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J N THE COURSE of my chemical engineering 
studies, one point of continual confusion to 

me was the manner in which we simplify the 
exact equations describing a process so that they 
are amenable to an analytical or numerical solu­
tion. For example, in many flow problems we 
can assume that the flow is fully developed. If I 
had any doubt as to whether this was · a valid 
assumption I would consult some reference book 
to find what the entrance length was for the par­
ticular flow in question. However, it was not 
long before I faced the problem of determining 
the validity of the fully developed flow assump­
tion for flow geometries for which the entrance 
lengths were not determined ; for example, coun­
tercurrent gas-liquid film flow in a duct. At this 
point I was faced with the formidable task of 
solving the boundary layer equations for the en­
try region flow. 

Consider another example: we all have some 
feel for the fact that flow through a duct can be 
considered to be a two-dimensional flow if the 
aspect ratio (height/ width) is small. But, then 
the question arises, "how small is small?" Again, 
for many conventional flows we can find the 
answer to this question in standard references. 
However, "how small is small" for countercur­
rent gas-liquid, or liquid-liquid flow in a duct? 

Time usually does not permit us to solve the 
entry region flow problem or the three-dimen­
sional flow problem in order to ascertain the 
validity of the fully developed flow, or two­
dimensional flow assumptions. If the solutions 
to these flows were trivial we would not be 
trying to justify simplifying assumptions for the 
full equations describing them. 

It is at this point that the more experienced 
engineer attempts to invoke some physical in­
sight into the problem in order to have some 
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reasonable certainty that the assumptions he 
proposes to make are valid. He probably will 
scale the full equations describing the flow and 
seek some criteria for discarding terms which 
will simplify the system of equations to those 
describing fully developed flow or two-dimen­
sional flow. 

Although the practicing engineer is continu­
ally faced with justifying the simplifying as­
sumptions he invokes to solve the system of 
equations describing some process of concern to 
him, the conventional chemical engineering cur­
riculum has given him little or no practice in 
doing this with any certainty. Even some of our 
widely accepted and highly acclaimed texts such 
as "Transport Phenomena," by Bird, Stewart 
and Lightfoot1 are quite prone to say "neglect 
axial diffusion," "neglect viscous heating effects," 
etc. The chemical engineering graduate has had 
little experience in determining when such as­
sumptions can be invoked in practice. 

A systematic method of scaling a problem to 
determine when a simplified set of equations may 
describe a process has been described in an 
article by Hellums and Churchill. 2 However 
their article is mainly concerned with using this 
method to determine similarity variables for 
partial differential equations. Although these 
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authors mention the applicability of their method 
to achieve "minimum parametric representation" 
of a problem, they offer no examples to illustrate 
the method for this purpose. 

In an attempt to use this method as a teach­
ing tool in my first year graduate course in trans­
port phenomena, I have developed several 
example problems illustrating the utility of this 
method for obtaining the minimum parametric 
representation of a problem. Once having the 
minimum representation, it is easy to ascertain 
under what conditions the set of equations will 
simplify to a form more amendable to solution. 

JN PRESENTING this material to my class, I first 
attempt to apply it to problems for which the 

students have a good physical feel. A typical 
example here might be the highly viscous flow 
(lubrication flow) between two slightly inclined 
flat plates. The student immediately realizes that 
many of the assumptions we make for flow be­
tween two parallel flat plates can probably be 
invoked for this flow problem as well. However, 
he is not quite certain of how much relative 
inclination of the plates he can tolerate or how 
high the Reynolds number can be, before these 
simplifying assumptions begin to become ques­
tionable. I use a systematic approach to scaling 
the equations to give him a firm feel for the as­
sumptions he proposes to make. 

After a few problems such as this, I present 
an example for which the student's physical 
intuition is somewhat shakey. A typical example 
here might be judging when convective heat 
transfer can be neglected in heat transfer with 
accompanying viscous heating in fully developed 
laminar slit flow. A few examples such as these, 
convince most students that the method has real 
utility in practice. 

