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HE PRIMARY FUNCTION of an engineer-
ing department is to teach students the basic
scientific and engineering principles which will
become the foundation of their technical know-
ledge. Since most students will apply this

We have tried to create an industrial
experience in which students are

direct participants rather than

observers . . . the vehicle is a set of two or
more problems from which a graduate
consultant team selects one on which to work
full time for one week.

knowledge in industrial jobs, it is important for
them, and for the university, to maintain a strong
communication link with industry. In fact,
weakness of this communication may be the major
contributor to the complaint sometimes heard that
the attitude of engineering graduate students does
not match industrial needs. Summer jobs and co-
operative programs provide important industrial
experience from which students gain perspective
on the importance of various areas of course work
and a basis on which to make career decisions.
This experience is not available to all students,
however. In the following we describe a program
which has been designed in a cooperative effort
by Texaco and Yale to provide a taste of industrial
experience in graduate chemical engineering. De-
velopment of the program was spurred by a re-
cent article on the effectiveness of graduate
chemical engineering education.’
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Increasing pressure to shorten the time spent
in education rules out extensive industrial con-
tact as a general solution to this communication
problem. While plant trips and lectures by in-
dustrial personnel provide some exposure to the
practice of engineering in industry, they are
tutorial in nature and may not be readily in-
corporated into the students “experience.” In an
attempt to maximize the benefit of a short ex-
posure to industry we have tried to create an
industrial experience in which students are direct
participants rather than observers.

THE PROGRAM

N ITS PRESENT FORM, the vehicle for pro-
viding this experience is a set of two or more
problems supplied by Texaco, from which a team
of graduate student consultants selects one on
which to work full time for one week. In the first
trial run during the summer of 1973, two prob-
lems were offered by the Process Analysis Group
at Texaco’s Beacon Research Laboratories. One
problem on catalyst poisoning had received only
preliminary attention while the other on design
of a laboratory reactor for determination of true
reaction kinetics in two phase flow had a tentative
solution being tested in the laboratory. A six man
student team received the problems on a Friday.
The following Monday the group traveled to Bea-
con for a meeting with Dr. Ware, their Texaco
contact. The meeting was devoted to clarification
of the problem statement and definition of project
objectives. The visit also included Ilunch with
several members of the Texaco staff and a tour of
the Beacon Laboratory. On return to Yale, the
students chose the reactor design problem (see
inset) and over the next three days generated
three designs and a written report on their work.
The students worked completely independently al-
though both authors were available to answer
specific questions. A typed version of the report
was mailed to Dr. Ware the next week and a week
later he visited Yale to hear oral presentations of
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the work and discuss the suitability of the solu-
tions to industrial objectives.

While a week is a short time in which to ac-
complish the stated goals, other student work was
suspended and each student spent more than 60
hours in this total immersion effort. In addition
to acquiring new chemical engineering knowledge,
students had an opportunity to exercise creativity
in their approach to the problem and to practice
both oral and written technical communication.
In this first trial run students received a small
consulting fee from departmental gift funds.

STUDENT AND FACULTY RESPONSE

HE STUDENTS WERE ENTHUSIASTIC
about the program and felt it a valuable ex-
pansion of their experience. Most of them had
little previous contact with industry and felt that
the visit to the Beacon Research Laboratories and
the discussion with Texaco personnel were
particularly useful. They were surprised and
somewhat uneasy at the generality of the prob-
lem statements but particularly as a result of dis-
cussions with their Texaco contact, came away
with distinet impressions of the depth and scope
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of chemical engineering research. Perhaps the
greatest new lesson they learned was the prepara-
tion of a contingency chart to guide application
of a general solution to a specific case. In the be-
ginning the students had a little trouble treating
the problem as a job to be done rather than an
exercise on which they were being examined.
This uneasiness left by the end of the project,
however, and the students gained some self-con-
fidence when they found that in a short time in a
relatively new area they could generate creative
ideas of merit. An unexpected result was the
difficulty the students had in organizing for a
team effort. The ironing out of initial disagree-
ments gave the students in this group the added
benefit of experience in team cooperation.

Both as a new dimension in graduate chemical
engineering at Yale and as a means of establish-
ing better communications with industry this
program has been a success. The benefit to the
students is obvious from their comments. Discus-
sions with Texaco personnel have already revealed
several areas in which special lectures or material
from Texaco could augment our courses. It is too
early to predict whether any joint technical efforts
will arise from this association but it seems clear
that such a possibility is unlikely without close
contact.

