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This paper describes a new chemical engi-
neering option for students within a radically
different engineering-science-oriented core cur-
riculum. For orientation purposes, before
discussing the chemical engineering option, it
will be necessary first to describe briefly our
new engineering program, now in its third
year of operation. Pennsylvania Military
College, a small college of 1200 day students,
of which 200 are engineering students, had
previously no traditional chemical engineer-
ing discipline. In September, 1962, P.M.C.
started on a completely new approach to
undergraduate engineering education with
eight new faculty including a new Director of
Engineering. The program is founded on the
principles that there is a set of basic subject
matter that is common to all engineering
disciplines, that a B.S. degree in engineering
is really only a pre-engineering degree, and
that graduate work is essential. Thus, the
P.M.C. engineering faculty hasinitiated anew
curriculum taken by all engineers, with heavy
enphasis on mathematics and the physical
and engineering sciences, for three of the four
year required for the B.S. in Engineering
degree (undesignated). The senior student
takes recommended courses in a specialty
such as chemical, electrical, mechanical, or
civil engineering with crossing of disciplines
to suitthe student’s interest, underthe guidance
of anengineering faculty advisor. Two courses
in the senior year are common also: Energet-
ics, which includes direct energy conversion,
and Senior Projects, a creative engineering
activity (a complete curriculum is presented
in the Appendix). Almost all engineering
courses within the core program are lectures;
the laboratory sequence, starting in the sopho-
more year, is run as an internship in engineer-
ing through interdisciplinary projects. Within
the three years of core program, traditional
chemical engineering does have a strong
emphasis, as will be described. The fourth
year option in chemical engineering is broader
than traditional as a result of the unique
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interdisciplinary emphasis and heavy math
and science preparation.

The emphasis on a mathematical approach
to engineering is pronounced throughout the
program. Immediately in the freshman year,
the students program and use an IBM 1620
digital computer. The purpose of the computer
course this early is to orient the student toward
the modern engineering attitude and to develop
a professional method of problem solving. In
most core engineering courses, several faculty
are involved inteaching, and a definite attempt
is made to have these teachers from various
traditional backgrounds.

The sequence of four courses given by the
Mathematics Department starts with calculus
and vectors the freshman year and uses a
text similar to Agnew’s Calculus: Analytical
Geometry and Calculus, with Vectors, Mc-
Graw-Hill, 1962). The fourth semester of
mathematics is probability and differential
equations. A separate course in differential
equations or advanced mathematics is not
included in the curriculum, since all engineer-
ing courses develop the necessary mathematics
for dealing with dynamic situations and ad-
vanced topics. The four physics courses, the
first of which starts at the beginning of the
freshman year, have used the text by Halliday
and Resnick (John Wiley, 1963). The fourth
semester of physics is what is usually termed
modern physics and is an introduction to
quantum mechanics and solid-state physics.

In the second sophomore semester and first
junior semester, a strong new course in en-
gineering, Systems Dynamics, is required.
Developed by our director of engineering while
at MIT, the course relates fluid, thermal,
mechanical translational, mechanical rota-
tional, and electrical systems by recognizing
underlying mathematical analogies of the
through and across variables in the governing
dynamic laws. That is, fluid flow and pressure
drop are related to current and voltage such
that the dynamic equations for fluid capaci-
tance, inertance, and resistance can be related
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to electrical capacitance, inductance, and resis-
tance. Likewise,current and voltage are related

to force and velocity such that the governing

dynamic laws for electrical capacitance, in-

ductance, and resistance are shown to be

analogous to those governing a mass, spring,

and damper. Then, by use of linear graph

and network theory, complicated systems are
reduced to a mathematical model representa-
tive of the dynamic situation. Extensive use is
made ofthe analog computer. Before the end of
their sophomore year, students have been able
to write and program the kineticequationsfor
a first-order consecutive reaction, A= B— C.

First-semester juniors have simulated a stirred

tank batch reactor varying both the heat and

flow inputs. In addition to exposure to these
typical chemical engineering problems, all
engineering students also have had such ex-
periences as deriving the dynamic equations
for an automobile suspension system and
simulating this on the analog computor.

