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FOR MANY YEARS the faculty and students

at Worcester Polytechnic Institute have been
aware of the great educational value of inde-
pendent projects. This awareness has been fos-
tered by National Science Foundation Undergrad-
uate Research Participation grants, senior theses
(optional in many departments), use of under-
graduates as assistants and participants in sup-
ported graduate research projects, and special
programs such as the Clean Air Car race.

Projects have, in fact, become the cornerstone
of the newly developed educational innovation,
the WPI Plan. Unlike the usual experiments in
education where one variable is altered at a time,
this is a total commitment with changes in just
about every aspect of the college. The central
theme of the program is that the student is pre-
pared for his professional life by an educational
program which emphasizes his independence and
develops confidence and self-reliance through a
strong element of self-education. There is no
formal curriculum and the criteria for graduation
are intended to demonstrate the student’s com-
petence to enter his or her chosen profession. The
basic criteria are given in Table 1.

Table 1
GRADUATION REQUIREMENTS
UNDER THE WPI PLAN

1. Satisfactory completion of an independent project in the
major field
. Satisfactory completion of an independent project which
relates society and technology
3. Successful performance on an examination which tests
the competency of the student to enter his profession
1. Demonstration of sufficient competence in a secondary
field

[
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Students entering as freshmen during the first
two years of operation were permitted to choose
either this program or traditional departmental
requirements (curriculum, minimum grade-point
average, minimum credits). During the second
year more than 95% of the entering freshmen
elected the WPI Plan. This encouraged the faculty
to eliminate the traditional option one year earlier
than planned. As a result, during the current year
the entire freshman class entered under the new
program.

In addition to the new graduation require-
ments there are other innovative features of the
Plan. During each of four or five seven-week
terms the student concentrates on three subject
areas (rather than studying five or six subjects
for a 14-week semester). In the planning of a
student’s program the key roles are played by the
student himself and by his academic advisor. De-
partments provide a home base for the faculty,
but need not be of central importance to the stu-
dent. So long as the student can find an advisor
willing to work with him in his desired area, and
that advisor can assemble a faculty committee
willing to examine the student’s competence, there
are no constraints on the major area of the stu-
dent. While we expect that for the next several
years at least, most students will choose to major
in the conventional fields of science and engineer-
ing, we expect to find some who will want a major
in such areas as biomedical engineering with an

The central theme . . . is that the student is
prepared for his professional life by an educational
program which emphasizes his independence and
develops confidence and self-reliance through . . .
self education. There is no formal curriculum.
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emphasis on the chemical point of view, or man-
agement engineering with concentration on the
management of chemical plants. Naturally it will
be one function of the advisor to discourage the
student from too narrow specialization, but in the
end it will be the student’s choice.

PROJECT ORIENTED PROGRAM

NDEPENDENT PROJECTS are at the heart

of the new program. The projects may be car-
ried out in groups or individually, as research or
independent study. Up to about 25% of a stu-
dent’s activities at WPI will be taken up by such
projects ; some will be chosen to meet the degree
requirements (i.e., qualifying type), while some
will be exploratory or preparatory to the qualify-
ing projects. They may be executed on campus or
at an off-campus site, but still under full faculty
supervision. Past experience shows that in chem-
ical engineering, far more than half of these proj-
ects will be of experimental, research or develop-
ment type as contrasted to design projects.

While there has been considerable experience
at WPI in project work of the on-campus, senior-
thesis type, until recently we had little operating
know-how on group projects, particularly those
concerned with off-campus, real-world problems
of government and industry. The chemical engi-
neering department has participated in two major
pilot projects of this type—one the Environ-
mental Systems Study Program (ESSP) spon-
sored by the Sloan Foundation and the Environ-
mental Protection Agency, and the other an off-
campus internship center at the U.S. Army Natick
Laboratories in Natick, Mass. One of the authors
of this paper (I. Zwiebel) was instrumental in
developing the former program and another
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Center Director.

PROJECT EXAMPLES

N THE REMAINDER of this paper we present

examples of student projects of the research
type—associated with on-going sponsored re-
search at WPI—and of the group, off-campus
type under the ESSP program and the Natick
Internship Center.

