&

= enthalpy change upon vaporization of a mole of equilib-
rium vapor, B.t.u./lb.-mole

any unit conversion

molecular weight of monomeric species

absolute pressure, p.s.i.

a defined function, [(z—1)V - B]V

gas constant

entropy per unit mass, B.t.u./1b.-* F.

entropy change upon vaporization of a unit mass of equi-
librium vapor, B.t.u./lb.-° F.

absolute temperature, ° R.

temperature, ° F.

molal volume (per formula weight of monomer), cu. ft./1b.-
mole

specific volume, cu. ft./lb.

compressibility factor, p V/RT

w VOT ;Lu

<™
0o

<

&N

Subscripts

quantity at any state
quantity at 0° R.
constant pressure change
quantity at saturation

» T O .

Superscripts

g
{

o

quantity in gas state
quantity in liquid state
standard state, 1 atm. for gas
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High-Temperature Properties of Sodium

C. T. EWING, J. P. STONE, J. R. SPANN, and R. R. MILLER

U. S. Naval Research Laboratory, Washington, D. C.

A virial equation of state for sodium with coefficients through the fourth virial is
derived from PVT data covering a temperature range from 1750° to 2525° F. Exact
thermodynamic relations involving the virial and vapor-pressure equations are used
to generate saturation and superheat properties of the vapor. Values of enthalpy,
entropy, specific heat, and specific volume are tabulated for some 140 selected vapor
states in the temperature range from 1650° to 2550° F. and in the pressure range from
2.9 to 358.7 p.s.i.a. The thermal properties for a somewhat greater temperature
range from 1400° to 2500° F. are presented as a Mollier chart.

THE existing thermodynamic properties of alkali metal
vapors have for the most part been obtained by estimating
imperfections from spectroscopic data. The properties so
obtained are of questionable accuracy, and there is a need
for an increased reliability for the evaluation of the metal
vapors as working fluids in turbines and other power cycles.
To meet this need, reliable thermodynamic properties of
sodium, potassium, and cesium are being generated from
sets of experimentally determined properties—pressure-
volume-temperature, vapor pressure, and liquid density.
These properties for all three metals have been reported
by Stone et al. (10, 11, 12), and those for pctassium have
been reduced thermodynamically to yield a consistent body
of vapor properties—enthalpy, entropy, specific heat, and
specific volume (3). This article describes a similar reduc-
tion of the measured properties of sodium.
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TREATMENT OF PVT DATA AND
THE VIRIAL EQUATION OF STATE

The major imperfections in sodium vapor at the tempera-
tures and pressures involved in this study stem from the
existence of molecular species with two or more atoms (5).
These species are present in such abundance that an equa-
tion of state of the quasichemical type (involving equilib-
rium constants) could have been used to represent the PVT
data. However, the virial equation was preferred over the
quasichemical types since the thermodynamic relationships
based on it are believed to be better established.

The PVT data of Stone and coworkers (10) were fitted
by the graphical method described for potassium (3) and the
resulting virial equation of state is
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%=1+_BV_+_%+'_€T (1)
where,
log|B| = -4.3519+6755.3/T+1log T
B<o0
-0.6137 + 10,839, T
C>0
-0.0905 + 13,539/ T

D<o

logC =

log|D| =

The degree of fit of the virial equation to the observed
PVT data is shown graphically with Figure 1 in which
compressibility isotherms generated with Equation 1 are
compared to experimental compressibilities at 100-degree
intervals from 1775° to 2575° F. The fit of the equation can
also be shown numerically. For example, all the observed
compressibility data for sodium as reported by Stone et al.
(10) may be calculated from Equation 1 with a standard
per cent deviation of +0.35.

The equation of state was effectively derived from experi-
mental data over a temperature range from 2175° to 2575° F.
However, equivalent data were available from 1775° to
2175°F., but the number of experimental points in this
region did not permit one to obtain reliable virial coefficients
by the graphical method. Consequently, before the equation
of state was acceptable for calculations below 2175°F., it
was necessary to determine its fit to the observed low-
temperature data. Compressibility factors at low tempera-
tures and pressures were calculated and compared to the
observed values (Figure 1); the agreement was equivalent to
that obtained at higher temperatures.

CALCULATION OF THERMODYNAMIC PROPERTIES
AND FUNDAMENTAL DATA

The important properties of the metallic liquid and vapor
are volume, enthalpy, entropy, and specific heat. These
properties were computed from the virial equation of state,
from exact thermodynamic relationships, or from the funda-
mental property equations included in this section.

