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EQUATION OF THE STATE OF A HELIUM AND
NITROGEN MIXTURE

V. N. Popov, V. I. Chernyshov
(Mos cow )

As a result of the digital computer
processing of the experimental data on the
compressibility of helium, nitrogen and their
mixtures, an equation of state which describes
the experimental data in the 273.15-773.150K
temperature interval and under a pressure of
400 bar, was obtained.

A comparison of the calculated values of
the coefficients of compressibility and density
of a mixture of helium and nitrogen, calculated
by the proposed equation of state, with the
experimental data shows a satisfactory coin-
cidence in the entire temperature and pressure
region, encompassed by the experiment.
Tables 5, Bibliographical entries 18, Pages
162-165.

A mixture of helium and nitrogen is employed in technology

as a heat-transfer agent, thus for carrying out hydrodynamic
calculations and solving many heat-exchange problems it is necessary
to have reliable data available on the thermal, calorific pro-
perties, and also on the transfer properties of this mixture in

a broad range of variation of the parameters of state.
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In the present article by the digital computer processing of

the experimental data [1-41 for helium, nitrogen, their mixtures,

equations of state were obtained, by which detailed tables of the

values of the coefficients of compressibility and density were

computed in the temperature range from 273.15 up to 773.150 K and

in the pressure range from 50 to 400 bar.

Equation of the State of Helium. For the processing of all

the experimental data on helium in the temperature and pressure

intervals examined by us, an equation of state in the form of a

polynomial for degrees of density was employed

I + Blip + C',.p 2 . (1)

The dependences B1 1 = f(T) and C = f(T) were approximated by a

polynomial for the degrees T = 1000/T

Bi .(T)- Bo*(T) + 6,111, (2)

2

Cjt,(T)- C(3)

The coefficients of these dependences were determined on a digital

computer by the method of least squares in two variables for the

whole aggregate of available experimental data for helium [5-11),

also including our experimental data [3]. The values of coeffi-
cients bi and ci are given in Table 1. Dependence B1 1

0 (T) is
taken in accordance with [12) and has the form:

0,0181- 1- 9t ' (4)
I+ (T) (o + 1 -

A total of 254 experimental points were taken for processing.
The deviations of the calculated values of the coefficient of
compressibility from the experimental values for 188 points were

less than ±0.05%, for 47 points less than ±0.10% and for 19 points

less than ±0.25%.

FTD-HT-23-956-72 2



Table 1. The values The equation of state ofof the coefficients
of theynoemfiaits nitrogen. In composing the
of polynomials (2)
and (3) for helium, equation of state for nitrogen we

used experimental data [13-15],
bi +1.41850 which encompasses the temperature" /kmol b, -,3063

.Im, cc +0.3496M and pressure intervals examined

m6/(kmole) 2 cj +6,58490 by us and also our experimental
c2 -0,90130

data [2, 4]. The equation of

state was composed in two stages.

In the first stage, the graphico-analytical method was used, which.

was examined as a first approximation. For approximating the

dependence of the second virial coefficient B2 2
0 (T) on temperature

for the whole aggregate of experimental data [7, 13, 15, 161 with

respect to B22
0 (T) a polynomial for degrees of T was selected

BPO(T) E bift'. ( 5)

The values of the coefficients of bi are given in Table 2.

In the second stage the final equation of state is used in the form

I + I2,2p + c. 2-PI + Dgp, - ep'. (6)

Dependences B2 2 (T), C2 22 (T), D2 (T) and E2 (T) were approximated by

a polynomial for degrees T = 1000/T

f-67' = 140r)

The coefficients of these dependences (7) were determined on a

digital computer by the method of least squares for the whole

aggregate of available experimental points for nitrogen. The

values of the coefficients of ci, di, i are given in Table 3.

FTD-HT-23-956-72 3



Table 2. The values Table 3. The values
of the coefficients of the coefficient of
bi of polynomial (5) the polynomials (7)
for nitrogen, in the equation of

state for nitrogen.
bpi 01  ba -0,14873
3 b +0.91396m /knole ;2  -2,2346 cS.102. co -0,62141

b3 +2,05920 6 2 ). +0,86687
b4  -0,82300 m /(kmole) c2 --0,42191

C3  .. 0,10118
S.-0,00958

di.I02 do .1-0.14604
m9/(mol )3 d, _-0.11465

A total of 140 experimental m9/(kmdle2 3 +0.028960d, -0,OO2310
points were taken for processing. d ,0oooo
The deviations of the calculated t.003 eo --0.14232

241 et +0.12606
values of the coefficient of ml2/(knole) r2 -0.035740

es +0.0325
compressibility from the experi- 4 +0,0M00

mental values for 114 points was

less than ±0.05%, for 17 points less than ±0.10% and for 9 points

less than ±0.25%.