Under an open-shop policy, over $70,000
worth of new analog computers and read-out
and display equipment is used by students in
this course. It should be noted that students
finishing the course have worked with Fourier
analysis and Laplace transform and have
been introduced to stability considerations. As
a result, the senior year course in Chemical
Process Dynamics and Control starts at alevel
commensurable with aninitial graduate course
in more traditional departments.

The junior year has two courses weighted
to a traditional chemical engineering pro-
gram. One, Flow and Fields, has beentaught
collectively by two professors with chemical
engineering and electrical engineering back-
grounds, respectively. The course includes
principles of potential field theory and intro-
duces the fundamentals of transport. The
vector approach, developed in the freshman
and sophomore math and physics courses, is
used extensively. The other junior coursethat
is somewhat traditional to aspects of chemical
engineering is Science of Engineering Mate-
rials. In addition to a study of the structure
of matter as a physical chemist would ap-
proach the subject, there is also included the
more modern topic of solid-state physics. This
engineering course, different from our Modern
Physics course, applies topics familiar to a
physical chemist to metallurgical considera-
tions and applies solid-state physics topics to
a study of semiconductors.

A strong energy conversion sequence exists
within the four years and tends to offset what
might be considered a lack of chemistry
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courses. This sequence may be considered as
starting with one year of general chemistry,
then includes one semester of physical chemis-
try for all engineers, a semester of classical
thermodynamics, and then in the senior year,
a course titled Energetics. Energetics includes
direct energy conversion and stresses coupled
flow phenomena; its future development will
be increasingly towards non-equilibrium ther-
modynamics. Also in the senior year, every
engineering option suggests some energy con-
version course. Students in the chemical
engineering option take Chemical Thermo-
dynamics and use the textbook by Dodge.

Several other interesting areas that chemical
engineering students usually do not develop
in depth are Dynamics and Electronic Circuits,
both courses given in the junior year at P.M.C.
By reason of early and continual use of vec-
tors the Dynamics course is able to treat in
depth the kinematics of particles and systems
of particles and moments and products of
inertia. The course, Electronic Circuits, em-
phasizes the analytical or system approach
to electrical devices. Since the Laplace trans-
form has been developed and used in the
prerequisite System Dynamics course, all the
time can be spent on engineering analysis of
the electrical devices. This is not true of most
chemical engineering curricula, where a ser-
vice course given by the electrical engineering
department devotes a large portion of the
course developing new mathematics and new
terminology with the result that very little
engineering is accomplished.

In the senior year, where students now take
technical electives for the first time, the chemi-
cal engineering option contains four lecture
courses and a laboratory course. The outline
of technical courses taken by all students in
our chemical engineering option last year,
the first students to graduate in our new
curriculum, is given below:

Senior Year Chemical
Engineering Option

FIRST SEMESTER

Equilibrium Stage Processes
Transport Phenomena
Transient & Frequency Analysis
Energetics (core course)
Senior Projects (core course)

SECOND SEMESTER

Chemical Process Dynamics & Control
Chemical Thermodynamics

Chemical Engineering Laboratory
Senior Projects (continued)
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Equilibrium Stage Processing is perhaps the
most traditional chemical engineering course
that we offer. Last year, the instructor used
Buford Smith’s text of this same title. The
contents of our Transport Phenomena course
can be visualized best by indicating that the
text used is Transport Phenomena by Bird,
Stewart , and Lightfoot. Moreover, this was
one of two texts used by all engineering stu-
dents in Flow and Fields (the other was an
electrical field theory book). As aresult, more
depth in transport phenomena is achieved in
the senior year than in a classical chemical
engineering curriculum. In addition, anearly
grasp of potential fields has aided the students’
understanding of the problems presented.

Transient and Frequency Analysis is essen-
tially an electrical engineering course andis a
continuation ofthe sequence of control courses
initiated with Systems Dynamics in the sopho-
more year. The terminal course in this area
is Chemical Process Dynamics and Control,
which, following a thread of courses dealing
with dynamic situations, is quite advanced.
This statement is based on a review of material
available from the few chemical engineering
texts in this area. If the chemical engineering
option graduates from P.M.C. are oriented
specifically in one area, it is that of dynamic
process system analysis and process system
control.

