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AN ELEMENTARY TREATMENT of differential 
equations is being used as the thread from 

which to weave the fabric of an introductory 
course in chemical engineering for freshmen at 
the University of Arizona. The basic philosophy 
of the course is to introduce students to as many 
elements of ChE as possible, but in a unified way 
in order to preserve coherency. In a series of 
demonstration experiments, students exercise the 
process of analysis by applying a mathematical 
model to experimental data obtained. Experiments 
have been chosen which follow first order mathe­
matics for simplicity since most of the students 
are concurrently enrolled in calculus. The use of 
experiments which follow a single mathematical 
algorithm, in an approach similar to those of 
Shair [1] and Gerrard ]2[, also has the advantage 
of demonstrating analogies which exist among 
quite different phenomena. Concepts illustrated 
include dimensional analysis, scaleup, energy con­
servation, heat transfer, mass conservation, 
mixing, and chemical reaction, though many 
other equally good experiments could be used. 

Other concepts which are introduced are the 
difference between empirical and semi-theoretical 
modeling, shell balances, the distinction between 
lumped and distributed parameter systems, the 
distinction between steady state, unsteady state, 

The basic philosophy ... is to introduce 
students to as many elements of ChE 
philosophy as possible, but in a unified way in order 
to preserve coherency. In a series of demon-
stration experiments, students exercise the 
process of analysis by applying a 
mathematical model to 
experimental data obtained. 
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and equilibrium, and the use of various items of 
equipment to obtain process data. The choice of 
experiments was also influenced by the desire 
to utilize most of the elements of analysis demon­
strated in the first part of the course in the 
synthesis of part of a process design as the last 
course assignment. This last assignment involves 
some computer programming which is a rein­
forcement of the FORTRAN studied in the pre­
vious semester. 

BASICS AND EMPIRICAL MODELING 

THE SEMESTER IS BEGUN by introducing some 
tools which are useful later in the course. These 

include the correct use of units and dimensions 
and graphing on various kinds of graph paper 
(cartesian, log-log, and semi-log). While in the 
area of dimensions, dimensional analysis is cover­
ed. The goal in this exercise is to illustrate a sys­
tematic method for empirical modeling in an 
efficient manner. In one homework assignment, 
students determine the dimensionless groups 
necessary to predict what will happen in mixing 
a liquid in a large unbaffled tank by doing experi­
ments in a smaller one. How this works in prac­
tice is then demonstrated in class by using the 
Reynolds and Froude Numbers to predict at what 
mixing speed air entrainment will occur in a large 
unbaffled vessel using data from a smaller one. 
For this purpose a sugar solution is mixed in two 
different sized glass beakers agitated with mag­
netic stiring bars. Mixing speed is measured with 
a strobe light. This is related to practicality by 
mentioning that air entrainment often results in 
frothing. As an aside, it is also effective to show 
what happens when the vessels are baffled. 

MECHANISTIC ANALYSIS 

FOLLOWING THIS VENTURE in pure empiricism, 
the notion of mechanistic modeling is intro­

duced. The mathematics used is simply the first 

CHEMICAL ENGINEERING EDUCATION 



order ordinary differential equation of the form 
below. 

dy 
dx = a (y + b) (1) 

y (x=xo) =Yo 

This is very carefully introduced and related to 
their calculus background. The solution is then 
derived in the logarithmic form. 

ln [ ;
0 
t t] = a (x - Xo) (2) 

Students who are taking pre-calculus math or 
who are otherwise uneasy about this material are 
assured that it is correct and if they want, all they 
need do is memorize it at this point since it will 
be used several times in the excerises to come. 
'the utility of semi-log graph paper in determining 
the coefficient (a) becomes evident at this point. 

The first semi-theoretical modeling experience 
involves the use of a material balance on a tracer 
to determine if a continuous flow, stirred tank is 
perfectly mixed. The unsteady state material 
balance is derived by the finite element approach. 
The analogy of this equation to the mathematical 
form given by equation 1 is demonstrated and the 
solution to the equation is written. Experimental­
ly a red dye is injected into a small glass, mag­
netically stirred tank and the effluent concentra­
tion is monitored by use of a Bausch and Lomb 
spectrophotometer fitted with a continuous flow 
cell [3]. Students are assigned the task of deter­
mining from the data whether the tank is per­
fectly mixed or not. 

Next in the sequence comes the analysis of 
heat transfer from a hot fluid flowing through a 
circular tube. Again the finite element method is 
used, this time using the principle of conservation 
of energy. The concepts of heat transfer, heat 
transfer coefficient, and plug flow are discussed. 
The resulting differential equation is compared to 
equation (1) and the solution is written. Ex­
perimentally, hot air is blown down an aluminum 
tube which contains several thermocouples placed 
along its axis. At steady state the axial tempera­
ture profile is determined by a multipoint digital 
temperature indicator and the students are asked 
to determine the heat transfer coefficient. 

The last demonstration experiment is to de­
termine the reaction rate constants for a pseudo 
first order chemical reaction in a batch reactor. 
The glass vessel used in the mixing experiment is 
now used as the reactor since we have determined 
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that it is well mixed. The reaction employed is 
the alkaline fading of phenolphthalein ( 4). Since 
there is a color change associated with the re­
action, the Bausch and Lomb spectrophotometer is 
used to monitor the reaction progress. This reac­
tion is reversible so that the color never completely 
disappears as equilibrium is approached. Using 

The first semi-theoretical modeling experience 
involves the use of a material balance on a tracer 
to determine if a continuous flow, stirred tank is 

perfectly mixed. The unsteady state material balance 
is derived by the finite element approach. 

the data generated, students are asked to deter­
mine the forward and reverse reaction rate co­
efficients in a graphical manner analogous to the 
way previous experiments were handled. 

