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Tnis report was prepared by the AiResearch Hanufacturing
Company of Arizona, g division ¢f The Garzett Corporation,
Phoenix, Arizond, 28 & part of the SHAP 50/SPUR liquid-potassium
Rankine-cycle power-system pisgram. The activitieas discussed in
this repert were initiated under United States Alr Force Con-
tract AP33({615)-2289 LBZaN: 5{6399-657)63509124), This contract
was edministered by the Fiight Vehicle Power Division, AF Aero
Propulsion Lahoratory, Research and Technology Division, Alg
Force Systems Command, Wright-Patterson Alr Pozce Base, Ohio.
My, C. H. Armbruster was the Project Engineer for the Lsboratory,
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This report presents an up-to-date compilation of the
pl:ysical and thermodynamic properties of potassium.

Thie report is assigned supplementary report number
APS-577.5-R by AiResearch.

This report was submitted by the suthors July 1, 1966.
Putlicationr of this report does not constitute Air Force

zpproval of the findings or conclusions of the report. 1t isg
published onlv for the exchange and stimulation of ideas.
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ABSTRACT

This report is an up-to-date complilation of potassium
physical and thermodynamic properties, Data for the s2lid
phase ig pressnted, where available, over & temperaturs range
from 0°F to ihe melting point. Liquid and vapor physical
proeperties axe tabulated, in most cases, from the melting
point to 28C0°P. The thermod compilation extends frem
740°%F to 2350°F and includes superheated vapor properties
evaluated at pressuves dowyn to 0.1 psia, Tnese properties are
presanted both on a table and o a Hpolliier diggram. Listed
propertiss incliude density, viscosity, surface tension,
electriczl registivity; thermal conductivity, specific heat,
vapor pressureé, latent heazs of fusion and vagorization,
enthalpy, entropy, acoustic velecity, critical pressure and
tenperature, thermal neutrcn absorption and activation crose
sections, ionization potential, and relative magnetic
susceptibility.
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SYMBOLS AND UNITS

Electrical resistivity, microhm-in.
Temperature, °F

Temperature, “R

Thermal conductivity, Btu per hr-ft-°F
Equilibrium specific heat, Btu per 1b-°F
Densgity, 1b per cu ft

Absolute viscosity, 1lb per ft-hr

Surface tension, 1lb per ft

Enthalpy, Btu per 1lb

See Section IV D, page 16, for the symbols used in the FORTRAN
program to compile the saturatiom and superheat properties
appearing in the tables of Appendixes 1 and II.
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SECTIOH I
INTRODUCTION

Over the past several years, interest in the use of liquid
metals such as potassium, sodium,rubidium, cesium, and others
has grown to such an extent that the need for more accurate and
more complete information on the physical and thermodynamic
properties of these fluids has intensified. As a result, sev-
eral independent laboratories, including the U. 8. Naval Research
Laboratory, Battelle Memorial Imstitute, and MSA Research
Corporation, have undertaken considerable experimental work
under Air Force and NASA sponsorship to evaluate these
properties.

0f all the liquid metals, potassium appears to have the
greatest potential value as a Rankine-cycle working fluid. The
specific volume-pressure characteristics of potassium vapor
permit reasonable turbomachinery sizes and operating pressure
levels over a wide range of cycle power output. Good cycle
efficiencies can be attained with potassium at temperatures low
enough to permit the use of relatively conventional materials
of construction such as stainless steel. Substantially higher
efficiencies and reduced system weight can ultimately be
attained at the higher bLoiler temperatures permitted by the use
of refractory metals. In addition, potassium displays the
favorable heat-transfer characteristics of all liquid metals,
and its feasibility as a bearing lubricant has been experimen-
tally verified. For these reasons, potassium cycles are under
active development or consideration for use in space, marine
applications, topping cycles in steam plants, etc.. which
dictates the need for accurate potassium properties.