In what follows, I consider four example 
problems which I have developed for my trans­
port phenomena course, which illustrate the ap­
pUcation of scaling differential equations to 
obtain the minimum parametric representation. 
The first two problems are ones for which the 
student has some physical intuition, namely: 1) 
when can the lubrication flow assumptions be 
made for flow between two slightly inclined flat 
plates, and 2) when can the boundary layer as­
sumptions be made for flow over a flat plate. 
The last two problems are ones for which he has 
relatively poor physical insight, namely: 3) when 
can convective heat transfer be neglected in heat 
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transfer with accompanying viscous heating in 
fully developed laminar slit flow, and 4) when 
can penetration theory type arguments be made 
for film flow down a wall with a soluble con­
stituent. 

The first example will be discussed in detail 
to illustrate the method, whereas the remaining 
examples merely will be outlined to indicate their 
applicability to a transport phenomena course, 
and to illustrate a few of the more subtle con­
cepts involved in scaling. 

1. Highly Viscous or Lubrication Flow: 

CONSIDER THE VISCOUS flow between two infinite 
flat plates shown in Figure 1. At the point defined 
by r = 0, x = 0, a semi-infinite thin baffle is inclined 

at an angle 8 to the centerline. We wish to predict the 
drag on the baffle and therefore need to derive an expres-

Figure 1. - Lubrication flow over a baffle inserted between two 
infinite parallel flat plates. 

sion for the velocity profile in the baffled region (0 < x 
-< L). Our physical intuition tells us that if the baffle is 
short (i.e., L is small) we have an undeveloped flow. On 
the other hand, if the baffle is very long and the Reynolds 
number very small, the flow locally (at a given X) may 
be similar to flow between two infinite parallel flat plates. 
In this latter case, we might suspect that the simplified 
equations of motion would be identical to those for fully 
developed flow between two infinite parallel flat plates. 
Only the boundary conditions would be altered. Despite 
our good intuition in the problem we do not know "how 
long is long" or "how small is small." Scaling the com­
plete, two-dimensional equations of motion will enable 
us to ascertain the validity of our assumptions. 

The two-dimensional equations of motion in rectangu­
lar coordinates are as follows: 

2 2 
ov ov 

v _x_ + v _ x_ 
p y OY p X ox 

oP r o vx o vx l 
- - +µ I - 2- + - 2- {l ) 

ox L OY ox J 

ov ov 

Pv __y_ + pv __y_ 
Y OY x ox 

2 2 

-2.E._ + I ~ + ~ l 
- oy µ L oi ox2 J 

(2) 

ov /jv 
__y_ + _ x_ = 0 
oy /jx 

(3) 

The appropriate boundary conditions for the flow on the 
underside of the baffle are: 

VX = Q, Vy= 0 at y = Q (4) 

v =0 , v =O a t y = B- ( B-h)x, O;;ax;:;L (5) 
x y L 
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V 
X 

V (I - (1 - y/B)
2
J, v = O at x = 0 

m Y 

V = V (y), V = V (y) at X = L 
X X Y Y 

(6) 

(7) 

Boundary conditions 4 and 5 are just the no-slip condi­
tions at the solid boundaries. Boundary condition 6 
assumes fully developed slit flow at the entrance to the 
baffled section. Boundary condition 7 just states that to 
integrate these differential equations we need to know 
the velocity profiles at some other value of x, say x = L 
in this case. The f,act that we really do not know these 
velocity profiles has no bearing on the problem. 

