ON THE VARIABILITY OF THE EXPONENT IN
REAL-GAS PROCESSES
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The problem of an equivalent constant exponent in real-gas processes is analyzed here, A
numerical example is shown where air undergoes adiabatic compression.

In the derivation of the equations for a real gas there appear differential expressions of the form
d d
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where the coefficient v is a variable quantity which, generally, depends on the pressure and the tempera-
fure, making the integration of the equation more difficult, In [1] expression (1) was integrated on the as-
sumption that the coefficient is much more nearly constant than ¢, p, v, and T. In [2-4] this expression
was integrated with » = const, whereupon the process was calculated by the resulting equation with the ex-
ponent w constant and equal to the average between its actual initial and final values in the process, The
validity of such an approach was proved there by the calculation of several processes.

Both approaches are not rigorous and, therefore, it would be of interest to analyze Eq. (1) with a
variable coefficient n, Obviously, for a given process there exists a unique relation between coefficient
% and the specific volume, . One may, therefore, consider the variables in (1) to be separated and this
equation to be integrable by parts:

1np-{—u1nv—§1nvdu=]nc, (2)

from where

pU* exp (-—j' Inv dx) = pyur. (3)

It follows from (2) and (3) that the end parameters of a process depend not only on the value of the ex-
ponent at the start and at the end of the process but also on the path through which this exponent has varied.
The equivalent constant value of the exponent in the equation which relates the start and the end points of
a real process 1-2 can be defined by the following expression:

2
% Ino, — %, Inv, + | Invdx
B ¥
" In(vyfv,)

For a specific process, the function v = w(v) may be approximated by a polynomial w = a + bv + cv?

+dv® + ..., and an integration of the equation
i12—}—(a+bv+cv2+dv3—}— S do =0
r v
will then yield
¢ d
lnp—]—alnv—;—bv+?vz+ —3—03—}— ... = const. (4)

All-Union Scientific-Research Institute of Engineering Physics and Radio Engineering Measure-
ments, Kazansk, Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 22, No. 6, pp. 1107-1109, June,
1972. Original article submitted September 8, 1971.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A

copy of this article is available from the publisher for $15.00.

770



The equation describing the process 1-2 is of the form
¢ d ,
por = pnexp [ b —9) - 5 =+ 4 @+ ],

i.e., the process equation in its final form is a product of a power function and an exponential function,
From (4) one can derive the equivalent constant value of the exponent:

d
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In an adiabatic compression of air from p; = 450 bar and T, = 475°K to p, = 750 bar, the exponent
of the adiabatic may be expressed as the following function of the specific volume*: % = 4,1284-916.7 v
+ 95820 v2 with »; = 2.0387 and ny = 2.2568, The value of the equivalent constant exponent calculates to be
k = 2.1324.

The average exponent of the adiabatic is

b o= 2.0387--2.2568 —92.1477.

av 2
For a check, let us calculate the exponent from the final process parameters:

Ig (750/450)
Ig (0.003755/0.002957)

k= =92.1370.

It is noteworthy that while, in general, Eqg, (1) must be supplemented by an equation which relates
the temperature to the pressure or to the specific volume and the complete system of equations must then
be considered, the analytical relation %#(p, T) is very unwieldy and cannot always be established and, there-
fore, our method seems simpler,

NOTATION

p is the pressure;
T is the absolute temperature;
v is the specific volume;
%,k are the adiabatic exponents,
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*This function has been obtained by approximating several values of the adiabatic exponent calculated by a
numerical method with the aid of tables in [5].
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