An extensive review of the published literature relating
to potassium has revealed inconsistencies in the property data,
especially in the high-temperature region where experimental
techniques are hampered by coniainment problems and difficulties
in temperature measurement. In some instances, the published
data is considered reliable over the range of measurement, but
is not very useful for cycle calculations encompassing lower
and/or higher temperatures.

The purposes of this study were to conduct an exhaustive
survey of potassium property data, identify the most reliabie
sources of information for each property, and compile the
resulting data. In some cases, where equal weight was assigned
tv scattered data points, a least squares curve fit was utilized
to establish the working equations used for the compilation. 1In
all cuses, selections were made to insure that this document is
intcrrally consistent.
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- The scope of this report is limited to the physical, thermo-
dynazic, and some of the muclear properties of potassium. For
tee convenisace of the eaer, 3ll charts, tabkles, and graphs are
- gresented in gppentixes in the £inal seetion of the report. .
Preceding these appendizes a éiscussion of the physical proper-
ties aud thermodynzmic treatment of potassjum is given, along
with 2 1ist of ¢he references that werzs actuslly used to deter-
mine or suppert the propeety date selected. The 1list of refer-
euces is not 2 cozplete ccmpilation of everything that was
exanined during the ¢ourse of the study.

The ésta is presented in units that sre in common usage in
the engineering commamity of ¢he United States,

This document is intended to be used as a replacement for
that porticn of Reference 1 which covers potassium. Reference 1
has £iiled a vital requirement over the past few years in stan-
dardizing property data in order that everyone working in the
field would be using the same basic data. It is considered to
‘have been very well done. However, since its publication, a
great deal of additional work has been done in establishing the
property data of potassium (and other liquid metals}; according-
1y, an updating is very muck irn order. Weatherford, in Reference
2. also makes this observation. Since References 1 and 2, like
this document, do not report any original measurement or property
data, they are not listed as a primary socurce of information but
rather the original source was quoted. when applicable. In some
cases, the dataz does indeed agree with Reference 1, but in wost
cases, addéitioral later measurements have been made which super-
sede this work. Reference 2 contains some updating and the sug-
gested values in that reference for many properties igree with
the choices made herein, whereas in other instances later work
again superseded them.

This document is also more complete for potassium than
Reference 1 in that mnre properties over a wider temperature
range are included. 1In particular; the thermcdynamic properties
are included ip the form of superheat -ables, saturatior tables,
equations that can be inecorporated directly into a computer pro-
gram, =ad a Mollier diagram of substantial size and accuracy.
All other properties are reported in the form of graphs, tables,
and equations which can be irncorporated in a2 computer program.

Additional property measurements in all instances would, of

course, increase the reliability and accuracy of all the property

data re%orted, but several properties in particular nee. more
work before z high confidence can be placed in the selected data.

These include critical point values; the electrical resistivity,
thermal conductivity, and specific bheat of the solid; the spe-
cific heat of the liquid at higher temperatures; and the vis-
cosity and thermal conductivity of the saturated vapor.
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SECTION II
POINT VALUE PROPZRTIES

The sources of the point valiles selected are indicated on
Table I, along with the values themselves. The succeeding
paragraphe supply amplifying comments and reasons lor the
selections when appropriate--a practice that will be foliowed
throughout.

The melting point, heat of fusion, atomic weight, density
of the solid, iomization potential, and relative magnetic
susceptibility are essentially handbook values which wer
taken from the sources indicated and which are more or less
accepted and/or substantiated by later work to the accuracy
indicated.

M

The boiling point and heat of vaporization were taken from
Reference 3 for reasons discussed morg fully in Section IV.
These point values are repeated here for convenience and for
internal consistency.

X VR
oV

The critical values are taken from the work of Grosse as
reported in Reference 4 and other publications by the same
author. Nkovikov, Reference 5, and others have estimated
the critical point values of potassium with widely varying
results, but the work of Grosse appearz to be better
substantiated by botl. the experimental data and ty theory.

