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USE OF A GENERALIZED MODIFIED BWR EQUATION OF STATE FOR
HALOGENATED HYDROCARBON SATURATED THERMODYNAMIC
PROPERTIES

K. H. Aboul-Fotouh and K. E. Starling
School of Chemical Engineering and Materials Science, The University of Oklahoma, Norman, Oklahoma

A generalized modified BWR equation of state developed from normal paraffin hydrocarbon data has been tested for
prediction of the thermodynamic properties of eight halogenated hydrocarbons. Average absolute deviations of predicted
saturated properties from tabulated values were 1.61% for vapor pressure, 2.49% for liquid density, 2.38% for vapor specific
volume, 1.75 Btu/lb for liquid enthalpy, 1.21 Btu/lb for vapor enthalpy, and 0.05 Btu/lb - ˚R for both liquid and vapor entropy.

INTRODUCTION
A generalized modified BWR equation of state (1) developed primarily for hydrocarbon thermodynamic

properties predictions was tested in this study for prediction of halogenated hydrocarbon thermodynamic
properties. The major impetus for this study was provided by needs in the geothermal power industry, although
other industries also can utilize the results. The MBWR (Modified Benedict-Webb-Rubin) equation is presently
being used in the geothermal power industry for convenient prediction of power cycle working fluid properties
for hydrocarbons (2). Although the Martin-Hou equation has been used for halogenated hydrocarbons (3),
difficulties in its use have been encountered (2, 4), probably because this equation was not originally intended
for use in the compressed liquid region at low reduced temperatures. The present work should be considered to
be a feasibility study of use of the MBWR equation for halogenated hydrocarbons. Only generalized equation of
state parameters have been used herein. Obviously, determination of specific parameter values for each
halogenated hydrocarbon would yield considerably improved predictions. The determination of specific MBWR
parameters and/or development of an improved equation of state will be carried out in subsequent work.

THE GMBWR EQUATION
The GMBWR (Generalized Modified Benedict-Webb-Rubin) equation of state, the related thermodynamic

functions, and methodology for computations are well documented (1) and therefore, only a summary discussion
of the GMBWR equation is presented here. The MBWR
equation for the absolute pressure, P, is the following function
of absolute temperature, T, and molar density, ρ ,

where R is the universal gas constant and Bo, Ao, etc. are the
eleven MBWR equation of state parameters. The GMBWR
results when the following generalized relations are used for the
MBWR parameters of a substance, where To , ρo , and ω are,
respectively, the critical temperature, critical density and
acentric factor of the substance and Aj and Bj (j = 1, 2, . . . 11)
are universal parameters given in Table 1.
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Predictions of the thermodynamic properties of a given nonpolar
substance (such as a hydrocarbon) using the GMBWR equation
require only specification of the critical temperature, Tc, the critical
density, ρc, and the acentric factor ω . For other substances, the
parameter ω can be treated as a pseudo acentric factor, that is, as a
characterization parameter to be determined from experimental data
such as vapor pressure data, rather than requiring that the value of ω
be determined from the defining relation for the acentric factor,

where P o
r  is the reduced vapor pressure (P° /Pc) and Tr is the reduced

temperature (T/Tc).

GMBWR CHARACTERIZATION PARAMETERS FOR
HALOGENATED HYDROCARBONS

The chemical formulas, molecular weights, critical constants, and
boiling points of the twelve halogenated hydrocarbons considered in
this study are given in Table 2. All property values used in this work
were taken from ASHRAE tabulations (5). Given the values of the
critical temperature and critical density in Table 2, the only task to
allow use of the GMBWR equation for halogenated hydrocarbons
was determination of the pseudo acentric factor for each substance.

To determine the optimal value of the pseudo acentric factor for a
given fluid, an iterative search method was used in which the trial
value of the pseudo acentric factor was varied until the average absolute deviation of predicted vapor pressures
from reported values was minimized. Optimal values of the pseudo acentric factor were determined from vapor
pressure values for three regions of temperature (1) 0° F and below, (2) 0° F and above, and (3) overall (total
range of values). Figure 1 shows the behavior of the average absolute deviation of predicted from experimental
vapor pressures for these temperature regions versus trial values of the pseudo acentric factor for
sym.-dichlorotetrafluoroethane.
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Optimal values of the pseudo acentric factor determined in this manner are given in Table 3. For most of the
fluids studied, the optimal value of the pseudo acentric factor is virtually independent of the temperature range
of the vapor pressure data and is within the range of values of acentric factors reported in the literature (6, 7) and
values obtained using estimation methods (6).

COMPARISON OF PREDICTED AND REPORTED SATURATED PROPERTIES

Evaluation of the capability of the GMBWR equation for predictions of the saturated thermodynamic
properties of halogenated hydrocarbons was performed by comparing predicted and reported property values at
the predicted vapor pressure at tabulated saturation temperatures. A summary of the results of these comparisons
is given in Table 3. The results are very reasonable for most of the fluids studied. It can be noted in Table 3 that
the overall average absolute deviations of predicted saturated properties from reported values for the eight
halogenated hydrocarbons were 1.61% for vapor pressure, 2.49% for liquid density, 2.38% for vapor specific
volume, 1.75 Btu/lb for liquid enthalpy, 1.21 Btu/lb for vapor enthalpy, and 0.05 Btu/lb-°R for both liquid and
vapor entropy. Although these deviations are somewhat larger than for hydrocarbons (1), the GMBWR equation
is sufficiently accurate for many engineering calculations involving these halogenated hydrocarbons.

CONCLUSIONS

The feasibility of using the GMBWR equation of state for prediction of the thermodynamic properties of
halogenated hydrocarbons has been demonstrated. It was found that with the use of the three characterization
parameters, critical temperature, critical density, and pseudo acentric factor, the saturated thermodynamic
properties of eight halogenated hydrocarbons could be predicted with accuracies sufficient for many engineering
calculations. The method used for determination of the pseudo acen-
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tric factor is simple and can be used for other halogenated hydrocarbons (with dipole moments less than 1.6
Debyes).
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