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hermodynamics, and particularly vapor-liquid

phase equilibrium, has been (and most likely
will be for many years to come) a "difficult" subject
for many students and researchers who are not ac-
customed to the subtle details of the discipline. Until
recently, solution of the more complicated phase
equilibria was restricted to research groups with
appropriate computing facilities. But the computer
age has now made the evaluation of these problems
possible for students who have access to personal
computers. The teaching of equilibrium thermody-
namics has therefore evolved from the statement of
models, the study of graphs, and the solution of only
very ideal situations to the solving of relatively com-
plex models by the students themselves.

In a single course it is not possible to ask the
student to master (1) the thermodynamic theory, (2)
the details concerning the programming of many in-
tricate models, and (3) the direct application of the
different models (i.e., recognizing when certain mod-
els are or are not useful).

The first step can normally be accomplished by
classical teaching methods, while the second is usu-
ally not an explicit curricular objective and may be
left to homework or similar assignments. As a re-
sult, little time is left for the last objective (which is
probably the most typical problem that an active
chemical engineer will encounter). Thus, students
and instructors are asked to sacrifice, because of
time considerations, one of the most practical as-
pects of the science.

The logical course of action is to provide the stu-
dents with a prepared program, let them learn by
using it, and save them the annoying experience of

having to deal with the actual programming of the
models.

There are many programs available for the cal-
culation of the various aspects of equilibrium th-
ermodynamics. The programs we found usually fell
into one or more of the following categories:

* Simple programs, written by students or by research
groups, which illustrate or solve a very narrow aspect or
situation and usually have limited scope (e.g., a program
that can calculate UNIQUAC constants from VLE points).
These programs are frequently hostile to the user, do not
detect errors in input data, are slow-running, and/or are
not accompanied by a (much needed) on-line help file or
manual. Rarely do these programs include a graphic
interface since the usual programming language is
FORTRAN.

« At the other end of the spectrum are the high-tech
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Our basic objective was to produce a package that would require minimal computer skills to operate and
thus eliminate the use of manuals and other types of outside help. A high priority was the development

of a program that the user could master without training in computer-handling or programming.
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simulation programs, recently made available for state-
of-the-art microcomputers. Even though they are very
powerful tools for the process engineer, they can be
frustrating for a newcomer to use and usually require
long hours of studying technical manuals. Moreover,
these programs are cost-prohibitive for most students
and faculty members.

» A third category is teaching programs, among which are
those developed at Cornell University''* that present 3D
binary VLE diagrams and their 2D projections, and those
developed at Iowa State University that represent 3D
PvT surfaces for pure components”' and binary
mixtures.t The programs from Cornell run on specially
pre-established components or systems, and all stress
the visualization of the geometry (PvT, PTxy surfaces).

In the area of equilibrium thermodynamics there
is need for a program which can accomplish phase-
equilibrium calculations using various models, which
can permit the visualization of these equilibria by
phase diagrams, which has an easy-to-use and com-
plete database, and which is accessible to students
(a user-friendly teaching tool).

Our research group has developed such a com-
puter-aided package, called "Ekilib,” which promises
to fulfill all of the above requirements.

DETAILS OF THE PROGRAM

Our basic objective was to produce a package
that would require minimal computer skills to
operate and thus eliminate the use of manuals
and other types of outside help. A high priority
was the development of a program that the user
could master without training in computer-handling
or programming.

A Macintosh computer was selected since it is
widely used and has excellent graphic capabilities.
The program was developed to run on a Macintosh
512K and will run on any similar or superior ma-
chine without the need of special hardware. The
complete package will fit on a single 800K diskette.
The main program recognizes color monitors and
new processors on the most recent Macintosh ma-
chines and thus exploits the full possibilities and
speeds of these new systems. All graphs, tables, and
other output can be printed on a standard dot-ma-
trix printer and can be seen in color if the black
ribbon is replaced by a color ribbon. The program is
not available in IBM-compatible versions.
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The program has three distinct parts. The first is
a pure component data base designed to hold data
for up to 2000 components. The following data can
be stored for each substance: critical properties (Tc,
Pc, Zc), acentric factor, solubility parameter, normal
boiling temperature, molecular weight, empirical
formula, dipole moment, liquid molar volume, an
Antoine-type vapor pressure expression, and an ideal
gas constant pressure specific heat equation, along
with other constants. A data base with over 600
components is supplied with the program which can
be consulted substance-by-substance, then printed
out, or changed, or modified by the user. Figure 1
shows a typical window in which the properties of a
substance may be displayed. The data may be printed
out or transferred to other programs (e.g., a word
processor). Similar windows permit the addition or
modification of data.