The nuclear data in Table II is of a different nature
than most of the data in this document, but is included
because cf the widespread interest in the use of potassium
with nuclear power sources. References 6 and 7 are the most
recent sovrces known for this information.
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SECTION 111

B PHYSICAL PROPERTY DISCUSSION

A, ?rgpertias of Sciid Pozaszium

1. Eilectriczl Resisgtivity

Although the electrical resistivity of sciid potassium
sheuld be a reletively easy property ta measuze over a range of
tempgratureg, only a Iimited number of measurements were found
in the literature, and thegse were 1imited to a restricted tem-
perature range or were single-goint measurerments, Sourceg of
data used included References 2, 2, 10, znd 11. 4 strai§ht
line equaticn is considered sufficient ¢to represent the iimited
dgte available. The egquation derived is:

p=2.06+0.0096¢t
where p = electrical resistivity, microhm-in.
t = temperature, °F

This equation is considered valid over the range from §°F
to the melting point and was used to prepare Table 1V and

D2
riguyre 1 .

2. Thermal Conductivigy

Very few directly measured valueg of thermal coaductivity
for solid potassium were found in the literature. Accordingly,
it was decided to estimate this property from the electrical
resistivity by means cf the Wiedemsnn-Franz-lorenz relationshiy:

Lo=p'l%

where L = Lorenz constant

p = electrical resistivity
k = thermal conductivity
T = absolute temperature

The Lorenz comstant ic: ligquid potassium is established in
References 9 and 12 as approximately 2.15 wstt-chms per {(°K)Z2,
which 15 approximately 13 percent below the thsoretical value.
It cannot be stated with certainty that the Lorzuz constants for
ligquid and solid potassium are identical; alsc, the electricai
recistivity of the solid is itself not well established. It was
considered sufficient to estimate a Lorenz constant for solid
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potassiuz by using the few walues of thes thermal conductiviry
of the solid reporied in Reference 9 snd the cuxrve of the splid-
phase electrical resistivity herein. The Loreaz constant thzs
derived is, in the units explored in this report,

0.252 Bty mierchz-in.

jr > ; 10z about 18 percent below the theoretical
value.
The resuiting equation for the thermsl condectivity is:

k lﬁg']'t
8.17 + 0.0381 ¢t

therzal conductivity, Btu per hr-£t-°F

where k
t = temperature, °F

This equation was used to generate the dats for Tablie IV
and Figure 2.

3. Specific Heat

The primary refercuace selected for the specific heat of the
s01id was the work of RMI reported in Reference 13. The tasic
measurement was tbat of enthalny, froo which an equatiozm of zhe
form d = At + Bt vas derived. Por practical purposes, the
specific heat is tke first derivative of this equstiocn, and the
resnlting equation in the units used herein is

cp = 0.1631 + 2.328 ¥ 10 “t

specific heat, Btu per 1b-9F
t = temperature, °F

This equation was used to establish the vealues in Tabie IV
and Figure 3. The results reported in Reference 12 agree
closely at low temperature, but have & sglightly higher slope,
with the result that they are approximately 1.7 percent higher
as the nelting point is apprcached. The difference is not con-
sidered significant.

B. Properties of Liguid Potassium
i. Density

Density measurements have been made by many investigators,
and good ag*u:m:ﬁg exists among the various cources of data.
Trhe follc a-ng density eguation frco Reference 3 was selected
as the recommencsd egquation, since it accurstely correlztes the
data fro tie celting point ap to ZR40T
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irtongh fheze is some scatter, the resslrs of otter fnves-
tig=tors hxa:zsf this cnz?e fairly well over the termperature
range from ROGVF to 2200°7. In prrticelar, che resuits of
- Xovikoe (Refsrence 5) are somewhat bigher, whersss tkese of
: Reference 22 #nd the older oxes of Helfsgtenze I 2re icwer.