Both underclassmen and seniors have success-
fully joined teams of graduate students and car-
ried out individual projects on a solid waste con-
version program sponsored by EPA. The overall
effort is concerned with conversion of cellulosic
and other organic wastes to useful oil by hydro-
genation. One undergraduate studied the effects
of some of the process variables. Another devel-
oped an analytical technique for characterizing
the product. A third, using computer-aided design
techniques, developed a flow sheet and preliminary
cost data for a projected large scale application.
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A NASA-sponsored research program for
long-duration space flight is concerned with con-
version of human wastes into edible sugars via
formose synthesis. One undergraduate looked
into the effect of different catalysts. Another
studied the fermentation of formose sugars with
the objective of protein generation. A third at-
tempted to explain and characterize the observed
instabilities of the continuous stirred tank reactor
in which the formose synthesis occurred.

The educational value of undergraduate proj-
ects cannot always be measured in terms of posi-
tive research results. In one instance an under-
graduate study of the bonding between absorbate
species and adsorbent sites (associated with an
EPA-sponsored air pollution control project) was
not very productive. Infra-red absorption spec-
troscopic techniques with KBr pellets containing
varying amounts of the absorbent were used. The
observed results were inconclusive. While the in-
terpretation of I.R. spectra is a very complicated
skill, the student in consultation with a faculty
member of the chemistry department did a very
fine job analyzing his meager spectra. However,
the student exhibited a case of stubbornness. In
the literature, only a very few instances were gas-
solid interactions successfully investigated by KBr
absorption techniques—most researchers prefer
the reflectance methods. The student refused to

Past experience shows that in chemical engineering
far more than half of these projects will be of
experimental, research or development type as
contrasted to design projects.

try out this technique, stubbornly insisting that a
way shall be found to use the pellet technique. At
the end, in light of the absence of results, he had
to concede that research should not be a sledge-
hammer operation. The student enjoyed his ex-
periments and was satisfied by his experiences ; he
went on to graduate school to pursue a career in
biochemical engineering.

A more successful example of a research proj-
ect is illustrated by a sophomore, who tried en-
gineering research because he never had exposure
to large scale facilities. He was facing a choice
between a career in chemistry or chemical engi-
neering. We teamed him up with a Ph.D. candi-
date who was studying the dynamics of adsorption
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in fixed bed columns. This sophomore was to be in
charge of the desorption experiments which had
to be carried out before the next adsorption could
be run. In part emulating the graduate student,
the sophomore developed a comprehensive experi-
mental schedule for the desorption runs, devoted
many night-time hours to gather the data, ana-
lyzed his results, and developed sufficient results
to warrant publication. In this case the learning
and direction were very positive. He was gradu-
ally, through participation, introduced to chemical
engineering. He has since graduated at the top of
his class and gone on to graduate school in chem-
ical engineering.

PROJECTS CONTRIBUTE TO SOLUTIONS

HE ENVIRONMENTAL SYSTEMS Study

Program, sponsored by the Alfred P. Sloan
Foundation, was designed to develop team inter-
disciplinary projects in conjunction with indus-
trial /governmental sponsors. The intent was not
to teach the subjects of the other disciplines rep-
resented on the team to the chemical engineers, or
vice versa; it was hoped that students would learn
to communicate with specialists from other areas.
It was expected that each person working in his
own field could contribute to the combined solu-
tion of complex real problems. We have had
twelve such projects in the past two years. An ex-
ample in which the chemical engineering contribu-
tion was quite significant was the Salem Harbor
Project.

Salem Harbor power generating plant is lo-
cated in the immediate vicinity of resort towns
and is frequently influenced by local meteorolog-
ical phenomena, i.e., strong but short range winds
off the ocean. The growth of the plant has in
recent years created an environmental concern.
The environmental influences during transient
peak-load operation of the plant were to be evalu-
ated.

First the concepts of transient operations had
to be brought across to the students. Then, fa-
miliarization with the power plant process had to
be covered. This brought into focus the stoichio-
metric calculations.

Initial instinet was to measure SO. emissions.
However, the student team quickly realized that
SO. emissions are directly proportional to fuel
feed rate, and in no way do they represent unique
pollution problems during the transient opera-
tions.
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While . .

. most students will choose to major in the conventional fields of science

and engineering, we expect to find some who will want a major in such areas
as biomedical engineering with an emphasis on the chemical point of view, or

management engineering with concentration on the management of chemical plants.

Next, they zeroed in on NO, measurements.
The various analytical procedures were evaluated ;
sampling and remote analyses were compared
with continuous instrumental techniques. They
selected instruments, chose sampling locations,
and ran preliminary measurements under steady
state operating conditions. Then the variation of
NO, concentration with operating load was ob-
served.

