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INTRODUCTION

m
v

A preliminary survey was made in 1976 to estimate classroom time
allocations to those topics generally referred to as the unit operations.
This survey jndicated that 1/4 of the total time was devoted to heat
transfer, 1/4 to fluid flow, 3/8 to mass transfer and the remaining 1/8
to all other topics. The 1977 survey deals with one-half of unit
operations; namely, heat transfer and fluid flow. Mass transfer will

be surveyed next year.

The questionnaires consist of three sheets. The first two apply
to both heat transfer and fluid flow. The third sheet requests time
allotments to subject areas for each respective course. The two
guestionnaires were sent in April, 1977 to the Chairman of each Chemical

Engineering Department in the United States and Canada, together with a

eturn the questionnaires. A follow-up letter was sent in August to

COver letter asking that the appropriate faculty members complete and

¢

those schools which had not responded by then. Of the 156 universities

contacted, 92 sent replies. Six schools replied too late for inclusion

in this report.

SI SYSTEM OF UNITS

The American Chemical Society requires SI units in all papers
submitted to its journal. AIChE will follow this practice in 1979. The
trend to SI units suggested by the actions of these two organizations
is confirmed in the present survey. only one-fourth of the courses use
English units as the principal system of dimensions; about 2/3 use both
systems. However, over 80% of the professors surveyed expect the trend

to SI units to continue over the next five years.



Several instructors mentioned a need in the near future for

books using SI units.

the authors of present textbooks to this trend.

text-

It will be interesting to notice the action of

Will the first text

using SI dimensions have a significant advantage in competing for future

course adoptions?

Unit Systems Used in Present Courses

English Units
SI Units

Both Units

27%
5%
68%

Trend Toward SI Units in the Next 5 Years?

Yes

No

83%
17%

) ' TPEXTBOOKS

Seventeen textbooks are used in the heat transfer and fluid flow

courses surveyed.
in fluid flow.
Looking ahead to next year's survey,
mass transfer.
received significant mention.

bibliography.

Eleven titles were used in heat +ransfer and thirteen

Four texts were prominently named in both courses.

each of these books also deals with

One heat transfer book and one fluid flow book also
The complete list of texts is given in the

The first edition of McCabe and Smith dates from 1956, while Bird,

Stewart and Lightfoot was published in 1960.

There seems to be a trend

for later texts to blend important features of both the unit operations

and transport theory approaches.

Several instructors mentioned the need

for a text which adequately combines (to their individual taste) these
approaches. The popularity of the texts by Bennett, et al and Welty, et al,
both relatively recent, seems to reflect this need.

v
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PERCENT OF COURSES USING RESPECTIVE TEXTS

O

Authors (Publication Year) Heat Transfer Fluid Flow
McCabe and Smith (1967) 32% 30%
Bird, Stewart and Lightfoot (1960) 14% 16%
Bennett and Myers (1974) 152 20%
Holman (1972) 13% -
Welty, Wicks and Wilson {1969) 13% 7%
Streeter and Wylie (1975) - 7%
Others 13% 20%

COURSE ORIENTATION

Unit Operations and Transport Theory have enjoyed strong but
cyclic popularity over the past two decades. The present situation is
a2 coexistence of these two approaches, with unit operations being only
a slight favorite. A number of instructors have indicated that their
course uses both approaches. In fluid flow, several instructors chose
+o describe their course as fluid mechanics as distinguished from

transport or unit operations orientation.

Couxse Orientation Heat Transfer Fluid Flow
Unit Operations 40% 38%
Transport Theory 35% 30%
Both of the Above 25% 15%
Fluid Mechanics - 18%

COURSE LEVEL AND CLASSTIME

‘;; Both heat transfer and fluid flow are junior level courses at over
80% of the universities surveyed. The replies also indicate that generally

fluid flow is taught before heat transfer.



one fourth of the courses in heat transfer and in fluid flow

include laboratory work as part of the course credit. An average of

2.2 hours per week is devoted to the laboratory.

Course Level - Semester Basis Heat Transfer
Sophomore Year 3%
Junior, Semester 1 53%
Junior, Semester 2 32%
Senior Year 12%
Course Level - Quarter Basis Heat Transfer
Sophomore Year 0
Junior, Quarter 1 33%
Junior, Quarter 2 39%
Junior, Quarter 3 14%
Senior Year ‘ 14%

STUDENT REACTIONS

Fluid Flow

i8%
56%
15%
1lis

Fluid Flow

7%
46%
17%
23%

7%

student reactions in general appear to be considerably milder

than toward other chemical engineering courses, such as thermodynamics.

The student appreciates the practical orientation of the course. A few

representative comments are guoted below:

"very useful course.”

vsatisfactory to excellent."”

"They generally understand the course."
"Generally satisfied with jevel and workload."
"We have learned alot.”

"rough, demanding but worthwhile course which uses all of

background in mathematics and basic science."”

