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Experimeniel dals are presentod a1 elose
The range of experimental densities is from

| eed intervals of temperature and density-
iy -

to 28 times the critical denmity. There

are presented, in addition. tebles interpolatcd unfformly in arguments deoebey and
temnpergture, Apd alse in pressure and temperstare,

1. Introduction

Very few data exist on the compressibility (PVT}
hehavior of 20 °K-equilibrinm (i.e., “para”) hydrogen
ih compressed liquid and dense fluid states {1-5].
The low-density PVT differences between normal
and %aom bydrogen are known to be small in the
neighborhood of fEi}h"K [6]. o "

purpose of this report is to place on record our

imegntal PVT cbservationz on para hydre
mh dengities, together with usaful interpolations
to uniform waluea of all variahles. Experimental
aecong and third viral coefficients were reported in the
apparatus publication supporting the present results
[7]. Smoothing and representation of tha tempera-
ture-dependence of these coefficienis is in progress.

Data of this report, nre the hasis for several relatad
propartiea of para hy The observed vapor
pressures hsve been represented analytically an
compared with esrlier data [8]. The derived ortho-
baric liquid-vapor densities have been reported
[%, 10]. An empirical representaticn of the pressura-
temperature relation at meltiog [11] hes been uzed
to obtain densities of Hquid at freezing [12]. An
equation of siate, adjusted to the present FVT data,
has been used to obtain & provisional set of thermo-
dynamic functions [13]. Thesse functions have bean
extended by othets to lower temperatures and

pressures [14].
2. Symbols, Dimensions and Constants

The term “pnl'a.h}'d.lﬁgﬂ]”_i? employed for brevit
here to mesn 20 ° =e&;l;llhnum hydrogen [i].
Confirmation of pars hydrogen in the piezometar
hug been described [7].

*Anpporied o part by the Matbonal Asronawtios and Epass &dminietestbon,
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Pressures, P, are in standard atmospherea [17].
Temperatures, T, are on the NBS 1955 low-tempera-
ture seale, obtained by esubtracting 001 °C from
temperatures on the NBS 1939 scale of Hoge and
Brickwedde [16]. Densities, p, are in gram moles
per cubie centimeter. ‘These dertve from uee of the
gas constant, &, in conjunction with experimental
quantities, Determination of the amount of sample
g8 gas at normal conditions i bhased upon com-
pressibility data of normal hydrogen with £=82.057
em? aimjg mol deg [7, 15]. Hepresentations of
mothorma of uRelgjv are based upon KE—8&2.0547
em? atim/e mol deg, corresponding to the recent
international temperature seale [17].

The largpest experimenial errors pccur in density.
Accuracy and precision in this variabla have heen
eatitnated ab 0.1 and 0.02 percent reapectively [7].

3. Data Tables

Ezperimental data in table 1 result from the
laboratory observations and computer program
degeribed for computation of ppparatue adjustinents
f7]. They are arranged in the sequence of incressing
densities, except a8 noted below. Bach set of four
columns rapresents an experimantal “run’’ of inereasing
temyperature at nearly constant density. FEachrunis
identified by the first iwo digits in the fourth ecolumn,

The slight decresse of density with increasing pres-
aure in each run is due to expuision of fluid from the
giemmet&r inte the presaure gage diaphr:sm eell.

ince temnperatures are reproduced sccurately from
run to run, these date yield isotherms., Ahsence of
an entry for density indicates that two phases coexist.

The last three runs in table 1 give closely spaced
vn}JJ_-lur ures and deneities jn the critiesl region.

able 2 presents the PVT deta interpolated to
isochores, that is to uniform densities at the experi-
mantal temperatures, Table entries are presgures in
atmospherea,
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Experinental isotherm functions {(FPv-ET v,

where v is molal volume, wera represented by poly-
notmisl expansions in density [18), vsing least-aquares
methods [ITQ} and un electronic computer with eleven
digits. The nwnber of tertns in each polynomial
wus selected by trisl az the minirmum nwmber re-
quired to give deviations within axperimental pre-
cigion [7]. This numher increazes from five terms at
100 °K to fifteen terme at 33 K. From 32 through
24 K, dats for both vapor and compressed liqud
were represented aitnaltaneously by single isotherm
polynomials of nine terme, From 23 through 17 °K,
data for the compressed liquid were representad with
six terms.

Differenices between cxperimental and calculsted
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results were averaged for each run and converted to
an assumed errer in experimentsal determination of
density (amount of sample) for that run. Fived ad-
juztments to the density throughout certain rune
wera applied for smoothing, as given in table 2A.
These are within the experimental precision. A finel
set. of polynomial representationa of isotherma, ob-
tained as above, then represents all pressures within
the experimental pracision. The first derivatives of
presaurs with respect to density, obtainsd [rom these
polynomials, are smooth; the second derivatives are
smesth and mouutonica]i? inoreasing, These repre-
scntations were used to calculate pressures at the uni-
form denaities in table 2. Somne entries in table 2 are
sxtrapolated bevend the maximum experimental
pressure of 350 abm,
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Tabla 2-A. Density Adjustments for Smoothing -
{In sequence of increaning densities of runa.)

Fun Ne. Aps lﬂﬁ Run Na,
94 =0. 04 50
a3 +. 29 80
92 = 40 ™
a1 .41 T8
q0 +, 02 77
89 +, bb 49
88 +1, 17 76
81 -0,92 75
86 -1, 9% T4
85 +0, 68 73
84 +2, 36 48
96 a,00 72
B3 -2, 21 71
51 +1, 38 47
97 . 00 70
35 + 00 46
B2 -. 89 o9
81 -1, bf

Table 3 presents the data interpolated to isobars,
that is to uniform pressures at the axperimental tem-
peraturea.  Table entries are densities in gram moles
per cubie centinmeter, mdtiplisd by 1000, An Hera-
tive computer program was applied to locate thess
densities corresponding to assipgned pressures on each
isotherm, represented by the polynomial expansion
described above.

The above polynomial representations of iso-
therme provide a emoothing in one of the two inde-

125

8pe10®  RunNo.  4p-10°
+0, 20 67 +5, 01
52,20 45 -2.25
+1, 55 b6 +3,34
+0. 19 52 -0.76
~1.99 53 2,53
-1,02 54 +1.39
+0. 36 55 +0, &5
+1.01 56 -1.32
+1,08 57 +0, 46
42,35 58 +1.90

-10,33 59 -2.01
+2.31 60 -1.98
+1,59 &l +3, &7
+2.47 62 -1,26
+0. 18 63 -1.97
+2.15 64 0. 00
-6. 09 65 .08
-3.07

pendent variables only. The interpolated isochores
of table 2 have bean given polynomisl representations
for the purpose of computing chan in tharmo-
dynamic functions. Compariaon of the interpolated
wmochore data with these representations shows a be-
havior which is smooth within the precision of pres-
aure measurements (7], Entries in the tables of this
report may contain more than an experimentally
gignificant number of digits. These are useful in
emoothed data for obtaimng derivatives by numer-
icel mathoda,
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The self-consistency of a thermedynamic network
12 under investigation, uweing numeneal methods of
computation with tha present dats in conjunction
with spectroscopic [1] and calorimetric [20, 21]
spacific heats.

Thomas R. Strobridge kindly gave to us his com-
E%:t-ar program [22] of the least-squares method of

illiam B. Jones [18]). Amon present suthors, tha
preparation, exammination, and interpolation of iso-
therm polynomials was carried through by L. A
Weber and H. M. Roder. R.J. Corruceini and B, B.
Beott have piven enconrsgement throughout this
lengthy inveatigation,
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