Therzal conénctivitisg ﬂaze caicnlated za a sheck from the
elscrrical resistivity ‘a;o*tcé in the previecus section by Teans
of the Wledesom-Trese-lorenz relzticnship. The experimental
value 5§ the ILorenz constant as reported by Crosze [“e;erqawe
27t, which closely agrees with that of 2efezence G, was used.
Eheaz calcuiated vaiuss of therms® copductivity sgree closely

wirly =aiucs odrained from the above eguatioa.

&. Specific Feat

Hecerous investigators have maée calorizetric measures
on liguld potagsism in order to zscertzin the enthalpy 2nd, in-
éirectly, the saterated liguid s;es4*1c heat zs fnnctiaas of
temperature. Below 1000°F, there iz gocd sgreement between
earijer work at the Hatfonal Burezu cf Stiandords {Reference 13}
end =ore recent measurczents at Bstielle ¥ecorial Ingtitute
{Beference 13). Both ssts of data csm be correlated by para-
bolic eguaticns; however, there is & pronounced éeviztion be-
tysen the wo curves at higher tewperatures, with the expericentel
BE valuez exceeding the extrapoliated EBS curve in magnitude.

Three igoieted data poirts obtained at the Xawal a.searcn
Laboratory kﬁ.zereace 3} tend to confirm tn. exiracolated A5
date up to 2000°%. However, _the HEL invesligators noted that
there was a probable error of £3 percent in their resultsg, due
to noenreproducibility in calorimetric mezsurements. The low
precision is believed £0 stem mainly from the low sample-to-
container thermal capacity ratic.

The need fur thick-walled cUﬂtain.rs, coapl-@ with che
problem of container oxidation, has rendered precise determina-
tion of liquid-heat content extremely difficult at elevated tem-
peratures. For this reason it is considersd inadvisgble to
compiite saturated end suparheated vapor prorertieg vie the liquid
path. FPor the purpose of ;omgt ng liquid-potassium specific
heat up tc approximacely 150C°F, with cautioug exz rapsl&t;on to
hicner temperatures, the rol?owing eguation based on Reference 1%
dats is recommended:

C, = 0.2023 - 3.33 x 107%t + 2.3 x 10 %¢?
where Cp = specific heat, Btu per 1b-°F
T = temperature, °F
Specific heat is preserted as a aturve

v
~id e S
froc the mel-ing point to 22530°F in Table ¥7 ans
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C. Propsrcies of Szturated Forzssium Vaper

1. ¥zpor Presscze ;

s B e

ifter 2o exteansive review of potassiva vepor pressurs ia-
formaticn reported in the lirsrgtuxe. the eguarion fitt the
sooothed XBL dzta {R=fsrence 3) was chosen for this coxpilation,
Tae recommended squation is of the three-twrs Kirchhofi type
{iog ?SAE =2+ /T + ¢ log 7). AZter substitutins the numerical
constants snd solving expifciry for 2 5w the egquation bscomes:

, . 18.717.22
x i3 e i

o
g

Pt

5 .27
SAT 1)

wnere ?ss? = vepor pressure, psiz

iownin BN wcow B PR

- 533282

T = zbsoluts tezperature, R

Although the eguastion was primarily intended tc corzelate
experimental dats zbove the ztwospheric toiling point [139%°F),
it is believed to be sufficiently accwrate for extrapslation
down :o approrimerely 8007, The vapor pressure fLuTve recom-
zended by BMI (RKeference 20} crosses the RRL curve a2t zpprozi-
msetely 10G3°%, yielding values that zre zbout 8 percent lower
a2t BOO°7 ané 5 perecent higher zt 22002, Since the FRL thermo-
dvnaznic properiy Zatz for potazsiism had been selected for use
eglsewhere in zhis repert, it was deemed advisable to utilize
the RRL vapor pressure zguation for internal comsistency.

