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" ABSTRACT

: A premature embarkation in specialized areas of fluid
mechanics by the beginning graduate student, without having first
thoroughly learned the basics, leads to learning difficulties and
destroys zeal for learning. To avoid these problems, many schools in
the U.S. offer beginning graduate courses in fluid mechanics (BGCFH).
Because the success or failure of BGCFM has a profound effect on the
students?. subsequent learning, these courses must be planned '
according to specified objectives. The following include the goals of
BGCFH¥: (1) review basic concepts; (2) introduce new concepts; (3)
survey entire field; (4) learn state-of-the-art; and (5) Study
necessary math. At the Unlver51ty of Mlssourl—Columbla, these goals
are accomplished in a series of two courses: Fundamentals of Fluid
Mechanics (I) and Hydrodynamics (II). Course I is devoted to the
first two goals and Course II to the~last three. The specific

objectives of Course I and Course II are- given. The

objective-oriented ‘instruciton described involves (1) the writing of

‘a 1list of goals and objectives of the course, (2) distribution of the

list to students, (3) conventional teaching, and (u) reﬂvalua*lon of
the 1list at least once a year. (LS)
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INTRODUCTION - | ’ ' | )
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The success of éraduate education in fluid pechénics depends to a

. large extent on how well students are grounded in the funﬁamenta] con-
Eept% and principles of fluid mechanics. A premature embarkation in
- specialized areas of fluid mechanics by the beginning.grdduate student,
without hav1ng first thoroughly learned the bas1cs, leads to 1earn1ng”j
d1ff1cu]t1es and destroys zeal for learning. T; ayb1d these prob]ems, ) 3
many schools 1n the U.S. offer beginning graduate courses such as "Funda-
mentals of Fluid Mechanics," "Intermediate Fluid Mechanics," etc. Here-
after; these courses will be referred to as BGCFM (Beginning Graduate
Courses in Fluid Mechanics). Because the success or failure of BGCFM has
. a profound effect on the studedts"sbbsequent 1earning, these courses

_ must be planned accor&ing to specified objectives. An attempt will now

be made to specify these objecfives.

NEEDS AND GOALS

’

Goals, purposes, and objectives are all .derived from needs. HWe

shall define goals as general purposes and objectives as specific pur-
poses; thus, goals and objectives stem respectively from the general and
the ép;cific needs. Whaf are the general needs of graduate students taking

BGCFM?_. Although the answer to the qyestion is bound to differ from school

-

-

to school, and from person to person, I think at least one of the follow-

-

- ) ing five points must be at work:
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1. Review Basic Concepts

‘+

" Graduate students often come from ‘different disciplines, different

sghoo1s, and sometimes even from different”countries. Their background

in fluid mechanics is usually quite different. It-is essential‘in the

beginning'to strengthen their background so that adyanced subjects of

fluid. mechanics can be pursﬁed 1ater without much difficulty. B _' -

0f course, what ‘the teacher should review must be 11q3ted td ma-

terials which are most essential to subsequent 1earn1ngs a é which are

not yet known well enough by the student. An example is tE;JEernoulli

equation. As said by Hansen in his book (1)*: "It (the Bernoulli quatien)

"is.perhaps one of the most used and misused equations in fluid mechani cs.

It is misused because the limitations inherent in its development often '

go uhrecognized". Kline (2), in differentiatihauthe amateur'from the pro-

fessional said: "The amateur wants to use Bernoulli's equation;en all

brob]ems despite its legion of limitations".

These remarks attest to the widespread miSusé ok the Bernoutli
'/(auat1on by the uninitiated. The assumptions underlying the Bernou111
. equation have been studied recently by Rouse (3) and Liu (4 5). ! Liu (5)
also showed how to extend ‘the Bernoulli equation to include non—inert1a1
coordinates. The extended form of the equation can be used with advantage
in b]aces where fluids are acce]erat{ng as a whole (as_in‘spacecraft) or
rotating'as a whole (as in turbomachines). . ..
“An equally desirable review subject for BGCFM is the integral flow

equations (i.e., the integral form of the continuity, momentum, and energy

F Numerals 1n parentheses refer to correspond1ng items in references
at the end of the paper. .
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equations). Although many récent texts intended for use at the'e]emen-
“tary level have treated'these eouations rather ektensive]y,'the more ad-

vanced aspects;of these equations, such as those relating to unsteadj

flows, non-inertial coordinates, etc., .are seldom covered in undergraduate -

7/

courses;'thus,'they must be covered in BGCFM as partpﬁ? the review of
integral flow equatfons. ' . -

) A third general drea, which most begann1ng graduate students un-
ldoUbted]y know somethlng about but not well enough to meet the1r needs, '
is the laws of s1m111tude, 1nspect1ona1 analysis, and'mode1 tests. Be-
cause of the vast appﬂicabi]ity'of‘these subjects in engineering and

%

- ‘'science, they should be examined carefully in BGCFM.

