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Laboratorie1, once thought to be neceaaary evils 1n the engineering ourrioulum, 
are now more often considered one .of the exciting parts or the program, 1ndepent­
ent or the lecture courses. During recent years, there has been much diaouasion 
or the proper role tor the laboratol'Y in the program. The obfeotivea and tbe 
relative merits or various mechanical details ot laboratory organization and 
operation have been discussed moat intenaively. 

There are three extreme positions which one might adopt with respect to tbe 
goals and objectives of an underg_rtiduate laboratory in Chemical Engineering. 
These are: 

1. That -the laboratory should be an adjunct to a lecture course and should 
serve aa a forum for illustration or pr1nc1plea . d1scu11ed and presented 
during the lectureJ 

2. That during the laboratory course, the student should be given aome"teeling" 
tor research_ and development techniques in engineering; 

3. That the laboratory is best concerned with training students in the oper­
ation of equipment which he will be expected to operate or whose operation 
he will be expected to supervise later in his career. 

In practice, these are not three separable ideas. ·Any laboratory course will 
inevitably involve some ot each for almost every student. However, the attitude 
or the professor 1n charge or the course will influence the relative emphasis 
placed on each, the orientation or the course .work, the experiments, and, hence, 
will largely determine the type or experience provided to the student and the 
ideas and talents gained from the program. 

During the last decade the laboratory has developed largely aa a separate and 
independent part ot the curriculum and not as an adjunct to a lecture course. 
Thia 1a quite a ditterent role tor the laboratory from that in earlier engineer­
ing programs. While some ·laboratories must still serve as supports tor lecture 
courses, there is ample need tor those which operate completely independent or 
any one lecture course and draw on material from all. In these, the student may 
take a more active than a passive role. 

Any attempt to use the laboratory aa a means tor training students 1n the 
operation or equipment can only .be partially suocesstul. Further it is difficult 
to justify such a training rather than educational funotion in a university. 
Since the time available tor laboratory 1natruct1on is so limited, it 11 not 
possible to include more than a small traction or the total possible items or 
equipment which are important .in the chemical industries. Hence it seems mor~ 
reasonable to consider that the education of student• in research techniques in 
the broadest aense, that la, in methods tor extracting information or ot learning 
trom physical systems to be the goal or this oourae. Such a goal 1• capable ot 
realization in some meaaure. 

Within broad limits, the exact experiment which the student 11 assigned in the 
laboratory is less important than the ~ype or assignment which he is given. The 
atudent · may learn how to approach a problem in the physical sense from virtually 
any ot the classical ,m1t operations experiment• or trom any ot the engineering• 
science experiments in the transport prooeaaea. Thus the details ot the labor­
atory operation and the relationship between student and instructor are important. · 

• 

some ot the questions ot importance in the ope_ration ot the laboratOl'J' are the 
tollowing: . 

1. Whether students should work in teams or be assigned to experiment• on an 
ind1Tidual baaiaJ 

2. Whether students ahould be expected to· do substantial amo\Dltl at 1et-up or 
maintenance on the equipment or whether they should approaoh an apparatus 
which ia tunotioning correctly and 11 1n exoellent repairJ 

3. Whether detailed 1nstruct1ona should be giTen to the studaat or only 
minimal information provided on the objeotivea ot their a111gnmentJ 

4. Whether the equipment should, in general, be ot pilot plant 1oal• or 
whether very small, benoh-aoale apparatu1 11 to be preferred. 
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!he aaaver1 to the1e queation1 will largely detel'Dline the type ot laboratoi-r 

oovae glnn •Dd the nature or the experf•ac• : afforded to the student. There 1a . 
ot •~N, anqtb.er taotor - the interest and competence or the professor in , · 
oharge ot the laboratoey. Thia 11 of overriding importance in the aucceea o~ the 
laboratory aa an educational experience. 

/ 

There are • any different answers to these questions reflected in laboratory 
programs throughout the United States, each •et functioning with certain I 
advantages. The laboratory coUl'ae, like the lecture program, reflects the 
1nteN,a and ph1loaoph1ea ot the atart. Such differences exist and should 9e 
cont1n~ed actively as a poeitive goo~ associated with our educational system 
rather than to be tolerated passively but auspiciously. 

However, ao long as we have the freedom to orient our programs along lines 
representing our own intere,a, it follows that we must be prepared to aaa\DDe the 
Naponaib1lity associated with this freedom, 1n this case, to communicate our 
ideaa and actiTitiea·to others in the profession. The purpose or this paper is 
to outline the system uaed in the undergraduate chemical engineering laborat~.ry 
at The Johna Hopkin• University, to indicate some of the features which are 
belieyed to be moat attractive and to present some of the problems which exist. 