While physical facilities for the chemical
engineering laboratory have not been com-
pleted yet, it will not involve an entirely
standard course. The aim will be to initiate
creative engineering problem - solving on
small-scale equipment. Last year our first
chemical engineering option students built a
closed-loop controlled heat exchanger, a con-
trol system for controlling the pressure of two
gas tanks, and a fluid flow experiment in-
volving determination of system response
times. This lab will necessarily be under
continual development. Senior projects activi-
ties oriented towards chemical engineering
also provided laboratory experience for our
students. Perhaps at this time, it would be
best to describe the entire separatelaboratory
sequence of the curriculum.

One of the new faculty’s major initial con-
cerns was the introduction of student intern-
ships in engineering through interdisciplinary
creative projects. To this end, the faculty
initiated a series of Engineering Problems
and Projects Laboratories begun in the sopho-
more year and continued through the senior
year. The first in the series is Engineering
Problems Laboratory, a sophomore andjun-
ior course, which is interdisciplinary and
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treats lab problems on a short-term project
basis. Students solve engineering - oriented
problems which require theknowledge gained
from theory courses. The students, generally
working in small groups, are required to
analyze the problem, determine the means for
solving it, plan the laboratory attack, select
the necessary equipment and instrumentation,
perform tests and draw conclusions. Problems
are drawn from all fields of engineering and
present situationswhich require the student to
develop the ability to think for himself.

The first course given in the first semester of
the sophomore year is intended to draw upon
the student’s background in physics, chem-
istry, and mathematics and to show the appli-
cation of these sciences to engineering This
lab occurs before the student has had sub-
stantial courses in engineering and is intended
to motivate and orient him towards engineer-
ing, as well as to accomplish the laboratory
aims. Several typical sophomore engineering
problems are listed in Table L

Table I. Typical Sophomore
Engineering Lab Problems

Torque and Pull of an Automobile (a 1954
Cadillac was used)

Measurement of Muzzle Velocity of a Rifle

Velocity and Displacement Measurement
of a Vibration Shaker

Measurement and Computation of Mass-
Moment and Area-Moment of Inertia

Function Evalutation and Approximation
on the Digital Computer

The second and third Engineering Problems
Laboratories occur in the junior year and rely
heavily upon the student’s background (pre-
vious or concurrent) in the engineering core
courses.

There is no attempt made at fixed subject
matter coverage in these labs nor is any
attempt made to cover completely all areas of
interest in engineering in any one year. Of
greater inportance is the engineering attitude,
experimental approach, and realization of the
limitations ,of theoretical models. Some of the
problems worked on by students are given in
Table II.

(continued on page 31)
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(continued from page 26)

Table Il. Typical Junior
Engineering Lab Problems

Compaction of Soils
Tolerances in Electrical Components
Thermoelectricity
AC Circuit Analysis
Non-Linearity Determination of Contact
Deflections
Transport Dynamics of the Spouted Bed
Performance of a DC Motor
Liquid-to-Solid Transitions
Assumptions of the Theory of Beam Bending
Temperature Measurements 1n an
Expanded Gas System
Moisture Content and its Relation to Density
of Soils
Equivalent Networks
Design and Equivalent Circuit of a
Transformer
Beating in Vibrating Systems
Equilibrium Phase Diagramfora
Cadmium-Bismuth Eutectic Alloy
Flow and Field Plotting on Conducting
Paper
Photoelastic Determination of Stress
Concentration at a Circular Hole
Thermodynamic Study of an Air Blower Unit

In all labs, the problems are developed and
assigned by the professor who advises the
students during the three or four weeks of
activity devoted to that problem; thus the
student will complete four problems each
semester. There are no regularly scheduled

lab hours for the Junior Problems Laboratory.