2.". Introduce New Concepts

-

~In any group of students as heterogeneous as may be encountered in

' BGCFM what constitutes a familiar concept to one student may often be a

brand new idea to another. This po1nts to the d1ff1cu1ty 1nﬂse1ect1ng \
| appropriate materTh]s for teach1ng Notw1thstand1ng the difficulty, after
having taught the same course a couple of times at the same schoo1, it .is
-usually not too d1ff1cu1t for a teacher to tell whether a suBJect is new

to most students. A chat w1th the class, and/or ask1ng each student to

+

fi1l. out a quest1onna1re on the first day of the c1ass may a1so reveal

valuable 1nfonmat1on.

In the writer's op1n1on the most disatrous nnstake the .teacher of

e * BGCFM can make is to assume that all _those materials contained in ordinary

' undergraduate fluid mechanics texts are al eady koown to beg1nn1ng graduate'

students, The assumption is fa]se, becaus pract1ca11y all undergraduate

texts in fluid mechanics contain more mate 1a1s than can be covered in a

«
I
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three-seméster-hour‘course. A]thdugh most students may have had a second
or even a third course in fluid mechanics during their undergraduate
years, the fo]low-up courses are usually confined to one or two speciffc

branches (e.g:, open-channel flow for the civil engineers, etc.). Many

subjects ‘contained in undergraduate general fluid mechanics texts--the

¢ & e

more theeretica] stuff, such as the general re1ationship between stress
and stra1n 1n vﬁscous flows, the Navier- Stokes equat10ns, etc.--usua]ly
never f1nd‘the1r way into Undergraduate teach1ng. They are usually left
out intentionally to make room for subjects believed to be more practical,
and hence more relevant, to the mission of undergraduate edueation.’ Con-

*

sequent]y, these more theoret1ca1 basic cfncepts andvequatjons_must be

9

d1scussed 1n detail, in graduate schoo] ] ',

3. Survey Entire Field. I
Students.takihg BGCFM often have a, burning desire to learn a little of

everything about fluid mechanfcs as qulckly as possible. Nhat is potential

or irrotational flow? Nhereado we find it? Howlare complex variables used

.
» 4

for so]v1ng potent1a] f]ow? *How is turbulent flow treated differently from

laminar flow? what 1s an eddy viscosity? What does PrandtI's mixing length
. . ) : .

hypothésis say? What bas1c ana]yses are involved in boundary-layer theory?
How are the transports of heat, mass , and momen tum re]ated to each other?

These are a few of the many subjects. that may part1a1]y sat1sfy the stu-"

A

dent's hunger and th1rst'for 1earn1ng.

C]ear]y, it 1s nmposs1b]e to, conduct an in-depth study of all the

areas of fluid mechan1cs.1n JUSt one or two courses. Neverthe]ess, enough

inforpation about each area may be included in one or two courses to give
. L4 H

"the student a good overall View o the tie]d‘

PP
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4. Learn State-of-the-Art : ' ' (

" Most students also have a strong desire to know what the state-of-the-
art is with respect to various important subjects of f]uid‘mechanics. For
instance, what is_the stete-of-the-art in numerical solution 5? the
Navie}-Stokes equations using large computers? What is oun cugrent under-
standing about the so-ca]]ed laminar sub]dyer7 How successful can one pre-

N dict turbulent bOUndary layers using various semi-empirical schemes?

* These are subjects that are not only important but also stimulating, Their "

inclusion in BGCFM goes a long way toward motivating the beginner.

