ must be restricted to no more than half of
the total excess thermal conductivity at the low densities.
The other half has to be reserved for the contribution of
the exponential part of the term. If this is not done,
severe systematic deviations will result at the low den-
sities. Third, since the thermal conductivity varies by

.16

nearly a factor of 10, and since the experimental
measurements at high densities predominate, a
weighting of 1/1 wae used for this set of data. Fourth, a
parameter 8 used in the analysis of propane [14] to ac-
count for the high density behavior of the excess thermal
conductivity was also considered here. The 8 is a func-
tion of density with different contributions above and

TEWP

159

Thermal Conductiviiy, W/m-K

16 24 32

Density,mol/L

FiGuRE 4. Isotherm analysis illustrated for a temperature of 159 K. + experimental points as
adjusted to 159 K in table 2; 1 the dilute gas term, 1 ; 2 the background term, 1,
+A i 3 the calculated thermal conduetivity, 4, +4_ +AL .

TABLE 3. Extrapolated and calculated values of &

A, differences
Temperature extrapolated = 20 calculated, eq {5) number of cut off density
W/m-K W/m-K W/m-K percent terms in series mol/L
145. 0.01358 = 0.00019 0.01340 0.00018 1.31 3 8.5
159, 01467 = .00021 01472 -.00005 34 3 3.5
178. 01636 = .00060 01644 -.00008 51 4 10.5
202, 01845 = 00036 .01851 -.00006 -31 3 3.5
218. 01977 = .00086 01984 -.00006 -32 4 10.5
242, 02161 = 00042 02177 -.00016 -13 4 10.5
263. 02349 = .00084 02341 00008 34 4 10.5
282, 02497 = .00037 02487 L0010 .39 3 8.5
268. 02599 = .00028 102609 -.00010 -37 3 8.5
310. 02725 = 00027 02699 00026 95 3 8.5
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below critical density. It turns out that a term of this
type fails to represent the oxygen thermal econduectivity
surface adequately. In particular, the isctherms at low
temperatures, 77-145 K, are too steep, and the increase
in spacing in the A-¢ plane required between the 121 and
99 K isotherms and the 99 and 77 K isotherms cannot
be achieved correctly. The behavior expected of the ther-
mal conductivity surface over a wide range of
temperatures and pressures including the saturation
boundary is discussed in reference [15]. With the excep-
tion of the parameter d the parameters are well behaved
and vary slowly with temperature. Their dependence on
temperature is shown in figure 5.
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FIGURE 5. Parameters a-d of the excess thermal conductivity as a
function of temperature.

Finally, if we extrapolate all of the isotherms to liquid
densities, say around 40 mol/L, then the observation
made by Le Neindre {16] seems to be born out. Le Nein-
dre observed that at high pressures at the liquid-solid
transition the thermal conductivity coefficient is density
dependent only.

5.3 Term 3, The Critical Enhancement

With terms 1 and 2 of the thermal conductivity sur-
face determined, we turn our attention to the remainder,
the critical enhancement. The data, shown in figure 6,
are obtained by substracting terms 1 and 2 from the ex-
perimental values. For this analysis we will consider two
separate regions which are shown in @-T coordinates in
figure 2. The first region, which we will call the critical

region proper, is nearly rectangular and corresponds
roughly to the range of conditions for which Sengers, et
al. [17] recommend the use of a scaled equation of state.
Defining the reduced coordinates

AT* = (T—TJ/T, and Ag* = o — /e, (T}

the boundaries of the first region as recommended by
Sengers, et al. [17] are

IATH < 0.03 and lAgY <€ 0.25 ()
For oxygen T, = 154.581 K and @, = 13.63 mol/L.
Therefore, the region of concern is bounded approx-
imately by 150. € T'< 160. K and 10. € ¢ < 17. mol/L.

We note that only one isotherm of the present
measurements, 159 K, falls within this region, and then
it is close to the highest temperature, the extreme edge of
the region.

The second region, which we will call the extended
critical region, shown in a triangle in figure 2, covers
those densities and temperatures for which the present
measurements reveal an anomalous increase above the
background conductivity, i.e., a critical enhancement.
Since nearly all of the present measurements fall into
region two, the emphasis of the analysis will be placed
here. In addition, we will include the 159 K isotherm in-
to the fitting of the region two in order to provide a
smooth transition to region one, even though as men-
tioned above this isotherm properly belongs into region
one.

Region 1, The Critical Region Proper.

Modern theoretical predictions on the calculation of
Al are given by Hanley, et al. [5] and Sengers, et al.
[17]. Both sets of authors recommend a scaling equation
in the close vicinity of the critical point and switch to an
equation of state, usually a modified Benedict-Webb-
Rubin type, further away from the critical point.
Hanley, et al. [5] make the switch at 0.025 T, or
158.445 K while Sengers, et al. {17] use 0.03 T, or
159.218 K. A comparison of the AA, obtained from the
experiment and as adjusted to 159 K in table 2 with
references [5] and [17] and with the equations developed
in the next section is given in figure 7 for a temperature
of 159 K. We note that for reference [5] the shift to the
BWR equation of state has already taken place. The
defects of this equation when used to calculate the com-
pressibility are evident, yielding a distinct asymmetry of
the A}, toward lower densities when compared to the
other calcultions. The use of a PVT surface by Weber
[18], i.e., a polynomial representation of isotherms, with
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F1GURE 7. Comparison of experimental and celculated A at 159 K. + experimental points

a6 adjusted to 159 K in table 2; 1 Ak_ calculated

according to [17]; 2 Al calculated

from eqs {9-13) this paper; 3 Al, calculated according to [5]; 4 AI calculated
according to [5] but with derivatives from [18]. The arrows indicate where the swit-
chover in computation from region 1, i.e., reference [17], to region 2, i.e., egs (9-13),

takes place.

the equations in [5] improves the calculated Al con-
siderably. For reference [17] the calculation at this
temperature is still in the scaled equation mode with but
a slight asymmetry toward lower densities. The em-
pirical representation developed in the next section, eqs
{9-13), lies intermediate between [3] and [17] and ex-
hibits even less asymmetry toward the lower densities.
We conclude that for this temperature the experimental
results agree within experimental error with current
theoretical predictions.

Region 2, The Extended Critical Region.

What we wish to provide for region two is a
mathematical description of the AA(g,T) which will
represent the available data. In developing the analytical
representation for term 3 we find that the surface to be
represented exhibits considerable fine structure. The
aspects that must be accommodated in particular are:
one, the critical enhancement persists to quite high

temperatures. It persists to somewhere around 2 T, for
oxygen quite similar to that initially reported for argon
[12,19]. A second aspect is that this increase is centered
on a density, Quener» Which is a function of temperature.
Close to critical g, i8 nearly equal to the critical den-
sity, but at higher temperatures Qcenter Changes to lower
densities as will be seen in figure 6. A third aspect is that
the data proved to be slightly asymmemc about @ opser-
We started by looking at the prior art in the analysis of
the critical point anomaly [5,17,20,21]. However, it
became apparent very quickly that the expressions
developed previously for AA. cannot be used at the
higher temperatures involved here. Specifically, we tried
to use the prescriptions given in references [3] and [17]
by adjusting the amplitude, the damping factor, or both
to values seen experimentally. This procedure fails to
represent the data. The reason for this is as follows. The
combination of variables including the correlation
length, the compressibility, the viseosity, and the damp-
ing factor yields a maximum. However, this maximmn
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occurs at a density much higher than g,, whereas what is
needed is a maximum at a density less than g . A plot of
the densities at which we require the maxima to occur,
i.., Qeepter» ANQ the densities where they actually occur
for the procedures of references 5] and {17] is given in
figure 8b below.

Since the best current prescriptions fail to represent
the new data we were forced to develop a new, empirical
representation for the Al in region 2, the details of
which follow.

The expression used is an error function centered
UPOD Quepeer Multiplied by an amplitude

Mhigea(@T) = AMPL-e*® (9
Both amplitude and centering density are chosen to be
simple functions of temperature. Their behavior is
shown in fignre 8a and b. In figure 8a the error bands
shown for the experimental isotherms represent the
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Amplitudes
eq (10) this paper, with the range of
experimental velues I taken from figure 6;
1AL, T scaled equation only [17];
2 Al (g, T) scaled equation and BWR [5).
Densities at maximum Ai
eq (11) this paper, i.¢., Qenter’
1 scaled equation and BWR according to
(11
2 scaled equation and BWR according to
5%

‘range of values plotted for each isotherm in figure 6 close

to the density @ .p.r- The algebraic representations are

AMPL = Ci/(T+ Co) + C3+CT  (10)

Qcenter — Q¢ + Ci(T —'Tcll's (11)
It is clear that the x in eq (9) is intended to be a function
of density. The small asymmetry is achieved by pro-
viding different expressions for x above and below @ ..
as follows:

x = Cﬁ(Q ~ Qeenter) O @ > Qeenter (12)
and
x = CG(Q - chnter' + C'I(Q - chnter'5
for ¢ < Quenter (13)

Once the analytical representation for term 3 had been
determined, a subsequent pass considered all of the data
and all terms together in a surface fit. The coefficients C;
as determined in this surface fit are given in the appen-
dix. Values calculated from eqs (9-13) for term 3 are
plotted as continuous lines for isotherms 145-298 X in
figure 6. We find that the critical enhancement is cut off
when the amplitude of eq (10) reaches zero, i.e., approx-
imately at 307 K.

Combining Regions 1 and 2.

The simple functions developed for region 2 are
designed to represent the experimental data in region 2,
the extended critical region. They were not designed to
incorporate the divergence of A at T = T, A complete
representation of the thermal conductivity surface will,
therefore, require a switch from the computational
scheme recommended for region 2 to a different one for
region 1 that incorporates the proper divergence of A,
The details of this switch are given elsewhere {22] and
they include a consideration of the light scattering
measurements by Weber [23]. A brief synopsis is as
follows. For region 1 we recommend the formulation of
Sengers, et al, [17] which is modified in two minor ways.
First, the value of A adopted to be 1.02 for CO4 in [17]is .
chosen to be 1.04 for oxygen. This number is establiched
as a best value for Weber’s experimental peints [23] for
densities close to critical. The second modification is to
extend the calculation using the scaled equation ont
to a temperature of 162.9805 K or 1.054 T, rather
than 1.03 T The second change avoide an abrupt
drop of about 10 percent in the value of
AA{g. T) in switching from the scaled equation to the
BWR at 1.03 T, For region 2 we recommend eqs (9-13)
of this paper. The boundaries between the two modes of
computation are arcanged to give as smooth a transition
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between them as possible. The temperature 162.9805 K
or 1.054 T, is the point at which the values of AA(g,,T)
and AA {QeeniersT) are equal for regions 1 and 2. The
crossover is shown in figure 8a where one of the dashed
lines represents the extrapolation of Al (g,,T) from [17)
for the scaled equation mode and the other represents
the extrapolation of Ad; (¢, T} [5] for the BWR equation
mode.

A final note concerns the extension of the calculation
of Al ;;cn to temperatures below critical. The normal
assumption is that the isotherms below T, mirror the
behavior of isotherms above T,, i.e., the Al for the
145 K isotherm is calculated as if that isotherm were at
164.142 K. This was done in figure 6, and it will be seen
that the Al ica) caleulated for 145 K is nowhere near
large enough to achieve agreement with experiment. In
fact, the experimental AL, for 145 K is even larger
than that calculated or measured for 159 K, a
temperature which is considerably closer to critical. To
resolve this point additional isotherms below T, would
have to be measured.

5.4 The Thermal Conductivity Surface

Equations (5-13) taken together describe the major
part of the thermal conduectivity surface, excepting only
the critical region proper, region 1 of figure 2. Coeffi-
cients for eqs (5-13) were determined by running alter-
nate cycles of a linear least squares routine on six of the
coefficients and one parameter, and then a general
minimizing routine on the remaining parameters until
the change in the total deviation sum became negligible.
The three function programs describing dilute gas, the
excess thermal conductivity and the A2, are listed in
the appendix. The function program for the Ad.y;, in-
cludes the switchover to the formulation of Sengers, et al.
[17] at the appropriate conditions. To complete the set of
functions needed to describe the entire thermal conduc-
tivity surface, a fourth function program is listed in the
appendix. This function applies to the critical region
proper, region 1 of figure 2. It codes the prescription of
reference [17] but restricts it to the scaled equation only.
Since the variables normally available to the user are
pressure and temperature, an equation of state [7] is re-
quired to find the corresponding density. Temperature
and density then allow calculation of the thermal con-
ductivity from the functions given in the appendix.

Deviations between experimental values and the
calculated surface are shown for all points in figure 9 by
isotherms. Some systematic deviations, notably for the
145 K and 159 X isotherms and at low densities remain.
Percentage deviations for each experimenta) point as ad-
justed to an isotherm have already been shown in table

2. The percentage deviation over all 1126 points is 1.5
percent at the 1glevel.

5.5 Comparisons to the Results of Others

The comparisons are made through the present cor-
relating surface. A summary of deviations between the
experimentel thermal conductivities of others and the
calculated surface is given in table 4. The deviations for
each individual point are shown in figure 10. In compar-
ing the results from the light scattering experiment by
Weber [23] we used only those points that fall into the
temperature range of our measurements, i.e., above 158
K. The rms deviation of 2.8 percent between the present
results and Ziebland and Burton’s [3] measurements
with a concentric cylinder system represents an excellent
agreement. The agreement between Ivanova, et al. [4]
who used a steady state hot wire but had to know the
thermal conductivity of the supporting glass tube and
the present measurements is acceptable, as is the agree-
ment with Weber [23].

TABLE 4, A summary of deviations between experimental thermal
conductivities of other authors and the surface caleulated in this paper.

differences in %
Reference | No. of Points RMS
fowest highest
Ziebland and|
Burton (3] 63 -2.30 8.17 2.82
Evanova, et
al. [4] 88 -11.08 9.90 3.95
Weber [23) 14 -8.38 +17.69 5.68
this paper,
total 1126 -14.59 +15.47 1.46
this paper,
overlap
with
region 1 31 -14.59 +8.66 6.67

We can also compare the present correlation to a
previous one by Hanley, et al. [5]. The deviations be-
tween these two surfaces were defined to be zero at zero
density. At higher densities the deviations are systematic
and run up to 33 percent at the highest densities. The
differences between the two surface representations are
illustrated in figure 11 for five isotherms of 80, 120, 160,
200, and 300 K.

Considering the critical enhancement we find that for
the isotherm closest to critical, 159 K, the measurements
agree with current theoretical predictions [17]. For
higher temperatures the present measurements disagree
with current theoretical predictions [5,17], the extent of
the disagreement is shown for densities near g, in figure
8.
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The herizontal band shows the + 1.5 percent fit of the cor-
relating surface to the present 1126 points.

There are perhaps three reasons why the present
measurements exhibit a critical enhancement to higher
temperatures than previously reported. Looking at
figure 6 we note that the critical enhancement at any
- given temperature covers a hroad range in density.
Therefore, the experimental measurements should be
carried out * quite high pressures, preferably to a den-
sity of ak .at 2g,, in order to separate the terms in eq (4)
properly. In addition, the precision of the experimental
measurements must be fairly high. For the present
measurements the precision i8 a nominal 0.6 percent.
Considering the first two elements, we see that at a
temperature of 298 K it is nearly impossible to differen-
tiate between potential critical enhancement and ex-
perimental precision. Finally, the functional form used
to represent term 2, the excess conductivity, should be
fairly well constrained. In other words, the excess sub-
tracted at different temperatures should show a slight
temperature dependence, the functional form, however,
should be the same for all isotherms., In the present

paper an exponential is used rather than the usual power
series in density.