3

ot B et SR
3 )
Q
2 ST A S Lt e L D g
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The racomsendsd vapor pressure data is deplcted as a fume-
tion of tempersture {expressed in degrees Pahrenheit} in Table
VIIi znd Figure 10,

ladd

Specific Yolume

ny

The satursted vapor specific velume was computed ilrom the
~ eguaiion:

3 _ O0.27886 T 1, . 2 - g

. Vo = TP |1t 8 Pgap * v (Pgup)® 8 (PSATJ :

SAT N £

¥

Z} where VG = saturated vapor specific volume, cu ft per 1b §

t

7 FSAT = vzpOor pressure, psia §

6 T = absolute temperature, °R ¢ {
8 = second virial coefficient, psia *

2

= third viriai ccefficient, psia’

-~
|
- s N

fourth vrial coefficient, psia >
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The ghove eguation will be recognized &s a wvirial equ.t_cn

of stete. Yee vizis: coefficients &, vy, and & arz functions of

£5§§ezstsze, -aega*ible $ithk the P<¥-T dstas of Reference 3. The
equations for the wirizl coesfficients are given in
Se;ti&n IV-D of this report.

Yapor specific voluse £z lisred in Table VIZI £rom 8CO°F to
2300°F and is pletzed versus tezperc*ure in Figure 11. The spe-
cific woluze of the superheated vapor can be obtaineé frem tke
compute? printout sheets in Appendix II.

3. Hes: of Vapexization

The heat of vaporization was caiculated from the Claspeyronm
equation; using the HEL vapor pressvre-tespersture relationship.
Toe resulting expreesion is:

027336 T ;.18,17;1.22
B¢ =" Bgy  f I

where EFG = heat of vaporization, Btu per 1b

0-53299] (VG - vg)

T = abolute temperature, °R

Pgur = VapPOT pressure, psias )
VG = saturated vapor specific volume, cu £t per 1b
Vg = saturated iiquid specific volume, cu ft per 1b

The saturated 1iquid specific volure is 8imply the inverse
of the liquid density discussed eariler. &4 comparison of the
heat of vaporization calculated by different investigators
reveals rather wide discrepancies at the high- temperature end.
For example, the BMI curve (Reference 20) is 18.5 percent iower
than the NRL curve at 2200°F, due primarily to djfferences in
the experimentgl P-V-T data.

Heat of veporizaticn computed from the above equation is
presented in Table VIII and Figure 12.

4. Viscosity

No experimental vapor viscosity data for potassium was
located by tiie suthors at the time this report was written.
Hence, it was necessary to rely on the ;ol;cwi1g theoretical
equation suggested by Grosse (Reference 22} for the purpose of
this compllation:
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s = 0.001577 /T
where g = viscosity, 1b per ft-hr

T = gbsolute temperature, °R

The recomsended equation is based on kinetic theory ang is
strictly applicabie to the low-pressure monatomic gas oaly.
However, to a first approximation the presence of small concen-
trations of dimer and tetramer molecules should not appreciably
change the viscosity. Weatherford (Reference i) employed a
sipilar type of equation toc calculate the viscosity of saturated
potassiu=m vdpor. BHowever, his values are approximately 32 per-
ceat lower, due apparently to the use of a largercatomic co6lli-
sionn diameter. -

Vapor viscosities calculated from the Reference 22 equation
are listed ir Table YIII and plotfed in Figure 13.

5. Thermal Conductivity

It was alsc necessary to calculate thermal cemductivity
data for the saturated vapor, since adequates experimental data
was lacking. The ¢:2rmal conduenzivity € the wonatomic gas can
be readily estimated, like the visepzity, from kinetic theory.
However, the satursted vapor congigsts of 2 mixrure of chemically
reacting molecular species over the temperature range of interest,
with up to 12 mol percant dimer and tetramer content. Hence,
the thermal transport mechanism involves more than simple trans-
lational energy exchange between moleculee. Since an appreciable
fraction of the heat transfer may be due to dissociation, reccm-
binatior, and diffusion of molecules through the boundary layer,
the "equilibrium'" thermal conductivity is considerably higher
than the "frozen" thermal conductivity.