N 1]§:.,Study Necessary Math

&

It isinot yncommon. to find ﬁh.D. cend%dates in fluid mechanics who .
have taken more eourses in mathematics than in their own major fields.
This’shows-the'heavy re]dance'of fluid mechanics on mathematies. But
since a graduate studentbcannot'afford to wait until he has‘taken all
relevant: advanced math courses before starting Eh fluid mechan1cs, ime
portant math concepts and techn1ques needed\:n fluid mechaq1cs must be
1ntroduced to the student in ‘BGCFM. - ‘

Nhat one must»keep Jn “mind 1n teachjng mathematics inlfluid mechanics

_is that mathema'écs is.the tool not the goal.- As it is S0, only what is
abso]ute]y esséft1a] to the punsuance of fluid mechanics should be in-
c]uded Extygvagant use of mathemFt;cs, as often fbund in the ]1terature
of f]uid mechan1cs, JS a major dempt1vat1ng factor and hence should be
avoided. The purpose- of using mathemat1cs should be to enlighten rather

than,to confuse the student. The math shou]d not be crammed into the

first three weeks of the course. Instead, it should be spread over the

»
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semester, given to the student:bit by bit, as an integral part of fluid-
mechanics teachings - ' :

¥

Teachers of BGCFM can safely assﬁmé‘that all students tgking~the

¥

courses have at least some know]eage of vector algebra and differential ~
equations. Consequently, extensive review of these subjécts-is unwa;ranted.
On the other hand, subjects of vector calculus, such as the Stokes theorem
and the like, are usually new té fhe beginning graduate student and shou1q
be e;pounded thoroughly. Other math subjects that should Sé thoroughly o
eip]ained before used include Fourier series and Fourier intggrq]s, eiben-
value problems, copp]ex variables and conformal mappinb, ﬁumerica] $qa1ysis ' ;
(the finite difference technique), and variéus ways to soive partial dif- ..
ferential equations analytically. .

As to tensor analysis, extensive use~of/it in BGCFM is undesirable. .

It may cause learning difficulty and do more harm than good té the un-

initiated. In the writer's qpiﬁiOn{ the only place where tensor is justi-
fied in BGCFM is when dealing @ith quantifjes that are tensors of'khe sgc;'
ond or higher raﬁks. Eveﬁ th§n40n1y the simplest aspécts of tensor need
to bevintfoduced. The use ofuzensor in BGCFM should be no more than a

. . . . - S
shorthand listing of results already derived in one scalar component. Ex-

Iensive use of tensor should be reserved for upper-level graduate courses,

N "I,'\ s

after the student has taken BGCFM and/or a course in tensor ana]ysigr\x T

L4

ARRANGEMENT OF COURSES .o
4 . L. .

Clearly, not all the five aforementioned goals can be qccdmp]ished in
~ ., . .
a single three-semester-hour course. At the University of Missouri-Columbia,
they are accomplished in a series of two courses: CE460 Fundamentals of

Fluid Mechanics (3hrs.), and CE464.Hydrod}namics (3hrs). Hereafter, they

.8
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will be referred?to respectdver, as Courses I and II ';.

— The main purpose of Course I is to achleve the first.two enunc1ated

—— -
" !

goals, name]y, to strengthen the student S understandJng of basic cdﬁﬂZpts

and teach him Tmportant new concepts oF f1u1d mechan163wn The emphasrs of

* «

* -

the course is—on phys1ca1 conceptssrather than mathematwca] theor1es * An
A

unpub11shed textbook has been*used in this cqyrse The‘gpok f1rst lays
out many basic concepts such as the Lagranglan and %he Stokes stream func-

tions, vort1c1ty and c1rcu1at1on reIat1ve veIoc1ty and non- 1nert1a1 coor-
&

dinates, etc. Then it goes 1nto a systemat1c examination of the cont1nu1ty,

L

mementum, and energy equat1ons in integral forms. The examp]es used to
illustrate these equations are generally at a"level higher than those used
in undergraduate courses. Otherﬁ1se, the'approaches used to soIve problems
are of a caliber higher than those used dn'undergraduate texts. ,The book
also derives the differential forms of the ‘continuity, momentum and

energy eqoations, and discusses the basic features and the usefulness

of these equations. Throughout the book, nuch.emphasis is oIaced'on )
clarifying misconceptions widely held by the uninitiated;osuch as the '

»

mi suse of the Bernoulli equation mentioned befor@. .FinaIIy;\the'subjects

+

of dinené1ona1 and 1nspect1ona1 anaIyses and the theory of model test are

" thoroughly treated

Course II is devoted to the last three of the f1ve aforementioned

goals. The course has been taught without a text (one is under develop-_,

ment). Although the'emphasis_of Course II is still on physical rather
than mathematica] concepts, much more math had to be inc]uded than in