We now introduce dimensionless variables involving 
the unknown scale factors V0, W0, P0, Y0, and x0: 

* V * 
V - ...::L.. V 

y - V
0 

' x 
V * ="ifi-; p 

0 

(8) 

These dimensionless variables are introduced into equa­
tions 1 - 3 and the coefficient of one term arbitrarily is 
made unity by multiplying through by the reciprocal of 
its dimensional coefficient. The resulting set of dimen­
sionless equations is given by: 

* 2 * 2 • r/v * y 2 r,2v • 
pVo yo ·* Ovx pWoyo * ~=- Poyo E_ + ~ 2 + ..2-z __ zx (9) 
--- v -- + V * · W X * * * 

µ. y 6y • µ.xo " 6x µ. o o 6x 6Y " o 6x 

* r:,v 
_x_= 0 

* lix 

The dimensionless boundary conditions are: 

(11) 

* * * (12) v = O; v = 0. at y = 0 
X y 

* * * B B-h ) Xo * 0 < * < .1__ (13) = O; v = 0 at y = - - (-1 -Y x ; = x = x 
vx y Yo o o 

* V 
X 

* * V = 0 at X = 0 y 

* *. * * * * * L vX = VX (y ); V =V (y) at X =-
y y XO 

(14) 

(15) 

Nondimensionalizing the equations has introduced five 
arbitrary scale factors given by equations 8. These may 
be considered as five degrees of freedom which we can 
choose such that the demensionless terms in equations 
9 - 15 have the same relative magnitude. The scaling of 
these terms is dictated by the boundary conditions and 
the physics of the problem. That is, for example, the 
boundary conditions give us the length scale over which 
the -dependent variable vx goes from its minimum value 
(vx = 0) to its maximum value (vx = V m>• 

We ther-efore begin determining our scale factors by 
utilizing the dimensionless boundary conditions. Note 
that the boundary conditions introduce four dimensionless 
groups: B/y0, [(B-h) /L][x0/y0], V m/W0, and L'.x0. _We 
are free to set these groups equal to zero or umty smce 
they involve the arbitrary scale factors, Y

0
, x0 and W0. 
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Our only limitations here are that we do not introduce 
any mathematical contradictions or violate our physical 
intuition. Therefore, let us arbitrarily say: 

B/y0 = 1; V11JV0= 1; L/x0 = 1 (16) 

This implies that y O = B, V
O 

= V m• and x0 = L in agree­
ment with our physical intuition on the appropriate 
scale factors. For example, we could not say L/x0 = 0, 
for this would imply that x0 was infinite which disagrees 
with the fact that the baffle is of finite length, nor coµld 
we also say [(B- h)/L][x0/ y0J = 1, for this would intro­
duce a mathematical contradiction. 

W E HA VE GAINED all the information we can from 
the boundary conditions and have determined three 
of our five scale factors. The remaining two scale 

factors will be determined by applying our knowledge to 
the physics of the problem to the equations of motion. 
We know, for example, that mass must be conserved; 
hence our continuity equation continues to be valid in its 
dimensionless form given by equation 11. If our dimen­
sionless derivatives f,v Y * / f,y* and f,v x * / f,x* are to be 
equal we must demand that: 

WoYo - VmB -1 
V

0
x

0 
- V

0
L -

Hence our scale factor for Vy is given by: 

VmB 
Vo = -L-

(17) 

(18) 

This result was not obvious and we naively might have 
assumed V0 = V m had we not scaled the continuity 
equation properly. 

In order to determine our remaining scale factor P 0, 
we must consider the physical situation for which we are 
scaling the flow, namely, high viscous flow. This implies 
that the pressure forces are balanced by the viscous 
forces rather than the inertia forces. Hence, if our 
dimensionless pres~ure gradient in equation 8 is to be 
of the same order of magnitude as the dimensionless 
viscous term f,2vx * / f,y* 2 (The reason for "arbitrarily" 
making the coefficient of this term unity is now obvious!) 
we must have 

_!0B2 = 1 
µ.VmL 

µ.Vm L) This implies that: P0 = ( - B-)(13 

(19) 

(20) 

Note that the scale factor on pressure is just a measure 
of viscous shear multiplied by an aspect ratio. This 
again agrees with our physical intuition for a highly 
viscous flow, but certainly is not obvious. We naively 
might have assumed P O = p V m 2 which is the scale factor 
appropriate to a nonviscous flow. 

