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HERE HAS BEEN A considerable amount of

discussion of chemical engineering laboratory
courses taking place at national AIChE meetings
for the last several years. The multiple, educa-
tional purposes of these courses have been de-
scribed in some detail, and included in these goals
are: to familiarize the student with chemical
processing equipment, to help the student gain
proficiency with instruments and measurement
methodology, to teach students how to deal with
experimental errors, to allow students to practice
technical report writing, etc. Another major goal,
not included in the abbreviated list above, is to
show that the experimental data agree with the
theory that the student has learned in his courses.
In actual fact, however, very few of the experi-
ments do agree with the theory, and so the student
is required to find reasons for the discrepancies
and to discuss his reasoning in his laboratory re-
port. At this point, students normally engage in
an exercise, which I call “creative B. S.” They
demonstrate an imaginative capacity far exceed-
ing even the wildest science fiction authors, in
order to find some justification of why the equip-
ment did not work properly. Although I think it
is always worthwhile to find ways to excite the
imaginations of students, I am somewhat worried
that we are doing this in the wrong context.

In addition, it seems to me that it is a
dangerous pedogogical practice to have students
carry out an experiment to verify a theory. If they
are not successful in their attempt, they can easily
draw the conclusion that the experiment (reality)
is no good, while the theory (an abstraction) is
correct. Thus the theory becomes a better de-
scription of reality than the experiment, which
becomes unreal. Obviously, faculty would not
agree with this conclusion, nor am I certain that
students accept it either; but perhaps much of
the dislike students often have for laboratory
courses is caused by this hidden conflict.
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Editor’s Note: The following pages deal with
the chemical engineering laboratory. We begin
this special laboratory issue with a provocative

article that suggests a new approach to
our laboratory courses.

A better approach to laboratory experimentation
might be to ask students to develop a theory to describe
the behavior of a particular piece of laboratory appara-
tus. With this approach they would need to know not
only the results of the simple theory discussed in their
courses, but also to have a good understanding of the
assumptions behind that theory. Then, when the simple
theory fails to predict the observed behavior, the students
would have to determine which one, or more, of the
assumptions were not valid and to modify these assump-
tions in an attempt to develop a more realistic model. In
this way, they would evolve a workable theory.

Although this approach is more time con-
suming than a traditional experiment and is much
more difficult (it requires a great deal more
thought on the part of the student) it should
give them an improved understanding of the re-
lationship between theory and practice. In
particular, some clever students may recognize
that there are alternate approaches to the prob-
lem; some groups may attempt to redesign the
equipment so that the assumptions for the simple
theory are satisfied, others may develop a set of
correlations to provide correction factors for the
simple theory so that it agrees with the observed
data, and others may develop more sophisticated
theoretical models. Thus, the class would learn
that there are no unique solutions to engineering
problems, they would gain additional insight into
the differences between interpolation and extra-
polation, and they would have a better apprecia-
tion for the real world they will encounter when
they leave the university.

As an alternate approach to resolving the discrepancy
between experimental observations and simple theories,
the student could be asked to develop a trouble-shooting
procedure for a particular piece of equipment. That is,
he would be assigned a task of devising a way of im-
proving the performance of the system (assuming that

the simple theory predicts a better performance than
that exhibited by the equipment) or to determine why
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the existing equipment fails to meet the designed specifi-
cations (where the design is based on simple theory).
Problems of this type will be more time consuming than
conventional experiments but they have the advantage of
exposing students to some engineering concepts that are
not normally treated in the curriculum, such as the time
and cost required to make additional measurements or to
modify existing equipment, the use of intuition rather than
theory to design flow distributors and other apparatus,
the difficulty of communicating your ideas clearly to
technicians, etc.

SOLVING ENGINEERING PROBLEMS

NOTHER GOAL THAT APPEARS to be
lacking in laboratory courses is the idea of
solving engineering problems experimentally.
Most of the effort in chemical engineering curricu-
la is directed toward analysis, and we describe
successively more sophisticated theories for solv-
ing selected engineering problems. Laboratory
courses are used to demonstrate the validity of
these theories, more or less, and the design
course is used to introduce the ideas of synthesis,
as well as to integrate the previous courses in
analysis. Depending on the individual who teaches
the design course, I'm certain that there is some
discussion of how to select the ‘“right” tool to
solve a particular problem, although none of the
design texts that I am familiar with treat this
topic. Moreover, I doubt if there are many design
courses that are so closely integrated with a
laboratory course that students ever gain much
feeling for how to decide whether to take an ex-
perimental or theoretical approach to solve a
particular problem.

One method we might use to help students
understand the limitation of simple theories, the
relationship between theory and practice, and the
relative effort associated with both experimenta-
tion and analysis, is to orient at least some of the
laboratory course more toward the solution of
engineering problems. For example, we could ask
students to develop correlations for head losses in
pipe fittings, pump efficiencies, film heat-transfer
coefficients, etc. for a non-Newtonian fluid. It
should be easy to find examples where Newtonian
data are available in the literature, but the cor-
responding results for a power-law fluid, for
example, are lacking. Moreover, it should be re-
latively simple to convince students of the poten-
tial applicability of the results, so that perhaps
they will become better motivated towards ex-
perimentation. Of course, before taking data with
a non-Newtonian fluid, it would seem reasonable
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to attempt to reproduce the reported results for
Newtonian fluids (which would mean that we
would carry out many of the normal fluid
mechanics and/or heat transfer experiments in
a context where they were a means to an end,
rather than an end in themselves). In addition, a
focus on non-Newtonian fluids might make it
possible to develop a better integration between
lecture and laboratory courses by deriving the ap-
propriate solutions for simple flow configurations
and demonstrating the extension of dimensional
analysis for complex systems in the lecture for
the systems that will be studied in the laboratory.

Still another concept that is probably best presented
in a laboratory context is that most engineering problems
must be approached in an iterative fashion, that it is
necessary to know the answer to a problem, at least ap-
proximately in order to formulate the problem. Thus if
we recognize that we will be forced to solve real engineer-
ing problems more than once, (in contrast to text book
problems), we want to start with very simple, even though
crude, predictive methods, and then proceed to more
sophisticated algorithms as long as there is an economic
incentive. As a simple although possibly painful, illustra-
tion of the importance of this “engineering method,” we
could ask students to develop a statistical experimental
design for a batch reaction system where they have
difficulty in finding any published information on the
approximate half-life or reaction rate period. Indeed, an
assignment of this type might provide an interesting
“academic” experiment of how much engineering intuition
students gain from an engineering education.

.. .ltis a dangerous pedogogical practice

to have students carry out an experiment to
verify a theory. If they are unsuccessful, they
can easily conclude that the experiment (reality)
is no good, while the theory (an

abstraction) is correct.

CONCLUSION

In conclusion, perhaps I should admit that it is always
easy for a poor experimentalist like myself to criticize the
efforts of others. Also, I recognize that the program I am
proposing calls for more sophistication on the part ‘of
the student than our traditional laboratory courses. How-
ever, perhaps a portion of the class would respond more
favorably to an open-ended laboratory such as I suggest,
and the remainder of the students could do the convention-
al experiments. Another advantage of the laboratory is
that it may produce some data which prove to be useful
to the profession, and thereby encourage more contact
between the university and industry. [




