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ABSTRACT

This reporl contains tables lisiin: vem.erature dependenc coes'ticients
ror the computation of thermodynamic properiies of aseous :ranium
hexarluoride using equaiions which express the propercies as expansions
in powers of prescure. The various coeriicients licted have been
computed in one dejree increments ror a tewperabure ranse or J00°R

to 999°R.

The e mputation of this .et of bLubles was by use of a virial eguation
representation for the equallon or slate and derlving the theruwo-
dynamic properties fror this representution.



THERMODYNAMIC PROPERTIES OF GASEOUS URANIUM HEXAFLUCRIDE

Advances in the art of gaseous diffusion separation of uranium
isotopes have resulted in a need for more accurate ther:odynamic
data. The following tables list as functions of temperature the
most useful thermodynamic data for deteruining the behavior of
the uranium hexafluoride gas in the plant and associated testing
facilities.

The computation of this set of tables was by use of a virial
equation representation for the equation of state and deriving

the thermodynamic properties from this representation. The
representation and correlation of data for the equation of state
was made directly in terms of pressure since this representation

is the most useful in applications to the process. For the range
of pressure and temperature covered by experimental data the simple
equation

MP

(1) 2(P,T) =

2
=1+ Zl(T) P+ ZE(T) P

appeared to be adequate.

For the derived thermodynamic functions, an expansion in terms of
pressure to the second power in P was used. Thus, as an example,

5]

= 0% =

(2) Cp = CX + CP,l(T) P+ CP’E(T) P
where CX 1s the specific heat at constant pressure
for very low pressures.

With this representation only the tabulation of the coefficients
as functions of temperature need be made. This enables the user
to compute a desired thermodynamic property at any particular
temperature and pressure.



The ideal state variables (very low pressure) are denoted by an
asterisk.

SYMBOLS
P pressure, lbs./ft.2
P density, 1bs./rt”
R Universal gas constant = 1545, ig%ﬁé%égﬁ
M molecular weight of UF6 = 352,07
T absolute temperature, degrees Rankine
VA compressibility function
CP specific heat at constant pressure, %%:igg

B(T) second virial coefficient_in expansion of equation of state

in powers of pressure, fta/lb.

c(T) third virial coefficient, rt”/1b
£t -

H(P,T) enthalpy defined by equation (5), -EI%EE

S(P,T) entropy defined by equation (11), %%lig%

M S{P,T
s(P,T) -——éédh—l + 1n P
7 ratio of specific heats
CS velocity of sound, fi/sec.

EQUATION OF STATE

The basic virial equation used to represent the equation of state
is given as an expansion in terms of pressure P, as,

(3) §-= B§-+ B(T) P + ¢(T) P°

Comparison with (1) shows that

(1) 2, (T)
7, (T)

MB(T)/RT
Mc(T)/RT



The forms chosen to represent the virial coefficients as functions
of temperature are

(5) B(T) = B, + B.T™ + B5T_:

c(T)

i

Q
+

Q
=
+
Q
3

The experimental data were taken frou measurenents of the molar
polarization of the vapor, reported in [1}*. The original data were
obtained and the form
RT 2
o T+ B(T) P + ¢(T) P
1 P
m

(6) P

was used to fit each constant tLemperature run. Figures 1 and 2 snow
the values of B and C versus bemperature that were obtained. The
curve through the data was an adjusted it of the curve given in (9 .

The solid curves are

) A
I 6T 3

(7) B{T) = - 3.485 x 10" - 15.172T‘l - 3.510 x 10

c(T) 5.899 x lO_T, constant

From relations (7) the values of Z.(T) and Zp(T) were computed. For
a given pressure and temperature t%e actual density may be determined
quite simply.

ENTHALPY AND SPECIFIC HEAT

From the relations developed in reference [5] for pure gases, the
following expansions for enthalpy H(P,T) and specific heat at constant
pressure C_ can be derived.

P
(8) H(p,T) = g* @ + |B(r) -1 8l p & Lic(r) -0 L|p?, Ltolbs
e J{.P C T dT z TS dT > T Tb

(8a)

oy
H* 4 Hl(T) P+ HE(T) P

*
Numbers in square brackets refer to the bibliography.



2 2
a“B 1. d°¢ _2 ft-lbs
(9) C,=C% - T = P.-x=T=—= P,
P P AT 27 o2 o R
2
= (¥
(9a) CP+CP,1P+CP,2P

Where C¥* is the value of C_ at very low pressures. FExperimental
data from [h] were used to determine the coefficients in the
equation

6

(10) c; = A + AT + Af.) T'2 = 75,522 + 0.007250T - 2.5578 x 10 T'2

Figure 3 is a plot of the data and the curve given by (10). The
arbitrary starting point for H(P,T) is zero. One is usually interested
in computing differences in enthalpy, and the procedure for obtaining
them is clear.