Saturation Pressure of Lliquid Sodium. The least-squares
vapor-pressure equation derived by Stone et al. (I1) was
selected. This equation,

log p, = 8.00490 — 9980.9/T - 0.61344 log T @)

is based on experimental data over the temperature range
from the normal boiling point to 2540°F. and is in good
agreement with the vapor pressures observed by Makansi,
Muendel, Selke, (8) and Bowles and Rosenblum (7).

Specific Volume of Liquid Sodium. The correlation equation
by Stone et al. (12) was selected. This equation,

1/v' = 59.566 — 7.9504 x 10~°t ~ 0.2872 x 10%* + 0.06035 x 10™%* (3)
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Figure 1. Compressibility of sodium vapor
at several temperatures

was derived from all available data and covered a range
from the melting point to 2491°F. The error limit given
for the equation was +0.6%.

Specific Volume of Saturated and Superheated Sodium Vapor.
The value of this property at any state was obtained directly
from the virial equation of state.

Enthalpy, Entropy, and Specific Heat of Saturated and Super-
heated Sodium Vapor. These thermodynamic properties were
computed along constant temperature lines with the
starting point for a particular property being the value of
that property for the monomeric gas at 1 atm. The working
expressions for the properties are the same as those pre-
sented for potassium (3) and the computational steps are
outlined in this section.

An alternate path, basing the vapor properties on those
of the saturated liquid, could have been used. Properties
at selected states were computed by this second path and
compared to those in this article by the gas path. Even

Table I. Saturation Properties of Sodium®

Basis: h =0 and s = 0 for solid sodium at ° R,

t D, v uf R
1600.00 13.37 0.02157 64.8536 624.60
1700.00 21.78 0.02197 41.2225 657.19
1800.00 33.92 0.02238 27.3441 689.64
1900.00 50.83 0.02281 18.8251 722.11
2000.00 73.62 0.02326 13.3975 754.78
2100.00 103.50 0.02372 9.7935 787.95
2200.00 141.68 0.02420 7.3423 821.94
2300.00 189.44 0.02469 5.6220 857.17
2400.00 248.00 0.02521 4.3825 894.11
2500.00 318.58 0.02575 3.4666 933.37

Ak, ht s As, st
1692.35 2316.95 1.0173 0.8216 1.8390
1665.44 2322.63 1.0327 0.7711 1.8039
1639.47 2329.11 1.0474 0.7255 1.7729
1614.40 2336.50 1.0614 0.6842 1.7456
1589.95 2344.73 1.0750 0.6464 1.7214
1565.61 2353.56 1.0881 0.6116 1.6998
1540.65 2362.59 1.1011 0.5793 1.6804
1514.10 2371.28 1.1140 0.5486 1.6627
1484.78 2378.89 1.1271 0.5192 1.6463
1451.09 2384.46 1.1405 0.4903 1.6307

“Values are given to more significant figures than the data warrant in order to retain precision in differences.
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17.17
14.70
11.76
8.82
5.88
2.94

217.32
14.70
11.76

8.82

2.94

41.71
29.39
14.70
11.76
8.82
5.88
2.94

61.42
58.78
44.09
29.39
14.70
11.76
8.82
5.88
2.94

87.60
73.48
58.78
44.09
29.39
14.70
11.76

8.82

5.88

2.94

121.47
117.57
102.87
88.18
73.48
58.78
44.09
29.39
14.70
11.76
8.82
5.88
2.94

164.29
161.66
146.96
132.26
117.57
102.87
88.18
73.48
58.78
44.09
29.39
14.70
11.76
8.82
5.88
2.94

°Values are given to more significant figures than the data warrant in order to retain precision in differences.

v

51.4107
60.9556
717.5971
105.4189
161.1734
328.6233

33.4073
65.5492
83.0403
112.2335
170.6755
346.1001

22.5901
33.2406
69.7431
88.0533
118.5924
179.7014
363.0844

15.8152
16.6097
22.8529
35.4903
73.6589
92.7758
124.6500
188.4166
379.7502

11.4127
13.8985
17.8016
24.3680
37.5849
77.3820
97.2998
130.5039
196.9235
396.2036

8.4557
8.7742
10.2005
12.1208
14.8322
18.9277
25.7893
39.5623
80.9698
101.6857
136.2171
205.2872
412.5115

6.4092
6.5287
7.2784
8.2011
9.3626
10.8659
12.8821
15.7190
19.9917
27.1349
41.4523
84.4612
105.9736
141.8307
213.5500
428.7174