The second part of the program is the VLE calcu-
lation section. Single compounds and binary and
multicomponent mixtures are supported. A wide
variety of models for the liquid and vapor phases are
presented. The models were chosen for this program
(1) on the basis of popularity and common use (e.g.,
Peng-Robinson, Redlich-Kwong-Soave, Wilson); (2)
on the basis of teaching fundamentals and compari-
son (e.g., ideal gas, ideal solution, Margules); and (3)
to incorporate some state-of-the-art cubic equations
of state (EOS) (Van der Waals-Adachi-Watson, et
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Molecular Formula: C3H60

M.  Pclbar] TclK] 2c w m n u [Debyes]
58.08 47.0 508.1 0.232 0.3040 0.79510 0.22050 2.9000
Normal boiling point temperature: Tb=  329.2 4]
Hildebrand's solubility parameter: 2= 9.566 (cal/cm3)'1/2

Specific molar volume of the liquid : UI=  73.5000 [cm3/gmol]
Ideal gas specific heat (Cp) in [kd/kmol], T in [K]:
Cp= 6.301000e+0 +2.606000e~1T - 1.253000e-4T*2 +2 038000e-8T'3 +0.000000e+0T'4

Vapor pressure by Antoine-type equation. Tin [K]:
In(Pu/Pc) = 6.244412 - 2975.953/(T + -34.5228)

Figure 1. Window that permits the user to display the
properties of a pure substance. Similar windows allow the
user to modify data or to expand the data bank.
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al.,’” Polar RKS,'®' Schmidt-Wenzel,” PT-USB."*/ The
program stresses cubic equations since they can pro-
vide good predictions without empirical constants.

It should be pointed out that some of the regu-
larly-used models have been omitted (e.g., Virial
equation, UNIQUAC, Unifac, etc.) for two basic rea-
sons: (1) space limitations, and (2) so as not to con-
fuse a "newcomer" in thermodynamics with an over-
whelming array of choices (which would undermine
the program's primary objective of user-friendliness).

One of the most innovative and practical aspects
of the algorithms used is that the user can select
independent models for the liquid and vapor
phases; e.g., one might specify Peng-Robinson for
the liquid phase and ideal gas for the vapor phase; or
Wilson could be chosen as the liquid model, and
Patel-Teja for the vapor phase. This permits
the user to discover which combination provides
better convergence or approximation to a given solu-
tion. Figure 2 shows the window that permits selec-
tion of the model to be used. Models that cannot be
selected (insufficient data, inapplicable, etc.) shift to
a gray tone.

Once the model is selected, changes can be made
in the reference points (in the calculation of enthal-
pies, efc.), in the minimum acceptable tolerances,
and in the maximum number of iterations and start-
ing values. If this is not done, built-in default values
are used. Depending upon the number of compo-
nents in the mixture, different options appear in the
pull-down menus. For single-component systems,
thermodynamic properties can be computed (en-
thalpy, entropy, availability, vaporized fraction) and
a P-T diagram generated. For a multicomponent
system, in addition to the aforementioned, equilib-
rium calculations (bubble T or P, dew P or T, isother-
mal or adiabatic flashes) can be performed. In addi-
tion to these, binary systems offer a possibility for
construction of binary diagrams: x-y, H-x-y, P-x, and
T-x. Figures 3, 4, and 5 present the graphics screen
output for several such constructions.

All the results and graphs can be printed on
paper, transferred to other programs, or saved to the
current disk in the same fashion that a word proces-
sor saves a file. The files that are generated contain
all the information about the substances involved
and can be transferred between users, even if they
don't have the same data base.

For those models that require binary interaction
parameters (Aij in the liquid models such as Wilson,
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Figure 2. Window that allows the selection of models for
the vapor and liquid phases. Items in gray cannot be
chosen due to insufficient data in the data bank
or to inapplicability.
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Temperature:423.15 (K]
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X

Gas: Red | ich-Kwong-Soave
Liquid: MUilson

Figure 3. Composition (x-y) diagram for the azeotropic
mixture ethanol-water. Wilson parameters were
calculated using the experimental data stored
in the binary system data bank.
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Figure 4. Enthalpy-concentration diagram for the mixture
hexane-octane generated from the Peng-Robinson EOS.
The reference state may be modified by the user at will.
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Methanol-Diisopropyl ether

Pressure: 0.970 [bar]

Figure 5. Temperature-composition diagram for the
mixture methanol-diisopropyl ether calculated
using Wilson-RKS and experimental data

TABLE 1
Technical information and capabilities of the program "Ekilib"

DATA BANKS: More than 600 pure components and over
100 binary systems including hydrocarbons, polar and
associating compounds. Electrolytes are not covered.
The user may expand or modify the data using built-in
text editors, import data files, or define his own pseudo
components.