Th~ Labora~o17 Program at The Hopkins 

The chemical engineering laboratory in the undergraduate program at '!be 
Hopkins ia presented entirely lb the senior year. The first semester ia devoted 
to experiments in the engineering sciences and the second either to advanced 
experiments (or projects) or to experiments in the classical unit operations 
areas, depending on whether· or not the student is going into graduate school + 

The tirat·' semester "engineering science" experiments are varied in nature; 
most or them have been developed around one _or a combination or the transpor~ 
prooesaea. The type of experiments available are illustrated by the following 
partial listing: 

1. Gas tlow through an orifice, venturi meter, and capillary meter 
measurement ot velocity ·profile; 

2. Gas flow through a packed bed; 
3 • . A Joule-Thompson experiment; 
4. Liquid flow through a capilla191, variable head tank; 
S~ Gas tlow (pressure drop ve~sus velocity and bed height) in a fluidized lbed; 
6. Pressure drop versus velocity and bed height in a liquid fluidized bed;· 
7. Velocity profiles in the. working section of a well-designed wind t:urm•~; 

measurement or the velocity decrement behind a rod oriented transverse 
1
to 

the mean flowr use of hot wire apparatus; 
8. Heat transfer to and within a packed bed; 
9. Heat transfer from a metal rod heated on one end - determination ot 

surface coefficients as a function of position; 
10, Heat transfer to a stirred liquid; control or the temperature in the pot 

by an electronic control instrumentation; 
11. Heat transfer to a thermocouple; errors in temperature measurement; 
12. Heat transfer trom a heated cylinder oriented transverse to the mean tlbv 

in the wind tunnel; 
13. Thermal diffusion in gases; 
14. Masa transfer from the surface of a rod oriented tranaverae to the mean 

flow in the wind t,mnel; 
lS. Diffusion through agar-agar gel with and without an imposed elecirio field. 

Wherever possible, experiments are "rigged to inTolve more than one principle. 
For example, in the experiment listed as wo. 4, the fluid ia an oil which, on 
occasion in the past, baa been initially loaded with "Thixin" making it thixot 
tropic. The advantage to the educational experience or the student is, I think, 
considerable. 

At the beginning of the second semester, the students are divided into tvo l 
group•• Those who do not plan to continue into a graduate program (or who will 
not be recomo•ended for graduate school) are requested to do experi~enta of _the 
classical "unit opera_tions" type. For this purpose we provide a quite standar1 
aingle.-bubble-~ap plate ils.tlllation column, a.· pac.ked distillation col 1nn, a 
atandard shell-and-tube heat exchanger, and other similar prosaic apparatus. We 
teel that tor such students, thia type of experience is moat deairable. 

• • . . . 
For thoae students who are going into graduate school, either of two options 

1• open. !hey may do a special pro3ect, perhaps in aaaoc1ation with the reaepoh 
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activities or one ot the members ot the start, or, it they so desire the ma 
elect to do several more adTanced engineering science experiments. A~ong {he 1 
latter are kinetics experiments, development or new experiments in areas not 
:overed by the laboratory, experiments in instrumentation and control, etc. we 
b

ope that this division ot effort will provide a laboratory experience which aan 
e made nearly optimum tor each student. 

Students are assigned individually to experiments during both semesters there 
1s no formal "team system" involving a "group foreman". We recognize the ~rgument • 
that students must learn to work in teams - since that is the system used indust­
rially - but we believe that the most satistactory educational experience is not 
achieved in this way. It 1s true that for very large classes and large student­
to-statf ratios, the team system could be the only practical way to operate. 
Hapily, the chemical engineering senior class at The Hopkins rarely eaceeds 

· 10-12 students and the professor in charge of the laboratory is normally provided 
with a graduate assistant to help in the operation of the program. With such 
numbers, students may easily be handled individually throughout the program • 

. 

A technichian is provided in the laboratory to maintain equipment in a satis­
factory state of repair and operability. Students are expected to cope with 
routine maintenance problems as they arise during the laboratory period and to 
make such minor adjustments and corrections to equipment as may be required for 
their experiment. Major plumbing, electrical, and mechanical repairs and changes 
are normally provided, often under the supervision and direction of the student 
requesting the work. 

Instructions to the student are purposely kept minimal. An objective is always 
clearly stated but methods for achieving the objective or objectives are never 
suggested. The student is expected to -decide on procedures which will permit 
him to obtain the necessary data, to derive or find in the literature the 
equations or relationships which will be useful in calculating the results which 
are wanted, and to report these in some meaningful way. Report forms are never 
prescribed, the1r format and length depend entirely on the nature and extent or 
the information which the student wishes to describe. 