Table Il. Thermodynamic Properties of Sodium Vapor in the Superheat Region®

z h*
1650° F.
0.89624 2319.70
0.90964  2338.15
0.92638 2361.09
0.94390  2384.97
0.96207  2409.64
0.98081 2434.96
1750° F.
0.88483  2325.76
0.93392  2393.04
0.94650 2410.14
0.95944 2427.69
0.97269 2445.61
0.98622 2463.86
1850° F.
0.87394 2332.70
0.90619 2376.90
0.95065 2437.41
0.96019  2450.32
0.96990 2463.45
0.97979  2476.79
0.98982 2490.31
1950° F.
0.86352 2340.52
0.86803 2346.67
0.89573  2384.43
0.92737 2427.48
0.96236  2474.88
0.96970 2484.79
0.97714 2494.82
0.98467 2504.98
0.99229 2515.24
2050° F.
0.85336 2349.09
0.87175  2373.83
0.82325 2402.93
0.91706 2435.20
0.94297 2470.29
0.97072  2507.78
0.97646  2515.52
0.98226 2523.34
0.98812 2531.22
0.99404  2539.18
2150° F.
0.84315 2358.08
0.84681 2362.86
0.86140  2382.14
0.87734  2403.44
0.89467 2426.74
0.91336  2451.96
0.93335 2478.97
0.95454  2507.58
0.97681 2537.59
0.98137  2543.74
0.98598 2549.94
0.99062 2556.18
0.99529  2562.47
2250° F.
0.83245  2367.02
0.83440 2369.48
0.84564  2383.86
0.85757 2399.37
0.87025 2416.08
0.88373 2434.00
0.89803 2453.14
0.91317 2473.47
0.92910 2494.93
0.94581 2517.44
0.96324 2540.92
0.98132 2565.27
0.98501 2570.24
0.98873 2575.23
0.99246 2580.26
0.99622 2585.31

Basis: h = 0 and s = 0 for solid sodium at 0° R.

st

1.82088
1.84175
1.87033
1.90490
1.94999
2.02023

1.78794
1.86719
1.89306
1.92469
1.96666
2.03362

1.75885
1.80492
1.88684
1.91086
1.94053
1.98047
2.04533

1.73313
1.73896
1.77655
1.82638
1.90273
1.92547
1.95384
1.99242
2.05590

1.71028
1.73323
1.76184
1.79721
1.84379
1.91612
1.93797
1.96543
2.00309
2.06563

1.68983
1.69404
1.71128
1.73102
1.75391
1.78101
1.81432
1.85837
1.92777
1.94900
1.97583
2.01285
2.07473

1.67133
1.67340
1.68562
1.69910
1.71406
1.73079
1.74972
1.77149
1.79717
1.82879
1.87091
1.93818
1.95897

1.98534

2.02190
2.08332

<

0.6669
0.6174
0.5498
0.4742
0.3923
0.3058

0.6530
0.4889
0.4395
0.3870
0.3319
0.2748

0.6315
0.5535
0.4044
0.3691
0.3325
0.2946
0.2557

0.6052
0.6000
0.5489
0.4627
0.3488
0.3235
0.2974
0.2708
0.2436

0.5773
0.5614
0.5251
0.4696
0.3973
0.3116
0.2931
0.2743
0.2552
0.2357

0.5513
0.5509
0.5435
0.5257
0.4970
0.4577
0.4086
0.3509
0.2862
0.2726
0.2587
0.2446
0.2304

0.5304
0.5305
0.5287
0.5223
0.5105
0.4929
0.4691
0.4394
0.4039
0.3632
0.3179
0.2685
0.2583
0.2479
0.2374
0.2267

D

217.29
205.74
191.05
176.35
161.66
146.96
132.26
117.57
102.87
88.18
73.48
58.78
44.09
29.39
14.70
11.76
8.82
5.88
2.94

281.71
279.22
264.53
249.83
235.14
220.44
205.74
191.05
176.35
161.66
146.96
132.26
117.57
102.87
88.18
73.48
58.78
44.09
29.39
14.70
11.76
8.82
5.88
2.94

358.74
352.70
338.01
323.31
308.62
293.92
279.22
264.53
249.83
235.14
220.44
205.74
191.05
176.35
161.66
146.96
132.26
117.57
102.87
88.18
73.48
58.78
44.09
29.39
14.70
11.76
8.82
5.88
2.94

ve

4.9536
5.2779
5.7488
6.3004
6.9553
7.7449
8.7146
9.9321
11.5041
13.6076
16.5617
21.0039
28.4217
43.2775
87.8827
110.1906
147.3728
221.7404
444.8499