For the purpose of this compilation, the equilibrium thermsai

conductivity was estimated from the equilibrium spe.ific heat,
by use of the following equation:

k =ﬁ (Mcp + 2.48)

where k = thermal conductivity, Btu per hr-ft-°F
= viscosity, 1lb per ft-hr
M = vapor molecular weight, 1b per lb-mol
C_ = equilibrium vapor specific heat, Btu per 1b-°F
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The sbove equation is based on the work of Bucken and Maz-
2211 for estimation of the Prandtl mumber of a2 pSiyatonic gas.
- The speciffc heat and molecular weight were obtained from 3
Eéference 3 and the computer deta desczibed later.

: Calculated thermal conductivity for the saturated vapor is -
presensed in Teble VIII and FPigure 1§, :
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SECTIOk IV
THERMODYNAMIC PROPERTY DISCUSSION

A&. Review of Publisui:d Data

Several attempts have been made recently to establish the
thermcdynamic properties of potassium liquid and vapor over an
extended range of temperature and pressure. Properties of
interest include the specific volume, enthalpy, entropy, and
specific heat of the vapor, plus a number of comparable proper-
tiez for the liquid phase. Unfortunately most of these efforts
have met with only limited success because of the lack of
reliable experimental data, especially at high temperature.

One of the earliest published compilations of potassium
thermodynamic properties (Reference 1) treated the vapor as an
ideal gas mixture of monomer and dimer species whose composition
varied in a predictable manner with temperature and prescure.
Saturated liquid enthalpy at elevated temperature was estimated
by extrapolating Bureau of Standards experimental data
(Reference 14), and the saturated vapor enthalpy was calculated
at each temperature by adding the heat of vaporization to the
iiquid enthalpy. Internal consistency among the various proper-

ties was secured by adjusting the constants in the vapor pressure
equation,

The high-temperature data of Reference 1 was in error pri-
marily because the monomer-dimer model could not adequately
account for the additional degree of poiymerization taking place
at high vapor pressures. In recognition of the need for more
accurate potassium-vapor properties, several independént projects
were initiated to measure the specific volume of potassium vapor
at elevated temperatures along with the vapor pressure, density,
and heat content of the saturated liquid. Unfortumately, the

eneral lack of agreement in the experimental resulcs thus far

as rendered it necessary to scrutinize all pubiished data very
carefully.

After a detailed survey of experimentaily determined high-
temperature potassium thermodynamic properties, it was concluded
that the Naval Research Labcratory data (Reference 3) is the
best information currently available covering the temperature
range from 1400°F to 2500°F. Due to the absence of reliable
high-temperature liquid enthalpy Jata, the NRL investigators
wisely chose to compute enthalpies and entrcpies via the monomer
gas path. The P-V-T data for potassjum vapor was correlated by
a virial equation of state of the following type, which treats
the vapor as an imperfect monatomic gas:
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The sxigtence of several molecular apecies im the vapor com-
position iz generaily accepted. The thermodynamxdc treantment of
petsegium ag 2 so~called ideal gas mixture with 3hiftiag chemical
compopition is perfectly satisfactory provided that g1l molecular
spaciés can be identified and the entropy change associated with
shiftipe domposition is taken into account. The thermodynamic

- coRfnitztiond made for this report were based on a virial equation

of state dérived froa sctual P-V-T measurements, which treats the
vapor 8 an impérfect gas having constant molecular weight. All

vapor propegties were compiled from an ideal monomer gas reference
state, In effect, this method avtematically tekes into account the

_ sitpation that the potaxsiuam is in fact neither a monomeric nor

an ideal gas. ‘the virial method was favored in the present case
because it expedited the mathematical computations and did not
require precise knowledge of the molecular species present in the
vapor, Other investigaters, including References 3 and 20, have
taken a simlilar approach and have dewonatrated essential agree-
ment between the viriagl and quasi~-chemical methods at the
pressures within the realm of interest. it is pot necessary to
compute an entropy of mixing a8 an explicit step when calculating
properties by means of virial coefficients. In effect, the entropy
change is automatically taken into account when correcting for gas
imperfections. ILdkewise, the vapor speclfic heat accounts for
energy changes associated with shiftiang composition.