8. Summary

The thermal conductivity of oxygen has been
measured at temperatures from 77 to 310 K with
pressures to 70 MPa. The measurements cover the
physical states of the dilute gas, the dense gas, the region
near critical, compressed liquid states, metastable liquid
states at conditions just below saturation, and vapor
states at temperatures below critical and pressures less
than the vapor pressure. The results were analyzed in
conventional terms to develop a mathematical descrip-
tion of the thermal conductivity surface. The new sur-
face reveals that the critical enhancement, or an
anomalous increase in thermal conductivity, persists to
reduced temperatures that are quite high, approximately
2 T,. The center of the enhancement shifts from the
critical density to lower densities at the higher
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Ficure 11. Comparison of the correlation by Hanley, et alL [5]----- and the present correla-

tion

temperatures, and the enhancement is slightly asym-
metric about the center density.

The precision of the measurements as established by
varying the applied power is 0.6 percent. The agreement
between an extrapolation of the measured values to zero
density and dilute gas values calculated from basic
theory is around 1 percent. The accuracy of the present
measurements is expected to be 1.5 percent (lo) over
much of the surface, as established by the fit of the cor-
relating surface, This accuracy degrades to around 10
percent at 77 K and zero density and to around 6 per-
cent in the region covering the critical enhancement at
1359 K. The agreement between the present
measurements and those of others ranges between 3 to 3
percent covering a wide range of temperatures, densities
and including the region of the critical enhancement.

The author would like to express his appreciation to
Professor J. V. Sengers for a careful reading and critique
of the manuscript.

for isotherms of 80, 120, 160, 200, and 300 K.
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8. Appendix

FUNCTION DILTRITEMP)

[ TC=2ERO FOR OXYGEN FROM TN 1025

DIMENSION 419}

DATA A/=2.0393052193E+5,2.40B8141TO9E+S

E N N

T«TEMP
TEaTe®(1,/3,)
TEFaTax(=4,/3,)
SUM=0
00 20 I=1,9
TFEnTFETF

20 SUMaSUM+AITITEF
DILTR=SUM
RETUEN
END

p=1.2014175183E+5,3.2954F4919E+4
3=5.4244219598E4355,4734865540E4+2
+—3.2054821539€+1,1.0753572103
»=1.4610986820E~-2/

FUNCTION THERMR{RHO,TEMWP}

c 4TH SURFACE,
OIMENSION BI1OD)
DATA B/.298644E=5

COEF. FROM

TCO21 AND HKINIHS, 3 MAR 82

17.59842E+00p 411362E=015~,19520E~04
25 44TO24E+00s=4 64 TEFE=DTs ,BI22IE-006
3,=e2T78141E=4»+153T05E~65.1471THESL/

TaTEMP

DEN=RHO
TCZERO=DILT(T)/1000,.
AL=B(1)*T

BEwB{2)+B(3)eT+B {4 )*THs2
GA=B{S)1+B{6I*T+B(T7)eTHN2
DEsB(BI+B(GI#T+B{10) /THw2
THERMR=TCZERO+AL#DEN+DES{EXP{BESYDEN®SGA}~1.0)

RE TURN
END
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o000

12

FUNCTION CRITCR{RHDs TEMP)

4TH SURFACEs CDEF, FROM TCD21 AND MINIHS, 3 WAR 82
DIMENSION C(7)

DATA C/e219200E40»=1454355.734512E~02,~4202950E-04
1 =eT1399E=35 s 12B04E+05 s 12900E-3/

DATA (TC=154.581),5(RHOC=13,63)

T=TENP

DEN=RHO

DELD=ABS (DEN=RHOC) /RHOC

IF{TLTLTC) TaTCHITC=T)
IF{T.LT+207.443) GO TO &

CRITCR=0,.

RETURN

CONRTINUE
AMPLeC(L)}/{THC{2))+C {3+ CLAI*T
DELT=T=-TC

RHOCENT=RHOC+C[ 5} #DELT®#1 .5
DELRH{O=DEN-RHOCENT

X1=C(6)*DELRHD

TF{DELRHO.LT. 0.} X1aX1+4C(7)*DELRHO**S
CRITCR=AMPL¥EXP{~X1¥%2])
IF(T.GT.162.9805) RETURN
TF{OEN.LT«7:5.0Re0EN.GT418s) RETURN
TEST1=5ENGALIDEN,T)
IF{TESTIvGT.CRITCR) CRITCR=TEST]
RETURN

END

FUNCTION SEMGB1{RHOD»TEMP)
SCALED EQUATION ONLY, VERSION OQF 12 FES B2

CRITICAL ENHANCEMENT AS IN SEMGERS ET AL 1981 U MARYL. REPORT
UNITS, IN MOL/LsK, INTERNAL ALSD ATMs OUT W/M<K, ETA G/CH-S,BK J/K

1.02 REPLACED BY 1.04, PARAMETER VARIATION FOR WEBER DATA
DATA {TC2154,581),(DCaL3,63), (BKul.3B054E=23),(PC2409,77054)
1 »(ZI=53.9783E-10)

DATA (E=D.287)p(Gul,190),(BaD,355),(0022,36), (X2a0.183),(0DE=4,352)

DEN=RHO

T=TEMP

DELD=ABS(DEN=DC) /DC

DELT=ABS(T-TC}/TC
DFACT=EXP{={39,8%DELT*#2+3 . A5%DELD**4}}

RSTAR=DEN/DC

VISaVISC{DEN,T)*(1.0E=0b)

CALL DPOT(DPT,DENsT)

IF(DELD«LE.D+25.AND,DELT.1T.0.03) 60 TD 8

CALL DPOD(DPDsDEN,T)

CHISTAR=PCADEN/{DCH*2%DPD)

60 7O 12

IF(DELD.EQ.Q.) GO TO 3

AmDELT/DELD®**(1.0/B)

Y={X+XZ) /X2
TOP=DELD®*(=G/B)M{{La+E) /{1 +E*YUR (2, 4B} }#%{(G-1.)/(2.,%B}}
DIVeDD*(DE+ (Y=L )*{DE=~1s 7BHERYRE{2, #B)) /(1. +ERYRE{2,#B)})
CHISTAR=TOP/DIV

CHIsSCHISTAR®®0,.468067
UPPER®L,OA%BX/PCH(T*DPT/RSTAR) #4208 CHIWDFACT#1,01325E+4
SENGB1wUPPER/({IZ¥64#3,14139%VIS)

RETURN

BGAMaXZ#aG/DDR [ (1. +E)/EIWR{{G-1.)/(2.%B))
CHISTAR=BGAM® (DELT) %% {~G)

G0 TO 12

END
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Run Pt.

23001
23002
23003
23004
23005
23006
23007
23008
230409
23010
23011
23012
23013
23014
23015
23016
23017
23018
23019
23020
23021
23022
23023
23024
23023
23026
23027
23028
23029
23030
28006
2a007
28008
28011
28012

Run Pt.

22001
22002
22003
22004
22003
22006
22007
22008
22009
22010
22011
22012
22013
22014
22015
22016
22017
22018
22019
22020
22021
22022
22023
22024
22025
26004
26007
26008

Pressure
MPe

64,519
64,317
64,513
64,510
64,520
64,522
55,437
55.440
55,442
55,437
4l.740
41748
41,757
$1,.757
41,758
2T.T26
27.726
27.728
27729
27,730
13.851
13.855
13.861
13,864
13.872
1.770
1,773
1.7T4
1.778
1.777
«025
<025
«025
«025
025

Pressuras
MPa

654411
68.401
68.384%
6B8.377
55,474
55,470
554469
554461
41.961
41.981
41,964
41.958
27592
27.693
27.696
274697
14,022
14,027
14,030
14,034
1. 667
1.678
1.683
1.685
l.6B82
222
222
+222

Table 2.

Temperature
K

T 4806
TT.03%
TT7«173
T7.313
TT.610
77.828
T6.878
TT.059
T7.201
TToh49
Th.804
T7.005
T7.320
77.338
TT«514
T6.830
77.003
TT1l44
TTe410
TT.675
TH.85%
764995
77.132
TT.416
TT.631
Thebb4
T6.791
77163
TT.266
T7.525
TB.T34
T9.375
B80.248
T8.728
T9.320

Temperature

9B.836
99.097
99,395
99.663
3B .794
99,064
99,330
99.730
98.577
98,812
99.262
99,400
98,666
98.737
99,272
99,580
98,527
98.714%
99,059
99,476
98.612
98.914
99.126
99.50%
99.978
101.183
100,306
101.821

Denslty
wol /L

40,2622
40,2441
40,2293
40,2143
40.1829
40,1598
39.9627
39,9429
39.9274
19,8999
39.4881
39,4651
39,4289
39,4268
39,4065
38,9412
38.9199
38,9025
38.8697
38,8370
38,3377
38,3191
38,3013
3842637
38,2352
37.7791
AT 7610
37.7075
37.6928
37.6554

«0391

«0308

«0384

0391

+0388

Density
mol/sL

28.1211
38.0943
33.0633
38.0359
3T.5845
37.5553
37.5265
I7.4831
36,9801
36,9529
36,9010
36,8346
36.2124
36.2034
36,1358
36,0969
35,3802
35,3539
35,3053
35 .2463
34,4380
14,3898
34,3558
34,2942
34,2162

w2TB%

«»2813

«2763

Poser
W/m

« 205087
26918
«34099
«41918
»30890
«60713
+ 236453
«30419
»38050
+46382
« 20597
« 26943
«34219
«#2023
HH421
« 20620
+26958
«34157
+42083
«51062
+ 20630
+ 26935
«34152
+ 42095
« 51049
17761
« 23653
«30498
»38123
L1111
202260
«02805%
« 03427
»02258
«02803

Fowar
Wim

+ 34047
«43771
«54783
«66601
«34014
«43744
547306
+ 566356
33948
+43655
«54699
06437
29657
238713
« %9195
«+60482
25574
+34051
«43823
« 54912
+21845
« 29749
»38884

$49334:

#60711
«03978
»03211
204827

Exparinentsi
Thares!
Condustlivity
W/m.K

+20186
«20215
«20154
«19877
+19888
«19825%
» 13841
«19725
219673
«19512
+19115
»19140
«19223
«18923
«18889
218534
«18486
+1B4T3
»182%90
+18212
«17812
«17754
+17636
«17541
«17458
+17124
«17013
+17027
«16933
«16750
«00642
00724
«008313
200645
«00723

Experimantal
Thermal
Conduativity
Wim.K

18361
+18274
«18217
«17984
17617
«17540
«17512
«17273
«16750
«16693
«16676
W16418
15909
+ 15748
+15834%
15625
+14908
» 14853
+«14836
« 14785
«13913
»13933
213855
«13795
+13594%
«00928
+009038
«00953
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STAT

008
+005
«003
003
«001
+002
« 006
«»003
+001
001
«006
« 004
«003
«002
=002
2004
2002
+002
«001
«+000
«005
«004
+003
.002
2002
«007
+ 004
«003
«002
+002
«134
#1135
+106
«155
«130

STAT

« 004
=002
=002
001
2003
«002
002
001
«003
002
002
+001
<033
002
002
201
«004
« 003
2002
002
«005
+003
«202
001
«001
+06b
«0AD
«051

The Thermal Condyativity of Oxvgan

AdJustsd Thermal Conduotivity

at a nominal
Tesmparature of
W/m.K

«20192
+20213
« 201464
+«19863
+19861
19788
+«19846
«19722
+ 19664
+19493
»19123
«19140
«19210
«18910
+» 18868
« 18540
«1B4806
« 18468
218275
18187
«17817
17754
+17652
«17527
+17437
«17135
17020
«17022
«16927
16734
«006206
« 00702
00803
«00629
00701

AdjJusted Theraal

at a nominel
Temperature of
W/m.K

+183568
«18272
+18200
«17956
«17623
17537
«17499
+17244
+ 16766
+16700
+« 166646
+16403
13920
15757
« 15825
+15605
«14923
« 14862
+ 14834
+ 14770
«13924
«13935
«13851
« 13781
«13567
+ 00906
200895
« 00925

77K

99.K

Daviation
from Correlation
parcant

30
61
=38
=e94
-4
- 95
57
+18
=01
=71
+16
okl
1.01
=-+53
=.63
«78
63
65
=-+17
543
92
n?O
24
=21
~e53
+ 86
«31
+69
24
-u65
~Ba.h2
3,32
15.47
=T7.90
3.26

Conduotivity
Deviation
from Corraiation
parcent

35
«22
03
=1.11
25
—~s04&
=.05
=1.21
=kl
-8l
-l
=1.93
-+ 05
=1.02
=-s09
-1,.,22
—ak?
=68
-.52
-.52
=o4hB
- 04
-o40
~o k5
-1.45
=+60
-1.90
1,564



Run Pk,

17001
17002
17003
17004
17005
17006
17007
17008
17009
17010
17011
17012
17013
17014
17015
17016
17017
17018
17019
17020
17021
17022
17023
17024
17025
17026
17027
17028
17029
17030
17031
17032
17033
17034
17035
17036
17037
17038
17039
17040
17041
17042
17043
17044
17045
17046
17047
17048
17049
17050
17051
17052
17053
17054
17055
17056
17057
17058
17059
17060
17061
17062
17063
17064
17065
17066
17067
17068
17069
17070
17071
17072
17073
17074
17073
17076
17077

Pressure
MPa

56,830
66.827
b6.823
6h.821
664819
46,818
66,817
66,810
66,812
56,807
656.803
b6.0804
66.802
66 .0800
66794
66.793
66,791
66,750
66.706
66,785
59.914
59,916
59,919
59.920
59.926
39.932
524721
32.728
52.730
52.735
524743
52.747
45.937
45,943
45.949
454955
45.963
43,970
38,451
38.458
38,465
38.471
38.478
ELFEL:LS
31,221
31.229
31,237
31,250
31,297
31.263
24.034%4
24.041
24,053
24,060
24.071
24,082
244095
14.732
16,739
16.Th4
164754
16,761
16,770
9.823
9.829
9.837
9.847
9,834
C:1.T1
263 %
24641
2.0h4
206486
2. 657
24604
2+856
24857

Temperature
K

120,725
121.079%
121,014
121.104
121.326
121.476
121.588
121.880
122,030
122,074
122,475
122.766
121.785
121.854
121,952
121.960
122,039
122.4%0
122 .482
122.621
120.808
121.015
1214241
121.699
122,098
122,555
120.785
121.026
121.300
121.6061
122, 104%
122.608
1204724
120.949
121,287
121.709
122.148
122.767
120.792
121.0%4%
121.429
121,781
122.245
122,833
120.887
121.094
121.473
121.8%7
122,391
122.870
120,891
120,755
121,100
121427
121.932
122.3%4
122.959
120.750
120.956
121.329
121.763
122.190
122.789
120.7530
121.049
121.359
121.061
122.331
122,964
120.B4%
121.060
121.4%0
121.992
1224405
123.103
120.805
121.0%8

