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An equation of state for some gases
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Abpstract

An equation of state proposed by Angus ¢f al has been tesied for seven [ydrocarbons and four non-
hydrocarbons at wide ranges of temperaturc and pressure, Ilis found to be superior to the
Benedict-Webb-Rubin equation of state.
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The development of an equilibrium relation, in the absence of special force fields,
among pressure, temperature, and volume is mathematically fascinating, Of the several
equations proposed, no single equation of state has been found to be applicable with
high prezision over a wide range ol temperatures and pressures. High precision equa-
tions have many arbitrary constants whose number depends primarily upon the density
range and in a minor way upon the temperature range. With the improvements in
experimental P~V-T techniques the trend in recent years has been towards more compli-
cated equations which can fit the data within the experimental precision.

In this work, an equation of state first proposed by Angus ez al* for ethylene has been
tested for other hydrocarbons. The equation modified for computer application is
as follows:

g N
7 = E E BIJ TJ—ﬂﬂl——Z (])

I=y  J=
where Z (s (he compressibility fastor, B,, are constants, T is the temperature In ° K,
p is the density in mole/ce.

The P-V-T data for various hydrocarbons collected from theliterature are fitted 1o
eqn (1) by the method of least squares by minimising the sum of squares of
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deviation in compressibility. A compuler program for the determination of the cop-
stants B,, and the value of M and ¥ which minimises the sim of squares of deviation
has been developed. For the solution of simultancous equations, the usval Gavss-
elimination method is used. All the calculations arc performed in double precision
arithmetic thereby minimizing the errors in rovnd off and truncation. The values of
M and N which give relatively small values of the sum of squares ol deviation and the
average absolute deviation is chosen as the best.  The constants B, for the best set of
M and N are given lor asetylene and ethylene in Table I

The range and gquality of fit of eqn (1) for various substances are tabulated in
Table H*.

Egnation (1) is found to be far superior to the Benedict~Webb-Rubin equation of siate.
Although equation (i) has a large number of constants, the accvrasy with which the
equation fits the P-V-T data warranis the vse of this equration of state. Furth ermore,
this eqration of state covers a wide range ol temperature and pressure and can be casily
handled on a digital computcr.
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