The equation of state of a mixtu,'e ot helium and nitrogen.

For composing the equation of state of a mixture in virial form

the processing of the experimental data was carried out in two

stages. In the first stage the graphico-analytical method of

processing was used, which was examined as a first approximation.

This method is described in detail in work [2].

For the final processing of the experimental data [2, 4, 15]

in the temperature range 273.15-773.15 0 K and pressure range 50-400

bar an equation in the form of a polynomial for degrees of density

was selected

": I + Bcmp +- Ccp1 + Vc~fl +- Eu.pl. (8)

Functions BCM, C c, DCM, Ecm , have the following form:

Bc, 1(r, :) IBto't" + 2tizix, +: "l .z#,

C€.7 Z) C,= elzl .1 3C+ ,jz ,.. + 3C,::i ,a." + C:: ", '

DCM(T, X) - V0 -, - ) + (I):-D ,) (I - X)2 + V:0 - )z , (9)

A .(T, ) a, (1 - X ) 1.- -at) ( - Xt).
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The dependence of the second virial coefficient B1 2 on temperature

for a mixture is approximated by the polynomial
a

B1a(T)z n bal, Cm3I/1o1e. (10)

The coefficients of bi were determined on a digital computer by
the method of least squares for the whole aggregate of available

experimental data [15-181 with respect to B1 2 (T), which are given
in Table 4. For approximating C1 1 2 (T), C1 22 (T), yl(T), Y2 (T),

al(T) a polynomial for degrees of l/T was selected

cin(r)- = (ci/'), m6/(kmoe)2,

C,,,2(T) =--/0=1o0 2,
to

',(T) d( d i f /(k l O] ), ( 11 )
(we
a

S(), -1'/' ), m9/(kmole) 3 ,

at IT) = (el/%,). M12/( :m°il

The coefficients of these dependences were determined on a digital

computer by the method of least squares in three variables for
the whole aggregate of available experimental data with respect

to compressibility for a mixture of helium and nitrogen [2p 4, 15),

also including our experimental data. The values of the coeffi-

cients are given in Table 5.



Table 4. Values of the second virial coefficient
B1 2 (T) for mixtures of helium and nitrogen according

to the data of various authors.

T, OX 1 :3151 lhj 30 ,151 r3i3 1s I 44R* 1S =,315 L 58 7. 4j

j= I II I .I '+ I I I°
el M1i 21,622 i,9 22,49j 22,821 22 ,921 2,1,i 2t,7Z! W220 21.201 203 212Athor 117 1 IMauiil Ii NMOil ,it Is I I lllv~; 1 1s I 11! MI~Im

Table 5. Values of
the coeffio.ents of
polynomials (11) in
the equation of
state for a helium-
nitrogen mixture.

bt, bo +6,874903 bt +17,0850cm /mole b -5,740.

8 -0,0b99

cC.10 2, co +0,25786
2 C -0,85548

M6/O:ol e )2 c: +0.34218
Co -. 0,17026
el' +0,94b96
C? -1,06670

d.102, do +0,03981
3 CIL -0,42416m/(kmle) d2 +1.02320

do' +0,07720
dI -0,16915
d' -0,16507

C ', I Ca -0,1125512 41 e,' +0,72034
/(kmol se e -1,19520

The temperature functions for the pure components were

calculated with equations (2), (3), (7). At a zero concentration

of one of the components of the mixture the equation of state of

the mixture (8) turns into the equation of state of the other pure

component.

A total of 133 experimental points were taken for processing.

The deviation of the calculated values of the coefficient of

FTD-HT-.23-956-72 6



compressibility from the experimental values tor 76 points was

less than ±0.05%, for 37 points less than ±-0.10%, for 18 points

less than ±0.20% and for only 2 points the deviation was more than

0.20%.

A comparison of the calculated values of the coefficients of

cvmpressibility and density of a mixture of helium and nitrogen,

computed by equation of state (8), with the experimental values

[2, 4, 15] shows a satisfactory Correspondence in the entire

temperature and pressure region, encompassed by the experiment.

This makes it possible to expect, that in the whole temperature

region 273.15-773.150 K at pressures of up to 400 bar the proposed

equation of state will make it possible to obtain reliable and

accurate data for the caloric properties of a mixture of helium

and nitrogen.

Conclusions. 1. The equations of state for helium, nitrogen and

their mixtures describe the available experimental data for helium

and nitrogen within limits of -0.01%, and for mixtures of helium

and nitrogen ±0.2%.

2. The values of the coefficients of compressibility and

density in temperature interval 273.15-773.150 K and pressure

interval 50-400 bar, computed with the equation of state for a

mixture of helium and nitrogen, can be used for calculating

technological processes and solving planning and design problems.
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