Course I. An effort is made to 1ntroduce the 1mportant math ‘techniques

needed for the solution of potent1a1 and v1scous flow prob]ems %h1s
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" includes both numerical and anaiyticai techniques for solving partial"
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differential eduations; such as confonnai mapping, finite difference

methods, separation of variab]es, tapiace transforms, simi1arity methods,

etc. The course also goes into the state-of-the-art of various SUbJECtS,
; and describes 1mportant recent developments: in fluid mechanics, such as
the concept on the inner and the outer laws of turbu]ent boundary layers,
the large computer programs to solve Nav1er-Stokes Equations, the Stan-
ford competition in computing turbulent boundary Jayers, prediction of

.diffusion and dispersion of po]]utants in waters and the atmosphere, etc.
H At UMC Course I 1s.offered(1n Fall while Course II follows it in
Spring. A]though both courses are offered by the Department of Civil
Engineering, students taking the courses often come from a wide spectrum
of fields encompassing atmospheric SC1ence, mechanical and aerospace engi-
,Pneering; chemical engineering, agricuiturai engineering and, of course,
civil engineering While the pr1nc1p]es discussed in the courses are
. about the same eachqyear, exampfes.used differ widely from year to year to
- ref]ect student composition. Responses from students, as reflected in
| results 6} teacher evaluationg cqndugted at the end of each semester, .

were encouraging.

SPECIFIC OBJECTIVES ~ ~ * i R |
s ) ‘ . )
Part I: (Pertaining-to Course I and the first two of the five goals set

®

forth before.)
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1. He* shou]d be able to know** the difference between the
Lagrangian and the Eulerian views of descr1pt1on, and be able
to cite several examples of each used in fluid mechanicss

P S TP

2.. He must know the difference between system and control volume, !
and be ready to.cite examples of each. He should be able to
give examples of deformable as well as non-deformah]e control N
volumes, stationary as well as-moving control’volumes. He '
should always clearly specify the control volume used 1n , i
any ana]ys1s. ’ .

3. He must know'what a non-inertial coordinate system is and why
we sometimes use it, how Newton’s second law changes when

: non-inertial coordinates are involved, what non-inertial

terms are caused by coordinate acceleration and what are

caused by coordinate rotation, why one considers only the

Coriolis term not the centr1fuga1 term in atmospheric and

oceanic motjons, how the non-inertial terms can be considered

as body forces, whether they are conservative‘’or non-conserva-

tive forces, how does one include the non-inertial terms’ into

various. equations of fluid mechanics,.etc,

4. He should be able-to cite several types of unsteady flows

. that can be transformed into steady flows by employing a moving
(inertial or non- 1nert1a1) coordinate system. - Likewise, he
should be able to give examples of unsteady flows that cannot
be transformed into steady flows. He sZou]d know the various
approaches available for solving unstea y flows and be able

) to work practical problems using these Pproaches. . D .

5. He,should know the differences between body and surface forces,
and be able ta name all types of body and surface forces and
_ the distinct features of each. He should know when gravity

. can be.regarded as constant and when it cannot, how gravity
and centrifugal force vary around the -earth, how this affects
the equilibrium distribution of water over the earth, the nature -
and the mechanism of the tide-generating force, the types of
flows in which one must tonsider the electric and magnetic forces,
how one incorporates them into flow equations, what the basic
features of surface t nsion is and how one treats surface tension
in fluid mechanics, etc.

+

6. He should be able to convert any equation from Cartesian
coordinates to cylindrical and spherical coordinates. He should
know the difference between the kind of spherical coordinates
ordinarily used in f]uid.hechanics‘and the kind used in geo-

.
> . .
»

* The word 'he' refers to the studEnt both male and female. ﬁ%\

** By 'knowh we mean: be able to demonstrate or describe, orally or in
wr1t1ng, in a‘ clear manner.. . -
11 | O
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14,

'phy§1cs.

” :and why.

9.

5 ' ‘."\4.
He should know the basic features of the stream11ne
coordinates  and the general orthogonal curvilineay coordinates
(GOCC), and be able to reduce any equat1on from GOCC to Cartesian,

Cy11ndr1ca1 or spherical coordinates.“-He should know-when it
is more advisable to use one type of coord1nates than another

L]

He must know what are streamlines, pathlines, streaklines, and
timelines, and the differences between them. He should be able
to form a mental picture of these lines, and know how to generate
them in a thought experiment of flow visualization. He must know
the equation of streamline in éach coordinate form.

