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ABSTRACT

The Law—Lielmezs (L-L) modification of the Van der Waals equation of state:
P=RT/(V-b)—a(T)/V?
where:
a(T) = a(T.)-a(T*)
and:
a(T*) =1+ pT*’
has been extended to include unsaturated states in terms of a correcting function C; such that
the a(T*) term becomes:
a(T*) =1+ pC;T*'

The proposed extension has been compared with the results obtained by the use of the
original Van der Waals equation of state.

INTRODUCTION

Recently Law and Lielmezs [1] proposed a modification of the Van der
Waals equation of state [2] for the saturated liquid—vapour equilibrium of
pure substances. Besher et al. [3] applied this modification to calculate
P-V-T properties of saturated binary mixtures. The present work extends
this modification to include the unsaturated vapour and liquid region at and
below the critical isotherm and isobar. This is done by introducing a
correction term C; as a function of temperature and pressure relating the
saturated vapour-liquid equilibrium curve to the given unsaturated state of
the fluid.

The extension is tested by comparing the RMS% error values in volume
against the RMS% error values obtained by the use of the original Van der
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Waals equation of state. 13 compounds were tested with 1197 data points in
their unsaturated vapour state and 12 compounds with 877 data points in
the unsaturated liquid state.

EXTENSION TO UNSATURATED FLUID STATES

The L-L modification of the Van der Waals equation [1] is:
RT _ a(T, P)a(T*)

P=—— ” (1)
where:

a(T,., P,) = (27R°T}?) /(64F,) (2)
a(T*)=1+pT* (3)
b(T,, P,) = (RT,)/(8F,) (4)

SE

The parameters p and ¢ are characteristic constants of the substance at its
saturated vapour-liquid equilibrium state.
We rewrite a and b as new parameters, 4 and B, respectively:

A =0.421875a(T*)(P,/T?) (6)
B=0.125(P/T) (7)
Putting eqns. (6) and (7) into egn. (1) and introducing the compressibility
factor Z, we have:

Z*—-(B+1)Z*+AZ—-AB=0 (8)

The L-L modification of Van der Waals equation of state must satisfy the
general thermodynamic requirement that:

tn(s7P) = ["[(v/RT) ~ (1/P)|ap (%)
Combining eqns. (8) and (9), we have:
In(f/P)=Z~1-(A/Z)—In(Z - B) (10)

The solution of eqn. (10), and hence the determination of substance char-
acteristic parameters, p and g are subject to the general condition that
fugacities of the saturated liquid and vapour phases are equal:

AR A (11)
The numerical evaluation of the parameters p and ¢ (eqn. 3) subject to the
restraint of eqn. (11) at the saturated vapour-liquid equilibrium state and
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identified as p, and g, follows the method developed by Lielmezs et al. [4].
To extend the L-L modification of the Van der Waals equation to the
unsaturated vapour and liquid states, we introduce a new correcting func-
tion, C;, so that the a(T*) term becomes:

a(T*)=1+pC,T*"* (12)
where:
C;=1+mT, + nP, (13)
and:
Ty — T |
Rl A (14)
s P
IPCX —Psl
= (15)
s T

Coefficients m and n of eqn. (13) are characteristic constants of the pure
substance in question while subscripts exp and s (eqns. 14 and 15) represent
the experimental (exp) and saturated (s) temperatures and pressures, respec-
tively. Consequently, the term, 7, (eqn. 14) is defined as that temperature
which is found for the given pressure, P,, . On the other hand, the term, P,
(eqn. 15) is that saturated pressure which corresponds to the given tempera-
ture, 7, . To establish the values of the characteristic constants m and n
(Table 1), the value of the correcting function C; (eqn. 13) was calculated for
each thermodynamic state. To calculate, it was assumed that C;=1 at the
saturation state. The values of terms 7, (eqn. 14) and P, (eqn. 15) were
calculated using saturated liquid-vapour equilibria data (Table 1) by means
of the Aitken’s interpolation method. In the event that many data are not
available, the L-L modification of Van der Waals equation [1,2] may be
used to obtain the necessary P, and T, values. The coefficients m and n
were then obtained by means of multiple linear regression analysis methods.

DATA USED

The saturated and unsaturated P-V-T data (Table 1) were taken from
various representative sources. The saturated state p and ¢ values (eqn. 3)
were taken as listed from the work of Lielmezs et al. [4]. All these data were
thought to be sufficiently reliable and no further re-evaluation for accuracy
was made. The RMS% error is used as a basis for comparison of accuracy of
fit.
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RESULTS

The results calculated provide a basis for extending the previously pro-
posed L-L modification of the Van der Waals equation to unsaturated
vapour and liquid states at and below the critical isotherm and isobar. Table
1 presents in terms of RMS% error a comparison between the unsaturated
vapour and liquid state volume values obtained from this work and those
calculated by the original Van der Waals [2] equation of state. As seen from
Table 1, this work exhibits a better behaviour for both the liquid and vapour
states than the Van der Waals equation of state. The proposed method
satisfies the general requirement of the L-L modification of Van der Waals
equation of state [1,2].
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LIST OF SYMBOLS

a, b coefficients defined by eqns. (1), (2) and (4) as a function of critical
temperature and pressure '

A, B dimensionless parameters introduced by eqns. (6) and (7)

G correcting function defined by eqn. (13)

f fugacity

m, n  coefficients, defined by eqn. (13)

p coefficient, defined by eqn. (3)

P pressure

q coefficient, defined by eqn. (3)

R universal gas constant

RMS root mean square

T absolute temperature

T* dimensionless temperature, defined by eqn. (5)
Vv volume

Z compressibility factor

Subscripts

c critical state

exp experimental

f correcting function, eqn. (13)
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h identifies dimensionless 7 and P, defined by eqns. (14) and (15)
NB normal boiling point

r reduced state

IS reduced, saturated state

S saturated state

Superscripts

1 liquid state

v vapour state

Greek letters

a(T*) dimensionless temperature T* dependent parameter, see eqns. (3),

(5) and (12)
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