ENTROPY

An expansion in powers of pressure P of the expression for entropy
is, to the second power

T
ae R dB 1 4 .2
= ¥ =l . e - o— - e cmme
(11) S(P,T)~ﬁJP 5 g mP-35 P-5 g5 P
, M
Letting S(P;T) = ﬁ-S(P,T) 4+ 1n P -~
T
M @ M as M ac 2
’ = e K o o e o - e s
(12) s(P,T) RJ e "R@wf-Tmm @’

[
= g¥ -~
s* + sl(T) P+ se(‘I‘) P

The computation of entropy differences is somewhat more difficult than
for enthalpy, but is still straightforward.

Given an isentropic process, an iterative procedure must be used for
the determination of lhe unknown quantities from the feollowing result

(1) In(Py/P;) = 8(Py, T,) - s(Py, Ty) .

This iteration converges very rapidly given any three values of pressure
and temperature.



RATIO OF SPECIFIC HEATS

The general relation for the ratio of specific heats 7 is

o (P2 BV)

(14) 5 av) AT )

~

CP(P
The expansion of 7 in terms of pressure is represented by
* . 2
(15) 7 = 7%+ 7P + 7P

¥*
CE
CE - R/M

where 7% =

RT d B aB
f— 4 20%
M dT P ar

7y (1) = ¥ CE(CE - R/W)

%Tdi%+zc§c . Ti%‘i-a——-
L () = L (71)2 ar (I_dBy2 | AT
=5 T - = \F¥ 5] ¥ -
o 5 {\Y Y CE o CE - R/M
M- vp
~
. ,dB2 R _2 47T R _ dC
aT(aT) + 5 T "’;?*l*MTaT’“QC c
ar
R
MT(CP-R/M)

VELOCITY OF SOUND

The velocity of sound CS in a gas is given by

(16) 02 = gn(2 )

[

which yields with use of (3)

; (5 T + BP + cp?)?
(17) Cq = &7

R 2
M-T - CP



The expansion ol (17) yields

(17a) Cqy =CX + CS)lP + CSJEPE
with Cé = Sy %:;
CS,l = %-cg [ ;%-+ QZl]
Cq,0 = %‘CE ((_3%%_1)2 + ;:; - %(%")2 + 5%, - Zi}

EXPLANATION OF TABIES

The temperature dependent coefficlents expressin,: the relations for
computing important thermodynamic properties of gaseous uranium
hexafluoride for a temperature range of 500°R to 399°R are listed in
1°R increments in a group of 3 tables.

Table I contains a list of coefficients for the equation of state,
equation (1), and the coefiicients for the speed of sound relation,
equation (17a). Table II contains a list of coefficients for heat
capacity, equation (2), and enthalpy, eguation (8a). Table III
contains a list of coeflicients for the entropy relalion, equation
(12), and the ratio of specific heat, equation (15).

The decimal point in the various coefficients is localed by following
the convention of setting the heading of the column equal to the
desired nurber in the coluwn. As an illustration, if Zl(T) is
desired at 6950°R then

it

Zl(T) % 107 -1.1705

e
=2

-1.2708 x 10

2, (T)

The use or the tables may be illustrated with the following examples.



Example 1.

Example 2.

Compute the density, p, of uranium hexafluoride at
650°R and 15 psia. = 352.07, R = 1545 ft-lbs/1b-mol °R,

Using equation (1) and Table I, the values of the

coeff1c1ents are Z (650°Rg -1.708 x 10-2 and
(650°R) = 1. 5669 x 10-L

l% psia x 14k sq.in./sq.ft. = 2160 1bs./sq.ft.,

and therefore,

MP
pRT

=1 - 0.025289 4 0.000637Th
= 0.97535

=10

=1+ (-1.1708 x 10'5)(2160) + 1.3669 x 10 (2160)2

therefore
MP

P = 10.97535)RT

(352.07 1bs/mol)(2160 1bs./sq.ft.)
(0.97535) (1545 Tt-1bs/1b-mol OR)(650PR)

0.77639 1bs/cu.ft.

Compute the speed of sound in uranium hexafluoride at
650°R. and 15 psia (2160 1bs./sq.ft.).

Using equation (17a) and Table I:

CS

1]

]

512.59 - 7.0973 + 0.30090

305.7y ft./sec.

312.59 + (-3.2850 x 10‘3)(2160) + (6.440k x 10'&)(2160)2
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