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INTRODUCTION 

Since the last decades, the discipline of Chemi­
cal Engineering has been subjected to a radical 
change with the now popular entry of Computer 
Science and its related techniques. In every field 
of Chemical Engineering, such as Transport 
Phenomena, Process Control, Chemical Reactor 
Design ... a knowledge of Computer Science and 
its applications is evidently necessary. Applica­
tions of computer even permit the establishment 
of various special techniques of analysis to Chemi­
cal Engineering: Optimization/ Simulation,2 
Mathematical Modelings 3•4 and Computer Aided 
Design.5
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Although everybody recognizes the advantages 
of these modern techniques in Chemical Engi­
neering, the incorporation of courses in these sub­
jects often raises some problems for both the 
graduate students and the instructor. 

Indeed, graduate students in Chemical Engi­
neering seem reluctant to select, say, a course on 
Optimization of Chemical Processes, for the 
simple reason that they are aware that, to succeed 
in such a graduate-level course, they should have 
already passed or must follow various other 
courses: Computer Programming, Applied Mathe­
matics, Numerical Analysis, Operational Research 
.. . . On the other hanq, for the instructor, a 
common problem he must face i~ how to present 
such a wide-range but necessary .... l;>ackground and 
the main content of the course under a rather 
heavy constraint: the limited time of a semester 
course with 2 or 3 hours weekly. Numerous in­
structors will share with the authors the regret­
ful sentiment of lacking the time to attain their 
selfish desire: seeing their students being able 
to apply the shown techniques to a chemical engi­
neering problem, rather than obtaining generally 
a vague notion of theoretical principles. In view 
of diminishing the difficulties mentioned, we, at 
Laval University, have tried to introduce a gradu-
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ate course on the Modern Analysis Techniques 
for Chemical Engineering using extensively the 
advantages of the APL System, which we report 
here in this article. 

PURPOSES 

The purposes of the course are two-fold: to 
give chemical engineering graduates an opportu­
nity to be familiar with APL, one of the most 
scientific and advanced programming languages, 
and at the same time to get them acquainted with 
modern analysis techniques. 

The organization of the course depends heavily 
on the APL system/• 9 hence a brief description 
of it is recommended. An APL system comprises 
a central computer and an indefinite number of 
typewriter-like terminals. A certain number of 
these remote terminals may be simultaneously 
linked to the computer, therefore easing the wide 
use of this computing tool. The user's instruc­
tions and programs can be stored in the center 
and copied for other use at any moment by some 
special instructions. As for the language itself, 
first defined by K.E. Iverson,7 it is found to be 
the most convenient for mathematical and engi­
neering computing purposes due to its logic and 
compactness. Moreover, the system's possibility 
of an interactive approach in problem solving 
makes it very attractive to the beginners. From 
the educational point of view, the characteristic 
advantages of the system have been exploited to 
give formal theorems demonstration1 0 and engi­
neering applications." 

COURSE CONTENT AND ORGANIZATION 

The course has been tested for the past 3 
years at Laval University, Canada; after each 
session, the results were analyzed with hopes of 
making changes that would better suit the compre­
hension level and motivations of the "new-genera-
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tion" Chemical Engineering Graduates. The tests 
showed that good results were obtained by a well­
balanced content of scientific programming and 
applied analysis techniques. 

As a first part of the course, background on 
Computer Programming, especially on Time­
Sharing Computing system, was given. After 
that, the APL language itself was showed to the 
students with particular reference to the scientific 
and engineering aspects of the system. In addition 
to formal lectures, students can learn the language 
by programmed lessons and do exercises which 
have been pre-registered in the system. This 
proves to be very helpful since it permits students 
to learn at their own rate while, by practicing 
directly with the system, they get acquainted quite 
easily with the rigid logic of a computer. As a 
consequence, the time of formal lectures was de­
voted more to the special topics students usually 
await from an instructor, such as the charac­
teristics of the system, fundamentals of the tech­
niques and particular hints for engineering stu­
dents rather than some "dull" specific rules to 
write a program with an existing computing sys­
tem. 

After the first part, one can be assured that 
trainees can, from now on, master this useful 
tool of computing and are ready to see the analy­
sis techniques in themselves with not much diffi­
culties from the programming point of view. As 
for the second part of the course, somespecial­
chosen modern techniques of analysis varying 
from Statistical Experimental Planning, Numeri­
cal Mathematics, Linear Programming to Simu­
lation and Optimization were presented and it 
was particularly shown how they can be applied 
to solve chemical engineering problems in practice. 