B. Thermodynamic Computations Emploved in This Study

Thae HRL equation of state requires an itevative solutioa for
specific volume. In order to elimlnate the need for an iteraiive
computation and simplify the ensuing equations for enthalpy and
¢ntropy corrections from the ideal gas state, the NRL data was
refitted to a virial eguation of the foxm:

%=1+ PP + yP2 + GFS

Theoretically, more virial coefficients should be required
with the latter type of equation to accommodate the data. However,
judicious selection of the pregsure exponents enabled the above
equation of state to correiate the NEL experimental data with
sufficient accuracy. It is noted that a precedent exists in that
a gsimiler form of eguation with one additional virial coefficient
was employed to compile the steam tables,

The coefficients v and © are temperature-dependent functions
of significance only at saturated vapor temperatures above 1400°F,
The governing equations for 7y and O were therefere obtained by a
curve fitting the tabulated NRL data.

The secoud virial cocefficient, B, was exprecsed as a power
geries expression in reciprogal temperature. A leas.-squares
curve fic was employed to evaluate the numerical constants in the
equation. Input values of 2 at the lower temperatures were
estimated bty arplying the NRL vapur pressure eguation in con-
juncticn with the meonomer-dimer eguilibrium constsnt data from
Reference 20, 14
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It is noted that the NRL vapor pressure equation has been
extrapolated several hundred degrees below the temperature range
of the experimental data upon which it is based. for the purpose
of computing saturated vapor compressibility and heat of vapori-
zation in the low-temperature region. The use of a single vapor
pressure equation over the entire temperature range is desirable
from the standpoint of internal consistency and continuity.
Moreover, the NRL curve appears to adequately describe the
scattered experimental data within the range of probable experi-
mental error between 800°F and 1400°F,

It is believed that the saturated and superheated vapor
properties of interest to the turbine designer can be computed
more accurately via the monomer gas path. However, internal
congistency throughout a wide temperature range is of importance
for cycle calculations involving heat balances. The predicted
enthalpy-temperature relationship for the saturated liquid is
considered to be a good test of internal consistency for the
equation of state and vapor pressure equation when computing
properties from the monomer gas base.

There is good agreement in the liquid specific heat data
reported in References 13 and 14 up to about 1000°F. This dsta,
in turn, is closely matched by the output data from the computer
program developed for this study. At the present time, there ic
no way of making a precise check on internal consgsistency of the
thermodynamic equations at higher tempera’ure by the technique
descril:ed above, due to the lack of reliable calorimetric data.

C. Description of Computer Program

A FORTRAN program has been written to compute and :srine the
thermodynamic properties needed for cycle calculations. The
saturated liquid and vapor properties are tabulated first
‘Appendix 1), followed by the superheated gas proparties
(Appendix IIS, These tables are the actual computer mrint-outs
and are included in this report along with a HMollier chart con-
structed from the computer datsa.