3.8914
3.9329
4.1939
4.4855
4.8137
5.1864
5.6134
6.1075
6.6858
7.3715
8.1971
9.2093
10.4783
12.1142
14.3004
17.3671
21.9746
29.6632
45.0541
91.2526
114.3556
152.8622
229.8777
460.9290

3.0967
3.1629
3.3333
3.5182
3.7200
3.9416
4.1863
4.4583
4.7626
5.1054
5.4947
5.9405
6.4561
7.0590
7.7732
8.6322
9.6843
11.0020
12.6991
14.9653
18.1422
22.9126
30.8698
46.7937
94.5839
118.4816
158.3123
237.9754
476.9681

z h*
2350° F.
0.82069  2375.27
0.82795 2384.13
0.83740 2395.89
0.84716  2408.25
0.85728 2421.28
0.86782  2435.02
0.87883  2449.50
0.89033 2464.75
0.90233  2480.75
0.91485 2497.50
0.92788 2514.99
0.94140 2533.17
0.95540 2552.01
0.96986 2571.46
0.98473  2591.47
0.98776  2595.53
0.99080 2599.62
0.99385  2603.72
0.99692 2607.85
2450° F.
0.80712 2382.01
0.80853 2383.64
0.81681  2393.35
0.82506 2403.24
8.3335 2413.38
0.84176 2423.82
0.85032 2434.63
0.85908 2445.84
0.86808 2457.49
0.87736 2469.59
0.88692 2482.17
0.89680 2495.24
0.90700 2508.80
0.91753 2522.85
0.92838  2537.37
0.93956 2552.37
0.95106  2567.81
0.96287  2583.67
0.97497 2599.94
0.98735  2616.59
0.98986 2619.96
0.99238  2623.35
0.99491 2626.75
0.99745 2630.16
2550° F.
0.79073  2386.06
0.79406 2389.77
0.80196 2398.68
0.80964 2407.52
0.81717 2416.34
0.82461 2425.22
0.83203  2434.20
0.83945  2443.33
0.84693  2452.65
0.85449  2462.18
0.86216 2471.97
0.86997 2482.02
0.87794 2492.37
0.88609  2503.02
0.89443 2513.98
0.90297  2525.27
0.91172 2536.88
0.92069 2548.82
0.92987 2561.07
0.93927 2573.65
0.94888 2586.53
0.95871 2599.71
0.96874 2613.18
0.97897 2626.93
0.98939 2640.94
0.99150 2643.77
0.99362 2646.61
0.99574 2649.46
0.99786 2652.32

SE

1.65435
1.66139
1.67091
1.68113
1.69218
1.70417
1.71727
1.73170
1.74774
1.76580
1.78654
1.81103
1.84132
1.88198
1.94767
1.96813
1.99418
2.03040
2.09149

1.63844
1.63962
1.64676
1.65421
1.66204
1.67030
1.67906
1.68838
1.69835
1.70908
1.72066
1.73327
1.74711
1.76246
1.77975
1.79962
1.82315
1.85239
1.89194
1.95646
1.97668
2.00248
2.03846
2.09929

1.62312
1.62552
1.63141
1.63744
1.64364
1.65005
1.65671
1.66365
1.67091
1.67853
1.68657
1.69507
1.70410
1.71374
1.72408
1.73523
1.74735
1.76064
1.77538
1.79201
1.81116
1.83393
1.86237
1.90106
1.96469
1.98472
2.01034
2.04613
2.10678

0.5181
0.5167
0.5139
0.5093
0.5023
0.4924
0.4794
0.4630
0.4430
0.4196
0.3928
0.3627
0.3297
0.2940
0.2560
0.2482
0.2402
0.2322
0.2241

0.5185
0.5175
0.5121
0.5073
0.5024
0.4971
0.4908
0.4833
0.4742
0.4634
0.4507
0.4360
0.4192
0.4003
0.3793
0.3563
0.3315
0.3049
0.2766
0.2470
0.2409
0.2347
0.2285
0.2223

0.5382
0.5330
0.5220
0.5130
0.5054
0.4986
0.4922
0.4859
0.4795
0.4725
0.4649
0.4565
0.4471
0.4366
0.4249
0.4120
0.3978
0.3823
0.3655
0.3474
0.3282
0.3078
0.2863
0.2637
0.2403
0.2355
0.2307
0.2258
0.2209
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though the over-all agreement in the values by the two
paths was good and equivalent to that obtained in a similar
comparison for potassium (3), the gas path for sodium was
preferred over the other for the same reasons as those
discussed in the potassium study (3).