VAPOR-PHASE MODELS: Ideal, RKS, PR, van der Waals-
Adachi-Watson, polar RKS, Schmidt-Wenzel, Patel-Teja,
PTUSB, all with optional use of kij.

LIQUID-PHASE MODELS: The same models as the vapor
phase, plus Scatchard-Hildebrand, Margules (only
binary), Van Laar, and Wilson, with options of Poynting
correction or the use of the Chao-Seader correlation.

CALCULATIONS: Thermodynamic properties: vaporized
fraction, enthalpy, entropy, availability and fugacity
coefficients. Equilibrium problems: dew P or T, bubble
P or T, isothermal or adiabatic flash. Binary interaction
parameters: for liquid models (Aij) and cubic EOS (kij).

GRAPHICS: P-T, x-y, P-x-y-, T-x-y, and H-x-y diagrams for
binary systems, and P-T for pure substances and
multicomponent mixtures. They may be printed on
paper in large size (8x10 in) and in color if the
appropriate ribbon is used.

UNIT SYSTEM: Standard default are SI units. The user
may select from a variety of units for pressure,
temperature, and energy.

COMPUTER HARDWARE: Apple Macintosh 512K
computer or superior. Supports newest processors and
color monitors. Outputs to standard Imagewriter II
Entire package fits on a single 800K diskette.

HELP: A simple manual is provided and some basic
examples are given. The program is totally user-friendly
and warns the user of common mistakes.
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Margules, and van Laar; kij for cubic EOS), the
program provides a third part in which the calcula-
tion of these constants from binary experimental
data can be performed. Ajj is found by best-fit re-
gression and kij from the Paunovic, et al.,'" criterion
using experimental VLE data in the form of iso-
therms or isobars. This data can be supplied directly
by the user through a built-in editor, imported from
other machines (via ASCII files), or taken from over
100 binary-system data files provided with the pro-
gram. Thus, a user can calculate binary interaction
parameters from experimental data and use the re-
sults in other calculations.

All algorithms used in the program have been
tested extensively in other simpler programs, and
they have proved to be the best in overall speed and
convergence. Rarely does any flash calculation take
more than one minute, and some require only sec-
onds. Calculation of graphs and binary interaction
parameters are also very time-efficient. Greater de-
tails of these procedures and algorithms are given
elsewhere.®' Table 1 shows a brief summary of the
program and its capabilities.

USER INTERACTION

The program has an extensive user-interaction
interface. It is implemented by pull-down menus
which present different options according to the en-
vironment or situation. The most attractive aspect
of the program is probably the fact that absolutely
no knowledge of computing is needed, and no strict
format or rules must be followed. Most common er-
rors are not allowed to occur (e.g., in specifying a
feed for a flash, mole fractions whose sum exceeds
unity simply cannot be typed; the user is warned
with an audible signal, and a message appears on
the screen indicating the error).

At a teaching level, this program is a handy tool.
It is a well-known fact that one learns by doing.
Once the theory has been studied and a few
examples have been worked out by hand it seems
unnecessary to make students waste time and
effort in programming multiple algorithms. It
proves more efficient to let them study by them-
selves using this program.

The program is being used experimentally in
several courses at our university. It is a fact that
after a short time spent in dealing with the program
(typically a few hours) students discover facts that
would merely be empty words when given in class.

Continued on page 32. '
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presenter threw the material together quickly. Pre-
senters should use numbers sparingly. The audience
will remember two or three key numbers, but when
too many are given they will be forgotten.

In addition, we urge students to plan their graph-
ics as a harmonious suite. They should de- sign a
format that presents their information attractively,
and then stick to that format throughout all the
graphics.

Other props (samples, models, etc.) are optional.
They can be good if they are interesting and rele-
vant. But too many will distract from the talk itself.

GRADING AND OFFERING FEEDBACK

Giving the students feedback soon after their
presentation is equally important to giving advice
and pointers beforehand. The oral presentation is
worth ten percent of the semester grade, so students
must take it seriously. The talks are graded in four
categories: organization, presentation, visual aids,
and answering questions. Each category is graded
on a numerical scale, and handwritten comments,
explanations, or suggestions are written in the mar-
gins (see Table 2).

Organization (fifty percent) includes: does the
talk start with an outline and end with a summary;
is there a logical flow of ideas or a rambling mono-
logue; has thought been given to the level of under-
standing of the audience; is the talk aimed at in-
forming, or merely at trying to impress?