INDUSTRY RESPONSE

HILE THE STUDENT SOLUTIONS are
not a finished product, some novel ideas
were presented and merit further consideration.
The primary solution, use of a stratified packed
bed to relax nonidealities, had already been em-
ployed by Texaco in a different situation. Other
parts of the solution included reactor configura-
tions which had not been tried before. The under-
lying assumption that experimental design data
would be used to aid in formulation of a solution
to the problem was also noteworthy. Thus the
benefit to Texaco was more than just the satis-
faction of making a contribution to education.
As the program is now constructed, presenta-
tion of a good problem is crucial. There is a need
to balance several important factors:
e problems must be important from an industrial view-
point
e the time required to prepare a problem statement must
not be excessive ]
® the problems must be broad in scope and amenable to
solution by an (imaginative) application of chemical
engineering principles (no “trick” problems)
® proprietary information must be protected.
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Both as a new dimension in graduate ChE

and as a means of establishing better
communications with industry this program

has been a success . . . while student solutions
are not a finished product...some

novel ideas were presented.

The first factor was taken into account by choos-
ing problems from, or closely related to, current
research interests. By choosing the man most
familiar with the problem as the industrial con-
tact, the preparation of the problem statement
was made easy. Problems considered to date are
in the areas of research methodology (eliminating
non-ideal flow) or application of the open litera-
ture to research problems and decisions. This re-
sults in problems having broad scope, usually
without using or generating proprietary informa-

tion.

During the summer of 1974, students received the
problems one day before the trip to Texaco. This limits
the amount of background they can gather as a basis
for asking questions but will leave more time for working
on the chosen problem. Since choosing the right problem
to work on is such an important component of research,
we have sought ways of including experience in this
area. We considered presenting a problem, which is not
capable of solution because sufficient information cannot
be obtained. The time is so short, however, that it is un-
likely that students can accumulate sufficient background
to identify its insolubility in time to switch to a more
fruitful one. An obvious wrong answer also lends an
undesirable air of examination to the procedure. We
have decided to limit the number of problems suggested
to three and, if an insoluble problem is offered, to
identify it by the end of the visit to Texaco (second day)
to minimize wasted effort.

We look forward to continued development of this
program and hope that some of the ideas presented here
will be useful to others in strengthening ties between
industry and academia.
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STUDENT CONSULTING PROBLEM

Problem Statement

Either

(1) make a recommendation for design
and operation of laboratory packed bed reactors
for gas-liquid flow, or,

(2) provide a detailed plan of experi-
mental research which would provide the basis
for such a recommendation, including the inter-
pretation and recommendation which would be
made for each possible outcome of the planned
work.

Constraints

Operation must provide for 40-90% con-
version of the limiting reactant in the feed.

Two reactor volumes must be covered by
the recommendation: 100 cc. maximum, and 500
cc. maximum, representing small and inter-
mediate scale experiments.

Background

Many new petroleum and petrochemical
processes are based upon novel catalysts or novel
applications of existing catalysts. We will only
concern ourselves with catalysts used in packed
bed reactors. At the present time there is no way
to predict rates of reactions of commercial in-
terest from a knowledge of a catalyst’s physical
and chemical properties, method of preparation,
ete. These rates must be established empirically.

In the normal course of development of
an idea from its inception to commercialization,
the empirical determination of catalyst perform-
ance plays an important role. Included in a typical
project is the evaluation of a small quantity of
satalyst, usually about 100 cc. and, later, the
evaluation of larger quantities, roughly 500 cc. In
many processes, reactants are present as liquids
and gases at reactor conditions. These so-called
mixed-phase operations give rise to non-idealities
in the fluid flow which affect the apparent catalyst
activity, selectivity and aging rate, the three
major performance characteristics. The objective
in the design of laboratory reactors and in choos-
ing their operating conditions is, primarily, to
eliminate the non-idealities and thus obtain re-
actor performance which is representative of the
intrinsic catalyst behavior. Failing that, the ob-
jective would be to provide a sound basis for cor-
recting experimental data to obtain results which
are representative of the true behavior. (A non-
proprietary literature survey was included). O
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