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DATING BACK AT LEAST to 1923 and the
publication of the 1st edition of ‘“Principles
of Chemical Engineering” by Walker, Lewis, and
McAdams (1), the graduate with professional
training in chemical engineering has been a very
versatile fellow. Given depth and breadth in the
scientific and engineering principles required for
effective performance in the chemical process in-
dustries, he has moved easily and naturally into
the aerospace, nuclear, and bioengineering areas.
These three are merely outstanding examples,
within the recent memory of most of us, of the
interdisciplinary potential of chemical engineers.
We need not stop there with the whole world of
natural science available for understanding and
quantification. Our current sophistication in
transport phenomena, reaction kinetics, mathe-
maties, machine computation, and a host of other
subject areas of science and engineering makes
possible significant contributions to many disci-
plines which have, until recently, remained pre-
dominantly descriptive. Mathematical modeling of
naturally occurring processes is one way to con-
tribute.

Mathematical process simulation has been with
us as a tool of the trade for centuries but it has
emerged as a coherent academic subject only in
the last decade. The many specialized techniques
of model building are not all new but systemati-
zation is. The book “Process Analysis and Simu-
lation: Deterministic Systems” by Himmelblau
and Bischoff (2), which was used in a 3-credit
course presented by the author at Penn State in
the Winter Term 1971, is characteristic of this
recent development. The course followed the first
five chapters of the text as indicated in Table I.
However, consistent with the philosophy of the
previous paragraph, emphasis in both classroom
and homework activity was placed on naturally
occurring processes. In this paper, attention is
given mainly to areas in which mathematical
models were applied rather than to the modeling
techniques.
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TABLE I. COURSE ORGANIZATION

Introduction and General Concepts

Models Based on Transport Phenomena Principles
Classified by Level of Physicochemical Detail
Transport Phenomena Models Classified by Mathe-
matical Characteristics

Population Balance Models

Principles of Subsystems Analysis
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EVOLUTION

HE COURSE EVOLVED out of my life-long

interest in such subjects as space sciences and
geology as well as my immediate desire to learn
more about the general principles of model build-
ing. Over the years I have been illustrating more
and more principles in courses such as Transport
Phenomena, Unit Operations, and Reaction Ki-
netics with examples from the natural sciences.
Something seems to arouse the students of today
when the work by Dedrick and Bishoff (3) on
barbituate distribution in the body is discussed;
especially if the human responses to morphine and
heroin are also covered.

CHEMICAL ENGINEERING EDUCATION




I became even more convinced of the role
chemical engineers could play in the earth sciences
when Professor L. H. Lattman (B.Ch.E., CCNY,
1948, but since then a geogologist) lent me a book
by Bagnold (4). Bagnold, a physicist and some-
time desert explorer, used methods familiar to all
of us to explain and quantify sand transport and
formations on the Libyan desert. His insight into
the ways of wind-blown sand was of material as-
sistance to the English in the famous desert cam-
paigns of World War II. The clincher in my de-
cision to offer this course was the work of Chap-
man (5,6), who replaced mythology and aug-
mented intuitive reasoning with aerodynamic
theory, wind tunnel experimentation, and mathe-
matical simulation in an attempt to reconcile the
origin of Australasian tektites. He showed that
these nut-sized glassy objects may be the missing
portion of an incomplete ray of the lunar crater
Tycho.

UNIQUE VIRTUES

ANY ENGINEERING accomplishments of

the past and present have depended upon ef-
fective mathematical modeling. In the emerging
age of computers this dependence will be so great
that the need for instruction in mathematical
modeling is obvious. One of the special virtues of
this subject (especially as it is described in this
paper) is that synthesis and analysis are merged
so naturally that the much discussed dichotomy of
engineering activity into these two categories
vanishes. There is much pedagogic value in rely-
ing heavily on examples from outside of the
chemical process industries. In their previous,
more traditional courses students have become
familiar with the classic functional forms, initial
and boundary conditions, etc. which appear in our
normal realm of chemical engineering activity.
Through experience they have developed a power-
ful intuitive “feel” for the behavior of practical
chemical processes.

In dealing with natural processes, the student
must consider something which has been with him
for a lifetime but which he never paused long
enough to contemplate. For example, have you
ever really considered how an icicle grows? Would
you have expected that the work of Tallmadge
and Gutfinger (7) on “Entrainment of Liquid
Films—Drainage, Withdrawal, and Removal” had
anything to do with icicle growth and dissipation?
A comfortable, yet unfamiliar, subject like this
forces the student (and teacher too) to place
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Mathematical process simulation has been with us
as a tool of the trade for centuries but it has emerged
as a coherent academic subject only in the

last decade.

greater reliance on physical understanding and
personal creativity. The natural process also
served excellently to illustrate the chronic di-
lemma of compromise between the need for rigor
and the need for a solution of the model. With no
previous experience in an area one is less confident
of his simplifying assumptions.