Introducing the known scale factors into our dimen­
sionless equations of motion yields: 
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where the Reynolds number is defined by: 

BpVm 
Re= --­

µ 
(2 3). 

Equations 21 and 22 represent the mm1mum parametric 
representation of the problem under the conditions being 
considered. For limiting values of the two parameters Re 
and B / L the equations can be greatly simplified. If, for 
example: 

2 
(!L) « 1 
L 

and 

the equations reduce to 

2 * d V 
X 

* oy 

* 
..Q.f__= 

* dx 

0 

a constant 

with the boundary conditions 

* * vx = 0 at y = O 

* * h * * vx = 0 at y = 1 - (1 - 8 )x, O ~ x ~ 1 

(24) 

(25) 

(2 6) 

(2 7) 

(28) 

We were able to make these simplifications under the 
conditions given by equation 24 because our dimensionless 
terms have been scaled such that they have the correct 
relative magnitude dictated by the boundary conditions 
and the physics of the problem. 

The approximate physical conditions under which the 
above simplified equations can be applied, can be deter­

_ mined from equations 24. We can say, for example, that: 

'- B 
(fl-;; 0.1 and Re (1 )-;; 0 .1 (29) 

thus assuring that the terms these parameters multiply 
will be at least an order of magnitude smaller than the 
terms we have retained in equations 21 and 22. These 
conditions then imply that: 

..!L -;; 0 . 32 and Re ';; O. 32 L (30) 

Physically these conditions say that the flow must be 
highly viscous to insure that it can adjust rapidly to the 
local infinite flat plate flow solution indicated by the 
solution of equation 25. The aspect ratio B/L must be 
small to assume that the entrance effects represent an 
insignificant portion of the total flow regime. 

2. Boundary Layer Flow Over a Flat Plate: 

THE CONVENTIONAL WAY of arriving at the ap­
proriate form of the boundary layer equations is to 
either pull the appropriate scale factors such as the 

boundary layer thickness "out of thin air," or to make 
"hand-waving" arguments for their validity based on the 
results of the exact solution for the impulsively oscil­
lated flat plate in a quiescent fluid. The boundary layer 
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8(x) 

figure 2. - Boundary layer flow over a flat plate. 

concept can be rendered far less obscure if we attempt 
to arrive at the form of the boundary layer equations 
by scaling the complete two-dimensional equations of 
motion. 

The complete two-dimensional equations of motion 
describing the flow over the flat plate shown in Figure 2 
are given by: 

~ ~ ~2v 
vV vVX . oP V X 

pv _x_ + p v -- = - - + µ: --2- + 
X OX Y OY OX , OX 

2 2 ov ov 
Pv ____y + pv ___:t___ 

X OX y /jy 

oP o v o v 
= - 5 + µ(-f- + -f)' 

Y ox oy 
ov 

X 

ox 
ov 

+ ___y_ = 0 oy 
The appropriate boundary conditions are: 

v == V , v = 0 a·t x = 0 
X oc:, y 

v = v (y), v = v (y) at x = L 
X X y y 

V = 0, V = 0 at y = 0 
X y 

v = V , v = 0 at y = o (x), 0 ;; x ;; L 
X oo y 

(31) 

(32) 

(33) 

(34) 

(3 5) 

(36) 

(37) 

This example illustrates two concepts in scaling which 
were not involved in the first example. First, we note 
that this is a problem for which we are asking whether 
there is a region of influence wherein viscous forces can 
be confined, namely the boundary layer. This region of 
influence, defined by the boundary layer thickness 8, 
must be int_roduced into the problem via the boundary 
conditions, such as was done in Equation 37. Second, the 
example involves the concept of local scaling. This im­
plies that the equations are scaled at a local x, distin­
guished by x = L, which may be treated as a constant 
in the transformation of variables. 

