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Various views have been presented about the 
ultimate educational aspects of an undergraduate 
Chemical Engineering Laboratory course. In 
most cases, the questions of prime importance 
involve 

• The size of equipment to be used ? 
• Should all experiments be functioning normally? 
• At what point in the curriculum should the course 

be taught? 
• What theoretical aspects should be covered? 
• The type of reports required and the basis for 

grading? 
Some chemical engineering faculty members 

feel the laboratory should involve equipment of 
pilot plant size mainly to provide the student 
with a feeling for the problems he may encounter 
in industry. Yet, does the student actually benefit 
from operating equipment requiring a full labora­
tory period to attain steady state conditions? Or 
would the student obtain a better insight to the 
problems he will evenually face in industry if 
sufficient data can be obtained to enable him to 
tie together the loose ends of theory dangling 
in his subconscious? 

Other faculty members feel that the equip­
ment should contain "bugs", thus requiring the 
student to determine the reasons for poor per­
formance. Thus, before the student can obtain 
meaningful data he must locate and fix the 
trouble. This procedure again may consume 
much of the available laboratory period and re­
sult in insufficient data for writing a meaningful 
report on the experiment. 

Another method would be to have the equip­
ment functioning normally at the outset of the 
experiment. After the student has obtained 
sufficient data, the faculty member can demon­
strate the effects of these so called "bugs." The 
student, if confronted with similar problems at 
a later time, would then know the necessary 

138 

Dr. Charles C. Peiffer graduated -from Lehigh Uni­
versity in 1951. He worked with Atlas Chemicals and the 
U. S. Army before joining the Petroleum Refining Labora­
tory of Penn State in 1956. He was awarded the PhD de­
gree in 1962 and joined the faculty at Penn State in 1963. 

steps to be taken to correct the malfunction. In 
this way he not only ties together loose ends of 
theory but also obtains some practical experience. 

Some ChE Departments conduct their labora­
tory courses during the summer vacation period 
between the junior and senior years. A program 
of this type will permit the utilization of larger 
and more complex equipment by operating such 
units continuously for 16 to 24 hours. However, 
the same principles can be covered in smaller 
equipment in two eight-hour laboratory periods. 
This would then leave the summer between the 
junior and senior year available to the students 
to obtain summer employment in industry. Since 
chemical engineering is so diversified, such indus­
trial experience is invaluable to the student in 
helping him decide which area of specialization 
would best meet his interests. Other departments 
incorporate the laboratory with the unit opera­
tions courses, thus limiting the experimental pro­
cedures covered to the theory covered in these 
courses. If the majority of theoretical aspects 
covered in the ChE curriculum are to be incorpo­
rated in a laboratory program, a course separate 
from the theory courses is most suitable. A ChE 
laboratory could be given during the senior year 
in two separate courses. This would permit 
sufficient time to incorporate experiments per­
taining to the unit operations courses, as well as 
kinetics, process dynamics, and other theory 
courses. 

After having been in charge of an under­
graduate ChE laboratory course for the past six 
years, under varying instructional conditions and 
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while utilizing various sizes of equipment, this 
author has developed the following views. 

During the first two years, the writer while 
in charge of the laboratory, required each student 
to perform a total of sixteen experiments related 
to the unit operations theory courses. These 
experiments were performed during two ten­
week terms with the students meeting two four­
hour laboratory periods for each experiment. 

Some of the equipment was of sufficient size 
and complexity that two-thirds of each labora­
tory period was spent obtaining steady-state con­
ditions. Other experiments were performed on 
small_er pieces of older equipment in which cer­
tain "bugs" would inherently be present. As a 
result of both types of equipment, it was impos­
sible for the students to obtain more than one 
set of data in each laboratory period for these 
particular experiments. Thus, the students sim­
ply became familiar with the operating proced­
ures and gained no insight as to the optimum 
operating conditions. How can a student write 
a meaningful report with one set of data? 

