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ESTIMATION OF
FLUID PROPERTIES AND PHASE EQUILIBRIA
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N UMERICAL VALUES OF physical, thermodynamic,
and transport properties of pure compounds
and mixtures are necessary for the development
of chemical processes and the design of chemical
plants. Experimental data available in the litera-
ture are limited but the need for the estimation of
such properties is crucial in calculations carried
out by chemical engineers. The study of correla-
tions for estimating various properties is an inte-
gral part of courses in transport phenomena and
thermodynamics.

Considering the importance of the subject, a
course designed to cover the theoretical and practi-
cal aspects of properties estimation was intro-
duced into the curriculum. The course is given to
junior and senior students who have a strong back-
ground in thermodynamics and transport phe-
nomena.

Throughout the course, two fundamental
methods for estimating properties are emphasized

e Corresponding states principle (CSP)
e Equations of state (EOS)

Another method is the group contribution
method. This approach is used for estimating
thermodynamic properties of ideal gases (no
intermolecular forces) and also for estimating
critical points of pure compounds [1] and activity
coefficients in the liquid phase [7].

The outline of the course is listed in Table 1.
Since this field is very dynamic, the outline is up-
dated every year according to new developments.

All correlations and samples of calculation are
organized in a manual distributed to the students.
During the lectures the theoretical basis of the
correlations is discussed and the advantages and
disadvantages of various correlations are pointed
out.

In the first lecture the students receive a list
of primary, secondary, and tertiary literature
sources which are useful during the course. The
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book of Reid et al [1] is recommended as an excel-
lent reference to correlations published until 1976.
Other books [2, 8, 4] are used as references to the
theoretical basis in properties estimation. The
proceedings of the International Conference on
Phase Equilibria and Fluid Properties [5, 6] are
also valuable references. The students are en-
couraged to read original papers in order to gain
some insight into the limitations of the various
correlations.

The material studied during the course is
practiced in homework problems which include ap-
plications of the correlations. For this purpose
computer programs are available in topics such as

e Phase equilibria calculations by the UNIFAC

method
e Phase equilibria calculations by EOS
e Calculation of critical points of mixtures

Some of the programs were provided by Ras-
mussen [8].

The students are also required to work on a
project. Each student selects a certain property
and prepares a report which includes

e A literature search that covers a period of the last
three years, based mainly on Chemical Abstracts
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but also on current journals.

e Selection of two papers dealing with general cor-
relations, a summary of the basic approach, and the
conclusions.

@ Selection of a limited database from the literature
for testing the correlations. Only primary sources
are used with proper estimation of the experimental
accuracy of the data.

e A comparison of the correlations and practical con-
clusions.

Working on this project, the students gain ex-
perience in the literature search, the understand-
ing of correlations, and their proper applications.

TABLE 1
Course Outline*

INTRODUCTION: 5 Lectures™*

a. Corresponding states principle (CSP): theoretical
background [2, 9]

b. Classification of fluids: simple, normal, polar and
quantum [9]

c. Critical points of pure compounds: Lydersen [1],
Ambrose [10]

d. Equations of state (EOS) [11]: cubic EOS, the
virial EOS, mixing rules

e. Critical and pseudocritical properties of mixtures,
mixing rules

PHYSICAL AND THERMODYNAMICAL PROPERTIES:
18 Lectures
a. Molar volume of gases and liquids
1) CSP: Lee-Kesler [12], Teja et al [13]; COS-
TALD [14], Gunn-Yamada [1] for liquids
2) EOS: Redlich-Kwong [1], Soave-Redlich-Kwong
[1], Peng-Robinson [15]
3) Virial EOS: Tsonopoulus [1], Hayden-O’Connell
[16], Orbey-Vera [19]
b. Enthalpy, entropy, fugacity, and heat capacity
1) CSP: Lee-Kesler [12], Tyagi [20]
2) EOS:RK [1], SRK [1], PR [15]
3) Construction of diagrams such as the Mollier
diagram
¢. Vapor pressure and heat of vaporization: Lee-Kesler
[12], Riedel [1], Vetere [17]
d. Thermodynamic properties of ideal gases: Thinh-
Trong [18] for hydrocarbon, Benson [1]

PHASE EQUILIBRIA—VLE, LLE, SLE, GAS-
SOLUBILITY: 9 Lectures

a. Theoretical background (2, 3]

b. EOS [3]: SRK [1], PR [15]

c. Group Contribution Methods: UNIFAC method [7]

TRANSPORT PROPERTIES: 10 Lectures
a. Theoretical background [4]
b. Viscosity: Reichenberg [1], Ely-Hanley [21]
c. Thermal conductivity: Ely-Hanley [22], Euken [1],
Roy-Thodos [1], Robbins-Kingrea [1]
d. Diffusion coefficients: Wilke-Chang [1], Scheibel [1]

*Only part of the references are listed.
**Kach lecture lasts 50 minutes.
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This is also an opportunity to test the reliability
of experimental data. Some projects have yielded
interesting results which stimulated further re-
search.

The course is a good opportunity to review and
emphasize the practical aspects of fundamental
principles in thermodynamics and transport phe-
nomena. Five classes of students have already com-
pleted this course. They found it useful in practical
courses such as plants design, unit operations lab,
and the senior project. Furthermore, it provides
some of the tools a practicing chemical engineer
needs. [
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