Introduce the dimensionless variables: 

*v *v * *v * ...!: 
V = J; V = J; ·x = 2S..._; y = ..L-; p = (38) 

X WO y Vo XO yo po 

The dimensionless groups ansmg in the boundary condi­
tions and continuity equation enable us to conclude that: 

V o 
x = L · y = o· W = V • V = ___:::!__ o I o ' o oo ' O L 

(39) 

The fact that boundary layer flows are those in which 
the pressure forces are of the same order of magnitude 
as the inertia forces enables us to conclude that: 

CHEMICAL ENGINEERING EDUCATION 



2 
po= p Voo (40 ) 

The resulting dimensionless form of the equations of 
motion is' given by: 

* * 2 -;. 2 * 
* ov x * ov x 6P * 1 o 6 v x 1 L /j v x 

V -.- + v --=-- + - (-) -- + - (-)-- (41) 
X ox Y O * 0/ Re O L *2 Re O o *2 

y ox 6y 

* * 2 * 2 * * QV QV 2 * 6 V 1 L O V 
V _:t__ *__L = - (1_) .fil:.._ + _L(Q)__L + -(-)_:.__y_ 

x * + v y * 0 • Re L . 2 Re 1 o .z 
(42) 

ox oy oy o ox , r,y 

wher e the local Reynolds number is defined by: 

Re= 
6 

(43) 

The fact that viscous forces must be at least as important 
as in~rtia and pressure forces in the boundary layer if 
we are to satisfy the no-slip conditions at the wall, 
enables us to conclude that: 

{44) 

This implies that the boundary layer thickness is given 
by: 

(45) 

Hence, we have arrived at the correct functional form 
fo l" the boundary layer thickness if we identify L as the 
loca l axial coordinate. 

We see from equation 44 that: 

_Q_ = 
L (

_l \ 
o Reo ) (4 6) 

Therefore, if Re ::::: 10 we might expect the following 
• 

simplified boundary layer equation to apply: 

* * * ovx * ovx 
V * + v -.- = 

X OX y /jy 

* 
QL_ = 0 

* oy 

2 * 
{j V 
__ x_ 

.2 
{jy 

(4 7) 

(4 8) 

Note the Re ::::: 10 implies that Rer, = pV L / µ.::::: 100 
00 

for the boundary layer analysis to apply. This is in 
agreement with the analysis of Janssen3 who showed that 
the error in the drag coefficient would be approximately 
40% at a Reynolds number of 100 and negligible at a 
Reynolds number of 1000. 

The boundary layer equations can be simplified further 
by rescaling the dimensional form of equation . 47, the 
continuity equation, and the appropriate boundary condi­
tions. However, scaling these equations is a vastly dif­
ferent nroblem from scaling the full two-dimensional 
equations of motion which led to these simplified bounds 
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ary layer equations. The former is a class of problem 
for which it is not possible to determine the scale factors 
for all of the independent variables as is done in the 
problems discussed here. In such cases a similarity vari­
able is suggested. The method for treating such prob­
lems is discussed in the article by Hellums and Churchill.2 

3. Viscous Heating in Laminar Slit Flow: 

IN THIS CASE we wish to find the conditions under 
which axial conduction and convection of heat can be 
neglected relative to radial conduction and viscous 

generation of heat for the fully developed laminar slit 
flow shown in Figure 3. If we assume that there is no 
coupling between the momentum and energy equations, 
the latter is given by : 

2 
pC v · [l - (y/ B)

2J .fil. = k ..Q....1_ + 
V m OX ox2 

Figure 3. - Viscous heating in laminar slit flow. 