Density
mal /L

35.8415
35,8058
35,8121
35,8031
35,7806
35,7656
35.7543
35.T7240
35.70%6
35.7050
35.5046
35.6356
35,7337
35.72067
35,7166
35,7157
35,7076
35,4668
35,6630
35.6490
35.4695
35,4480
35,4246
35.3770
35,3357
35.2804
35,0664
35,0406
35,0110
34,9720
34.9243
34.8697
34,6609
34,6357
34,5976
34,5500
34,3005
EL IV X1+ 2
34.1569
3all21l
34,0812
34,0391
33,9837
33,9132
33,6143
33.58523
33.5402
33,4918
33,4236
33.3623
33,0206
33,0400
32.9932
32.9485
32.8793
32.8160
32,7382
32,3484
32,3177
32.2611
32.19536
32,1307
32,0393
31,5707
31.5199
31,4671
31.3B848
31,3002
31.1906
30,5303
30.4867
3044080
30,2919
30,2063
30.0379
I0.5T47
3045146

Power
Wim

«16153
« 19941
v24084
«28636
«33406
«389835
ot T4B
+50957
«57552
sHh516
72021
80010
« 44805
44017
k831
44036
4850
«bkb52
N-L1-¥g]
«b4T15
+ 16156
« 24080
33602
2 94TH8
57576
« 72069
«16150
v 24075
033594
v548T61
«B7HT2
« 72075
« 16145
« 24068
«33592
«44770
« 37585
o 72143
«16162
« 24097
«33628
«2hB03
« 57643
« 722053
«16169
«24102
«3306060
54840
+57699
«72253
e 16174
«12800
«24111
33659
44804
237724
« 72253
«12802
219941
«28692
«39079
«51103
264042
«12802
219945
+ 286906
+39100
+511064
+ 64895
+12806
«19952
+28T07
039122
+51180
264974
12812
«19960

Experimental
Thermeal
Conduacklvlty
Wim,K

«16230
216308
«16310
«16281
+16196
«16233
«156177
+16168
«16133
+16099
161612
+ 16080
16229
« 16261
16436
+161%0
«16546
«16221
o 16264
«16378
+15808
15794
+15779
215763
«15708
«15694
«15498
«15279
« 15245
«15287
215210
«15076
« 14872
«14897
14784
«14773
14692
«14668
«14314
+143381
14215
«14157
«14117
«14119
+13674
«13643
+13670
13629
+13586
+13%20
«12972
«13126
+13073
«12970
12924
£1291%
«12881
12402
« 12463
12377
+12279
«12267
«12182
«11705
»11482
«11608
«11576
«11413
+11439
«10792
210772
»10710
10650
«10582
«10489
+10864
L0704
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STAT

«010
2007
«006
«005
«004
2003
<002
002
002
«001
002
+001
«002
+003
003
« 006
+004
«003
002
2002
012
+ 006
+ 00&
003
002
001
«010
«006
+ 004
«003
«002
001
«006
«004
«002
+002
«001
001
«009
« 006
+003
«003
001
«001
«009
«005
2003
«002
=001
001
«009
014
«005
»003
»002
«002
2001
«011
008
003
«002
«001
«001
010
+0058
»003
«002
«002
001
«010
»005
«003
+002
« 001
«001
+ 007
»003

ddjusted Thermal
at & nominal
Temperature of 121.K
Wim.K

«16238
«16306
«16310
« 16278
«16187
«16219
«16160
Wl6143
16103
+ 16068
« 16119
+16030
+16206
«16236
«16409
«16162
«165106
+16180
16222
+16332
«15813
« 15794
«15772
215743
+15678
«15651
«15504
«15278
15237
«15269
«15180
«15033
« 14879
+148%8
«14776
14754
« 14662
14623
« 14319
+ 14379
e14204
«14137
«14086
+ 14074
«13677
« 13641
+«13659
+13608
«13553
+ 13476
« 12975
13132
« 13071
« 12940
«12903
12883
«12837
012408
124064
«12370
122062
212241
v 12144
»11710
«11681
»11601
«11559
«11388
«11399
»10795
«10771
+10702
«10631
+10535
+«10450
+10868
10782

Conductivity
Devliatian
from Correlation
pefrcant

323
«90
.88
75
+36
07
«33
«50
«37
13
« 79
a5
.82
1.06
2417
6B
2.87
1,15
1,43
2.20
32
.35
.39
«56
45
63
1.32
«05
-.00
«50
W27
~e30
22
54
«00
« 21
s 05
«20
«lé
«82
=210
~e26
=-s21
«23
=35
- bt
‘04
«03
«13
«02
-1.20
=«l%
~e 25
=77
~e 69
=+ 30
-.13
-e59
«10
- 23
«s 61
-e29
- k0
kT
=433
~a62
=:36
~1.21
- 27
=u67
=36
=00
-e37
=kl
=29
=33
=07



17078
17079
17080
17001
17082
17083
17084
17085
17086
17087
170488
17089
17090
17091
17092
17093
27003
27004
27006
27007
27008
27009
27012
27013
27016

Run Pt,

16001
16002
16003
16004
16005
16006
16007
16008
16009
16010
16011
16012
16013
16014
146015
16016
16017
14018
16019
16020
164021
16022
16023
16024
16025
16026
16027
146028
16020
16031
16032
16033
16035
16036
16037
16038
16039
14040
16041
16042
14043
16044
16043
16046
16047
16048
16049
14050
16051
16052
16033

2.058
2.859
2,000
2,861
1,074
1.074
1.0T4
1,074
1.074
1,073
1,072
1.073
1.073
1.073
1,073
1.072
1.0%¢6
1,036
1.056
1.056
1.0536
1,056

« 210

210

w210

Pressure
HPa

65.387
65,308
65.391
65,390
65.390
654390
65,389
65,390
65.391
65.391
39.094
59,097
59,096
59.097
59.098
39.098
59.094
59,098
39,098
59.098
59.098
52.975
52980
32.982
52.987
52.991
52.994
52.997
53,004
33.006
53.009
860690
k6,708
46,716
464723
46.726
86,734
45.T40
404494
40.503
40.511
40,516
404523
40.526
40,530
34,503
344506
34,511
34,515
34,518
34,528

121.501
121.922
122,517
123,084
1204673
120.799
120.932
121.023
121.19%%
121.427
121 .674
121.928
122.197
122,426
122,833
1234145
121,949
122.925
121.592
122,455
123,522
124,121
122.778
124.061
123.390

Temparature
K

143.35%3
143,518
143.5651
143,840
144,065
14&,266
144,617
144,862
145,161
145,414
143.181
143,370
143,555
143.706
143,840
144,107
144,390
lbkh 524
144,960
145,177
145,530
143,222
143,414
143,555
143,779
143,966
Lak (224
144,341
144,947
145,233
145.596
l45.4697
144,490
143,931
143.%32
143.207
145,410
144,643
143,921
143.246
14%.,136
143,615
144.558
143.931
144,297
143,223
143,586
144.051
144,590
145,202
145,.508%

30,4311
30,3434
30,2181
30,0973
30,2995
30.2719
30.2427
30,2224
30.1852
30.11326
30,0788
30.0221
29,9617
29.9099
29,8169
29.7455
l+26068
1.2299
1.25231
1,2379
1.2199
1.2100
«2122
«2098
«2110

Density
mol /L

33.4978
33,4813
334684
33.5494
33,4270
33,4071
33,3721
33.3478
33,3182
33,2931
33,0930
33,0734
33.0542
33.0386
33,0242
32,9370
A2 .96T75
32.9433
32.9086
32,8861
32.849%
32.6448
A2.6244
32,6092
32.5B53
32.5652
32,5375
32.5250
32.4597
32,4288
32.3897
31.8638
32.0037
32,0683
32.1146
32,1520
31.9005
31.9388
31.2763
31.6032
31,3739
31,5599
31.4454
31,5221
31,4779
31.0185
30.9715
30,9114
30,3414
30.7617
30.T127

«RBT2T
«39134
«51222
+ 64998
«094834
«12810
v16104
«19938
« 24131
« 28723
«33722
39139
Ty ITY
+ 31207
«37923
«63023
«03306
«0B1AT
« 02541
»04173
06231
«OTH20
«03322
«05182
« 04197

Powar
Wim

«19927
24561
«29692
»35318
ohlhbh
«#BO6T
«353209
«52851
« 71001
« 79658
15774
«19929
24572
«29703
235331
v h1456%
«48097
«55226
«62881
+T10230
« 79712
«153779
+19930
+ 24576
«29708
+33340
«41478
+58097
«52887
« 71048
« 79729
«TOTHA
»481006
+35330
+24565
«15768
« 71057
«5%221
« 79802
+157T2
«62915
+24370
«4%8113
+35327
B 1466
«15768
« 24367
235340
+4B8118
«62918
«T1107

«10784
+10694
+10602
+10517
«10533
+10338
«10819
10488
«10%22
+10822
+10459
«103467
»10339
«1035%0
+10315
«10233
«01147
+0119%
01135
+01179
«01232
+0L2435
«01133
01171
+01170

Exper imantal
Tharmal
Condugtivity
Wim.K

«14106
v1411%
+14051
+13966
«14026
«14031
«13967
+13989
13959
+ 13947
«13691
«13680
+13589
«13631
13397
+13572
«135356
«13564
«13470
«13493
«13459
«13200
+13191
»1319%
«13152
13178
213111
«13092
13037
+13024
«13003
«12517
«12594
12646
«12689
012689
012334
«12580
«11961
+12178
«11993
«12143
«12063
«12091
«12089
+11641
«11623
+11380
+11498
«11463
+11426

298

202
lool
«001
«001
Iooq
«008
» 003
«003
»003
«002
+002
=003
«002
001
2001
+001
«036
#2037
«092
«+053
«035
026
071
041
08T

STAT

2003
«004&
»003
004
=002
002
=001
« 001
2001
«001
«010
«006
» 004
«003
=003
+.002
«001
«001
«001
+001
«001
+«010
«007
005
<004
«003
2003
«002
+002
«001
2001
«»002
+002
« 003
003
«010
=001
«002
«001
+009
+001
«005
002
+003
002
«004
+003
«001
« 001
+001
«00%

«a0TT4
«10876
«10373
+10490
+10359
«10042
«10520
«104846
+«10518
« 10914
+10446
+»10350
+10337
«10324
«10281
» 10194
+01137
201175
+ 01129
«01164
« 01206
01213
«01137
+»01140
#»01145

=10
Ry L]
-:35
=alé
-1.11
-1-06
=1.08
-1,22
-ub2
=e26
=o kg
-s 99
Ty 1]
=37
-2 07
-e37
-be2l
=294
=T.0k
=3.T0
+05
+69
92
1.21
1.69

AdJusted Thermal Conductivity

at = nominal
Teamperature of 1435.K
W/m.K

«14138
e1hl43
« 14077
«13988
o 15044
+ 14045
«13974
«13992
+139%6
«13939
«13726
+13711
213616
«13654
«135619
«13589
«13367
«13571
«13471
+13490
« 13449
«13233
«13221
«13221
»13175
+13197
«13125
«13104
«13038
13020
12992
«12505
+12603
212665
«127146
«12722
12547
«12586
« 11945
«12209
«11991
+ 12168
«12071
«12110
«12101
«11672
+11648
11596
11505
»11460
«11414

from

Deviation
Correlation
percant

+03

21
=16
=205
-+08

«07
-417

.13

«10

.17

12

«18
=39

#01
~el5
=16
=410

«11
-s38
=.07
=-.09
-+18
--12
~s 00
=17

w15
=sl9
--Zﬁ
=+28
—~elB
=.10

«03
-—u2b
=e23
-.18
k2

«09
= 2b
=-.13
=h0
L L]
~shl
=+35
=61
Y1
=49
=34
=-.32
- BE
-3

-y



16054
16055
16056
16057
16058
16059
16060
16041
146062
156063
16064
16065
16066
16067
16068
16070
15071
16072
16073
16074
16075
16076
16077
14078
16079
16080
15081
16082
16083
16084
15088
16089
16090
16091
25002
25003
25004
25007
25008
25009
25014
25015
25016
25019
25020
23021
25024
23025
25026
25027

Run Pt.

21001
21c02
21001
21004
21005
21006
21007
21008
21009
21010
21011
21012
21013
21014
21015
21014
21017
21018
21019
21020
21021
21022
21023
21024
21025
21026

28,783
28.786
28790
28.796
2B.798
28,802
28.807
28,810
224869
22.871
22.871
22.874
22,875
22.874
22.87T
16,026
16.033
16.041
16.046
164,051
146.056
16.0061
16,068
10.151
LOL15T
10.161
10.1465
10.170
10.176
10.180
&4.202
4.204%
4.206
4,207
24661
2.661
2.561
2.337
2+335
2,333
1.837
1.845
1.044%h
1,029
1.029
1,029
+257
«256
«256
«250

Pressure
HPa

67.810
67.813
67,815
67,818
67.820
6T.024
67.827
67,829
67.833
55,242
55,247
55,249
58,252
44,878
44,873
44,873
44,674
36,308
36,310
36,312
364313
29.319
294320
29.320
29,321
23.472

143,335
143.675
144.080
144,406
Lé& . 049
144,942
143%.285%
la5.694
143,350
143,763
lak.178
144.491
144,751
145.1%%
1453.531
143 ,45%
143.880
144.371
L&k, 622
144,931
145.374%
145,730
146,057
143,438
143.883
144,397
144.T44
145.114
145,393
145.86%
143.760
143.96%
144,299
144.5T4%
144,035
144.803
145,666
144,202
144.955
145,945
144.349
145.215
166,388
144,631
145,724
146415
144,603
145,163
145.834
1464 466

Tempersture
K

159,347
159,626
159,809
160,151
160.355
160,671
161.014
161,435
161.736
159,633
160,272
160,867
161.587
199,732
160.260
160,935
161,744
159,484
160,013
160,749
161,458
159.616
160,127
160,852
161,631
159,331

30,3661
30.3184%
30.2616
30.2163
30,1822
30.1410
30.0930
30,0353
29.5938
29.5292
29,4542
2944154
29,3747
29.3127
29.2517
2844621
2043847
282947
28,2488
28.1921
28,1094
28,0637
2T+9834%
2T.1527
27.0506
26,9311
2648502
26.T7636
26.5983
26,5054
24. 7491
266661
24,5317
24,4166
3.0767
3,0326
2.985%9
2.5391
2.5073
2.686T4
1.8488
1.8384%
1.8126
«9392
«9299
G242
2180
2168
«2157
+21h4

Denslity
sol/fL

32,0954
32.0696
3z.0821
32,0193
31.9999
31.9696
31.9368
31,8945
31,8470
31,0659
30,9984
30.9354
30.8594
30,0625
30.0000
29,9206
2948255
29,1005
29.0314
2849351
28,8421
28.0908
2640152
27,9082
27,793
27.1028

« 15778
+24581
«35351
241507
+4B8138
+55306
«62965
+T1169
15790
« 24600
«35394
k1565
«68192
«55377
«630T4
15798
« 24621
135424
+41582
48248
+55432
+63140
«T1345
«15799
+ 240621
+35440
241603
48202
55469
+63175
+19972
24640
«29809
35471
204058
2061301
« 05048
« 04061
«06306
«09062
204061
»06312
«05076
« 04066
06324
«0T64D
+03132
«04073
+05147
006349

Pomer
W/m

27777
«33%389
+39939
46868
« 54393
«62408
+T1034
«80236
190035
+33%67
+46853
42400
«80257
«33373
«h6862
«52435
«080301
« 27768
39935
« 34377
«71119
«2TTTH
«399553
« 94392
» 71151
+22520

+11066
+«11093
«10949
+«10941
«10935
«10916
+»10840
«10842
+104466
+ 10434
«10349
10320
+«10303
«10265
«10233
« 09635
«093549
+09511
09420
«093B4
«09349
+09383
«09300
«08T74B
«08715
085674
«0B604
«08530
085086
«08478
07577
073864
0T4T2
W07475
«01761
01790
+01810
«01632
«QLb652
+01493
01536
+01538
201567
+01420
« 01417
+01430
«01352
«01369
+01286
Q1376