A plot of air-to-fuel ratio versus time revealed
that during the transient phase the plant operates
in a fuel-rich regime. This prompted a switch to
the measurement of CO, unburned hydrocarbons,
and particulates.

The final in-depth design will focus upon im-
proved precipitator operating conditions, the in-
stallation of some sort of scrubbing device to re-
move the NO, which is in excess of emission
standards, the establishment of an operating pol-
icy which will maintain reasonably uniform con-
ditions in the combustion chamber, and the re-
placement of existing (old) control devices with
equipment that will quickly respond to the pri-
mary variables.

The systems design will consider the power
generation facilities of the entire plant, consisting
of four units, and the entire New England Power
System, and will attempt to establish a control
policy so as not to burden the vicinity of the
Salem area. Also the development of a regional
simulation program, starting with one of EPA’s
air quality display models, is planned.

In industrially sponsored projects the lack of
effective communications between the involved
personnel may create some problems. Occasion-
ally, the liaison-advisors assigned to work with
the students are not involved in the project de-
velopment stages. Then, if the educational objec-
tives are not clearly specified, some of these super-
visors may view the presence of the students with
suspicion. In one instance when this happened,
one meeting with the involved principals on an
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ESSP project was sufficient to re-establish a fav-
orable environment to continue the project. In an-
other instance, however, on a project dealing with
a sensitive water pollution problem, comments
were made to the students by an uninformed engi-
neer insinuating that the students were planted
for espionage purposes. Rather than wasting the
students’ time while potentially extensive negotia-
tions were being held to clear up a misunderstand-
ing, we decided to terminate the project. The stu-
dents were assigned to another problem.

One of the unique features of the Plan is the
establishment of Internship Centers where WPI
students can go for off-campus project experience.
The WPI Internship Center is different from the
commonly known cooperative program. While the
industrial experience gained by the students
through the co-op programs is undeniable, it must
be recognized that one of the chief purposes is to
extend financial aid to the student. The Colleges
involved have little or no control of the students’
on-site activity. On the other hand, the WPI In-
ternship Center emphasizes the educational merit
of the programs which are closely related to the
student’s technological interest. The students
work on problems of their own choice at the off-
campus Internship Center in cooperation with
site personnel and under the overall supervision
of WPI faculty as site directors.

CONTACT WITH GOVERNMENT RESEARCH

N INTERNSHIP CENTER was established

at the U.S. Army Natick Laboratories which
accommodated six groups of students for the year
1971-72. The number of students in each group
ranged from one to three. All were chemical en-
gineering majors except one group of two m~-
chanical engineers. Two typical projects are de-
scribed in the following :

(Continued on page 40.)
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(Continued from page 15.)

¢ Engineering Studies on an Enzymatic Process for Con-
verting Cellulose to Sugars. This process was developed
by scientists in the U.S. Army Natick Laboratories. How-
ever, no engineering studies had been performed to obtain
data necessary for design purposes. Two groups of Chem-
ical Engineering students (one group of three sophomores
and one group of two seniors) worked on the project to
obtain some data which would be useful in the design of
a process to convert cellulosic wastes to useful food.

Students worked closely with the Natick Laboratory
scientists under the direct supervision of the WPI Center
Director. They performed experimental studies to obtain
rate data in a batch process. They also studied the effects
of mechanical stirring, particle size of the ground waste
and grinding time on the reactivity of the enzymatic re-
actions.

In addition to performing experimental work, students
also were required to have some specific background in
mathematics, biology and engineering for successful analy-
sis of their data. They obtained some of this background
from their course work, but had to learn a major portion
of the material on their own in order to satisfy their
specific needs.

While close supervision was maintained in the Center,
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the students were provided with the opportunity to try out
some new ideas. For example, one group tried to use
ultrasonic equipment to treat the suspension of shredded
newspaper and to test its reactivity.

Both groups performed very well in their work. The
sophomore group wrote an excellent report detailing their
findings and their interpretation of the experimental re-
sults. The work performed by the senior group was re-
ported in the student paper session of the ACS meeting in
Boston, Mass.
¢ Determination of the Effects of Gymnema Sylvestre on
the Taste Receptors in Hamsters. This project, which is
entirely different from the usual chemical engineering
projects, involved one sophomore. She worked closely with
a scientist from the U.S. Army Laboratories. As this is a
highly specialized field outside that of chemical engineer-
ing, a major portion of the supervision was provided by
the Army personnel. However, the Center Director still
maintained his control of the project by regularly dis-
cussing her progress with her. The final evaluation of her
report was done by the Director in consultation with the
Army personnel.