The size~ the equipment to be used by the students in the undergraduate 
laboratory must be determined by the objectives set for the laboratory by the 
professor in charge. If the operational problems associated with the actual 
industrial type equipment are to be illustrated, then the laboratory equipment 
must be large and must possess many of the characteristics of the corresponding 
industrial-scale items. However, the amount or material required for the 
operation of such large scale equipment, the time required for equilibration, the 
difficulties encountered by the students in unaeratanding the principles of 
operation when faced with the. complexities of manipulation, tend to militate 
against such large scale apparatus and dictate the use of smaller scale items • 

. 
Intermediate sized equipment possesses neither the characteristics of the 

large scale pilot or plant scale items which can be justified in terms of 
operational training nor does it provide the opportunity for learning and under­
standing basic principles provided by the very small scale units. Beno•~ we ,~se 
small scale equipment, equipment operable by one man, which can be equilibrated 
in periods of less than one hour. The student is expected to study the principles 
involved rather than the mechanical details. 

One further problem associated with the laboratory arises from the difference 
between laboratory and lecture courses. Unless the group is very large, the 
professor in charge of a class can almost continuou~ly monitor the comprehension 
and receptiveness of the students. There is continual feedback from the student 
to the professor and those students who are confused by some facet of the work 
may so indicate immediately and the source of confusion can be discussed at that 
moment. Further,from quizzes and tests, the professor discovers those areas where 
comprehension is lacking, where more work must be done, or where he is failing 
to communicate effectively. Such information feedback is an important, although 
almost automatic and perhaps unconscious part, of any classroom structure. 

While similar channels for information feedback do exist in laboratory courses, 
the impedance to information flow is very much greater. As a result, the professor 
cannot appraise the comprehension, contribution, and activities of any single 
student in the laboratory nearly as well. Grades 1n the laboratory are usually 
based on attendance, on report grades(usually from the graduate assiatant)t and 
on a final exam1nation which may have little to do with the work actually aone by 
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the student during the year. A poaaible system tor improving the tlow or 1ntor­
• ation trom th• atudent to the professor in charge or the laboratory inYolvea 
enliat1ng the aid ot the other members on the 1tatf. . 

A••w• that eaoh member of the atatt, except the professor in charge or the 
laboratory,alat• with the members or the laboratory claaa individually tor 
d1acuaa1on ot a problem(or aeveral problems as the ca•e may be) which the stuaent 
haa completed in the laboratory. The student would be expected to explain what 
hia problem waa, the work he(or his group) did, the conclua1ona reached, and the 
aigniticance thereof. The proreaaor could, by careful questioning determine ~he 
extent to whioh the 1tudent understands the work, its significance, and even ~he 
extent to which the student waa responsible tor the - aucceaa or failure or the 
experiment. Thia system would have the educationally salubrious effect or forcing 
the student to report to someone qualified to judge but not directly familiar 
with the assigned task. 

The proteasor in charge of the laboratory would then receive report• trom the 
rest or the atarr on each ot the students. Thia report could be in the form ot a 
grade baaed, tor example, in equal parts on presentation by the student, compre• 
henaion of the ¥Ork by the student 1 and the quality or the work actually done. 
Such a system ia planned tor the 1962-1963 academic year in the chemical engin­
eering laboratory here at Hopkins. 

Such a system does not result in a aerioua drain on the time or energy or the 
start. With a student body of, tor example, 30, each assigned to ten experiments 
during the semester, and a start of five in addition to the professor 1n charge 
of the laboratory. thi~ would necessitate four staff/student conferenoea or thia 
sort per week per man. Since a half-hour is surely enough for such a discussion, 
this does not aeem to be an excessive additional load. The gain to the program 
could be quite considerable. 

Summm 
In summary, the laboratory during the senior year in the undergraduate chemical 

engineering program at the Hopkins is thought to be one of the moat 1mportant 1 

parts of the program. The course provides an opportunity for students to exper­
ience the problems encountered when information must be extracted from a porti on 

· or the physical world about us. They are required to obtain certain informati on 
from an exist1·ng piece or apparatus, information which must then be used in sane 
meaningful way either as a source of new knowledge or a means of relating the 
behavior of one system to that or others. The laboratory 1s thought to be an 
educational experience and not part of the student1 s training in some topic or 
topics of "practical" significance. 

students are assigned to work and are e~amined individually. Staff are expected 
to teach

1 
not just to supervise, students in the laboratory. Whenever necessrry, 

the proteaaor 1n charge or the laboratory calls upon the entire staff for ass st­
ance in the program, for all have an interest in its success. 
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