Experimentatl
Therma!
Conduotivity
WimeK

«12979
212920
129486
«12890
«12064
«12855
«12839
«12803
+12781
«11990
«11922
+11849
+11808
«110556
+11033
«11009
«10931
«10270
10238
+10211
«10161
«093%0
«09526
WO 44T
«09398
«00849

299

«008
«005
+ 003
«002
£002
+001
«+001
001
009
«004%
=003
002
2002
«002
»001
«007
!oo‘
«002
»002
«002
002
«001
=001
«007
«003
002
+002
002
+001
«002
« 004
«004%
«003
«003
«061
«033
«018
=058
029
nolb
#0353
«026
+015
2050
+026
« 017
-071
« 048
2035
+028

STAT

+003
003
+003
002
«001
«001
«001
+001
»001
«003
«002
«001
+001
»003
«002
+001
«001
»006
002
+001
«001
+003
+002
002
«001
« 004

+11094
«11116
+«10985
« 10951
« 10941
«10917
«10835%
«10830
« 10494
» 10455
«10363
«10329
«10307
«10263
+10224
« 09661
«09568
+09521
«09426
«09385
«09363
09373
«09282
«0BTT4
«+08734
« 08684
208608
«08536
+0B4599
«0B463
07602
- 07887
« 07486
«QAT404&
«0177%
«01793
+01800
+ 01662
«014653
«01681
«01543
«01534
«01551
01424
« 01410
201414
«01308
«01367
«01378
+01362

=ubk
=-.08
=84
=-.81
~obb
~+55
-9k
=+55
=v236
~e25
-1
E-1)
- 50
~o&T
=.34
=.10
=48
=29
- 95
- 98
=.38
«02
=50
«07
36
167
C39
19
23
«63
2490
3.25%
2.84
3.5
5405
6439
T«20
ETL L]
3.15
5,10
1.67
l.24
2442
=12
-1.07
=61
«09
21
«98
=19

AdJusted Tharmal Conductivity

st a nowminal
Temparature of 159.K
WimeK

«12973
«12910
«12935
+12872
»12843
«12829
«12807
«12764%
+12738
211580
«11203
211841
« 11786
» 11045
« 11015
+«10981
«10891
«10363
«10224
+10107
«10128
« 09582
« 09512
209824
« 093066
« 08866

Daviation
from Correlation
percent

+10
=-.19
13
=s11
-e 20
=08
=00
- 02
=+03
=e19
Y1)
-39
—oh5
~s83
Y1}
-a36
k7
-+ 04
-+ 09
=53
-2 b3
- h2
bl
-2 75
=33
~1.02



21027
21020
21029
21030
21031
21032
21033
21034
21033
21036
21037
21038
21039
21040
21042
21043
21044
21043
21047
21048
21049
21051
21052
21083
21056
21057
21060
21061
21064
21065
2t067
21069
21070
21073
21074
21077
21081
21082
21084
21087
21088
21091
21092
21094
21097
21099
21100
21106
21124
21126
21127
21128
21129
21130
21131
21132
21133
21134
21135
21136
21137
21139
21140
21141
21143
21144
21145
21146
21147
21148
21149
21130
21151
21152
21153
21154
21155
21156
21157
21158
21159
21160

23,472
23,472
23.472
19.091
19. 092
19.093
19,095
15.462
1%.463
15. 464
153864
12.953
12.959
12,955
10.977
10,9748
10,979
13.979
9.527
9,528
9,328
Ba 460
Bak60
B.461
T«671
Teb71
Tal3l
T.131
6.828
6.828
64828
64538
6,538
64433
be%433
6.293
6.292
64195
6.195
5923
5e324
5.845
54845
5.717
5.594
5459
5.594%
54451
3,705
3,705
3,705
3,703
3.110
34110
3,110
3.109
2207
24207
2.207
24206
1.179
1.178
1,178

T 1.177

«209

«209

«208
T«982
T.982
T.982

982
RET
T.120
Ta120
T«120
T.120
6.831
5,831
6,831
654831
6.603
5,603

159.0%2
160.564
161.409
159.278
139.934
160.728
161,652
161.244
159.170
1539.728
160.300
158.967
1539.545
160,113
158.792
159,323
159,940
160,730
159.023
159.387
160,365
159.006
159.628
138,786
158,813
13%.199
130.0642
158,994
158.546
158.912
138,322
15840643
158.968
158,331
158.993
158.382
1584391
158.547
158,700
1584423
1584625
1584450
158.638
138.554
158.777
158,519
1584294
1%8.229
159,204
140.004
160.848
161.869
158.885
139.473
160.304
161.236
158.997
1594647
1604661
161,786
159.143
160,026
161.070
1624531
159,305
1604610
161.963

1584 %44,

159147
159.379
159.454%
158.588
158.729
158,948
159,161
1584357
158.42%9
158.514
158,726
158,960
158,430
158,497

27.0004
26,0932
26,7524
28.1394
26.0133
25,8399
23,6803
24,5600
25%.1317
23.0066
24,8298
24,2640
2%.1128
23.9628
23.3014
232149
23,0239
2247707
22.3968
22.1844
21,8826
21.4979
21.2083
21.3996
20.6850
2044617
19.9436
19,6888
19,3345
19,0785
19,5784
18,4994
18.1305
18,2535
p N -1.1.13
17.5822
17.8517
17.1056
16,8410
15.0757
14,5447
14,0037
13,42%9
11.9018
10,0501
10,4229
10.8133
e h2h4
348699
3.82306
3.7716
13,7118
3.,0365
3,0125
2.9787
29427
1.96%1
1.9512
1,9314
1,909%
« 9637
«9563

« 9486
«9373
«1595
«1583
«1 566
21.0082
20.9020
20.7788
20.46310
19.9616
19.8613
19,7022
19.5428
20.1232
19,4979
19,4275
19.2482
19,0424
18,9193
18.8%31

«33583
+ 46907
« 62525
«22539
+ 335433
45992
02664
« 34564
+ 17849
«27821
«40046
«13701
«2255%3
«33648
«1013%
«17907
+ 27918
+40192
«13733
22612
+33735
«13724
« 22602
+10119
210116
«17TBTS
« 07063
+13713
«07061
»13711
+ 04560
«07063
«13714
« 07063
« 13714
«07032
+ 04540
«0705%8
«10103
«0T7056
+10100
+ 07055
10098
«07055
07122
«04601
02627
«+01205
+ 045806
Q7114
«10212
»13884
W02617
+04589
«0712%
.10228
+02618
104594
« 07135
+10250
«02620
«04601
071446
10276
+02624&
+ 04610
«07168
«10117
+«13715
+17871
«22581
07058
«1010%
«13700
« 17854
«04558
+ 04550
07059
+10109
+13708
«04559
+«07058

00034
+08808
«008708
«08268
»00258
008199
+08120
07502
«07781
07710
«07651
207302
07305
«07254
+07043
«06985
«06912
«06813
«06614
2066086
+ 06525
«06392
«06320
«06419
+06192
+06109
06059
06032
«03918
«03906
«05938
«03908
+05961
.05890
05940
«05876
205874
«05820
+05893
« 037356
03836
«035428
«05207
«04595
«03890
«04049
«04183
«03896
«01981
« 02009
«32015
202027
01822
«01847
»01832
«01846
01674
201669
01664
« 01675
201551
«015342
+01554%
« 01568
«01508
a01494
+01524
06288
«06226
+06191
«06182
«06004
+05965
«05972
«05952
+06031
«05961
«05908
« 05902
«05850
«053878
«05865

300

+002
+001
+002
2004
2002
«002
»001
«001
«002
«001
«001
«007T
« 004
«003
«0053
+003
002
002
« 007
« 004
«002
+007
«003
«010
#0049
005
+015
007

o015

«007
032
LO1T
+008
0106
2008
010
<009
#0186
+010
«018
+014%
«017
«015
«01%
«011
+022
+ 047
«323
020
«012
+008
+005
046
020
«012
«007
2045
+019
011
«006
+037
Q17
«009
«005
037
«017
«010
010
+004%
002
+003
006
008
006
004
«030
+030
+016
«008
«008
028
Q15

+00825
« 08792
208683
«08266
08251
+08186
208100
«075375
«07780
+ 07707
« 07640
«07382
+07306
207256
« 07041
«06988
« 06920
« 06829
« 06614
+06616
06549
«06392
« 06337
«06414
«06185
+06117
206042
«06032
«038%3
« 03301
+ 05901
.058813
+05959
«05836
«05939
«03841
+03%825
«05779
+ 05861
+035614
« 05735
+05261
+05104
«0&478
03859
«+ 03970
204044
03812
+01982
«02012
«02019
202029
.01822
«01846
.01829
«01839
« 01674
« 01665
«01653
« 01656
+»01540
«01533
01536
.01538
«01503
+01480
« 01497
«.06286
06231
«06201
06204
«05985
05952
«» 05969
« 05960
« 06002
«05930
205881
«05886
+05848

205842,

05833

=» B0
=s36
=-+38
-1.20
~+50
~e23
-, 06
=-+03
=ohl
=233
~e 19
-el3
—-aZh,
=+03
«34
«48
55

+ 56
-2 77
27
-1}
-elb
13
=42
~ok0
=78
-kl
»10
=1+50
-ab0
~l.82
«34
2.30
«35
2.82
1.3%
«58
l.14
3.00
‘1.09
1.40
~be54%
=841%
=13.76
=10.,77
=l2.16
~-14.,59
=4 423
=1.48
15
1.05
2422
=1.48
Q7
~o5h
«3B
-e36
=. 81
-1.38
=1.0%
~1.07
“2.05
=1.80
~l.b%
.70
=-«00
31
«08
—ah2
=+h3
09
=1le%5
=1.72
-,98
~a72
=l.44%
=1.12
=-1l.78
-1,23
~1.43
=1l.26
=1.27



21161
21162
21163
21164
21165
21166
21167
21168
21169
21171
21172
21173
21175
21176
21177
21181
21182
21185
21166
21189
21190
21193
21194
21195
21197
21198
21202
21203
21204
21205
21206
21210
21211
21212
21213
21241
21242
21243
21244
21245
21247
21248
21249
21250
21251
21252
21253
21254
21255
21256
21257
21258
21259
21260
21261
21262

Run Pt.

24001
24002
24003
24004
24005
24006
24007
24008
24009
24010
24011
24012
24013
24014
24015
24017
24018
24019
24020
26021

64603
54603
6,402
644503
6.403
6,403
6,283
6+203
6.283
bas1l44
. be145
6145
6.043
64043
be043
6,034
6,034
5.989
5.589
5.905
5.905
5.769
5.76%
5+T769
5.621
5.621
5.622
5.433
54433
LI EE]
5.433
5,093
5,093
5.093
5.093
3,758
3.758
3,758
3.758
3,758
3,073
1.073
3,073
3.073
2.213
2.213
2+213
24213
1l.141
1,141
1.140
14140
226
w220
«226
225

Pressure
MPa

684349
bB.347
68,345
68,345
68.343
564467
56.471
56.4T4
56.475
56,477
46,625
46.624
hb4622
46,622
hb.0621
319.666
A9,664
39,661
39.658
33.641

1584737
1584894
158.4213
158,607
1584806
159,089
1%58.248
158,471
158,717
1584459
158.4601
156,721
158.386
158,517
158,709
158,558
158.786
158,547
158,579
158.1353
150.562
1584427
150,550
1584742
158.366
158.529
15B.26%
158.234
158,412
1584691
159.001
158 4415
158.487
158.831
159,200
158.430
158,775
159.327
160.052
160,836
158.919
159,548
160,313
161.316
159.072
159.801
160,689
161,887
139,198
160.078
161.204
162.548
158,833
159.562
160.640
162.062

Temperature
K

178,030
178543
179,133
179.884
180.827
178.210
178,666
179.269
180,114
180.%28
1784142
178,738
179.399
1804240
180,792
178.782
179,543
180,396
181,164
178.284

18,6085
18,4412
18.2675
18,0427
17.7830
17,3924
18.0076
17.6972
17.3311
16.9412
14,6821
16.4510
16,3470
16.0619
1%.6283
15.8870
15,3567
15,4821
1%.4027
15.0518
14,4821
12,9769
12.6474
12.1713
11.0163
10,7160
11.2394

99,2741

9.0985

B408605

B.56308

T.2671

. Te2402

T«1117
6.96T3
4.0129
3.9896
3.9517
3,%030
3,8527
2.986%
2,9615
2.,9321
2+8949
1.9695
1.9549
1.,59376
1.9148
»3297
+9234
«9L50
«9057
«1737
1726
«1714%
«1698

Density
wol /L

30,3367
303102
30.2547
30,1844
30.0959
29.2320
29.1852
29.1232
29.0359
2849934
20,1214
28,0529
279768
27.8803
2T.8168
27.0838
26,9874
26,8796
26,7823
2641449

«10108
«13707
«04560
07061
«10110
+13711
2 04556
« 07057
«10108
« 04561
207060
«10107
04559
«07055
+10102
« 07062
«10114
+ 04560
« 07060
« 04557
«070%6
«D45%56
« 07052
+10093
02602
« 04555
«01193
+01196
« 02608
+ 045067
« 07073
«01196
«02608
« 04568
«07079
«01196
« 02611
+ 04578
07102
« 10191
+02612
+ 04581
+0T7109
«10207
202614
«04386
«07119
«10230
202615
« 04591
«07134
+ 10255
«01198
«02619
«04600
07155

Pawer
W/m

«15601
+2567h
«38265
«53412
711358
+15600
225665
38270
«33620
+61930
215615
« 25705
+38329
53507
«b20084
«25708
«38334
+33544
«562101
« 15622

«05707
+05826
05885
«0581%
« 05769
«05710
«05678
«0560%
«05750
«05568
205654
05715
«05530
«05709
+05702
«05843
«05705
«05808
«05TH2
«D5854
«05819
05182
«05163
«04960
+D4317
«0%381
104968
« 04348
«03555
203569
«03483
«02991
»02852
«02958
«02879
«01948
02010
«01976
.02038
+02036
«01785
«D1B34
«01829
«01835
«01669
+01696
« 01662
01697
»01540
201531
«01543
+01565
«01464%
«01487
01499
«01523

Experimentai
Tharmal
Conductivity
W/m.K

«11748
«11738
211652
211601
«11559
210737
«10706
«1075%0
«10671
«10622
«09863
+ 09841
209762
«09786
209750
«09215
09157
+091230
« 09111
«0B584

301

009
2007
«029
014
«009
«006
«027
«015
«010
«028
016
«010
«029
«016
«012
2015
+011
2032
«J15
«030
«017
=032
+016
<017
«028
«011
+138
«B06
097
«0%3
028
2266
2077
+ 035
020
«1%3
«050
025
+013
«209
LY. ]
«020
«Q12
006
+048
2020
010
012
o004
» 017
«010
+006
«12%
041
«017
009

STAT

+023
007
+002
002
002
+017
+010
« 006
<003
+003
«018
«006
«005
003
003
« 007
004
«003
«003
.016

« 05689
-05819
+ 09842
«+05T85
05754
05717
«05619
« 05562
«05726
«05518
+ 05603
«05676
«05436
«03627
205645
« 05763
«05660
05712
«05671
« 05692
«05698
« 05002
«05029
« 04891
« 04184
+ 04294
+0&800
« 08271
»03502
« 03545
«03483
002963
.02828
« 02952
«02891
«01965
« 02009
«01978
202042
«0204]1
«01785
«01833
«01825
£« 01827
01669
+01651
«01651
« 01677
.01538
«01522
« 01524
«01534
«01465
01482
«OLlaB4
« 01495