DISCUSSION 

As a result of our experience, it was found 
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that the organization of this course greatly im­
proved the student's comprehension, which is 
usually difficult to attain in such a short period 
due to the rather wide-range nature of the 
covered subjects. Indeed, by using the pre-written 
programs of the system, students and instructor 
are free of the tedious work of having to re-write 
the computer program for the studied analysis 
technique. For example, when discussing optimal 
strategy for allocation of materials in chemical 
plants, we can apply directly pre-written pro­
grams related to transport and distribution prob­
lems12 and concentrate much more on the mathe­
matical philosophy of the technique and the chemi­
cal engineers' considerations. Trainees are better 
motivated when they can solve in applying the 
shown techniques, some real problems met in 
practice. As a short-term result, it was found that 
the course was also an immediate help to our 
graduate students confronting current research 
problems. Numerical computing, statistical tests, 
decision making . .. in nearly all our graduate 
dissertation thesis since the last years had been 
performed by the APL language rather thah 
previously used cumbersome ones. 

One of the reasons for this overwhelming vic­
tory of the APL language might be its scientific 
and unified approach, which is very welcomed in 
the engineering field. 

As a counter-balance of all these advantages, 
some drawbacks were observed in our adopted 
way of course approach: firstly, the course re­
quired in fact a rather good background on mathe­
matical analysis, and secondly its future utilities, 
especially for the industry-minded graduates, 
were handicapped by the rare presence of APL 
systems outside of the campus. 

CONCLUSION 

The course served a definite need in introduc­
ing the modern analysis techniques to chemical 
engineering graduates. The course's approach en­
abled the student to gain a broad mastery of com­
puter programming and some modern techniques 
to solve engineering probiems. 

From an instructor's point of view, the fact 
that his students can solve, store their solutions 
in the system and discuss and exchange after­
ward with his classmates, constitutes a real moti­
vation for the continuing efforts to improve the 
course. Moreover, with the more and more widely 
spread use of the APL system in engineering 
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line approximations. However, from Fig 9 we 
see that the crossover is about the same fre­
quency as in Fig. 2. The phase shift at this fre­
quency can be computed from the strip chart. 
In this case the phase shift was -170° giving a 
phase margin of +10°. This indicates that the 
response of the system will be stable but highly 
oscillatory. 

The next step was to test the steady state error 
due to a step disturbance at the set point. A step 
of one volt was applied and the steady state error 
was calculated as 0.098 volt which is within the 
specification of 10% The strip chart recording 
of the test is shown in Fig. 10. 

Step Error Output 

Fig . 10. Transient response of system to a step change in set point. 

0.05 volts/ div, 2mm/sec, Kc = 10. 

A step disturbance was also applied at the 
load variable. This produced the same steady state 
error. This was expected since the steady state 
value B (t) is the same as C (t). 

The overshoot can be measured from Fig. 10 
and is about 60% which is somewhat high. A 
run was made with Kc = 9 which reduced the 
overshoot to 55% but gave a steady state error 
of 10% which is just on the limit of the specifi­
cation. A third run was made with Kc = 8 
which gave an overshoot of 50 % and a steady 
state error of 12.5%. It was felt then that the 
original value of Kc = 10 was the best com­
promise. 

Several more runs were made using this value 
of Kc and varying r ct in both directions. In all 
cases the overshoot was worse as predicted from 
the original Bode diagram. 

A last set of runs was made in an attempt 
to optimize y. For the first run Kc and Tct were 
kept the same and 'Y = 15 was used. This gave 
an overshoot of 60% which was the same as 'Y = 
10. A value of y = 5 was used and this gave an 
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overshoot of 80 %. Therefore the original value 
of y was retained. 

CONCLUSIONS 

J T HAS BEEN PROVEN by this experiment that 
although simulation is the only method which 

yields exact solutions for models used for control 
system design, the use of approximations such 
as the straight line Bode diagram gives ball park 
estimates for the controller constants which are 
valuable starting points for the simulation study. 
Otherwise, one must hunt at random on the 
computer until the optimum values are found, 
which can be time consuming and wasteful. In 
this particular problem the values found by 
the approximate technique turned out to be the 
optimum values from the computer study. • 

APL: (Continued from page 39) 

education circles, it is also possible to share the 
resulting programs with other educators having 
similar interests. • 
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