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EQUATION OF THE STATE OF A HELIUM AND
NITROGEN MIXTURE

V. N. Popov, V. I. Chernyshov
(Moscow)

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 273.15-773.15°K
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-
cldence in the entire temperature and pressure )
region, encompassed by the experiment.

Tgbleg 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 hydrodynamie
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.

FTD-HT-23-956-72 1




In the present article by the digital computer processing of
the experimental data [1-4] 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 773.15°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

2 =14 Byyp - Cyyap (1)

The dependences B, = f(T) and Ci17 = f£(T) were approximated by a
polynomial for the degrees Tt = 1000/T

By(T)= Byy*(T)- . b, (2)
2
Couy(T)= e, (3)

The coefficients of these dependences were determined nn a cdigital
computer by the method of least squares in two variables for the
whole aggregate of available experimental data for helium [S5-11],
also including our experimental data [ 3]. The' values of coeffi-
cients b, and c, are given in Table 1. Dependence Bllo(T) is
taken in accordance with [12] and has the form:
By (T) == (o.oo:sm + 1—0-(:3%) : (%)

A total of 254 experimental points were taken for processing.
The deviations of the calculated values of the coefficlent of
compressibility from the experimental values for 188 points were
less than 0.05%, for U7 points less than %0.10% and for 19 points
less than +0.25%.

FID-HT-23-956-72 2
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Table 1. The values The equation of state of
of the coefficlents . :
of polynomials (2) nitrogen. In composing the
and (3) for helium. equation of state for nitrogen we
used experimental dat 13-1
bl | 5 |+osm0 se perimental data [13 ?],
'EVmw1e ~f; i&umw which encompasses the temperature
165, o |+031964 and pressure intervals examined
nb/(xmo1e)2| ¢ |+0581% by us and also our experimental
¢z [—090130
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 B220(T) on temperature
for the whole aggregate of experimental data [7, 13, 15, 16] with
respect to BZZO(T) a polynomial for degrees of Tt was selected

Bu(T)=) b/, (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

2= 1+ Bygp o Canep® + Dap*-1- Faph ( 6)

Dependences Bzz(T), 0222(T), D2(T) and E2(T) were approximated by
a polynomial for degrees T = 1000/T

By (T) = Ba¥(T),
4 s ¢

Con(r) = Y et D)= Y, b= Ylewt  (7)

{20 =0 120

The coefficlents of these dependences (7) were determined on a
digital computer by the method of least squares for the whole
aggregate of avallable experimental points for nitrogen. The
values of the coeffliclents of Cy di’ ei are given in Table 3.

FTD-HT-23-956-72 3




Table 2. The values Table 3. The values
of the coefficients of the coefficlent of
by of polynomial (5) the polynomials (7)

in the equation of

for nitrogen.
1 state for nitrogen.

310 1% | oot

m"/knole b iz’.zmo o108, e | —06214)
by 14205920 6 2| e |+086687
by ] —0,82300 m /{kmole) ¢z |--042191
e |-10,1008

¢ | —0,
di- 102 5 go |g|'1306§
A total of 140 experimental m’/(kmole)” | ;’,; .;’o_(%,gsgfo
s | -0 (4]
points were taken for processing. de | 0,00000
The deviations of the calculated €108 & | --0.14232
12 yl & | 4012606
values of the coefficient of m/limole) & ~005740
3 - U, -
compressibllity from the experi- - e | -F0,00002

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 mixtuve 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°K and pressure range 50-400
bar an equation in the form of a polynomial for degrees of density

was selected
zow == 4+ Bowp -t Cenp® + Doup -+ Ecup®. * (8)
have the following form:

D E

Functions ch’ Ccm’ em?® Bem?
Beu(T, %) = Buad + 2Bxids - Bars®,
CenlT, 7) 2= Cyoyze® -k 3Chpas?a: + 3Cued 12 - Camts®,
Deu(Ty ) = yi(d = 23) + (Da—y1) (1= 2)* b y2{l —21) 22y,

Eeu(ly 7) = o (f == 2) < (£y -~ @j (1 = 11)

(%)
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The dependence of the second virial coefficlent B19 on temperature
for a mixture is approximated by the polynomial ‘

’
Byy(T) = Zbﬂ‘s cms/mole. (10) ‘

1=y

The coefficients of bi were determined on a digital computer by :
the method of least squares for the whole aggregate of available
experimental data [15-18] with respect to 812(T), which are given }
in Table 4. For approximating C112(T)s 0122(T), v1(T), vz(T),

al(T) a polynomial for degrees of 1/t was selected

2
671 2
Cia(T) = (ci/t!), m°/{umole)®, '
[ |
3
an(T)=-'=2 (ed/7%), m6/(kmole)2. :

=0

3
wW(l)= Z @i/t 2/ (kmole)?, (11)

(L)

. ) . 1
va(T)= V' (@'/1), n9/(kmore)?,
a(T)= 2 (/) pl2/ixmoler”,

{mV

The coefficlents 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 [2, 4, 15],
also inciuding our experimental data. The values of the coeffi-
clents are given in Table 5.
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Table 4.

Values of the second virilal coefficient

Blz(T) for mixtures of helium and nitrogen according
to the data of various authors.

T, *°K ‘2‘:3,15 298,15 m.isl 3‘:3.15' AR,15

523,15 ‘ 598,15 ‘ 633,40

%8,15

om /mo1e|21 63}22,08l21,83] 22 /.9‘ 22 szl 22,92
author | (7] | MM ] | Moyt | Mol | [¥)

Table 5,

the coefifisd

21,441 24,7%

"

i) fns

Values of
jents of

polynomials (11) in
the equation of
gtate for a helium-
nitrogen mixture.

by,
ij/mole

e+ 107,

m/ (kmole ) >

. 31'10’:
n’/ (knole )

1221'10’.
m /(kmole)

+6,87490)
-+ 170850
—0,07540.
+4-0,63009

+0.25786

+0,94596
2106670

4-0,03981

—0,16507

—0,11255
-+0,72084

22,201 2

au
b |

0] 20,33] 21,27
() | MM

The temperature functions for the pure components were

calculated with equations (2), (3), (7).

At a zero concentratlon

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

component.

A total of 133 experimental poeints 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 for 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
cumpressibility 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 correspcndence in the entire
temperature and pressure region, encompassed by the experiment.
This makes 1t possible to expect, that in the whole temperature
region 273.15-773.15°K at pressures of up to 400 bar the proposed
equation of state will make it possible to obtain rellable 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 avallable 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 compressibllity and
density in temperature interval 273.15-773.15°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
technologlical processes and solving planning and design problems,
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