He must know wha€®the Lagrange and the’ Stokes stream functions
are, the conditions under which each of the two stream func-
t1ons exist, whether they are for potent1§] flow on1y or can
they be used for both. pdtential and viscous flows. What is
the purpose of defining a stream function, and for what are
stream functions used? He also should be~ab1e to get ve-
1oc1ty fields from stream functions and vice versa. -

He should be able to exp]ain the differences between particle
acceleration, local acceleration, ahd’convective acceleration,
through the use of examples and equations. He shauld be able
to write these accelerations in different coordjnate forms. .

. He should be able to derive the expressions for linear and
angu]ar deformations, and for rotation .of fluid. He should
know how acceleration is related to deformatjons and rotation.

He must know the difference between vorticity and circulation,
.and the re]at1onsh1p between them. .He should know what an
“irrotational flow is, and whether there can be any circulation
.and vorticity in irrotational flow. He must know the Stokes
theorem of vector ca]cu]us and how it is related to the study
of vorticity and circulation. He must know the analogy betweén
vortex lines and stream11nes, andbetween vorticity and velocity
vectors. *_
|
He should be_ able to name the three basic laws and most aux-
111ary Taws or constitutive equations of fluid mechan1cs.

He shou]d know what a stress tensor is, what 1ts nine components
are, and how to 111ustrate them on a cub1c element in space. He
should know why the stress’tensor is symmetric. He should also
khow the essence of Stokes' law of v1scos1ty, and the concept

of pressure (the average normal stress) in v1scous flows.

He should know the general system-to-control-volume trans forma-
t1dl#eq0at1on. (Th1s means he should understand the deriva-

tion, know the meaning of each term, see the implication, and

be ab1e to use the equation for the derivations of the continuity,

" momentum, and energy equations in integral forms.)

2 \

1




[5]

. AR
AN
T A A TR TPy o Tt 1.

N

' . . . B

.15, He‘shou]d be able to recognize readily the various forms of %he

continuity, momentum, and energy equations in integral and in ) :
differential forms, and to recall readily the assumptions under- ;
Tying each of the equations. "He Should Krow when to usé which — —
equation, ’ ' .

16. He should be able to use the integral flow equations skillfully.
For instance, he should be able to use these equations to selve
problems involving non-inertial references and moving deformable

+ control volumes. He should also be able to use these equations .
to handle certain unsteady flows and flows involving heat
. transfer. ’ ) ‘

17. He should know how the Euler and the Navier-Stokes equations

are derived, and the assumptions behind each of the equations.

He must know certain general characteristics of the two equa-

tions, such as: What are the orders of the equations? Are .

they linear? Which are the nonlinear terms and why? What .
makes linear equations special? Is the no-slip condition com- ,
patible with the Euler equations and why,-etc. For a clearly
stated problem, he should be able to point out what terms in
the Euler or the Navier-Stokes equations vanish and what terms
-do not, and he should be able to specify the boundary and ini-
tial conditions of the problem in mathematical terms. Finally,
he should be able to solve certain simple problems using the -
Euler or the Navier-Stokes equatig;,.

18. He should be familiar with the vadﬁ u$ forms of the Bernoulli
equation, including even those for._unsteady compressible flow
with non-inertial coordinates. . He should know clearly the
limitations of each form-of the Bernoulli equation, and be able .
to use the equation to solveipractical prob]q@§£{ C .

19. He should be familiar with the concept of the.gg;%ﬁ%one by shear
and pressure, and the relationship between work, ifeat and énergy
in flow in general and-along a”streamline in particylar. He
'should know-what dissipation function means. He should .
,know the physical meaning of each of the terms of the energy . |
‘equation in differential form, and be able to use the equation”
to determine the temperature distribution of simple flows such
as the Couette flow. . . ' . '

20. He must know the essence of dimensional analysis. He must know
Buckingham's pi-theorem, and be able to use it to.derive a de-
sirable set of dimensionless parameters (the pi-parameters) once

. the ‘problem variables are given and the purpose of the study
" i& known. He must know all the important pi-parameters in fluid
mechanics, including the Reynolds, Froude, Mach, Euler, Cavitation, |,
Weber, Prandtl, Eckert, Brinkman, Schmidt, Rossby, and Richardson
: numbers. For any given type of flow, he must know which-of these’
z . / , Pparameters ought to be used and which can be neglected.

A B
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Part II:
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He must know the linkage between similitude and model} ‘tests, and
know the role played by pi-parameters in any model tests. He
must know what dynamic and kinematic similarities mean, how to
achieve them, what a 'scale effect' is, what kinds of scale
__effects_one usually encounters—in model tests. - He must_also
know the reasons for, and the ]1m1tat1ons of, using distorted
models.