The appropriate boundary conditions are: 

T = T. at x = 0 
l 

T = T (y ) a t y = L 

T = Tw at y = ± B, 0 ~ x ~ L 

(4 9) 

(SO) 

(5 1) 

(52 ) 

.QL = 0 at y = 0 (53) oy 
Introduce the following dimensionless variables : 

T-T 
T* = ~; 

0 

(54) 

The reference temperature Tr is included as an arbitrary 
constant in order to make one of the boundar y conditions 
homogeneous. The boundary conditions indicate the fol­
lowing choices for our reference temperature and scale 
factors: 

Tr = Ti; Ts = Tw - Ti; yo = B; xo = L (5 5) 

The resulting dimensionless form of the energy equation 
is given by: 

2 
. 2.,.• 4µV *2 ...._,__ + . m 

*2 k (T - T.) y 
OY W l 

(56) 

The criteria for neglecting axial convection and con­
duction are seen to be: 
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CV B
2 

p V ID 

kL 

and 

B 
PrRe ( 1) (57) 

(58) 

where the Prandtl number and Peclet number are defined 
by: 

(59) 

(60) 

Under these conditions the simplified energy equation 
yields the solution given by Bird, et. al., in "Transport 
Phenomena," page 345_1 

This example illustrates the connecti.on between the 
lubrication flow assumption (small Re) and the small 
Peclet number assumption made in heat transfer prob­
lems. Scaling the complete equations describing a trans­
port process provides the link between somewhat ana­
logous assumptions. This connection is not nearly so 
apparent when a less systematic approach is used to 
ar rive at the simplified equations describing the process. 

4. Solid Dissolution into a Falling Film: 

THE PENETRATION THEORY concept in mass trans­
fer is as obscure as the boundary layer assumption 
in momentum transfer. We will scale the convective 

diffusion equation in a manner similar to that used in 
the developing the boundary layer equations, for the case 
of solid dissolution into the falling laminar film shown 
in Figure 4. 

INSOWBLE 
WALL 

r 
L 

l 

H 

SLIGHTLY SOLUBLE 
WALL MADE OF A 

Figure 4 . - Solid dissolution into a falling film. 
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The complete convective diffusion equation for this 
case is given by : 

2 Oc 
v [h- cY i l ___A. 

m H H J Ox 

and the appropriate boundary conditions are: 

c A = c A (y) at x = L 

cA = cAw at y = 0 , 0 ;::i x ;::i L 

cA = cAi at y = o c (x) 

(62) 

(63) 

(64) 

(65) 

(61) 

(61) 

Introduce the following dimensionless variables con­
taining the arbitrary parameters er, c

0
, y 

0
, and x

0
• 

(66) 

The boundary conditions indicate the following choices 
for the arbitrary parameters: 

(6 7) 

The dimensionless convective diffusion equation then 
assumes the form: 

2 

[
/ 200 ) y* • ( lls;'\/2 ] Vmllc ~ = R_ + ( 00 ) 2 .i:..s:_ (6S) 
\ H H ) DABL llx *2 L *2 

lly l!K 

Since the convection term must be of the same order of 
magnitude as the cross-stream diffusion term if we are 
to satisfy the boundary conditions at the wall, we must 
have: 

V 6 
2 

~"" 
DABL 

This implies that: 

(.J:!L) 1/2 = ( HL ) 1/2 
Re Sc Pe 

(69) 

(70) 

In order for the penetration theory equations to apply 
we must have 

(71) 

and 

( : )2 « 1 (72) 

where H is the film thickness. This implies that: 
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= ( Re ;c) ( ~ ) = ( ;e) ( ~ ) << 1 (73) 

Hence we see that the ratio of the contact time to the 
characteristic diffusion time must be small if the pene­
tration theory analysis is to apply. Most transport 
phenomena texts state that merely the contact time 
must be small. Scaling the equations tells us that the 
relative contact time is the important parameter which 
must be considered to ascertain the validity of the pene­
tration theory assumption. Note that equation 73 im­
plies that the penetration theory arguments will ulti­
mately break down at large L, (x). 