The students consult with the professor as
needed in addition to regular meetings. The
laboratories are open day and night, and
the student team schedules its own work with-
out detailed supervision. The problems are
chosen so that an average of six hours’
effort per student per week is required. The
sophomores are given more guidance during
a regularly scheduled three-hour session.
The interdisciplinary creative projects cul-
minate in the senior year in a true internship
in engineering with Engineering Projects. In
this activity, teams of three to six students
work closely with a “consulting engineer”
professor for a year on a complete design
and development project which includes actual
construction and testing in the laboratory.
These design-oriented projects are in a wide
spectrum of areas and are generally unsolved
problems from current technology. Students
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must select and purchase their own equipment
which includes giving details for specially-
machined equipment or writing specifications
for purchase orders for a somewhat unique
apparatus where in-house fabrication is im-
possible. A significant part of the student’s
effort is planning work schedules: for example,
planning what literature searches, analysis,
and construction can be carried on while
equipment is being procured. The professor,as
a consulting engineer, recommends certain
references, suggests the investigation of certain
tests, and the like. Scheduled weekly meetings,
as well as impromptu ones, facilitate the
professor-student contact.

By completing selection of their senior proj-
ects before June, the students may —and are
encouraged to —spend the summer in investi-
gatory work. From September until April the
students work on their projects in thelab, visit
companies for assistance, and perform what-
ever is necessary to complete the design and
construction oriented projects. Project reports
are due in April followed by an oral presenta-
tion to the Engineering Division, with repre-
sentatives of local industry invited. The oral
presentation has been run as an engineering
seminar with an unbiased panel of qualified
industrial judges. A significant benefit to the
students has been the oral presentation alone.
The written final reports, also judged by out-
siders, offers another unique opportunity for
presenting the students with a realistic engi-
neering situation—that of writing clearly and
concisely an overall project report that will be
critically judged by their peers.

Short descriptions of senior projects in the
chemical engineering area recently completed
are:

Sulfur Trioxide Fume Removal

In the manufacture of cooking liquor for pulp
making, an undesirable mist of sulfur trioxide is
carried through the system and exhausted with tail
gases. Several physical demisters for completely
removing the sulfur trioxide fume were tested after
designing a simulated bench-scale model and devel-
oping methods for testing and analysis. Physical
demisters proved unsatisfactory for completely re-
moving the fume owing to low partical concentra-
tions and low gas velocities. Of several chemical
methods investigated for fume removal, one was
found that was effective and economical. The paper
mill is making plans, based on the students recom-
mendations, to modify the process. (This project
was financially supported by Hammermill Paper
Company of Erie, Pennsylvania )

A Process for Producing High-surface area Particles

A single processing step was developed and inves-
tigated for increasing surface area of raw material
particdles by forcing the particle slurry through a
nozzle under high pressure into the atmosphere. The
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important
chemical engineering
publications . ..

THERMODYNAMICS

By William C. Reynolds, Stanford University. 458
pages, $9.50.

Designed for a fundamentally oriented first course
in thermodynamics, this unique tfext provides an
understanding of macroscopic thermodynamics not
possible in classical treatments. The subject is
developed retaining the generality and simplicity
of purely macroscopic thermodynamics but utilizing
microscopic insights. This approach integrates micro-
scopic and macroscopic concepts to provide a com-
mon conceptual foundation for thermodynamics and
quantum statistical mechanics.

PROCESS SYSTEMS ANALYSIS
AND CONTROL

By DONALD R. COUGHANOWR and LOWELL B.
KOPPEL, both of Purdue University. McGraw-Hill
Series in Chemical Engineering. 491 pages, $15.50.

Presents a well-organized, lucid, and self-motivating
discussion of the principles and application of auto-
matic control theory. Distinctive in its broad coverage
which includes newer approaches to control theory:
stability, root locus, non-linear techniques, and
analog computers, The basic approach is to follow
each new principle or computational technique with
an interesting example.

PROCESS CONTROL

By PETER HARRIOTT, Cornell University. McGraw-Hill
Series in Chemical Engineering. 448 pages, $13.50.

A senior-graduate level text which provides an
introduction to the theory of automatic control and
its application to chemical process industries. Em-
phasis is on the dynamic behavior of processes and
processing equipment rather than on the mechanical
features of instruments and controllers.

McGRAW-HILL
BOOK COMPANY

% 330 West 42nd Street

New York, N. Y. 10036
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difference in pressure from nozzle to atmosphere is
large enough that volatiles within the particle (ab-
sorbed water) flashes off, thus rupturing and ex-
panding particles in a manner similar to puffed
wheat and rice “shot from guns.”