He must know the essence of inspection-analysis, and its rela-
tionship with dimensional analysis and model tests. He should
be able to apply inspection analysis to practical prﬁb]gms.

\

y oo
‘.

- (Pertaining to Course II, and the last three of the five

’

~goals set forth before.)

He must have a clear concept on potential- flow. This means he
must know what.,a potential flow is, where can it be found, what
the equations gqurning_potentia] flow are, what the Cauchy-
_Riemann condition is and what it has to do with potential flow,
what roles do Laplace and Bernou]]1 equat1ons pTay in potent1a]
flow theory, etc. -

He must know why is it permissible to combine solutions of

the Laplace equation linearly to generate new solution--the
method of supefposition. With this method, he must bé able

to use a sink, a source,”a free vortex, and a uniform flow

to generate a host of other flows such as those around a
cylinder or sphere (with or without rotation), doublets,
Rankine ovals, flow around bodies .of revo]ut1on of any shape,
etc. He also must be able to use the method of image to
augment the power of the superposition method.

He must know how complex var1ab1es and conformal mapping
are used to solve two-dimensional incompressible potential
flow. First of all, he must know some basic operational
properties of comp]ex variables, such as: how to add, subtract,
multiply, divide, take the power of, take. the abso]ute value

or argument of, take the complex conjugate of, and take the
derivative of comp]ex variables. - He must know what an,

_.analytic function is and when functions of complex variables are

analytic. He must know how to s1it an analytic function of a
complex variable into a real and 4n imaginary part. He must
know- how to combine a stream function and a potential function
to form an analytic function of complex varjable--the compliex
potential. 'He must know how to use the complex poteritial to

~get the x and y components of the velocity without having to

determine the stream function ‘and the potential function first.
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He must know what conformal mapping is and what is conformed

in such a mapping. He must have a clear conception’ of the
interplay between conformal mapping, complex variables, analytic
functions, and potential flow. He must be able to transform

a point, a line, and an area .from one plane to another once the
transformation equation is given. He must know the properties
of a few important transformation equations such-ds the Joukowski
transformation. Above all, he must know how conformal mapping

is used to find the complex potential of flows.

He must know what the hodograph method is, what it is for,and
how is it related to conformal transformation. He should be
able to draw the hodographs of a few simple free. surface/flows,
and to use the results for the determination of flow figlds.
He should know the type of problems that can be solvéd
hodograph method.-

He should know the techniques of flow net, membrane analogy, and
electrical analogy of potential flow. He should know how to
solve the Laplace equation numerically--how to construct a

grid, how to get the finite difference equations, and how to
solve them on a digital computer. :

He should k#ow a few things about compressible potential flow--
the governing equations and the solutions of a few simple cases,
such as the acoustics wave equation. e

He must have an overall picture of the field of incompressible
viscous laminar flow. He should know what constitutes an

exact soTution and an approximate solution, i.e., the criterion
that separates an exact from an approximate solution in this
field. He should be aware of many classical exact and approxi-
mate’solutions of viscous laminar flow, including the general
solution for parallel flow in conduits of arbitrary cross-sec-
tional shape, parallel flow along a suddenly accelerated plate
(Stokes first problem), unsteady.Gouette flow, flow between con-
vergent or divergent plates, three-dimensional stagnation flow,
creeping flow, Hele-Shaw flow, flow around a sphere (Stokes
sotution), etc. He should know how each of these problems

was solved. ‘ .

" He must learn many important math techniques used in the so-

lution of viscous flow problems, such as separation of variables,
Laplace transform, similarity methods, etc. He should know .
the power as well as the limitations of these techniques. He

'should know when a technique 'is applicable, when it is not,
“and why. -

He should_have somé idea of.the basic concepts and the state-
of-the-art of numerical solution of the Navier-Stokes equations

‘using large digital computers. This inclides a knowledge of

the different choices possible in the selection of a numerical
scheme: whether to use a Lagrangian or an Eulerian viewpoint, -
whether to. use stream function and vorticity, or velocity and

o ‘ ' 15 «
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'pressure as dependent variables, etc., He sﬁbuld also know

the availability of certain computer programs such as the
SMAC (Simplified Marker-and-Cell) and the PIC {Particle-In-
Cell) me'thods developed at the Los A]amos Scient1f1c Labora~-

tory. .