DESIGN SYNTHESIS 

BY THIS TIME the semester is nearing the_ end. 
After a discussion of process synthesis, a 

specific process design case is presented. To date, 
the case used has been the manufacture of deter­
gent by an exothermic benzene alkylation reaction 
in a continuous, stirred tank reactor. This situa­
tion is a little different from any previously 
covered, and combines the elements of heat trans­
fer to a coil, material conservation, and chemical 
reaction in order to determine the annual cost 
as a function of such variables as reactor tempera­
ture, conversion, and exit cooling water tempera­
ture. This study effectively summarizes the se­
mester and introduces the method of synthesis 
for process design. In doing this the students 
write FORTRAN subroutines for the reactor 
analysis and coil analysis which must conform 
to a specified format so as to interface with an 
executive program given to them. This allows 
them to see some of the advantages of pro­
gramming with subroutines which include versa­
tility (use of a subroutine over and over again), 
ease of debugging, and allowing several persons 
to be involved simultaneously in solving a problem 
by computer by working on different but com­
patible parts. 

CONCLUSION 

T HIS COURSE has been presented in this manner 
for two successive years. Student reception 

Continued on page 145. 
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DOUGLAS: ChE Educator 
Continued from page 113. 

university research administrators. He prepared 
a proposal for submission to NSF without the 
usual overhead funds in the budget. The document 
managed to clear all but the Treasurer's Office. 
When news of the attempt filtered back like a 
water hammer, there were an awful lot of red 
faces, but not Jim's. 

DOUGLAS AS ENTREPENEUR 

ONE ROLE AN ENGINEER often plays is that of 
an entrepreneur. An outgrowth of Douglas's 

interest in sailing brought him into partnership 
with two other engineers from U. Mass., seeking 
to develop new metal forming procedures useful 
in forming hulls. His avocation energized an 
interest in Engineering Entrepreneurship and 
developed course material for both undergraduate 
and graduate courses. 

We began this article with a clear exposition 
that James M. Douglas is an uncommon man. This 
we have shown as true in all his pursuits of 
scholarship and of leisure. His intensity fires the 
interest of students and of some colleagues, and 
the passions of others. "L'eminence grise" (for 
the gray hair) continues to be a major con­
tributor to the growth of this department and 
the chemical engineering profession. • 

ALKIRE: The ChE Profession 
Continued from page 129. 

course described here achieves its purpose in an 
efficient manner. • 
REFERENCES 

1. Scientific American, September, 1970. 
2. Synthetic Rubber, Inter . Inst. Synth. Rubber Pro­

ducers, New York. 
3. The Fox fire Book, ed. E . Wigginton, Anchor Press / 

Doubleday, Garden City, N.Y., 1972, p. 308. 
4. Pencillin Production, A. L. E lder, ed., CEP Symp. 

Ser. 100:66 (1970). 
5. The Foxfire Book, ed. E. Wigginton, Anchor Press / 

Doubleday, Garden City, N.Y., 1972, p. 150. 
6. C. W. Cowley, W. J. Timson and J. A. Sawdye, 

I&EC Proc. Des. and Dev., 1 :12, 81 (1962) . 
7. C.-C. Shih and J. W. Westwater, Int. J. Heat Mass 

Transfer, 15, 1965 (1972). 
8. R. B. Bird, W. E . Stewart, E. N. Lightfoot, Transport 

Phennmena, Wiley, New York, 1960, p. 357. 
9. N. DeNevers, Chem. Eng. Educ., 98, Spring (1974). 

10. Samuel W . Bodman, The Industrial Practice of 
Chemical Process Engineering, MIT Press, Cam­
bridge, Mass., 1968. 

SUMMER 1976 

11. P. W. Morgan and S. L. Kwolek, J. Chem. Educ., 36, 
182 (1959); P . W . Morgan, J. Chem. Educ., 42, 12 
(1965); anon., J. Chem. Educ., 46, A755 (1969). 

12. A. A. Collyer, Phys. Educ., 8 :2, 111 (1973). 
13. C. B. Weinberger, Chem. Engr. Educ., 80, Spring 

(1975). 
14. M. Page and F. H . Hooper, The School Science R e­

view, 45, 155 (1964) . 
15. D. F. Rudd and C. C. Watson, Strategy of Process 

Engineering, John Wiley, New York, 1968, Chpt. 13. 
16. CEP, 67, June issue (1971) . 
17. D. F. Rudd, G. J. Powers, J . J. Siirola, Process 

Synthesis, Prentice-Hall, Englewood Cliffs, N.J., 1973. 

WILLIAMS & COSART: Freshman Analysis 
Continued from page 135. 

has been enthusiastic. We feel that they have a 
much better understanding of chemical engineer­
ing and are certainly much better equipped to 
handle a rigorous stoichiometry course in the 
next semester as a result. • 
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[iJ;j?I news 

WORCESTER, Mass.-Dr. Imre Zwiebel has been ap­
pointed head of the Worcester Polytechnic Institute 
chemical engineering department, effective Sept. 1. 

He has been a member of the WPI faculty since 
January, 1964, when he came to Worcester after three 
and a half years as a research and development engineer 
with Esso Research and Engineering Co., Linden, N.J. 

A native of Budapest, Hungary, he came to this 
country in 1948 and was educated in New York City. 
Following graduation from University of Michigan with 
a bachelor of science degree in chemical engineering, he 
was employed for three years by E.I. DuPont Demours & 
Co. in Wilmington, Delaware. 

He held four fellowships at Yale University where 
he received both Master of Science and Doctor of 
Philosophy degrees. 
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