"He has learned some real engineering.”

their
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CLASSROOM TEACHING SUPPLEMENTS

A recent project of the Chemical Engineering Education Projects
Commnittee was the preparation of a 1ist of audio-visual aids available
for chemical engineering instruction. Just over 50% of the schools
replying indicated that neither audio-visual aids nor demonstrations
were used in the classroom. It may be assumed that student experience
with equipment is relegated to the laboratory. Several instructors
mentioned the use of personally made slides of different types of
equipment, such as venturi and orifice meters, heat exchangers and heat
transfer equipment. About 37% of the instructors in fluid flow use
films to supplement textbook instruction. The films produced by Shapiro
at M.I.T. were often mentioned. Some sources of visual aids mentioned

on the questionnaire are listed below:

Film Sources

National Science Foundation

Encyclopedia Brittanica

Mixing Equipment Corporation

National Committee for Fluid Mechanics Films
Massachusetts Institute of Technology

C. F. Braun Company

COURSE STRUCTURE

Approximately two dozen topics were selected from textbooks
freguently used in heat transfer and fluid flow courses. Instructors
were asked to show the number of class sessions spent on the respective
topics and to other topics. The results were added and normalized to a
40-session course plan. This is equivalent to a 15-week course meeting

three times a week, with 5 sessions for quizzes. Replies to this



section of the guestionnaire were received on 70% of the heat transfer

responses and 79% of the fluid flow responses. The Topic Time

allocations are given on the following pages. Approximately 8-10% of

the classtime is devoted to topics other than those listed.

REPLIES TO QUESTIONNAIRES

The replies to the heat transfer and fluid flow questionnaires

received from each school are summarized on the following pages. The

following form is used:

NAME OF UNIVERSITY

TX:

Dimensions:

Trend to SI:

Orientation:

CHE Lab:

Difficult Topics:

Text Comments:

Authors of text(s). Complete listings are given

in the bibliography-

(Year/Semester/Class hours = lab hours) dJr/S2/3-0
indicates a course with 3 hours classroom, 0 hours lab

given in the second semester of the junior year.
English, SI or both systems.

Is there a significant trend to SI expected in the

next 5 years?
Unit operations or transport theory.
Number of courses and number of experiments.

What subject areas seem most difficult for the students

to grasp.

Comments on strength and weaknesses of the text.

hA
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HEAT TRANSFER

TOPIC TIME ALLOCATIONS

Dimensional Analysis

Steady State Conduction in One Dimension
Plane Systems
Radial Systems
Heat Source Systems
Fins

Steady State Conduction in Two Dimensions
curvilinear Sguares
Relaxation

Unsteady State Conduction
Lumped Heat Capacity
Heisler Charts
Schmidt Plot

Boundary Layer Theory

Forced Convection Correlations
Pipes/tubes
Cylinders/spheres
Tube banks -

Natural Convection Correlations
Flat Plates
Cylinders/spheres
Combined Natural & Forced Convection

Radiation
Mechanism
Shape Factors
Gray Bodies
Gas Radiation
Solar Radiation

Phase Change
Condensation
Boiling

Heat Exchangers
Overall Coefficient
Fouling Factors
Shell Side Coefficients
Pressure Drops

Other Topics

TOTAL

N
[
=N 0N

2.6

2.9



FLUID FLOW

TOPIC TIME ALLOCATIONS

Properties/Definitions
Viscosity; Mass, Force Units

Fluid Statics
Manometers
Buoyancy, Flotation
Plane Surfaces
curved Surfaces

Flow Equations
Continuity
Bernoulli
Conservation of Momentum

Incompressible Flow
Laminar/Turbulent Flow
Friction Factors
Equivalent Length of Fittings
Boundary Layer, Velocity Distribution
Piping Systems

Compressible ‘Flow
Isothermal
Isentropic
Non-isothermal
Sonic Velocity

Ideal Fluid Flow

Dimensional Analysis

Non-Newtonian Fluids

Fluid Measurement
Orifice, Venturi
Pitot tube, others

Fluid Machinery
Pumps

Turbines

Other Topics

TOTAL

o+
. o
(Vs JNo

o -

[ e o)

11.8

3.9

40.0

W
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Instructorxr University

1. Is the English or SI system used in problem assignments?

2. Do you expect a significant shift to the SI system in the
next 5 years?

3. Is this text also the principal text for another course?
If so, please give title. .

4. Would you classify the text as unit operations oriented
(eg. McCabe and Smith) or transport phenomena oriented
(eg. Bird, Stewart and Lightfoot)?

5. 1Is the course designed for chemical engineers only, oOr do
other engineering students usually enroll? :

6. Does your department offer a chemical engineering laboratory
course with credit separate from the Heat Transfer or Fluid

Flow lecture courses? If so,

a) How many courses
b) Contact hours per semester
c) Number of experiments (all areas)

7. What topics, if any, seem particularly difficult for the student?

8. 1Is there a need for a better textbook in this area? How might
your present text be improved?



COURSE IDENTIFICATION

RSE CATALOG HRS /WK YEAR SEM/QTR
3ER . NUMBER TITLE CLASS LAB (Circle)
. So/Jxr/Sr 1 2 3

so/Jr/Sr 1 2 3

. So/Jr/Sr 1 2 3
y. COURSE RESOURCES/CLASS DATA
TRSE TEXT | STUDENTS
‘BER (Author, Title, E4.) ENROLLED MAJCR
L. : ChE, ME,
2. ' | ChE, ME, __
. ChE, ME,

2. TIME ALLOCATIONS

Weeks per (semester/quarter) (circle 1)

Minutes per class session (based on three sessions/wk)

D. Do you-use any demonstrations or f£ilms in the classroom? If so,
please elaborate.

E. What is the typical student's reaction upon completion of the course?

F. Please attach a course outline.

G. I (do, do not) plan to attend the New York meeting.
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