Early in 1965 plans were made for an addi­
tion to the then existing facilities of the ChE 
Department which had been completed some five 
years earlier to accommodate the graduate pro­
gram. The ChE Laboratory, previously housed 
in a classroom building separate from the ChE 
facilities was to be located in the new addition. 
It was necessary to plan a room of sufficient size 
to house the experiments in use, or to design new 

· experiments for the allotted space, which would 
adequately coincide with the theory covered in 
the unit operations and related courses. The 
latter approach was followed. The new unit was 
completed in August of 1968 with the first labora­
tory course taught the fall term of 1968. 

During the interim period between 1965 and 
1968 new experiments were designed with their 
incorporation into the then existing program. 
The older experiments were first replaced, at the 
rate of two to three each calendar year. 

Concurrently, it was decided to have the stu­
dents perform the required experiments during 
one eight-hour period rather than two four-hour 
periods. This change allowed the students to 
obtain more sets of data on the larger and more 
complex equipment. However, in some cases, 
the data were yet of insufficient quantity for the 
student to determine optimum operating condi­
tions. It was, therefore, decided to design equip­
ment on a smaller scale where possible, and less 
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complex. When the complexity or size of the 
experiment could not be lessened, two eight-hour 
periods were allowed for it. 

These changes coupled with the new equip­
ment, relatively free of "bugs," permitted the 
students to obtain sufficient data to make a com­
plete analysis of the situation confronting them. 

The program now in effect consists of two 
two-credit courses taken during the senior year. 
The first course involves the following experi­
ments that can be completed in one eight-hour 
laboratory period and covers areas of chemical 
engineering involving (1) vapor-liquid equili­
brium, (2) filtration at constant rate and con­
stant pressure, (3) nucleate and film boiling, 
(4) continuous transport of solids, (5) catalytic 
dehydration of an alcohol combined with analysis 
of products by gas chromatography, Figure 1, 
(6) analog computation, (7) batch reaction ki­
netics, and (8) continuous stirred tank reaction 
systems (Figure 2). 

The second course involves experiments per­
formed during two eight-hour periods and covers 
areas of chemical engineering involving (1) ve­
locity profiles and pressure drop studies, (2) 
mass transfer coefficients by use of wetted wall 
columns, ( 3) liquid-liquid equilibrium and ex­
traction, ( 4) distillation in a sieve tray column, 
(5) process dynamics (Figure 3), (6) heat ex­
change coefficients for both heating and cooling 
in 1 - 2 pass shell and tube heat exchangers 
under laminar and turbulent flows, '(7) economy 
studies in a multiple effect evaporation system, 
and (8) batch and continuous stirred tank reac­
tor systems. 

In the first course each student performs all 
of the listed experiments with the results re­
ported by each student in the form of a technical 
letter (short form report). 

In the second course each student performs 
four of the two-period experiments. Since a 
required course on reaction kinetics appears in 
the curriculum, the experiment on reactor sys­
tems is a part of both laboratory courses so that 
each student performs this experiment. Each 
individual presents the results in a long form or 
formal report. The schedule of experiments is 
so arranged that duplication of theory is not 
encountered. As an example, a student perform­
ing the distillation experiment will not do the 
one on extraction. Also, a student who has not 
taken the theory course in process dynamics does 
not perform this experiment. 
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The program consists of two two-credit courses taken during the senior year ... the first course requires eight 
eight-hour experiments ... the second course allows the student to elect four sixteen-hour experiments ... 
Both technical letters and formal reports are required. 

With the various changes made during this 
five-year interval, both instructional and equip­
ment wise, it was found that the quality of the 
reports improved tremendously. It was also evi­
dent that the students' attitude toward the labo­
ratory improved greatly when it was possible for 
them to obtain sufficient data to apply the theory 
they had previously studied. The overall result 
was excellent laboratory performance, thus allow­
ing the laboratory instructors to place more im­
portance on report writing for determining over­
all performance in the course. 

In summary it is felt that 
• The equipment in an undergraduate ChE 

laboratory should be of a size and complexity 
to allow the student to obtain sufficient data in 
the allotted time so that he can properly analyze 
the situation confronting him. 

• The laboratory course should be a separate 
entity in the curriculum and should contain a 
reasonable variety of experiments to illustrate 
the majority of theoretical aspects covered in the 
ChE curriculum. 