The simplified dimensional equation that describes the 
mass transfer under penetration theory arguments is 
thus: 

2 
O CA 

2 oy 
The simplified boundary conditions are : 

CA = cAw at y = 0, 0 ;;; X ;;; L 

C = C at y = oo A Ai 

(74) 

(75) 

(76) 

(77) 

The last boundary condition follows from the fact that 
lie is so small that for all practical purposes the boundary 
condition at the gas-liquid interface can be considered 
to be at infinity. The solution to this simplified problem 
is outlined on page 551 in "Transport Phenomena," by 
Bird et. al.1 

This example illustrates the connection between the 
boundary layer assumption (large Re) made in momen­
tum transfer and the penetration theory assumption 
(large Pe) made in mass transfer. 

SUMMARY 

A systematic approach to scaling the mathe­
matical description of transport phenomena can 
be summarized as ·follows: 

1. Write the complete differential equations and 
boundary conditions describing the process. In problems 
involving a "region of influence" such as boundary layer 
problems, the bound on the region such as the boundary 
layer thickness must be introduced in the boundary 
conditions. 

2. Form dimensionless variables by introducing arbi­
trary scale factors on all dependent and independent 
variables. Arbitrary reference factors may be introduced 
to make certain boundary conditions homogeneous. 

3. Introduce these dimensionless variables into the 
differential equations and their boundary conditions. 

4. Arbitrarily make the coefficient of one term in each 
differential equation and boundary condition unity by 
dividing through by its dimensional coefficient. 
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5. Attempt to determine the arbitrary scale factors 
and reference factors by setting appropriate dimension­
less groups equal to zero or unity. Which groups are 
chosen in this step depends on the physical conditions 
for which the equations are being scaled. Characteristic 
lengths can usually be determined from the dimensionless 
groups generated by the boundary conditions. However, 
characteristic times, velocities, etc., more frequently 
are determined from dimensionless groups generated by 
the differential equations. The guideline in determining 
the unknown scale and reference factors is to avoid intro­
ducing any mathematical contradictions and to not violate 
one's physical intuition. 

6. In problems for which all the scale and reference 
factors can be determined in this manner, the resulting 
dimensionless form of the differential equations and 
boundary conditions is the minimum parametric repre­
sentation of the problem. Problems for which not all 
the scale factors on the independent variables can be 
determined in this manner suggest a similarity solution. 

7. The minimum parametric representation of the 
problem can be used to ascertain under what approximate 
conditions the mathematical description of the problem 
can be simplified to yield a more feasible analytical or 
numerical solution. It also suggests the appropriate pa­
rameters for a perturbation or a symptotic solution for 
the complete mathematical description of the problem. 

The systematic approach to scaling the mathe­
matical description of transport phenomena is 
an effective teaching tool for a transport phe­
nomena course. It provides a means by which the 
validity of various simplifying assumptions in­
troduced in the mathematical description of 
transport phenomena can be quantitatively ascer­
tained. It also can be used to illustrate the 
analogy between the assumptions made in sim­
plifying heat, mass, and momentum transfer 
problems respectively. 

NOMENCLATURE 

B half width of slit 
C ,1_ concentration of component A 
CV heat capacity at constant volume 
DAB diffusivity of component A in B 
h height of baffle at x = L 
H film thickness 
k thermal conductivity 
L axial length 
p pressure 
Pe Peclet number 
Pr Prandtl number 
Re Reynolds number 
Sc Schmidt number 
T temperature 
vm maximum velocity 
vx axial velocity 
Vy transverse velocity 
V approach velocity 

00 
X axial coordinate 
y transverse coordinate 
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a 
Be 
0 
/J, 

p 

momentum boundary layer thickness 
concentration boundary layer thickness 
angle of inclination of baffle 
viscosity 
density 
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KLINZING: ECUADOR (Continued from page 146) 

were reduced from 40 or 50 per week to 25 or 
30 per week. The complicated thesis regulations 
were modified to a more efficient system. Scholar­
ship programs for students and profes13ors to 
improve their knowledge and return to their 
Universities seem to be the salvation for many 
Latin American Universities. Responsibility 
needs to be fostered in the students in Latin 
American Universities. This cannot be accom­
plished unless they are given the opportunity to 

