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are used 
to define 

(Gunn 
s can be 
effective 

critical constants were found to depend on the molecular mass, 
Tn, and temperature in a simple manner. The effective critical 
temperature and effective critical pressure are given by 

where 

+~ 
mT 

po 
P, = ---=-'-

+..:!.. 
mT 

C1 = 21.8° K. 

C2 = 44.2° K. 

(18) 

(19) 

(20) 

(21) 

T, ° and Pc ° are, respectively, the classical critical tempera­
ture and pressure-i.e ., the effective critical temperature 
and pressure in the limit of high temperature. Table III 
gives T, ° and P, ° for nine quantum gases. 

For mixtures containing one or more of the quantum gases, 
Equations 8 through 12 are used, exeept that T" and pc/ 

are given by Equations 18 and 19; further, Tefl and Pcu 
are given by 

where 

VT;"T;ii (1 - k/i) 
+~ 

m/iT 

P;u 
P,u = ---'-'--

+~ 
m'JT 

;,i = ~ (~/ + ~) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

For all quantum gases, Oa and Ob are, respectively, 0.4278 
and 0.0867, and w(effective) is zero. Values of Vc ° for quan­
tum gases are calculated from the relation v. o = 0.291RT. ° / 
P,o; they are listed in Table III. 

Figure 7 shows experimental and calculated compressibility 
factors for the two quantum gases, hydrogen (Johnston and 
White, 1948) and helium (Mann, 1962) at cryogenic tempera­
tures. Calculated results were obtained from the Redlich­
Kwong equation using effective critical constants. Good 
agreement is obtained over the entire temperature and pres-

Table III. Ciani cal Critical Constants for Quantum Gases 

v. o
, Cc./ 

T~o, 0 K. p. o
, Atm. Gram Mole 

Ne 45.5 26.9 40 .3 
He' 10 .47 6.67 37 .5 
He' 10 .55 5.93 42.6 
I-h 43.6 20.2 51.5 
I-/D 42 .9 19 .6 52 .3 
I-IT 42.3 19 .1 52 .9 
D2 43 .6 20 .1 51.8 
DT 43 .5 20.3 51.2 
Ts 43.8 20.5 51.0 

/ 

sure range, including the isotherms very close to the critical. 
The slightly high compressibility factors near the critical point 
are due to an inherent limitation of the Redlich-Kwong equa­
tion which gives z, = 1/3 for all gases when Oa = 0.4278 
and Ob = 0.0867. 

Figure 8 shows experimental and calculated fugacity co-

1.2r--r--r---"ir---r--"--'7"""---'-"'7-I---, 
HELIUM 

z 

O.61--H1r7~'f-----f------1----I 

CALCULATED 
o DATA OF MANN 

z 

-- CALCULATED 
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Figure 7. Compressibility foctors of helium and hy­
drogen at low temperatures 

-- CALCULATED WITH k,zoO.03 

a 06 FROM SOLID-VAPOR EOUILIBRIUM 
DATA OF HIZA AND HERRING 

--- CALCULATED WITH REDLICH'S ' 
ORIGINAL MIXING RULES 

O.II---~-~r---""'::'''-

0.01 t-------1f-l~---+----.::::::::......d. 

O·OQ,Ok----1--__ 5~O:;__-.L--7,:1 ObO----L-~ 
PRESSURE, ATMOSPHERES 

Figure 8. Fugacity coefficients of methane in hydrogen 
at saturation 

kit - 0.03 obtained from .econd viriol coefficient data 
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