He must have a clear concept of boundary layer analysis. He
must know what a boundary layer is, and what boundary-layer
thickness, displacement thickness, and momentum thickness
are. He must know the basic boundary. layer equations, and .
how they were derived. He must_know how the pressure distri-
bution along a boundary layer can be determined--~the re]at1on-
ship between boundary layer analysis and potential flow. He
must know the details of the Blasius solution of the boundary
1ayer along a flat plate. Given the velocity. distribution : -
in the boundary layer, he should be able to draw a suitable.
control volume and apply the momentum and the continuity equa-
tions, in integral form to the control volume to predict the
variations of boundary layer thickness and: sk1n friction
coefficient along the p]ate.

He must have the same understandlng and be able to do the .
same types of anatyses as specified in Item 11 with respect

to thermal boundary layer.

He must have some knowledge of certain 1mportant analyses -
made in turbulent flow. First of all, he-must know how to
characterize turbulence by using stat15t1ca1 guantities such

as root-mean-square, spectrum, probability density, probab111ty
distribution, correlation functions, correlation coefficients,
etc. Next, he must know the Reynolds averaging process, and
be‘able to apply it-to the Navier-Stokes equations in order

to get the turbulent stresses, leading to the definition of
edgy viscosities. Finally, he should understard the conceptual
model used by Prandtl in the derivation of the mixing length
theory, and be able to explain what this theory or hypothesis
is all about and its application. )

He should know the velocity distributions in-turbulent shear
flows. He should know what the inner and the outer laws are,
what makes the two different, what the so called “laminar -,

sublayer" is, where the 1ogar1thm1c velocity distribution pre- '
dicted from- m1x1ng length hypothes1s exists, what the Von o

Karman constant is, whether it is really a un1versa1 constant,

what a(s,the dimensionless parameters characterlz1ng the inner

and the¥outer ]aws, etc.

He should know the state-of-the-art in predlctlng turbulent
boundary layer as can be seen from the celebrated 1968 Stan-
ford. competition. He should be able to describe briefly

the general approaches used By researchers nowadays to pre-
dict turbu]ent boundary 1ayers. .

\ 18
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- 16. He must know what Fick's law is and how it can be used to de-

- rive the diffusion and the convective-diffusion equations. He
oo must be able to apply the Reynolds averaging prdcess to the
: ‘convective-diffusion equation to get a turbulent convective- .
diffusion equation in terms of turbulent d1ffusion coefficients.

17. He must understand the essence of Taylor's theory of diffusion .
Y . by continuous’ movement-~in what types of turbu]ent flow the
theory holds, how diffusion proceeds with time in the beginning
. and how does it proceed after a while, what are Lagrangian
v velocity fluctuations, Lagrangian corre]at1on coefficient, -and-
Lagrangian time scale, how are they related to the\correspond1ng
Eulerian quantities, how 'is Taylor's result re]ateg to the
turbulent diffusion coefficient, etc. B
. K W
18. He should know the difference between d1ffus1on and %ispersjon.
He should knoy what causes longitudinal d1spers1on, ‘id how .
can we pred1ct the dispersion of pollutants in riversiylakes, ~
N ¥\
etc. \ : ; IR
19. He must know the ana]ogy between the diffusions. of mass,. heat,
and momentum in turbulent flow, and the relationships between .
the turbulent diffusion coefficient, turbulent heat diffu51v1ty, .«
and the eddy viscosity. He must know what turbulent Prandt]
and Schmidt numbers are, and the approximate magnitudes of- them.
He must know the ana]ogy between sk1n-fr1ct1on coeff1c1ent and
the heat transfer coefficient at wall. . A
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0BJECTIVE-ORIENTED iNSTRUCTION -

The writer's inyo]rement in‘objective-qriented instruction started .
in 1972 when he attended the Gth.Midyest Effective Teaching Institute
sponscred by ASEE at the Lake of the 0zarks. One of the;twb sessions of "12
the institute was “ObJect1ve-;r1ented Instruct1on. It was organiied by B
_Er. LéFevre of the Untversity of Arkansas, gs1ng a workshop manua] (6) :%%‘

he and Dr. Thatcher used earlier at the 1972 Annual. Meet1ng of ASEE at -
' Lubbock Texas. According to LeFevre and Thatcher, ObJective-Oriented In-

struction (OOI) is a special pedagogical method "carefuT]y designed to lead =~ ]