Enthalpy and Entropy of Vaporization of Sedium. The latent
heat of vaporization was calculated with the equation,

ah. = Jp,(1563.8/ T — 0.041742) (vf — v 4)

which was derived from Equation 2 and the Clapeyron
equation. The value of v; at each temperature was obtained
from Equation 3 and the value of vf from-the virial equation
of state (Equation 1).

The corresponding entropy of vaporization at each satu-
ration state was obtained by dividing the appropriate
enthalpy change by the absolute temperature.

Enthalpy of Sublimation of Sodium at 0° R. All the thermo-
dynamic properties in this report are based on the properties
of solid sodium at 0° R. Therefore, the enthalpy of sublima-
tion at 0° R. is needed to relate the enthalpy of the ideal gas
to the base state. The value of the sublimation quantity is
generally derived from vapor-pressure data. Evans and
coworkers (2) and Hultgren et al. (7) analyzed existing
vapor-pressure data and selected values of 25.91 and 25.89
kcal. per gram atom, respectively. These values were
derived by estimating imperfections in sodium vapor, and
the virial equation of state now permits a more positive
determination. Accordingly, a new value was computed
from the recent vapor-pressure measurements of Stone et al.
(11). By using the method outlined by Hicks (6), the heat
of sublimation was related to the saturation pressure, the
virial coeflicients, and the free-energy functions. The
resulting relationship is

, 28 3C 4D [ A%
$)=—-RT | %~ + =25 + —== <= -
(aH#) [ AR A R Sy ]

- fo _ hﬁ’ ¥
MlTJL———T ] (3)

Values of the sublimation quantity were computed from
this relationship for all the saturation pressures reported
by Stone and coworkers (11), and the results are presented
graphically in Figure 2. Theoretically, a constant value of
(AH}), should be obtained for all saturation pressures, but
a small temperature trend was observed. This trend can
result from errors in the vapor pressure, the virial coefli-
cients, or in any of the free-energy functions. The functions
for the monomeric gas were obtained from the work of
Evans et al. (2). Corresponding functions for the liquid
were derived from the specific-heat measurements of
Ginnings, Douglas, and Ball (4) and are based on the func-
tions for solid sodium by Evans et al. (2). The specific heat
of the liquid and the free-energy functions are known
accurately to only 1700°F., and above this temperature
they were obtained by an extrapolation with the specific-
heat equation of Ginnings. It is believed that the true
sublimation heat (25.61 mean kcal. per gram atom) is
obtained from saturation data below 1700° F. and that the
apparent decrease above this temperature results from error
in extrapolating the specific heat of the liquid. The value
of 25.61 has been used for the thermodynamic calculations
in this article.

Enthalpy, Entropy, and Specific Heat of Monomeric Sodium
Vapor. Relationships for these quantities in terms of tem-
perature were derived from the tabulated properties of
Evans and coworkers (2) and the enthalpy of sublimation
at 0°R. was derived from the third-law treatment of vapor
pressure. The equations for the monomeric gas at one
atmosphere (relative to the solid at 0° R.) are

(h%)° = 2005.15 + 0.21598 T + 12,172 ¢~ #¥07 (6)
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Figure 2. Enthalpy of vaporization of sodium at 0°R.
as computed from vapor-pressure data

(s¥)°=0.23859 + 0.21598 In T (7)

(c8), = 0.21598 + 6.053 ¢ 7 ©

Enthalpy and Entropy of Liquid Sodium. These properties
of the saturated liquid at each temperature were obtained
by subtracting the enthalpy or entropy of vaporization
from the corresponding property of the saturated vapor.

THERMODYNAMIC PROPERTIES
OF SODIUM AND DISCUSSION

All the saturation and superheat properties from 1650°
to 2550° F. are presented in Tables I and 11, and the thermal
properties from 1400° to 2500°F. for both wet and dry
vapors are presented graphically in a Mollier chart (Figure
3). The accuracy of the thermodynamic properties is
dependent primarily upon the experimentally determined
vapor-pressure equation and virial equation of state.
Several factors regarding these relationships should be
considered when using the tabulated properties. The virial
equation of state was derived from PVT data covering a
pressure range of 27.3 to 367.4 p.s.i.a. and a temperature
range of 1758° to 2588°F. The saturated vapor-pressure
equation represents data covering a pressure range of 14.7
to 350.1 p.si.a and a temperature range of 1618.6° to
2539°F. Thus, the observed data effectively cover all the
higher temperature and pressure states for which properties
have been presented, but short extrapolations of the vapor-
pressure equation and the virial equation are required to
obtain properties at pressure states below 14.7 p.s.d.a.