Hamsters were used as test subjects in this case. The
student had to spend a large portion of her time under
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close supervision getting familiar with the testing pro-
cedures and the handling of the animals. These were done
in a closely supervised manner.

After two years’ experience, we find the operation of
the Center very encouraging. Excellent cooperation has
been provided by Natick Laboratories personnel. They have
highly praised our students in terms of their working
habits as well as their intelligence. The experience was
viewed by the students as very valuable.

As the WPI Plan moves into full operation at
the upperclass level, project work is expected to
consume about half of the total time of the faculty
devoted to undergraduate education. The experi-
ences to date in involving chemical engineering
students in a wide variety of activities suggest
that the transition, though not simple, will be suc-
cessful. [

CHEMICAL ENGINEERING AT BERKELEY
(Continued from page 10)

Thermodynamics

Experimental and statistical thermodynamic analysis of
fluid mixtures. Liquid crystalline behavior and other phase
equilibria. Interfacial phenomena. Equations of state based
on molecular properties. Electrolyte dissociation and ac-
tivity-coefficient behavior. Adsorbed state of diatomic
molecules. (Bromley, Lyon, Newman, Pigford, Prausnitz,
Redlich).

Transport Phenomena

Fluid Mechanics. Laminar-flow systems. Rheology of poly-
meric systems. Flow of molten alloys. Mechanics of sus-
pended particles. Properties of liquid films. Wave propaga-
tion in dispersive media. Mixing and dispersion phenomena
in liquids. Drag reduction. (Donaghey, Goren, Newman,
Shen, Vermeulen, Wilke, Williams).

Heat Transfer. Nucleate boiling. Promotion of dropwise
condensation. Boiling enhancement by additives. Direct-
contact heat transfer between immiscible liquids. Thermal
conduction of solids. (Bromley, Donaghey, Goren, King,
Lyon, Wilke, Williams).

Mass-Transfer Fundamentals. Transport properties of con-
centrated electrolytes. Absorption with chemical reaction.
Atmospheric spread of pollutants. (Grens, Newman, Pig-
ford, Vermeulen).

Separations and Mass Transfer

Gas-liquid mass transfer and accompanying interfacial
effects. Computation methods for distillation, extraction,
and absorption. Separations of fine-particle systems. Ab-
sorption and ion exchange. Oscillatory processes. Foam
fractionation. Membrane separations. Separations by freez-
ing. (Goren, Grens, Hanson, King, Klein, Lynn, Merrill,
Pigford, Sherwood, Vermeulen, Wilke).
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book reviews

Chemical Engineering Thermodynamics: The
Study of Energy, Entropy and Equilibrium, R. E.
Balzhiser, M. R. Samuels, and J. D. Eliassen, 696
pp. Prentice-Hall, Inc., (1972).

Reviewed by T.S. Storvick, University of Missouri-Columbia

The significant flux of thermodynamics text-
books into the technical literature suggests that
there is a general dissatisfaction between authors
of these books and those who use them. This
book appears to have been conceived in this
atmosphere.

The evolution of thermodynamics textbooks
indicates that they must now contain the classical
material and some new elements:

® |t must be written for readers from more than one
discipline.

® The particle theory matter must be used in the
logical development of the subject.

e The use of electronic computers must be demon-
strated.

® Thermodynamics of irreversible processes must be
introduced.

The authors have written for Mechanical and
Chemical Engineering students( the title is un-
fortunate in this sense), they have used combi-
natorial and probability arguments to introduce
the entropy function, provided computer codes
for several of the calculations in the worked ex-
amples and concluded with a short chapter in-
troducing irreversible thermodynamics.

To this reviewer, the relationship that exists
between the authors of thermodynamics textbooks
and their readers is similar to that of a chef and
the clientele of his restaurant. The basic ingredi-
ents are always the same but the menu, the di-
vision into courses, the spicing and flavoring, and
the service and atmosphere are all designed to
enhance the practical experience of eating. A
satisfactory relationship is established when there
is a match between cuisine and palate. It is the
same with textbooks.

Most undergraduate engineering students
should learn to use classical thermodynamics in
their first course on the subtect. This book is
written for that audience and the authors provide
over 90 worked examples and 225 exercises for
the student. Some of the exercises will require
considerable time to complete. The text is clearly
written, the illustrations are generally useful and
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