·practice it in and out of the classroom. In En­
gineering assistance programs the work is much 
easier than in other areas such as History, Ad­
ministration, Education, etc. The reason for this 
ease is because the amount of physical equipment 
that can be employed in this type of assistance. 
People are anxious to change and accept new 
ideas when they see one of the means of change 
physically before them. Cooperation was excel­
lent and enthusiasm for improvement notable. 
The School contains many capable and dynamic 
professors and administrators. It is believed 
with this leadership the School will progress at 
a steady rate. One working in these programs 
of assistance should be flexible in operation and 
ideas. He should not concede on ideals. For full 
effectiveness in such a program a tour of duty 
should be no more than two years. Speaking the 
language of the host country is an invaluable 
asset in the entire endeavor. 
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The wild areas of the U.S. have had a bad ten years. 
Visits to most of the National Parks are rationed. This 
caused people to flock to adjacent wild areas. The use of 
motorized bikes, snowmobiles and helicopters has opened 
even the most remote regions to hordes of people. No 
species became extinct during the decade but the grizzlies, 
eagles and condors are very close to it. 

·Politically the world of 1980 is farther than ever 
from "one world" but is closer to two worlds. The Viet­
namese war was never officially ended. Neither was the 
Korean war for that matter. The U.S. slowly withdrew 
its troops during the early 1970's. Control of all of 
Vietnam slipped into the hands of a government con­
tinually more _Communist oriented. Red China gained 
more control over the country with the aim of securing 
the benefits of the Mekong rice bowl for herself. Then 
pressure was exerted against Laos and Thailand. These 
countries asked for U.S. help from the aggressor. The 
U.S. declined, however, having heard this cry before. 

In India and Pakistan, food riots, epidemics and gen­
eral misery made their national governments almost pow­
erless to guide and control these countries. Red China 
now virtually controls_ southeast Asia, but is no better off 
for it. She inherited more people than food. Her border 
clashes with Russia always were followed by a pull-back 
when Russia acted tough. Israel stands at the same bor­
ders she had at the end of the 1967 war. The Arab na­
tions of Egypt and Syria are overflowing with starving 
people, having increased by 12 million in the past decade. 
They are much too weak to pose a military threat to 
Israel and Russia apparently decided back in 1972 that 
nothing was to be gained by continually arming the 
Arabs. Russia appears to be having considerable difficulty 
just feeding her own population, now 270 million, and 
doesn't seem to have any food to spare for starving 
partners. Latin America now exceeds North America in 
population but in not much else. Most of the countries 
of Central America and northern South America have had 
a succession of military coups and "popular" uprisings. 

Back in 1970 I thought that homo sapiens was about 
three generations from extinction. Today, in 1980, I am 
not quite so pessimistic. Two hopeful signs have emerged. 
Almost all of the countries of the world have massive 
educational campaigns advising "Replace Yourself Only." 
Birth control is available and cheap worldwide. This 
alone won't do the job since large pockets of resistance to 
limited families still exist in South and Central America, 
India and Southeast Asia, and in the Arab countries. The 
other development is the recently introduced method of 
pre-selection of the sex of offspring. In the countries 
where there is the greatest resistance to family limita­
tions, there is also the greatest desire for sons. In India, 
sons are social security; in Latin America, the measure 
of a man's "manhood." With these countries in such a 
chaotic condition, statistics are difficult to obtain but 
there is evidence that a great preponderance of male 
births is beginning to occur. It will take another 15 to 
20 years until we know whether this creates more prob­
lems than it solves and also whether the world population 
is actually starting to decline as some observers claim. 

Lloyd Berg, Montana State University 
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