=3.,29
-a65
«09
-7
=53
bt Rl-]
-3.38
=3.84
=20
=324
-1.38
~4+05
~& b b
-.92
—ubl
1.45
=e34
57
=s13
« 20
«B83
=8.50
=6.23
=b,.16
-12,.95
~6.87
=e 51
B.b6
=-9,00
—4. %6
=-3.19
‘2.*2
=6.98
=-e95
=1.32
“ho43
-1.89
=3.06
73
1.23
=31.07
-215
=.27
19
-«T3
=1.70
=1.56
20
-1.35
=2.61
=2 440
~1.65
=196
=-.82
=«b5
11

AdJusted Thermal Conductivity

it a nominal
Temparature of 178,K
W/im.K

«11747
+11730
«11636
211575
+11520
« 10734
« 10697
«10733
+10642
«10587
« 09861
«09831
209743
« 09726
« 09712
+092005
09137
+09099
«09070
«085 B0

Daviation
fraoam Corralation
pargent

«T5
+ 33
55
54
Tl
=02
-~ 02
«T6
56
«35
+e 35
=-s18
=453
«» 00
I33
«27
«23
31
96
=-e02



24022
24023
24024
26027
24028
24029
24030
24032
24033
24034
24035
24037
24038
24040
24041
24042
24043
24043
24046
24049
24030
24051
24033
2405%
24057
24058
24061
24062
24063
24066
24067
25071
24072
24073
24076
24077
24078
24081
24082
24083
24086
24087
24091
24092
24096
24097
24098
24099
24102
24103
24104
24107
24108
24112
24111
24114
24116
24117
2&l20
24121
24122
24123
24124
24125
Z2hl27
24128
24129
24130
24131
24132
24123
24134

33,639
33,638
33.637
29+187
29.187
23.039
23,039
259.041
22.058
22.05%0
22.058
19:2006
19.306
19,305
17.340
17.340
17.340
15,672
15.672
14,309
14.309
14.300
13.213
13.214
12.353
12.333
11,563
11.562
11,562
10.970
10,971
10.421
10,421
10.421
9,835
F.835
9.835
9.385
9.383
4304
B.922
B.922
Bak32
Ba%30
Bab28
T.989
T«987
T.987
ToV&33
Tak31l
Te4%30
5.876
6.874
6.218
64212
6.209
5.536
3.535
4,610
4,609
4609
4,608
3.519
3.519
3.518
24614
24612
2.bl2
2.612
1.326
1,325
1.325

178.862
179.710
160.518
179,745
180,741
178,347
179,040
180.962
178.021
178,736
179.528
178.093
178.733
1804753
178.096
1784795
179.713
178,193
178,919
178.174%
179,020
1794949
178,285
179.033
178,268
179.093
178.182
178.501
179,367
178.168
178,447
177.892
1TB.126
178,411
177.842
178.138
178.482
177.852
178.247
1784474
177.876
178,177
177.919
178.,325%
177.636
178.032
178.409
178,984
178,063
178,540
1794226
178,232
178.691
178.363
178.890
179.663
178. 468
179.023
177.980
178.h5%
179.348
180.314%
178.132
178,832
130,753
178.229
178.956
179,975
180.520
178,394
179,249
180.%432

2640839
23,9452
25,8182
25.0259
24,8728
24.2220
2441065
23,7763
23.3931
23,23%32
23.1061
2243668
22,2300
21.7943
2144690
21,3024
21.0818
20.3050
20,209
19.5542
19.2989
19,0173
18.5648
10843140
17.6529
17.3511
16.56688
16,5413
16.1993
15,7724
15.6558
14.9305
14.B2886
14,7053
13.7895
13,6603
13,5126
12.8004
12.6347
12.54006
11.7189
11,6030
10.5510
10,4141
10,6388
?.5093
9.4035
P.2525
843302
8.2273
8,0897
742499
T.1758
6.1471
6,0821
5.9977
5.1569
5.1136
4.0278
3.9942
3.9608
3.9158
2.0%32
Z2.8331
2.7811
2.,0064%
149935
1.9766
1.9679
+9499
«Fhh2
92363

+ 25707
+38348
+33559
+38358
+53573
«15623
+25719
+53590
«11821
«20352
«31729
«11522
«20359
«85493
«11322
+20361
«ILTAT
»11523
« 20366
«11525
« 20372
317067
«11527
«20376
+11330
« 20379
«08062
»11548
+20403
«08053
«11532
«05204%
«08039
211541
05203
«080548
« 11540
»05202
+08055
«11538
05201
«0B8056
«05201
- 08056
«02970
+05202
+DBOGO
11547
«05204
»08063
«11552
+05204&
« 00065
«05205
« 08067
«11567
« 05212
«00083
« 02975
05214
080886
+11600
« 02977
«05217
+11614%
« 02977
+05220
«08100
09783
«02978
«05225
«08111

«085913
08530
«08480
+0BD59
+07969
«07314
«07447
«07429
«0T7125
«07118
« 07090
06816
»06615
+06603
«06391
«06373
«06325
«06033
«06045
+05739
«037684
«035737
«05514
«03506
«05315
05294
05082
+03505%3
-05068
204861
«04853
« 04628
« 04669
+086353
04447
«04358
04305
«04213
+ 06240
+04171
+03873
«03093
«03605
«03368
«03598
« 03341
+03327
«03330
«03055
«03067
«03082
«02806
202781
«02589
02561
«02533
«02277
-02378
«0214%6
«02114
202129
02117
»01925
«01929
+01939
+01812
+0183%6
01832
«01B46
+01688
«01710
01698

302

008
«003
»003
+003
«002
+015
« 008
«003
+022
»009
«005
023
010
+003
+013
»006
«004%
«009
003
+015
«006
«004
2016
«007
«016
«008
+ 028
2016
009
«025
=012
+038
2014
005
WO
«022
«0186
«0%3
«033
+014
+023
#0113
+036
2020
083
2033
022
«012
«029
013
«008
«01%
009
«025
«013
«009
«028
«OL17T
+349
«021
«012
«007
044
«019
«008
2041
«029
«012
«007
+0&]1
2017
«009

. 08582
-08352%
«0B44T
+0B03B
«07937
«07510
207436
+07398
207125
«0710%
«07076
+ 06815
+06609
« 06584
« 06390
«06371
+06316
«06032
« 06042
205739
« 057684
03758
205315
«05509
05316
+05300
«05083
+ 05057
«05079
«04863
+040857
« 04627
«046T0
Q4657
N LITY]
+04360
«04311
«04211
« 06249
«04176
«03872
+03893
« 03604
«03571
«03395
«03341
«03329
«03335
«03055
«03068
«03084
«02806
+02781
«02588
«02558
« 02527
202275
«02373
«02146
«02109
«02119
02100
« 01924
«01922
«01916
+01010
«01848
«01815
«01824
« 01604
«01699
201676

«58
7%
73
1,30
1.09
=«01
"-23
lakh
19
«86
1.32
2414
wa 07
2.09
99
1l.61
le96
ohT
1.63
23
2,19
3.02
«78
1.76
1.03
1.97
&
-1
2+47
~o03
PEL
+1.35
«06

« 34
«1l1
=1.18
~1,.835
+03
1.85
«T0
=1.81
"ok
-+93
-+80
~1.85
=462
—elb
l.22
«05
1,23
2497
« 7T
+51
2425
1.67
1,18
2415
2443
1.30
-elb
.57
«02
—o P4
~+B89
-85
=1.55
«60
=1.10
=+53
-2.79
=1.89
=-3.22



Run Pt.

15001
15002
15003
15004
15005
13007
15009
13010
1301

13013
15014
15013
15016
15017
15018
15020
15022
15023
13024
15025
15026
18027
15030
15032
15033
15034
13033
13036
15037
15038
1%03%
15040
15041
15042
15043
15044
15043
15046
15047
15048
15049
15090
13091
13032
15053
17054
15034
15056
17057
15059
15039
15060
20001
20002
20003
20004
20003
20006
20007
20008
20009
26010
20011
20012
20013
20014
20015
20016
20017
20018
20019
20020
20021
20022
20023
20024
20023
20024
20027
20020
20029
20030
20031
20032

Pressurs
HPa

64,673
04,8069
64.66%
b4, 4569
64,6463
bh, 063
604534
40,334
60,939
60.541
36,301
$6.50%
56.511
56,513
36,513
32,068
32.088
52,090
52,091
52.091
47,913
474914
47,918
430443
43. 448
43,430
43.491
434434
43,438
39,473
39.476
19,478
39478
39,483
19,483
3s.1el
35.183
33.187
33,191
33%.1%92
35,194
31.371
31,371
31.378
31.376
31.378
31.379
28.064
28,069
28.089
28,070
208,071
674997
6T+991
67.983
67.9%0
87,990
57990
47.991
67,983
67.983
67.982
39,170
59.173
39.168
39,170
49,829
49,830
49.832
49,030
42,597
42,802
42.602
42,602
37.182
37.177
37.179
37.172
33.073
33.071
33.070
39.0069
294342
294342

Temperatura
K

200.900
201.006
201.48%
201.810
202.159
203,047
201.086
201,731
202,392
203,006
201,103
201,393
201.791
202.082
202.518
201.190
201,857
202.371
2024741
203,179
201.310
201.5%73
202.861
201.277
201.522
201.979
202.353
202,798
203,450
201.309
201,992
201.986
202.462
202.999
203,380
201,003
201 +,380
201.75%0
202.210
202,661
203.228
201,078
201.397
2014843
202.29%
202,747
203,442
201.11%9
201.316
201.878
2024431
202,944
200,197
200,402
200.623
200,891
201.167
201.333
201.807
202.281
202.696
203,132
200.693
201,197
201.993
202.852
200,736
201,391
202,170
203,073
200,932
201,097
201,847
202,718
200.539
201.212
201,982
202.997
2004593
201.270
2024113
203,209
200,412
200.9T74

Danslty
wol /L

27.0712
27.8410
278167
27.7060
277540
2746717
27.3932
27.3315
27.2493
272103
28,9064
26,8778
26.08392
26.81006
26.76TS
2643146
26,2482
26,1930
26,1369
2be1114
2%.6903
25,6697
29.9297
2449763
24,9467
24,0943
24.85%13
24,8008
24,7262
24,2379
24,2038
24,1360
24,0979
24,0312]
22,9647
23.34137
2343148
23,2669
23,2071

23.1400

23,0742
22,3987
22.35332
22.2912
2242272
22.1639
22.06%9
21.4072
213473
2142924
21.2080
21.1299
28,2809
28.20618
20,2410
2842176
28,1928
28,1579
28.13%2
28.0919
28,0544
20.0132
2T.2716
272230
271430
27200622
26404861
2349760
23.8932
23,7969
24,9109
24,8478
2447601
24,6385
23,08633
23.77T92
23..6611
23.9330
22,9120
22.0183
22.7027
22.5931
219140
21 .8302

Posar
Wim

«17848
«23272
+29189
«36230
«%3783
+61115
+23262
«36224
«52077
+61004
«23237
«29373
«36200
+43788
«52084
«23261
«34226
+43788
«52082
61116
«23298
»29387
«32117
23289
«29392
2306241
«43813
+32125
61143
«+23255
«29391
+36243
+43821
«52134
+61186
«17864
« 23273
«29397
2362062
e hAB4A
«32154
«17670
23272
« 29404
+36260
«43049
«32158
17874
+23274
« 29414
+36273
«43863
« 09196
«131537
«17840
+23233
+29346
+36171
43725
+«352019
«60980
«T0751
« 17842
29354
+43739
+61076
«17848
« 293564
43773
« 61091
« 131467
«23252
«36220
+32094
«13173
023262
36240
«5213]
213172
23263
«36240
«52151
«09204
«170866

Exparimental
Thermat
Conductivity
/maK

« 10040
« 09967
«10087
10038
«09923
+09978
+»09731
09864
09446
«09374
09418
«09345
+09333
0934k
«09290
+09006
200812
08845
«080812
«0BB14
088621
+08383
+08513
«08177
+0B187
«08133
«08144
+08131
«08091
+«0T7003
07739
+07769
07747
207734
07721
07314
« 07371
«07330
«07316
+ 0T 294
«Q7287
«0694)
+06879
+06073
06847
«06887
06835
+06315
«06480
06467
06404
056437
+10074
10267
«10323
+»10260
+10104
10210
10201
+10199
+10163
+«10171
+09610
+09504
« 09312
«09468
+08707
08704
«08624
+00683
08115
«08140
+08064
«080131
+07602
«07337
+07933
07476
«07137
«07109
+070813
«0T034
«06608
+» 006060

303

STAT

»031
«021
«013
011
2008
2008
«020
011
2007
=005
+01%
313
«010
2008
+006
018
«010
+007
006
003
+017
«013
«003
«O317
«013
«009
007
+003
+ 004
«018&
011
«009
#0086
-00%
+00%
023
016
+011
«008
008
004
022
«01%
«0l0
«007
«006
«00%
019
.ol‘
«010
«007
+006
089
«052
-030
«021
«014
010
+008
005
«005
«004%
COZG
«012
«007
«004
«026
«011
«007
+004
+038
«016
+008
+009
035
«013
-008
«003
«033
«01%
«007
+004
1032
+019

AdJusted Thersal Conduetivity

at a nominal
Temparature of 202.K
WimaK

+ 10034
« 09980
+10094
« 10040
«09921
+ 09948
« 09743
«09667
« 09438
09981
+09430
+09353
«09336
«09343
«09283
+ 09016
«0B814
«08840
+08803
«08799
+08630
+08588
08302
«08186
+08193
+00133
00140
08121
»08073
07813
+0TTOR
07769
07741
07722
«07702
»07326
«0T7378
»07333
+07314
«07286
«07273
»06931
« 06886
«06875
M LEL)
+06879
206819
+ 06524
«04485
06468
064060
+06448
«10097
«10287
+10341
« 10274
«101953
«10216
+»10203
+10193
«10154
«10157
« 09627
209514
+09312
»09437
08723
«JOBT14
«08822
«08669
+08133
08151
«08066
+08022
207619
+ 07346
« 07333
207464
«07133
207117
07082
07021
+08625
»0667T7

Deviation
from Correlation
percent

«17
=50
«93
63
-+33
«69
+&0
00
=1+56
=419
1]
—»03
0k
»31
=02
«23
=-1.59
=491
-1.08
~-«80
«13
=al3
—+20
=17
10
-2 27
+10
22
«13
16
~a25
o1k
«17
«33
353
=s 49
-1
24
37
«38
«67
46
=e20
03
=402
+89
« 63
23
=01
«07
ohh
sTl
=2.33
=e30
«16
=wl2
=.T2
=26
-a22
<01
-el3
.17
«06
=77
-o 24
=24
=1.21
-+83
=1,32
=10
-39
.27
=419
- Ok
«13
-2
«22
ol
«06
slé
«39
.‘a
=1.33
~a02