There are a number of publications in which thermo-
dynamic properties of sodium vapor have been calculated
by estimating gas imperfections from spectroscopic data.
The properties generated in this article from a PVT study
were compared to those derived in recent publications by
Makansi, Selke, and Bonilla (9) and Weatherford, Tyler,
and Ku (I13). If the NRL data are taken arbitrarily as a
reference and the property changes from p. to 2.9 p.s.i.a.
compared at each temperature, the enthalpy changes
reported by Makansi are 5 to 20% low and the entropy
changes on the average differ by +1.4%. Similarly, the
enthalpy changes reported by Weatherford are 8% high and
the entropy changes differ by +0.6%.

The properties reported in this paper were calculated
from exact thermodynamic relationships involving a precise
set of experimentally determined properties. They have
been evaluated by several tests for internal consistency
including the use of two computational paths, and it is
believed that they are suitable for all calculations presently
required for the design of systems using sodium as a heat-
transfer or working fluid.
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NOMENCLATURE AND UNITS

second virial coefficient, cu. ft. per mole

third virial coeflicient, (cu. ft.)* per (mole)*

fourth virial coefficient, (cu. ft.)’ per (mole)®

specific heat at constant pressure, B.t,u. perlb.-° F.

free energy, B.t.u. per lb.

enthalpy per unit mass, B.t.u. per lb.

enthalpy change upon vaporization of a unit mass of
equilibrium vapor, B.t.u. per 1h.

enthalpy change upon vaporization of a mole of equilibrium
vapor, B.t.u. per Ib.-mole

any unit conversion

molecular weight of monomeric species

absolute pressure, lb. per sq. inch

gas constant

entropy per unit mass, B.t.u. perlb.-° F.

entropy change upon vaporization of a unit mass of equilib-
rium vapor, B.t.u. per lb.-° F.

absolute temperature, ° R.

temperature, ° F.

molal volume (per formula weight of monomer), cu. ft. per
lb.-mole

specific volume, cu. ft. per lb.

compressibility factor, pV/RT

Datw
(T T O T

Bl e

AH,

gmm'ti;&.

[T L I I |

e ™
[ |

Wi

Subscripts
0 = quantity at 0° R.
p = constant pressure change
s = quantity at saturation
Superscripts
g quantity in gas state

l

o

quantity in liquid state
standard state, 1 atm. for gas
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High-Temperature Properties of Cesium

C. 7. EWING, J. P. STONE, J. R. SPANN, and R. R. MILLER

U. S. Naval Research Laboratory, Washington, D. C.

A virial equation of state for cesium with coefficients through the fifth virial is derived
from compressibility data covering a temperature range from 1305° to 2550° F. and a
pressure range from 16.5 to 487.9 p.s.i.a. Exact thermodynamic relationships involving
the virial and vapor-pressure equations are used to generate saturation and superheat
properties of the vapor. Values of the enthalpy, entropy, specific heat, and specific
volume are tabulated for some 280 selected states in the temperature range from
1250° to 2550° F. and in the pressure range from 2.9 to 499.7 p.s.i.a. The thermal
properties from 1050° to 2550° F. are also presented as a Mollier diagram.

DESIGN STUDIES of high-temperature power-con-
verters employing alkali metal vapors as working fluids
require an improved knowledge of their thermodynamic
properties. In response to this need, experimental PVT,
vapor-pressure, and liquid density data for three metals—
sodium, potassium, and cesium—have been measured by
Stoneetal. (9, 10, I1). From the data for two of the metals,
sodium and potassium, the authors have generated and
published consistent sets of thermodynamic properties
(5, 6). The present article extends this work to the third
metal, cesium.
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TREATMENT OF PVT DATA

Derivation of Virial Coefficients. Coefficients for the cesium
equation of state in its volume expansion form (Equation 1)
were derived from the experimental P VT data of Stone et al.
(9), which cover a temperature range in the superheat
region from 1305° to 2550° F. They were obtained graph-
ically as described for potassium (5) by plotting experi-
mental functions along constant temperature lines. How-
ever, two modifications of the method were required for
cesium. First, the adjustment procedure (5), which was
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