• Both technical letters (short form reports) 
and formal reports should be required with prime 
importance for overall performance being placed 
on report writing since poor laboratory perform­
ance is directly reflected in the final report. 

APPENDIX 

1. Experiment on Catalytic Dehydration and Analy­

sis by Gas Chromatograph 

An alcohol is catalytically dehydrated in an 
electrically heated tubular reactor packed with a 
basic alumina catalyst. Determinations are made 
at two temperature levels and three different 
liquid hourly space velocities to determine the 
effect of each variable on reaction rate. 

Per cent conversions are determined by vari­
ous analytical methods with the final analysis of 
products formed being determined by gas chro­
matographic analysis. 

2. Experiment on Continuous Stirred Tank Reactor 

Systems 

This is part two of an experiment on the 
saponification of ethylacetate with sodium hy­
droxide. Two five-gallon polyethylene storage 

140 

Figure 1. Equipment for catalytic dehydration . 

tanks contain the two reactants which flow by 
gravity through the respective rotameters into 
the first stirred vessel. The overflow from reac­
tor one can be directed to the drain or to the 

Figure 2 . Continuous stirred tank reactor. 

second reactor. Similarly the overflow from reac­
tor two can be directed to reactor three or to the 
drain. 

The first week's work involves the determina­
tion of order of reaction, the reaction rate con­
stant, and the energy of activation by obtaining 
batch data at three different temperatures. The 
results are used to predict what should happen 
in a continuous flow system, as the one depicted 
above, at a flow rate and temperature selected 
by the students. 
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3. Experiment on the Process Dynamics of Liquid 
Level Control 

The dynamics involved in liquid level control 
of a simple one-tank system, and a two-tank sys­
tem involving interaction are investigated. 

The students first determine the relationship 
between proportional band setting and controller 
sensitivity or proportional gain. The transfer 
functions for the transducer _ ( converts liquid 
height to psi), the control valve, and the process 
are then determined. 

After all transfer functions are determined, 
the student then proceeds to determine the best 

Figure 3. Liquid Level Control. 

AN ASSISTANCE PROGRAM 
IN ECUADOR 
GEORGE E. KLINZING 
Univ ersity of Pittsburgh 
Pittsburgh, Penn. 15213 

At the present time there are three universi­
ties that are offering degres in Chemical Engi­
neering in Ecuador. There is one other university 
that offers a degree in industrial chemistry based 
on the European system. Two of the schools of 
chemical engineering are located in the capital 
city of Quito and the other is in the port city 
of Guayaguil. Having two schools in the same 
city producing chemical engineers in a country 
where the chemical industry is next to nonexist­
ent is a bit unusual and one may question why 
this development. The Politecnic University in 
Quito is under the UNESCO auspices and most 
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mode or combined modes of control which will 
result in bringing the system to the desired 
operating level in the least amount of time with 
minimum overshoot and oscillations. 

The appropriate control equations are ob­
tained from the complete process block diagram 
and experimental results are compared to theo­
retical predictions. 

4 . Experiment on Heat Transfer Coefficients 

Two 1 :2-pass shell and tube heat exchangers 
are interconnected to permit procurement of the 
overall heat transfer coefficients resulting from 
a 1 :2- or a 2 :4-pass shell and tube heat ex­
changer. 

Individual inside and outside coefficients for 
both heating and cooling can be calculated from 
the data obtained in the experiment. The stu­
dents can also determine the correction factors 
involved between true countercurrent flow heat 
exchangers and multipass exchangers. 

5. Floor Plan of Laboratory 

The new Penn State laboratory occupies a 
100 ft .. by 30 ft. room, partitioned into cubicles 
10 ft . by 8 ft. constructed from transite sheeting 
and . Unistrut channels. 

George Klmz111g received his BS degree in Chemical 
Engineering from the University of Pittsburgh and his 
MS and PhD from Carnegie-Mellon University. H e spent 
three years teaching and consulting in chemical engineer­
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are transport phenomena and engineering education in 
and technology transfer to developing countries. 

of the advisors who have served there have been 
Europeans. The program of assistance to Cen­
tral University was one of the total development 
of the University. To have left the School of 
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