20033 29.340 201.755 21.7135 29400 208637 009 « 065640 13

20034 29.340 202,726 21.5693  .43843 200617 «003 06610 +55
20035 26.332 200,474 20.9182 .09203 063135 +050 +06350 vhé
20034 26.331 201.044 20,8240 178467 «06304 018 « 06313 o4l
20037 26.330 201.852 20.46938 29407 062537 008 «062%8 +30
200138 26,330 202,889 20,5202 L438%8 06234 + 003 06226 «73
20039 23.7T3 200,442 19.9185 ,09204 05983 «Oh? 05598 42
20040 23,772 201,077 19,8078 ,L17848 205944 «017 03952 «29
20041 23,772 201.948 19,6574 29415 205908 »008 + 05908 39
20062 23,TT0 203,149 19,4510 L43878 +05874 «00% +05865 .77
20043 21.560 200.485% 18,8745 .09207 05618 «0hé « 05629 ~a26
20044 21,560 201.181 1B.74%4 ,L,170T2 «05619 #0153 +03623% %1
20045 21.5%8 201,595 18.6633 ,23281 05977 »011 +05580 =205
20046 21.5%58 202,570 18.4890 .36289 09949 +006 + 09545 25
20047 19.717 200.507 1T.845% ,09206 +03279 042 +035287 -1.24
20048 19,717 201.199 17,7092 ,L1T872 « 05289 «014% +08293 -ohl
20049 19,716 2014694 17.6123 ,23286 +05278 +010 +09280 =321
20051 1B.171 2004489 1648409 409207 +05053 +037 « 05060 - 88
20052 18.171 201l.202 16.6%43 L,17875 04999 013 + 03002 =108
20053 18,170 201,736 16,5840 ,23288 «05012 +010 05013 ~e33
20054 18.169 202,863 1643594 436297 «D4986 <005 « 04982 «10
2005% 16,888 2004601 15,8534 ,09207 204817 036 «04822 ~ub5
200%6 164,887 201,428 15.6001 ,17877 O&TTH 2014 «0ATTH - Th
20039 15,456 20044689 14,784 09209 204557 +037 +06560 -4
20060 15.453 201.43% 14,6225 .1T882 + 04303 013 + 04508 =1.82
20061 15,455 201.973 14,5152 ,23299 04497 «008 «0A49T, -G8
20063 14,7253 200,647 13.9118 ,09208 04334 $035 «04337 -1,49
20064 16.T24 Z01.543 13.7255 .17885 »04313 »013 « 04314 ~1.04
20065 14.724% 202,127 13,6071 .2330% «04298 «00% «04298 = T8
20067 13,748 200.754 12,8843 ,L09211 «04129 «032 « 04132 -y
20060 13,748 201.612 12,7138 ,1758% 04067 w012 204068 ~1.39
20071 12,676 200.743 11.T01T 09213 «03824 +030 «03827 =1.+28
20072 12.675 201.099 114909 ,1789% «03810 +011 +03810 =273
20073 12.676 202 .434% 11.39465 ,23334 03802 <007 +03801 -a 40
20075 11,902 200,804 10,7963 ,09222 03617 «028 «03621 ~le31
20076 11.902 201.916 10,6109 L17913 «03619 011 «03619 -+39
20079 11.139 200,934 2.9027 ,L,09221 +03428 «027 «03432 =1,02
20080 11.159 201448 9,82%3 ,13208 03429 +01% +03431 ~e32
20081 11.158 202,081 9.7316 17917 +03400 +014 « 03400 =382
20082 11,158 202.T748 46363  ,23354% +03408 007 +02405 =302
20083 10,238 201.1%2 BeBlas ,09224 «03262 «018 +03266 Leb3
20084 10.257 201.831 8,7T308 .13216 203249 +00%9 +03248 1.39
20083 10.257 202.5636 8.6351 ,17928 +03280 008 «03277 2.98
20087 L L) 201.320 T«T639 09227 «03029 +014 +03032 1.41
20088 E L) 202,071 T.6870 ,13219 03032 009 +03032 1.90
20089 9. 364 202.698 Teb6043 179541 « 03054 2006 + 03049 3.02
20093 Te517 201.022 548312 05959 +02649 +020 «02636 1.69
20096 Te317 201.8%0 5.,7978 .09232 02646 2008 02647 1.72
20097 T4517 202.588 5.7314 ,13229 02697 «005 «02693 3.70
20098 T«317 203,590 5.6900 417952 «02679 +003 «02667 3.19
20099 beb01 201,197 4.9%13  .05957 202510 +037 202516 2458
20100 6,601 201.901 4,9166 .09230 +02457 «013 «02438 +39
20101 6. 601 202,845 4.8T11 .13229 « 02455 «008 «02448 «31
20103 5.330 200,717 3.9999 ,L03399 022448 =024 =02259 =2.02
20104 54330 201.271 3.,9801 ,030935 202301 «0l6 «02307 «25
20106 5.528 203,063 349171 L13230 02318 +007 « 32307 [Y.13
20107 4,309 200.732 2.9781 L03400 +02160 « 042 +02171 3%
20108 4,308 201,354 2.9632 ,05957 202177 019 202183 9
20109 4,308 202,300 2.9414 ,09233 «02175 «010 «02172 b2
20110 4,307 203,421 2.9161 13241 202174 +008 02162 28
20111 3,006 200,704 l.9829 ,03400 «02041 +043 «02052 «28
20l12 3.00% 201 .362 1.9720 ,059%9 «D2048% «019 «020350 23
20113 31,008 202,553 1.9389 09239 +02046 010 «0204] -+ 10
20114 3,004 203.631 l.9420 .l325%0 «02034 « 0046 «0203¢L -:17
20115 14381 200,971 «B62%  L03401 «01922 «038 «01931 -glé
20116 1.381 2014949 8375 ,05982 201921 #0156 +01921 -l
20117 1,301 203,027 «85%521 .09248 «D1929 «008 «01920 -o by
20118 1.380 204,509 «B448 L13267 +01941 +00b6 «01919 Ll Y]
Exparlmantst AdJustad Tharmal Cenduystivity
Thermal st a nominel Davistisn
Run Pt, Pressurs Tamperature Density Powsr Condustivity STAT Teaperature of 210.K from Cerrolatier
HPa K mol /L L 1] ] Wia.K Wim, K . wsarasat
14004 63,772 216,713 26,3274  L19390 09148 098 09164 - &4
14005 63.773 217.139 202881 .29249 « 09402 042 00412 2okt
14908 63,772 217499 20423Td  L3108%94 +093086 028 +09312 1,63
14007 43,772 217.954 26,2171 L393r2 +09187 «020 «09100 o538
14008 63,776 218,450 26,1733  .4753) «09067 «016 « 09062 Lol )
14009 61l.728 2174143 260370 ,L,25245 09028 «039 «09038 «17
14010 61,733 218.025 25,9577 39312 «08998 «020 «08998 26
14011 59,738 217.226 23,7739 293243 «08923 +039 «08932 « 77
14012 99,739 218,042 2%.6968 .39313 084682 021 «086531 ~l.93
14013 57.331 21T7.1%: 25,4047 23244 08708 +038 «0B718 31
14014 57.%33 218,030 25.4009 ,L,39310 »08901 +021 «08900 Z+90
14015 33,3%0 217.232 29.1710  .2%266 «00319 «035 «00328 218
14014 55,353 218.037 25,0923 39370 +08420 «019 +08419 =394
14017 53,341 217.270 24,8715 25282 «08400 +03% «00409 82

304



14018
14019
14020
14021
14022
14023
14024
14025
14024
14027
14028
14029
14031
14022
14035
14036
14038
14040
14041
14043
14044
14046
14049
14050
14051
14052
14054
14055
14056
14057
14058
14060
14061
14062
14063
14066
14068
14070
14073
14074
1&075
14079
14080
14081
14083
14084
14085
14087
14088
14089
14090
14092
14093
14095

Run Pt,

10001
10003
10005
10006
10007
10009
10010
10011
10012
10013
10014
10015
10016
10017
10018
10019
10020
10021
10022
10023
10024
10025

53.343
51.181
51.182
RBE.LTR
4B HTT
46,380
65,383
44.287
&4,290
42,045
82,047
39,933
37,909
37.908
A5.643
15,644
35.643
334299
33.301
3l.082
28.891
28,942
28.941
25.941
284941
268,941
26.727
26.728
244415
2hoklb
224418
20,090
20.090
20,090
20.0%0
17465
15,066
12.809
10596
10.5%95
10.593
Belb5
Bul45
B.145
5,972
he594
4,594
3,168
3.148
3.168
3.148
1.738
l.738
1.737

Pressure
MPa

64,660
644633
64,6438
62.093
62,097
59.868
57704
57.705
95.370
5353.573
53,426
53.430
71.310
31,312
49,325
49,325
47.112
574115
444975
hh,G7H
G2.964%
2 .46

218.158
217.262
218.108
217.320
218,203
217.345
218,345
217.283
218.427
2Z17.459
218.398
217.430
2174413
218.544
217.029
21744233
218.636
217655
218,693
2184934
217.813
2164041
217.5%92
218.094
218.714
2194330
218.200
219.5946
2184390
219.682
218.472
2164906
217,412
217.897
2184595
218.1113
217.702
218.029
217.485
218.278
219,231
217.897
2184862
219.889
2194342
217.54%
219.652
217,762
2184744
2204143
2214664
217,970
219.183
221.512

Temperature
K

242.%03
243,730
244,993
242,314
244,376
244,388
243.301
2hb, b4
243,266
244,338
243,323
244,406
243,363
245,503
243,402
204,520
243,475
244,503
243,434
244,693
243,401
245,693

2447849
24.5379
244534
24,1204
24,0301
23.7161
27.56110
23,3323
23.2091
22.86561
22.7617
22,4166
21.951¢%
21.8183
21l.h324
21,3827
21.2356
20.7087
20,5777
19.8622
1%.2605
19,4398
19,3087
19.2401
19.1558
19.0724
18.3732
18.1775
17.3279
17.1416
14.3090
15,1937
15,1163
15.0426
14.937%
13.219%
11,3916
Fe4263
75485
T«4876
74155
5.4TH3
5.4310
5.3839
3.,7689
248380
2.7990
1,8861
1.8752
1.8600
1.8437
«9986
«9923

« 9799

Oenslhty
wol/L

24,2073
2441396
24,0372
23.8165
23,7299
23,4018
23,1615
23,0695
22,8223
22.7302
22,4559
22.3564
22.0770
2149756
21.7023
21.6003
21.23580
21.1561
20,8125
2046943
20.3534%
2042377

+39370
25204
«39381
«25283
«39381
225286
«39379
«235291
+ 39384
«25284
+39392
«25282
+25289
«39392
+19419
«25209
+39397
«25279
+39385%
+39377
225354
«085485
210460
+ 25346
232023
+3949]1
25338
+39476
«25338
+«39487
«25336%
«10018
«14340
« 19449
2252332
219477
«14377
«14382
+» 10064
«14390
+19521
«10049
+«14399
« 19540
214406
+ 06491
LIRS
« 06491
«10060
« 14419
+19582
06492
«10062
«16913

Power
Wim

221345
+36091
+53T68
«28582
shh4 92
FLLTY ]
«26530
«h5440
28531
4458
w28947
« 45455
«2B348
2ob 52
+283549
244439
+ 28549
TIX1-1}
»20552
s R5{62
«208556
«hR4TS

«08380
08193
08204
07983
07748
07720
«07832
«0T&T3
«07518
«07371
WOTHE2
«0T143
+06965
«068813
« 06593
+065599
«08779
056459
«06388
«06161]
05946
046048
+06009
205942
205969
«0593%2
«05773
«05633
«035347
«09410
«05103
«04793
048727
«04705
« 04709
« 04275
«03887
« 03346
03000
03067
«03118
02745
«A2T40
«02735
«02643
«02303
«02302
«02140
«02139
+02157
.02193
«02074
02072
«02101

Expar imental
Theraal
Conductivity
u/m.k

08277
«08221
+08143
+08059
+0B1l04
«0T816
07739
+076080
«07409
«07488
«07390
« 07418
06941
«07261
«OTO74
«07100
w0614
06301
« 006659
«06701
06499
«06489

305

017
«034
2018
+033
017
030
«017
033
«018
«029
017
2029
2028
«015
«0&3
«026
016
+027
+015
017
«025
172
«037
+025
017
«013
+02%
«013
024
2012
+021
073
«047
031
2021
«029
037
2039
049
«029
+018
041
2027
<018
«025
«0bs
«021
067
<034
«021
«013
«060
«034
«016

STAT

.038
«019
2011
«023
«01%
+013
«025
012
024
»013
«023
«014
«028
#0111
=023
«011
W024
w012
«021
011
«021
«011

«08378
.08202
«08203
«07991
WO0TT4S
«07728
.07828
«07481
«07511
«07377
« 07437
«07149
«06972
«06B77
+ 06603
«06605
+ 06772
«06461
«06381
«06132
« 05948
«06060
«06013
+ 05941
«05963
«0N5940
«05771
«05620
«05364%
«05398
205100
«04799
04730
«04706
+ 04706
08274
«03889
«+ 03368
« 03004
«03065
+03109
«02746
«02733
«02720
202431
+02307
02288
«02142
+02133
« 02139
«02162
« 02074
«02062
«02071

1.03
55
l.12
T2
=1.52
- 02
1.99
-T2
47
«87
2.33
59
.97
+&3
=1.27
TS
2,42
«31
Wbl
57
«89
1.76
1,70
«89
1.71
1,79
257
1.09
aB7
243
1.03
61
%3
-«58
-~ 04
=sb63
«19
=2.27
~1.58
« 04
2.70
2.72
245%
2+23%
97
95
+33

e FL 1
-1.99
=1.53
“236
~ok0
- 97
—-oh5

Adjusted Thermal Conductivity

at a nominal
Temperature of 242.%
W/imeK

. 08268
08203
«08112
»0B045
«08079
07791
«07T25
« 07034
+07396
«07463
+07384
+0T350
«06927
+0T235
« 07059
+07080
+06899
06073
06645
+ 06674
+0b4 04
+06463

Daviation
from Correiation
percent

«18
-e17
=e63
-4 05

91
=tk

+03
—s29

=2.23
-+73
=209

«60

wh o2k

«82

«03

93

«40

w66
a7l

o4
-ak5
~s1ll



10026
10027
10029
10030
10031
10032
10032
10035
100136
10037
10038
10019
10041
10043
10045
10047
10049
10050
10051
10053
13013
12016
13018
10055
13030
13031
10057
10029
13035
10080
100861
10062
10063
10064
10065
18031
18032
18033
18034
18025
180236
18037
18038
18019
18040
18041
18043
18044
18045
18046
18047
18048
18049
18050
18051
18052
18053
18054
18058
18057
18058
18060
18061
18062
18064
108065
18066
18068
18069
18072
18073
18076
18077
18079
18080
18081
18083
18084
18085
18089
19090
18091

40.835
40.837
3B.638
38.6306
35.622
35.623
334413
31.582
31.582
29404
29,404
27T.213
24 T34
22,585
204444
18.097
15.678
15.678
13.498
11.514
10.024
10,024
10.024%

9.257

T«367
T.3867

b.991

5,991

5,183

4.396
4,395

24368
24307

24367

24365
674261
5T.258
67.258
57,2568
67.256
57.255
67,254
67.253
80,668
60.672
60,5670
54,839
54.839
54,840
544,840
49,399
49.401
49,400
49.399
44,338
44,335
44,4332
h4.328
39,714
39,713
19,713
35.670
35,8689
35.6068
33.172
33.170
33,169
30,058
30,085
27T.526
274525
25.091
25.090
22.0852
22.851
22.851
204666
20.667
2046606
18.811
18,810
18.809