Fuel-Cell Powered Lawn Mower

Various hydrogen-oxygen fuel cells were con-
structed and tested. It was concluded that the cost of
a fuel-cell-powered mower would prohibit its com-
petitiveness at present. This high cost is due to the
catalyst-plated electrodes presently required. An
investigation of optimum design and reliability was
also undertaken. (This project later resulted in an
NSF undergraduate Research Participation grant
of $6,250.)

Flame Tube Studies

A combustion tube was constructed to investigate
transient and non-transient uniform flame fields. The
tube was designed with all attending measurement
equipment; the stainless steel tube was built upon a
metal frame, then placed upon a concrete pad and
enclosed by three concrete block walls. This tube
was fired four times with acetylene gas as the fuel
and the resultant combustions were observed.

Shock Tube

An electric shock tube was designed and built
to produce shock front velocities up to ten Mach. The
shocks are generated by the fast discharge of capaci-
tors into the driver section of the tube.

The interest of senior students in their proj-
ects has been tremendous and some real
progress in certain areas of engineering has
been made. Several patents are being applied
for, several industrial companies have paid
to sponsor projects of immediate interest to
them as a result of knowing the type of work
done, and additional companies have indi-
cated interest in next year’s projects.

The students have truly had a unique in-
volvement in engineering through interdisci-
plinary creative projects and the entire aspects
of our curriculum. With three years of opera-
tion of the new program it is still too early
to have accurate feedback from job perform-
ance of our students. However, the faculty
believes that the program just described will
contribute heavily to the future development
of these engineering graduates. The authors
believe the students have been given a lasting
education and have developed a professional
attitude.

Editor’s Note:
The Appendix on the following page
completes this article.
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Appendix

ENGINEERING CORE PROGRAMX***¥
PENNSYLVANIA MILITARY COLLEGE

FRESHMAN YEAR

First Semester

Mathematical Analysis I 4 4 Mathematical Analysis II 4 4
Physics I 3 2 4 Physies II 3 2 L4
General Chemistry 3 2 4 General Chemistry 3 2 U
Computers and ¥Technical Elective 2
Engineering Analysis 1 2 2 English Composition II > 3
English Composition I 3 3 Physical Education II 2 1
Physical Education I 2 1
18 18
SOPHOMORE YEAR
First Semester Second Semester
Mathematical Mathematical
Analysis III 4 4 Analysis IV 4 4
Physics III 3 2 4 Physics IV 3 2 4
Physical Chemistry 3 2 4 System Dynamics I 3 3
Engineering Problems Mechanics of Deformable
Laboratory I 6 2 Bodies 4 4
Humanities or Social Humanities or Social
Sciences Elective k) 3 Sciences Elective 3 3
T 18
JUNIOR YEAR
First Semester Second Semester
Engineering Science of Engineering
Thermodynamics 3 5 Materials L 4
System Dynamics II 4 s Electronic Circuits 3 3 4
Dynamics 3 p) Flow and Fields II 4 4
Flow and Fields I 3 3 Engineering Problems
Engineering Problems Laboratory III 6 2
Laboratory II 6 2 Humanities or Social
Sciences Elective 3 3
18 17
SENIOR YEAR
First Semester Second Semester
Energetics 4 4 Engineering Projects 3
Engineering Projects 9 **Technical Electives 12
#**Technical Electives (In Recommended
(In Recommended Specialities)
Specialities) Humanities or Social
Humanities or Social Sciences 3 3
Sciences ) 3
16 18

Second Semester

*¥ Freshman Technical Elective chosen from Engineering Graphics, Engineering

Surveys, Computers and Engineering Analysis II, Engineering Instrumentation,
History and Philosophy of Science, Biology, and Geology.

*%

Senior Chemical Engineering Option Courses include: Transport Phenomena,

Equilibrium Stage Processes, Chemical Thermodynamics, Chemical Process Dynamics,
Chemical Engineering Laboratory, and approved additional courses.

Military cadets carfyMilitary Science as an overload (1 credit in each of the
first four semesters, 2 credits in each of the last four).

*%%
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