Presentation (forty percent) includes: is the
speaker enthused about the topic, or merely droning
through it; is the speaking clear or mumbled; has
the speaker practiced enough to give the talk from
the vuegraphs or light reference to notes, as opposed
to reading most of it; is the talk too long (past the
target time)?

Visual aids (ten percent) includes: were the vue-
graphs done with some care, or thrown together at
the last minute; do they contain a reasonable level of
detail; are they legible?

Questions are asked by the instructor and other
students after the talk, and the speaker must give
evidence of having done enough research on the
chosen topic to expand on specific points mentioned
in the talk or related to the subject. Often the
instructor asks questions aimed at forcing the speaker
to think about and summarize the main point of
the talk, or to recognize how this topic fits into a
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broader context.

Most students are not especially happy when
this assignment is given to them in class. As the day
of their presentation nears, many of them become
apprehensive and nervous. However, unsolicited
comments after the talks are over or after the se-
mester is completed, are almost universally positive.
Discussions with students after they have completed
the course or (especially) after they have been work-
ing in industry for a while indicate that they realize
(sometimes enthusiastically, sometimes grudgingly)
that training in oral technical presentations is a
valuable tool for a new engineer.
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USER-FRIENDLY PROGRAM

Continued from page 27.

Some examples of the conclusions obtained by simple
exercises are:

* Results obtained with different cubic EOS do not vary
significantly with one another. This can be observed by
giving a student a multicomponent mixture—for example,
a hydrocarbon condensate of known bubble point
pressure—and letting him arrange the equations in order
from best to worst. A comparison of the errors of each
equation leads rapidly to the conclusion.

The use of kij can radically modify equilibrium properties
and the shapes and curvatures of the various diagrams.
A very nice example is observed with CO,-hydrocarbon
systems. The use of a kij equal to zero will usually
produce a poor fit. We encourage the students to
randomly try to find the best kij and observe the changes
in the diagrams. Later they may use the program to
calculate the optimum parameter and compare their
results.

Chemical Engineering Education



* Two-constant liquid models, such as Wilson, are useless
unless experimental data are known to regress the binary
constants. Once these Aij are calculated, the fit for
polar substances is noticeably better than with cubic
EOS, especially at low pressures. Azoetropic systems
(e.g., ethanol-water) are specially suitable to show this.

* Using an EOS for both phases can improve the
convergence of high-pressure equilibria.

These ideas are obvious to a researcher in
the area who has obtained this knowledge after
many cases of trial and error. In this sense, it
is stimulating to see students learn from first-hand
information.

The program is not limited to thermodynamics
courses alone, but can also be used as a tool in sepa-
ration processes and unit operations. The x-y and
H-x-y diagrams produced by the printer are the size
of a letter-page and suitable for simple MacCabe-
Thiele and Ponchon-Savarit calculations. The flash
calculations are also very useful due to the fact that
most models involved give good results at commer-
cial pressure and temperature ranges. At our uni-
versity the program is also used in higher-level
courses as a method for obtaining fast and accurate
equilibrium information. On a research level, the
program should prove to be a handy and simple-to-
use tool.

SUMMARY

In this report we have presented "Ekilib," a user-
friendly program suitable for teaching and research
in the area of multicomponent vapor-liquid equilib-
rium. This program has proven to be an exceptional
medium for providing students with first-hand ex-
perience in these types of calculations and for rais-
ing their levels of comprehension far beyond that
usually obtained by conventional teaching methods.
The Ekilib program is available to faculty members
and students for a nominal fee.
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Continued from page 5.

Douglas P. Harrison served as department head
for the next three years until he chose to return to
the teaching ranks. Additional historical informa-
tion for this period can be found in a 1979 issue of
Chemical Engineering Education''.

Harrison was followed by Edward McLaughlin,
who served as department head until 1987 when he
resigned to become Dean of the LSU College of Engi-
neering. Faculty additions during this time included
Donald C. Freshwater, Kerry M. Dooley, Michael Y.
Frenklach, Gregory L. Griffin, Martin A. Hjortso, F.
Carl Knopf, Geoffrey L. Price, Danny D. Reible,
Richard G. Rice, Don L. Ristroph, Conrad B. Smith,
and David M. Wetzel.

Arthur M. Sterling joined the faculty in 1975 and
in 1987 consented to act as interim department head
until a permanent head could be found. This was
achieved in 1988 with the arrival of John R. Collier
from Ohio University.

Table 1 lists chemical engineering faculty, with
school of highest degree and dates of service at LSU.
Department heads are emphasized by boldfaced type.
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