243.309
243.506
243.591
244,843
243.578
244,999
2434645
243,710
2454241
243,063
2hh 392
2434144
243,256
243,312
FEE Y]
2h3.524
243,813
244,829
243 ¢055
2434340
28424
245,351
2494442
243,585
244 4685
2454967
2h2.840
245,235
245.196
243,185
248,022
2624415
243.5T4%
245,053
244 ,ThB
239.64%3
239,942
240.362
240,899
241le41l
241.995
Pa2,6T1
243,377
239,741
2404585
2414608
239,705
240.635
241,756
2434144
239,433
2404255
241.375
242.693
239,593
240,311
2414475
242.834%
240397
241.672
243,125
239,880
241,033
2424489
2404018
241.168
242,747
240.063
241.293
240,148
241,503
240,224
241.629
239,597
240.575
242.061
239,642
240,738
242.286
241,616
240,784
240.089

19.8470
19.8477
19,2743
19.1301
18.4276
18.2835
1T7.7348
1T7.1122
16,9534
16.3845
1be2447
15+4973
14,3858
13.3788
12,1721
10.8114
9.3038
942308
T.9648
4.6690
5.,7138
546778
5.6362
5.2240
4,0319
4,0009
3.8493
EPYLLY-
2.Thh2
2.3256
2+2910
1,2188
1.2118
1,2034%
1.1932
24,8126
24,7851
24 7543
24,7110
24.6700
24,6232
24,5691
24,5129
23.9095
23.8389
23,7528
23.0134
22,9314
22.8330
22.7119
22,0814
22.0045%
21.9021
21.7812
21.0420
20.9717
20,8588
20.7277
19,8738
19,7472
1948023
18,8253
18.7042
18.5529
18,0395
17,9160
17,7491
14.953%
14.8195
15,9518
15,8033
14.8751
14.7228
13,8504
13.74539
13.5908
12.4718
12.5604
12.4065
11.4059
11,4842
11.5%473

+28%33%
«2083133
« 280458
T EY.L
«28563
PLLL):3
+«28570
+ 28567
LTy ¥,
+ 21906
236052
221912
«21913
«21917
W21924
» 21303
«21919
«28543
«161%3
«16163
«113286
«16220
«22001
«16151
16222
«22003
«11281
«21916
«16223
«11284
« 21924
«07287
«11287
«16173
221937
«15974
41811
«28214
«35632
«43923
«53089
«563127
o T404T
+15979
«28209
43924
+15984
28209
43924
«b63136
+11163
«21658
»35625
«53084%
211164
21666
«35831
+53113
« 21863
«25632
+«53118
+16000
«282%5
« 44000
«16021
«28278
W 858021
«15010
28267
»16012
«28270
« 16006
«28270
« 07230
~16018
28272
07217
«15995
«28243
«21728
» 16028
«111596

«06372
« 06407
06118
«06203
+05881
«08908
«056886
+05480
+05520
.05182
«05310
«03041
+ 04751
04503
+04223
«03886
203655
03715
«03378
«03131
«02930
+0294 &
« 02970
«02871
+02716
«02729
02632
«02693
02518
202435
«02461
«02287
«02303
+02322
02340
«08516
« 08538
+ 08554
«08513
«0B8502
08487
.08500
«08446
07955
«07934
«07932
«OTH49
«0T834
«0755%58
07567
«OT245
»07170
«07015
07115
«06T11
+06738
206893
«0B707
+06326
«06303
«06278
05924
205924
»05903
« 05669
05689
«05681
«05339
205344
+ 05065
»05112
« 04807
«04821
+04509
«04540
« 04592
« 04279
04261
208294
w0034
039569
«+ 04009

306

«021
021
«020
«011
£018
«010
«019
018
010
«023
«012
025
#0213
«020
020
«0L9
+018
+014
«026
«023
«038
023
<016
«023
023
015
«035
+0l4
021
034
w013
+055
030
018
010
+055
«043
«025
2018
«0l4
«011
»009
006
+055
028
«01%
060
=026
»013
008
«097
«037
«018
010
088
203%
016
£ 009
2027
+015
+008
+061
019
010
o042
+016
010
041
.018
042
019
«039
017
«118
2033
016
«111
«034
«01%
«020
»033
050

« 06357
«06392
«06103
06177
« 03867
+05882
« 05672
~ 03466
«054094
JO5174
«05292
«05033
v0A4TAI
04490
04214
« 03876
203642
«03695
« 03370
+03120
»02918
02925
«02942
«028%38
« 02693
« 02695
«02625
102665
«02489
« 02425
02427
«02284%
« 02290
«02297
02301
08541
+08558
« 08571
08525
+08508
« 08487
+08493
108452
«07979
«07951
2079386
207674
«07649
« 075561
«07555
07272
«07188
07022
«071038
+06T36
«06755
« 06698
«06699
W00342
«083086
06265
«05543
+059313
«05399
«05486
+05498
« 05675
«08354
+05350
« 05079
«05118
+04819
«04B24
204525
« 04549
2048592
04294
« 04269
204292
«04036
«03977
«04021

+50
1.04
=433
1,55
oh2
14453
80
43
l.76
=l.25
1.73
110
oh3
«37
«33
=453
1.81
.61
1.79
1.59
+36
.78
1«58
1.01
1.59
1.83
«00
l.81
«30
=+15
11
=-u93
=162
=28
-.05
skt
-+10
27
«01
«08
13
.55
h2
~1.4%8
=1.38
-1.02
+28
A7
~e 07
61
+ 58
=01
=1.T4
.23
-+ T0
+01
=17
b1
08
26
b
=+ 48
02
.27
59
25
77
-+«B0
=-.19
=+85
43
-.51
37
=1,49
-.39
1.34
=.8
= b
+90
23
=-1.71
—94



15093
18094
18095
18096
18098
18099
18100
19101
18104
18105
18106
18108
18109
18110
18113
18114
18115
18116
180013
18026
18029
18117
15118
18119
18121
158122
18123
18124
18125
18127
18128
18129
18130
18121
18132
18133
16134
181135
18136

Run Pt

11001
11002
11003
11004
11005
11006
11007
11008
11009
11010
11011
11012
11013
11014
11015
11016
11017
11018
11019
11020
11021
11022
11023
11024
11025
11026
11027
11028
11029
11030
11031
11032
11533
11034
11037
11038
11039

17149
17.146
17.14%
17,142
15,378
15.375
15,374
1%.372
13.712
13.710
13.708
12.021
12.019
12.017
10.479
10.476
104472
10.470
9.774
9,779
9,781
BaT%4
8.791
B.7H9
&6.+880
4,879
64877
6,876
5.138
5.137
£e13b
3.441
A b041
31.440
3,440
1.990
1.990
14990
1.989

Pressurse
MPa

654109
6%5.109
65.104
55,101
65,098
63,123
63.124
bl.108
51.110
594112
59.112
56.897
564899
54638
564639
52.381
52 4384
49,965
49.968
47.930
47932
454470
45,671
43.617
43.619
414525
41,527
39.449
39,451
A7.255
37.256
3%.188
35.188
324904
30.854
2B.357
28,358

2424615
241.663
240,886
240.1b64
242,939
241.897
241,083
240.29%
2R0.502
2414241
242,189
239.954%
240,587
2hLl 471
242.839
241,685
2404691
239,966
240.876
241.798
242,879
243,151
242.012
240,933
240,289
24hl.220
2424319
243,737
239.727
2414431
242640
243,126
241.765
240.597
239,732
239,902
240,756
242,075
243.581

Temperature
K

262.180
262.731
263,325
263,938
254 .6688
262.775
263.898
2624672
263.979
2624724
264,020
262,702
264,096
262.798
2644086
262,778
264,132
262.778
244,191
262.793
2644190
2424795
264,318
262.857
2bh&.420
262.911
264,471
262.%44
2644568
262.987
2064.60%
262.944
263.852
2624313
263,935
262.387
264,152

10.3125
10,3901
10,4547
10,5150
9.1781
9.2526
5.3121
59,3710
B.2656
B.?2162
8.1543
Tel749
7.13590
T.0902
6.0272
ba0ThD
6411564
beléb3
5.6549
5.6207
5.5804
4,9493
49047
5.0193
3,68413
3.8186
3.7923
3.,7593
248020
2.T749
275586
1.7048
1.68071
1.817%
1.8255
1.1304
1.0263
1.0198
1,0126

Density
mol /L

22.7739
22,7324
22.6083
2246412
22.9871
2244377
22+3547
2241374
22,0390
21.8157
21.7166
21.4488
2143411
21.04064
2049454
20,6324
2045252
20,1619
20,0485
19.7413
19.6278
19,2487
19.1232
18.7686
18,6387
18,2304
18.11498
17.7052
17.5682
17,0891
16.95106
1a.4747
16,3971
15,815%
14.9493
141473
14,0016

«28310
«21721
« 16026
«11191
«+28311
+21732
«156023
+11191
«11189
«16025
«21732
«07227
«11191
«16025
«21745
«16031
«11195
.07229
«11194
«16022
«21728
+21749
»16033
«11195
«.07229
11196
« 16035
«21748
06126
«11198
«16041
« 16047
+11200
«07231
«04128
04126
«07233
«11202
«16052

Power
Wi/im

«23772
+30959
«39095
+48187
«58221
«30961
+48201
30971
«48200
+30970
«4B8199
« 30972
«4B190
« 30981
«48199
+30962
» 48199
+«30969
« 48200
+30954
«48190
«30963
«48198
+30966
»4B8191
+«3094]1
+48181
«30957
+4 8183
«20956
«4B8197
+30968
39088
«23776
39081
«23768
+ 39084

+03865
«03891
03800
«03851
«03595
« 035634
«03567
203575
© 403340
«03358
" «03397
.03181
+03140
+03199
+ 03024
«02993
02974
«02945
«02923
« 02916
02934
« 02826
«02810
02805
«0262%
«02014
202430
«02640
«02435
+02483
02475
«02360
«02363
«02335
«02366
« 02237
«02290
02244
«02295

Experimental
Thermal
Conductivity
Wim.K

07654
+076TH
«07668
«07716
«OT6T9
075068
«07584&
07449
0T 4G
«0T7341
«07285
«07018
«Q7124
«06910
«07002
«06803
«067586
«064608
[Ye]-1-1: 7]
«06459
«056411
«056285
206206
« 06154
+06178
«06018
«05872
« 05762
+«05808
05643
«0%485
«05443
«05395
«05189
« 05084
+ 04789
047069

307

«0l4
021
«030
052
«213
«018
«028
«048
o04h
+026
017
083
«043
«025
0156
022
«0R1
«080
-038
«023
015
014
023
«038
D56
034
«019
»01%
149
«033
«020
«020
«033
2064
«128
133
«0562
031
«019

STAT

«008
«004%
«005
2003
+005
« 004
«003
«005
«003
«00%
«003
« 005
+004%
+008
+004%
005
«00%
«005
«004
006
«004
« 004
» 005
+004&
+004
« 004
«008
«005
«002
» 004
+008
«002
2007
a004&
«004
«006
+009

« 03861
+03893
+03807
203663
«035848
03635
«03573
03587
«03351
103364
«03396
«03197
«+ 03151
«03203
«03017
+02998
«02985
+02962
«02932
«02918
«02927
« 02816
026810
+ 02814
« 02639
« 02621
£ 02627
002625
« 02454
« 02488
202470
«02351
+ 02365
«02347
«02385
202254
«02300
«02263
+02282

AdjJusted Thermal
at a nominal
Temperature of 263,K
H.fMoK

207661
«0T6B0
« 07665
«07708
«0TE6A
07370
+ 07576
207452
«07435
+ 07343
«07276
07021
207114
05912
« 06992
06805
= 06746
«06610
«06658
1-L1-3
+ 06401
«+06287
+26195
+ 06155
+06164
« 06019
+05860
« 05762
«05795
+05643
« 05472
05443
+05389
«05194
«05077
«04793
«04761

1.88
2426
«.30
+80
1,05
1.89
-+13
-.09
=+51
«15
1.45
110
=-+13
1.78
1.89
«92
33
=-ub3
l.1l6
+B6
1.39
1.08
.11
81
57
«01
«%0
Y
=1l.31
+19
=k
~s T2
=ulb
- 79
«59
~1.37
67
-a91
- 06

Conduotivity
Deviatian
from Correlation
percant

-1.06
~+56
-+ &9

35
W11
~.23
35
=200
036
bk
lll
=-1.90
«07
=1.09
-1
24
-+ 49
—abé
92
-s33
~+63
=29
=1.07
W27
1.15
+87
=1.10
=52
78
-1}
-1061
+33
“~e27
- 90
1.32
-+28
-2 20



11040
11041
11042
11044
11045
11047
11048
11049
11050
11051
11052
11053
11054
11055
11056
11057
11059
11060
11061
11062
11063
110064
11065

Run Pt,

12001
12002
12003
12004
12005
12006
12007
12008
12009
12010
12011
12012
12013
12014
12015
12016
12017
12018
12019
12020
12021
12022
12024
12025
12026
12027
12028
12029
12030
12031
12032
12033
12034
12035
12036
12037
12038
12039
12040
12041
12042
12043
12044
12046
12048
12049
12050
12031
12052
120513
12054
12055
12056

24, 50%
26,404
24,025
21.793
21.793
19.540
17.217
17.217
1%.,060
15.039
12.982
12.961
10,801
10.800
Bu657
B4 657
b.491
he421
44420
h %20
2.354
24354
2354

Pressure
MPa

65.415
65,413
65415
654415
634415
63.305
63.306
61,205
61.206
59,061
59,062
57.008
57.008
544632
54.633
52.671
52.673
50496
50.497
48,397
484400
45,987
424975
A2.976
©0.671
404672
38,676
IB0TE
36.992
36.593
b 472
4,473
32,259
32.260
30.141
30.141
28,060
28.060
25.809
2%.809
23,016
23,815
21.620
19.361
17,121
17.120
14.964%
14,964
13,048
13.067
10.991
10,990
8.921

262.483
264,242
262.648
2624673
263,706
263,915
262.23%8
264.209
262,292
264.550
2024356
263,661
261.734%
263,934
261.9%53
284,375
264,633
2624458
26%.420
263,842
262.800
265,284
266,069

Temparature
K

281,032
281,663
282,236
282.0894&
283.6B82
281 .6606
283,619
281,653
283,627
2814667
283,784
208146596
283,803
28l.711
203,067
28l.828
283,111
2814742
283.179
281.733
203,242
281,924
281,847
2834453
2814993
283,560
282,025
283,650
282,024
283.727
2824134
283,935
2824205
284,024
282.251
204,24]
282,405
283.325
282.450
283.382
202 ..585
283,585
282.672
283.020
283,124
2B&.340
283,409
2844651
283,632
282,431
202,647
283,793
282.8&9

13,3323
13,2108
12.3112
11.2747
11.2006
10.08%6
8.9910
8.8791
T+8324
Te7221
546879
646424
545215
544513
43407
442916
3,1513
241268
2.0977
2.,1129
1.1059
1.0990
1.,0908

Density
mol /L

21.4801
21.4385
21 +4001
21.3559
21.3033
21,1152
20,9830
20.7812
20.6463
20,4240
20.2782
20.06858
19.91986
19.6332
19,5381
19.2515
19.1611
18.8234
16,7212
18,3838
18.2747
17,8361
17.1271
17,0112
16.%307
1644180
15.99]10
15,874)
1543975
15.2762
14 47495
14,6229
14.0342
13,9089
13,3091
13,1753
12.5475
12.4874
1ll.6844%
11,6266
10,8737
1048149
.9425
3.9304
749062
T+8546
6.889%
08448
549869
6.0237
5.,0258
4.99T1
400366