~ the student to achieve a prescribed set of written obaectives. The methodﬂ

D

requ1res (1) writing a set of course objectives for éach 1nstructiona1

o uhit or. module, (2) designing an a ropriate instructional program in order

o 4 : _‘ ’ ' 17
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to pursue the objectives, ana (3) measuring student accomplishment of.ob-
jectives;
The 001 method devised by LeFevrg and Thatcher owes much of its origin
to "Taxonomy of Educational Objectives,” a publication of a coﬁmittee of
college aﬁd university examiners (7), and "Dimensions for Measurement of
Teaching," a report of an ASEE committee (8). The method heavily emphé-
sizes testing and evaluation. It requires élggcoufse objectives to be ]
written not onl} in great detail but also in measurable terms. Because
most teachers like their role as "learning facilitators" far better than as 2
"testers", it is quest{onab]e if any method with heavy emphasis on testing
and evaiuation will ever catcﬁ on, especially in gradqate circles. i
» The method used by the writer at the University of Missouri-Co]umbia ;,;——7
is a more flexible version of 00I." It involves (1) the writing o% a list.
of goa]s'énd objecfi&es of fhé course, (2) handing the list to the stu- |
dents at the beginning of the semester and inv{tfné them to comment at the
end of the course, (3) teaching Fhe course in a&conventiona] manner‘wﬁi]e
,.kegping the written objegtives in mind all the time,. (4) reconsidering tﬁg
goals and the objectives from time to time and (eevéluatipg.the list
at least once a year. ‘y ' o
As seep’ from the above descriptjon, the 00I method used by:the
wrjter really d;es not attempt to changé the traditional lecture method
of %nstrugtion“drastiéa]];j It merely reforms the system by requiring the
teacher:ts think harder about the goals and the objectives. The method u;ed
Mis §imp]e and flexible. The only requirement is that the teacher draws up

-

a list of goals and objectives, distribute the 1ist to students and co]]e:?géé,

A and invite their comments.
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The need for writing down goals and objectives rather than‘simply
keeping them in mind is obvious. The thoughts in our heaes are often
muddled and contradictory; without putting them on paper we cannot
inspect them rigorously. They cannot be inspected rigorously by others
either unless we have laid erm out clearly on paper. In short, writing
is necessary for rigorous thinking and critical evaluation. 4

In writing down the goals and objectives of any course, we must ask
oy?ée]ves a host of questions® What purposes does the course serve? What
is the general background of ther:]ass and wpat‘dp the students want? How
does this course relate to the m1ss1on of éhe institute? How does the
course relate to, and differ from, the other courses in the same d1sc1p11ne
offered at the same institute? What subjects are usually 1nc]uded ina
course like this at other institutes? What subjects are most likely to be
relevant to the student's future tasks in learning, research, and pro-
fessional work? What is the future and the changing direction of the fie]d?
etc. A well-designed set of goals and objectivesnshdu]d take all these
matters into consideration and should serve the greatest needs of both
the student and the institute. It should be written in clear, explicit,

and behavioral terms; it is not a simple listing of the course content.

Finally, potential advantages of 00I are:

1. As the goals'and the objectives of a course become clear ‘to the
teacher, more relevant materials get included in the course.

2. Not all subjects covered in a course should receive equal atten~
tion from the student. The list of goals and objectives indi-
cates the points of emphasis of the course.. _

3. By making goals and objectives clear®to the student,. learning
becomes much more meaningful and the student becomes motivated.
tg;s'pbint was well explained recently by Ablin ‘and Flammer (9).

19
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.CONCLUSION

.

‘feaching without goals and objectives is Tike shooting without a
ta;getfx In shootiqg it is not enough just to keep your target in mind,

o you must‘s§e tﬁevtarget clearly. .Likewise, it is not enough merely to
consider tﬁe goals and objectives in teaching, you must state them clearly
on paper. This is a point that cannot be overemphasized.

As i]]ustiqted, 00I can easily be uséd ih association with
\)the conventionaf’{ecture method, to make the 1attér more meaningful
and effective. A1£hough 00I can be used wifh advantage in(a11 courses,

‘those that may benefit the most are courses that have not yet evolved
into a definite pattern: This includes new cour§es,’gphemera1 courses,

interdisciplinary coafse;, and transitional or prepa;atory courses., The

'

beginning graduate courses in fluid mechanics (BGCFM) is a particular

3

example of transitional or preparatory courses. They ensure a smooth B

-transition from undefgﬁaduate to graduate education. Therefore, it 4

seems highly appropriate to use an objective-oriented approach in teaching
BGCFM.

By . ' |
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