The starting equations in the computer program include
those for the vapor pressure. saturated liquid specific volume,
and ideal monomer gag properties taken from Reference 3. These
are followed by AiResearch-derived equations for the virial co-
efficients and their first and second derivatives. Finally,
the real-gas and saturated liquid properties are computed from
the ideal mponomer gas base.
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Sz aticn pressure

idezl gas spacific heat
Szzuraved liguisd specific volime
Setond virial ceeffisient
Third virial coefiicient
Pourth virizl ccefficient
Sav:rated vapor specific volp—e
Satzrated vapor enthalpy
Saturzsted vzpor entrepy
Enthalpy of waporization
Entropy ef vaporization
Saturat=d liguid ezthalpy
Saturatsd liguid entropy

Superheated vapor specific volume
Sup:rheated vapor enthalpy
Superheated vapor entropy
Superheated vapor specific heat

Superneated vapor acoust:~ velocity
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Temperature
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Saturation pressure:
7 18,717.22
1.9713 x 16 _ - = )
Poar = ?\Tgﬁ. Sszgs © {1}

Ideal gas enthalpy:

32 375
H® =698.95 +0.127T + 24,836 e -~ T (2)

Ideal gas entropy at 1 atmosphere pressure:

31,126
§° = 0.18075 + 0.29283 log;oT + O0.T6LT & B e (3)

Ideal gas specific heat:

28,070
C° -0.1270 +2.888 e ~ __%91_
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Saturated liquid specific volume:
Vg = T - T T (5)
56.099 - 6.9828 ('1—0—0-6) - 0.5042 ( 000)2 + 0.0498 (1—69—)3
-
o Second virial coefficient:
JN : . 4 .5811658 107
¥ ] s = -0.8082855816 + 1.336L5%goz x 10*  9.58 gé 48 x

- + 3.885477962 x 10** _ 9.TH7784721 x 10t | 1.548462407 x 10%°
T3 Tda Ts

_ 1.520716767 x 102 , 8.44170635% x 1022 _ 2.033180468 x 1027 (¢)
Te = I7 te
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LT, 0

Fizot cerizative of second virizl cosfficiene:

48 _ _ 1.336763701 z 16* _ 1.91£23317C x 20%  1.165833389 x ip-2
& = Zz ¥ = - T+

4

+ 3.8991132%5 x 16*5  7.7%2312035 x 10°2 _ 9.12%305502 = 1G2-
5 Ts ) kg

_ 5.50916Y435 x 102¢ . 1.62655157% x 10°7
z8 ) T8

7.
Secoad dexivative of seccad virial ccefficient:
d®3 _ 2.673527502 x 10* _ 5.74869950% x 10° _ &.66257355% x 1022
a1z T2 T4 i is
_ 1.0h958604% x 10*° | 4.6%5387221 x 10*®  6.387010%21 = 1632
Ts : T7 T8
5 3.727355558 z 102° __:.563896%17 x 1028 T
Te Ti0 1<)

Third virial coefficient:

Let y - T-1840
2.791 lo-aye'(u-5737 x 107%y + 3.3480% x 1077y? - 7.6743 x 107 %y}
Y 7 2.791 %
(2

’

First derivative of third virial coeffi :ient:

d -(4.5737 x 1073y + 4.3404 x 107 7y2 - 7.6743 x 10 *°y3)

-5% =2.791 x 1072 e

X [1 - 4.5737 x 1073y - 8.6808 x 10 7y + 2.30229 x 1o‘9y9'_} (10)
~d
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susceptibility at 64.5°F

{(MKS dimensionless)

VALUE REFERENCE
| Melting poisc 185.8% _ 30
Heat of fusien - 25.7 Stu per 1b 13
. Aromic weight : 36.100 31
Deunstty of the Sotid
at &8%g- 53.7 ibs per cu £t 11
Astcogpheric bozling point 1395% 3
Beat of vapcrization
at the boiling point 829.1 Btu per 1b 3
Critical pressure 338C psia y
Critical tecperature 3650°F 4
Critica. density 10.6 1bs per cu £t y
Ionization potential 5.339 volts 27
*Relative magnetic 5.75 z 10-8% 11

*Defined as - -
By

Wners »

1

L

26

permeability of potassium, henry per meter
y = permeability of free space = 1.257 x 107° henry per meter
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