«23T43
+39082
223763
«23772
«309438
+3095%6
217525
«30954
«173353
«30954
«17522
«23752
W 12244
+23785
«12247
023771
«23774
«12249
«23783
« 17536
«12235
«17530
«23774

Pamar
Wim

«18921
25644
«33390
«52150
« 31942
«25635
«51933
+2%637
«51933
«25632
«51910
025629
+51909
« 25623
« 42106
« 25616
«%2109
« 25621
+42106
25622
« 42107
«25612
«25619
2105
«23613
«42106
W2%5614
«42103
225620
«42111
+25613
+h2094
+ 25610
42101
« 25614
242102
«25612
233345
«25607
«33248
« 25618
+33350
+ 25623
« 25617
«25617
«33340
«25617
«33362
25624
«18899
«18904
«25630
+18904

«04588
«Dhb22
OM03
«04136
»08132
«03951
«03638
«03679
«03443
«0349%
«03228
+03290
»02991
+03063
»02837
.02888
»02703
.02588
«02585
+025648
02452
+024%9
202481

Experimental
Thermsl

Conductivity
Wim. K

207345
«07298
207329
.07322
+07250
+07180
»07153
+07030
+06994%
+06835
06857
+06749
yOB755
«06511
»06596
206394
»06450
06331
«06298
+06088
+06144
205883
»05707
+05750
+055%3
+05567
+05371
«05418
+05253
»03260
205041
«03116
«04898
+04963
104756
+O0RTT0
204534
206584
043758
«04393
206177
«04258
«03997
203739
203599
+03661
03455
203481
»03276
«03251
«03105
«03156
« 02976

308

#0037
»006
«007
«003
=003
005
»010
012
« 006
+005
012
«005
«008
007
008
«003
«003
«007
+003
004
+008
«005
«004

STAT

o042
027
+020
«013
«009
«025
«009
026
«01l0
026
=010
025
010
«028
012
2026
012
«025
«011
«024
012
«022
2023
« 011
«022
«0l2
«021
«01%
«020
2010
019
010
+0LB
«010
«018
»009
W19
»012
017
«011
«017
+011
016
018
2015
011
«012
«009
+013
«020
+019
012
+018

+04591
«OAhBLA
«04405
«04138
08147
»03945
«03643
«03670
+03448
«034813
«03230
+03285
»03001
03053
«02846
«02877
« 02688
«02592
2025065
«025461
02454
02449
«02456

-k
75
+80

~e01
»60

1.50

=39
oTh
o1l

1.69

=37

1.56

-1.560
55

- Pk
43

- 76
l47

~ebd

-.+68

ekl

=58
=23

AdJusted Therwmal Conductivity

at s nominal
Temperature of 282,K
W/m, K

«07352
«07300
«07327
«07316
+07238
07182
« 07141
+07033
«06982
«06837
206844
206752
06742
«06513
046588
« 063953
06482
« 06333
L6209
«06090
+06135
+ 05884
«0%5708
205740
« 05553
+ 05556
«05371
« 05407
«05253
205248
05040
«05103
104897
+ 04950
»0aT5h
«O4T56
« 04551
#Qu575
« 04375
«04384
04173
04247
«03992
«03732
«03591
+ 03644
» 03444
202441
«03263
»03248
+03100
+03142
» 02969

Oeviation
from Corraslation
peraent

Lk
-.03
53
N.L)
=12
+«18
+35
=+ 04
00
=284
208
~all
+57
-1.29
«39
=-1,01
£ 83
36
«23
=1l.16
16
=167
-+ 91
26
=551
»13
=1.0%
o 20
-el7
l37
~+98
72
-+20
1.51
54
1.24
« Ok
«87
46
«95
=16
1.98
«11
=1.56
-+28
144
«50
1.29
-39
~1.0%
-89
39
=52



12057
12058
12059
12060
12061
12062
12063
12064
12085
12066

Run Pt.

6001
6002
6003
6004
6005
6005
6007
6008
6009
6010
6011
6012
6013
5014
6015
6015
6017
4018
601%
6020
6022
b02%
5025
50256
6027
boze
6029
6030
6031
6032
5033
5034
60317
4038
6037
6038
6039
6041
6043
6044
L0&3
6040
65047
0048
T065
7015
7026
6049
6051
6033
6055
6057
-1+11.]

8.921
6.795
6. 79‘
4757
ha 757
2eTh4
2,743
24743
2.743
2:T43

Pressure
MPa

64,203
64.199
b4,199
62.467
62,4060
40.411
40.411
584437
50.440
564365
56.368
54,314
54,319
524215
52.225
50.117
50,124
47,824
47.829
85,725
#3.758
4l. 669
§1.676
41,680
39,538
39,543
37.302
37,310
35,010
35.019
32,198
3z, 201
29.737
29,7kl
27356
274359
24,774
22.553
19. 4670
19,674
17.516
17.517
14.725%
14.728
13,018
12.570
12.973
12,064

9,725

6,981

h,0807

24590

2590

284,135
203.111
284,631
282,445
284,994
281.135%
282.381
283.912
285,643
28T.789

Tempearature
¥

297.095
297.774
298.508
29T.134
298.585
297.030
2984451
297.041
293,903
297.039
298.4652
297.128
298,629
297.135
298,640
297.089
298,681
297T.251
298.727
297.282
297.263
2964504
298.353
298,257
296.68T
2984542
296.617
298.523
2964718
298,838
296804
298,890
2964957
296.8497
297.137
299.036
297.273
297,512
2964548
298.81%
2964704
29%.063
297,120
299,312
296.033
297.328
298,842
297.118
297.510
297.780
2984104
298,652
298, The

4.0122
3.0338
3.0131
240925
2.0791
1.2002
1.1942
1.1869
1.1790

1.1691°

Density
nold fL

2042487
20.2057
20.1552
19.9685
19,8777
19,6344
19.5449
19,2938
19.1828
18.9228
18.8207
18.5343
18,4386
18.12%86
18.0300
17,6998
17.5989
17.1987
17.104%8
1b.T72406
16.2620
15.7944
15.6777
15.6847
15.2276
15.1112
14,6179
14,5004
13.9451
13.817%9
13.0695
12.9468
12.24B6
12,1392
11 .4073
11.3036
10,4489
957490
Be&55T
83640
TeShih
T+4595
6.3291
b.26568
5.6124
5.55T77
5.5202
541656
21301
2.9302
19942
1.0591
1.0587

«25626
+18908
025626
«10B9G
«25628
«0853%
«1320%
+1B907
23634
«33374

Power
Wim

«35206
vhih k49
«54758
«35117
+ 54649
+35189
+56743
«35114
«54618
«35131
+ 54650
«35134
54672
«35139
«Ih675
35145
«I46TB
+35141
«540687
+35144
«35145
«27008
«h4368
«44370
+26993
«hbh3I534
« 27004
4 k306G
«27002
«4H373
«2T004
«4&3T0
«2T00h
«44389
«26989
+44374
« 256999
+27000
«19529
+«35153
+19910
«35132
+«19909
«35136
«19829
+» 159887
«26978
+15913
«19917

19916 .

«19920
«19920

+19918

02903
02871
«»02856
02717
02727
«02620
+02609
«02621
02649
«02661

Experimental
Thermal
Conduyativity
WimeK

+ 06909
+06915
«06851
«06800
«06THG
06657
« 06593
«06538
« 06523
«DBh&0
+06378
062706
06169
+06124%
06098
+05996
-05988
« 05852
«05917
«0564h
«05539
+05420
05402
«05%23
«05271
+ 05261
«05125
+05109
«04911
04932
«ORT4HA
«0&735
«04559
00522
04323
«Oh4hT
«04h168
03972
«03778
«03752
«03647
203598
« 03404
«03%23
+03291
«3315
«03300
03225
«03090
«02933
«02811
02711
«02T16

309

2012
«018
#0011
017
012
2055
«029
+017
011
2008

STAT

+003
2003
.003
+003
«002
«003
015
+ 004
Q02
+004%
+003
+003
«016
+005
020
+003
1024
«003
+039
«005
«003
+ 003
+002
«002
+004
+003
«004
«003
2004
+ 006
«003
+007
+005
«012
+004
20206
»003
« 00k
«003
«002
+003
»011
«003
+ 034
«+003
«013
2004
«003
«002
»003
»002
+001
1002

« 02966
T.02862
02835
»02705
«02703
« 02627
«02608
« 02606
02620
+ 02615

=52

whi
=eb3
=95
-+98

2 04
- Th
~s71
=-al1l3
~e27

Ad Justed Thermal Conductivity

at s nominal
Temperature of 298,k
WimeK

«06914
« 06918
06848
« 06805
« 06765
«0b663
+ 06590
06504
« 06518
W0bh4E
«06374
06282
+06165
» 06130
+06094
« 06002
+05984
«05857
05912
LY. T L)
o055 b4
205429
+ 05400
05421
«05279
205258
05134
+ 05106
+04919
208927
« 08755
+ 04730
+ 04565
08516
«0h328
ULTITYS
«0R1T3
«03975
+ 03788
«03787
«03656
« 03590
2034106
+03413
03306
»03320
«03294
03232
« 03094
«02935
«02810
027006
+02710

Deviation
from Correlation
percent

=+ 29
=02
~aT5
=+35
=-sk5
“ebb
=-1l.28
~o 52
—-.h2
=-.13
=-+T1
=. bk
=2,.02
=291
=99
- T7
-s54
=56
#8535
=174
«l.21
-.88
-»82
=obhth
=78
~u39
=a b8
—ah2
~1l.30
-+50
=36
=29
14
~e 91
-1.58
147
“a57
~l.23
- 69
=-e28
« 08
=-1.37
=1.11
-.88
=1.08
-kl
=1.05
=1l.33
=1.04%
=-1.03
-1-31
~1.08
-192



Run Pt,

3001
8002
8003
8004
8006
8007
8008
8010
8011
8012
8013
8014
8015
8016
8017
8018
8019
8020
8021
8023
8024
8025
8027
8029
8030
8031
8032
A033
8035
AQ39
8040
8041
8043
8045
8046
8047
8049
8051
7084
7085
7086
7094
7095
7096
T104
7105
7106
Til4
7115
7116
BO%5
8056
BO5T
LIoR-1:]
8059
BO6O
3061
8062
8063
8064
8065
BO&S
8067
8048
069

Pressure
MPa

6%.257
65,259
63,342
63,344
61.375%
594241
59.242
57.077
54,792
54,793
52.489
52.491
52.491
50.052
50.052
47.901
474903
45.636
45.636
43,622
41.256
41,257
38,927
364437
344164
34,1653
34.167
344167
31.5616
27.317
27.317
24.993
244991
22,377
20.111
20.111
17.519
15,214
13.617
13,4617
13.618
13,620
13.620
13.620
13.569
13.569
13.569
13.374
13,574
13.57%
12.980
10.694
10.69%

Bak3k

Bs434

B.434

b.282

6,202

6.282

4,015

44013

4,015

2046

24045

24045

Tempersture
K

310,387
308,839
310.480
308.792
308,862
3104711
308,862
308,862
3104911
309,089
311.035
309.02%
308,271
310.173
308,313
310.206
308,348
310.215
308.329
308,430
3104447
308,431
308.644
3084614
310.856
305,786
308.495
307.855
308.826
308.994
308,051
310.356
308.105
308.112
310,744
308,305
308,452
308.654
3094141
310,333
311.626
309.078
310,215
311,525
107.822
308,681
310,149
307,657
308,760
310,130
308.855
310.570
307.811
310.857
308.026
309,260
311,318
309.588
108,167
311.862
310,019
308.320
312.535
310,562
308.833

Density
mol /L

19.4011
19,7033
19,3020
19,4012
19,0717
18.5987
18.7081
18.3229
17.7771
17.8851
17.3223
1T.4417
17,4869
16,8763
16.9872
16,4148
16,5255
1549068
14,0184
15,5355
14,8389
14.9%61
14,3382
13.6564
12.8761
12,9342
12,9943
13,0408
12.2078
10,7855
10.8309
9.9083
10.0085
9,0452
8.0806
8,1701
Telhl8
642040
5.5380
545096
544794
545407
5.5135
3.4826
Te7499
5.,529]
544941
545559
5.5293
5.4569
5.2827
443068
ha35b60
3,3751
J.4138
3.3966
244926
2.5090
2.5227
1.5766
1.5868
1.5966
«TO4T

+ 7998
8045

Power
Wim

«587T0
« 35508
« 56723
2365879
« 16468
56714
«36470
+36476
« 56753
«36489
«56TS56
«36527
«28070
« 46084
«20064
+ 46099
+ 20065
246112
« 28066
«280069
« 46100
»28065
228054
+208059
146090
+36514
«28059
20711
«280680
+28066
«20711
«36489
« 20706
« 20698
«36507
«20700
+ 20696
« 20704
214525
«20773
«28135
« 14507
« 20752
28123
s1b4b4
«20712
28055
«1b486
«2072%
.208081
«20609
«28037
« 14471
«208051
v 14473
+20701
«28042
«20703
14471
«28042
«20703
e 1b4T4
«28032
« 20695
+14468

Expar imentel
Thermal
Conductivity
W/muK

06831
06786
206694
«06741
«06611
«06409
06444
206314
06271
«06203
«06114
+ 06043
«06074
205955
05907
205744
«05759
«05676
« 05475
«0%439
«05365
+05307
«051466
« 045993
+ 04935
» 06860
204800
» 04665
+ 04695
«04395
+0429%
+04263
«04197
«04000
.03899
«03013
«03619
03522
«03413
«03420
»034%8
«03400
«03424
«03438
»03391
203403
«03423
«03392
«03386
« 03427
«03364
«03266
«03203
«03127
.03080
«03096
«03004
«02981
202971
«02900
+02880
«02865
02843
«02B24
02794

310

STAT

«005
«009
«005
008
2009
+003
«008
009
+004
007
«004%
«007
«012
«006
011
006
+010
«0006
«010
«010
+006
010
2010
209
«005
« 006
009
«015
«009
.008
«013
«006
011
«011
005
2011
011
2010
«016
«009
0086
«016
+010
008
«J16
010
006
«016
010
007
«010
+006
<014
«006
«013
008
005
«008
2015
« 006
«008
+01%
«005
007
+013

AdJusted Thermal Conductivity

st 2 nominal
Temperature of 310.K
W/im.K

056827
«06793
06691
« 06749
« 06619
+ 06404
« 06452
« 06322
06264
+06210
«06106
206051
06088
« 05954
«05921
105742
+05763
205674
«03489
«0545%3
«0%361
08321
05178
«05006
« 04927
« 04862
« 06812
+0460%
« 04706
2 04405
+04318
« 04260
»04215
«04018
.03092
+«03829
«03633
«03534%
+ 03421
« 03417
203443
« 03408
«03422
« 03424
03411
203415
03422
203413
03397
+03426
«03374h
+03261
»03222
«03120
«03097
«03102
«02993
«02984
«02986
«02885
028890
.02878
.02823
«02820
+02803

Deviation
from Correlation
percent

«91
—-el3
«n7
+81
-59
=.23
-05
~a07
1.82
W4l
1.61
«10
+48
1.38
.27
214
—-.07
1.51
=2.358
=60
1.21
-+12
.24
23
2442
« B4
=40
—Juhk
1.10
1.26
=%
2.02
52
« 20
le%1
~e62
-1.23
19
=.15
=-+13
77
-.53
=00
020
=+30
~.28
07
L X
=+80
.la
kO
a2
-.99
=401
=+
—«bb
=e40
-Th
=76
-y 20
—ab3
=-.52
+93
.78
17