STRUCTURE

HE TEXTBOOK AND COVERAGE of the

course have been indicated already. More de-
tails on coverage can be obtained by consulting
the table of contents of the text. There were regu-
lar reading and problem assignments, two exams,
and two projects. Class presentations of home-
work were given by students. The responsible
students were selected in advance so that they
could go beyond the specific assignment in their
preparations. Much to my surprise this method
of student presentations was endorsed by all
members of the class and was requested by stu-
dents in my next graduate course. As a mid-term
project each student was to browse through the
technical literature to find examples of the several
classifications of models mentioned in the text.
The salient features of the models were to be
pointed out and a diversity of areas were to be
included in the selection. The final project in-
volved the development and solution of a model
of some process of significance and/or interest
to the individual. The most successful of these
was a study in environmental hygiene. First a
model was established which characterized the
accumulation of mercury vapor in a laboratory as
a function of time and ventilation rate. Coupled
with this a second model expressed the accumu-
lation of mercury in the human body. The results
of these models were interpreted in terms of
published tolerance limits and diagnostic criteria
to predict the likelihood of mercury poisoning.

EXAMPLES

The following is an example of a homework
problem which resulted in at least three class
periods (plus much time out-of-class) of worth-
while discussion. Everyone has seen signs which
say, ‘“Caution Bridge Freezes Before Road.” The
Civil Engineering Department at Penn State has
a research project for the Pennsylvania Depart-
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ment of Transportation (PENNDOT) to investi-
gate this phenomenon on Interstate 80. It seemed
that our class should be able to reach some useful
conclusions by modeling the situation. Our first
period was spent discussing possible meteoro-
logical conditions and thermal and physical char-
acteristics of the system. One question with sig-
nificant implications for the model is, what is
the mathematical criterion for freezing? This
question, like so many others, has a number of
rational answers. For the second class period, the
derived models were to be solved. Thus this period
was spent comparing the results of various ap-
proaches. A typical solution considered the bridge
to be a finite slab cooled from both sides and the
roadway to be a semi-infinite solid. A variety of
ambient conditions (wind,temperature, moisture,
ete.) were specified. Gurney-Lurie charts pro-
vided solutions to the microscopic balance
equations for transient conduction in the two
cases. The resulting information on temperature
profiles and heat fluxes were coupled with a
macroscopic energy balance on the water layer at
the road surface. The time to totally freeze the
water on the bridge was calculated and compared
to that for the adjacent roadway. Having achieved
considerable familiarity with the problem by this
time, we invited a professor who was active on
the PENNDOT program to spend a period with
us describing their work. Interestingly, the
PENNDOT had little enthusiasm for mathemati-
cal models so the work described to us was pri-
marily experimental. This circumstance provided
our class with considerable perspective on the
bridge freezing problem in particular and on the
role and acceptance of mathematical modeling in
general. We were pleased too that our guest lec-
turer felt that our calculations and insight had
materially improved his perspective as well.

Special lectures by the author were also used
to bring out the characteristics of various types
of models. As an illustration of the concepts of
population balance models the work of Fried-
lander and Ravimohan (8) on the effect of the
1952 London “Killer” Fog on a liuman population
was presented. A selection of other examples
drawn from the course are listed below for brev-
ity. One of the frustrations of teaching such a
course is that one develops more ideas than can
be pursued in the available time. Some of these
are also included.

1) growth of a tubular stalactite
2) diagnosis of an aneurysm
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. . . The role of mathematical modeling extends beyond
the realm of engineering and natural and physical
science . . .

3) off-shore breezes from the Greenland ice cap

4) dispersion in an underground water system

5) effect of convection in the earth’s mantle on con-
tinental drift

6) effect of sun and rain on the melting of snow

7) formation of a cumulus cloud

8) pressure distribution in a hurricane

9) cave temperature as a function of altitude, depth,
and history

10) three-phase water balance on earth

Of course the role of mathematical modeling
extends beyond the realm of engineering and
natural and physical science. For perspective one
might begin by looking at the collection of papers
presented by Chorley and Haggett (9). This book
presents a broad coverage of map and hardware
models as well as the mathematical type and in-
cludes a variety of examples from physical, socio-
economic, and integrated systems. Finally, the
reader who has gotten this far should be rewarded
with this advice (10), “Don’t fall in love with
your model.”
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