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1. (45 pts) A polymeric liquid is coated onto a surface by flowing the liquid down an inclined
plate making an angle a with the vertical. Assume that the polymeric liquid behaves as a power-

law fluid with a viscosity given by:
. n=1)/2
1
= K|~
: ‘2 ’[

a) Obtain an expression for the velocity distribution in the film and for the thickness of the
film given that the flow rate per unit width is q. Use the coordinate system indicated in the
sketch. Indicate your assumptions and show your work.

where K and n are constants.

b) Show what your velocity field and film thickness expressions reduce to in the limit that the
fluid behaves as a Newtonian fluid. Do not re-solve the entire problem for a Newtonian fluid.
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2. (20 pts) A fluid with uniform velocity U approaches a flat plate as shown in the figure below.
The plate may be considered infinite in the z-direction and the flow is steady. A boundary layer
develops, with a thickness 8 that increases with distance down the plate. The characteristic

Jength in the x-direction is L, the characteristic length in the y-direction is §, and the
characteristic velocity with which to scale vy is U.

a) Use the continuity equation to show how vy should be scaled with the quantities U, &, and L.
b) Starting with the correct form of the x-component of the Navier-Stokes equation, determine
the appropriate scaling (characteristic distance) for d.

u
-
>
>
—
—
- L >
d) va e Slace Inh= (YR a'dlr‘pr."i--\
Clhh“\ull':} 15 I BV, .
P 'Qj
Uy Lvi z o .k_d_- P _ -\J’; wt\"‘
Gen ,J; = --DI— , X = L , and ‘-I-] = g L*"'J- \’?
gobe b wnhnﬁ-b - .
L 5% FRFY
" vE W . T oo
LV  or 24 ¢
e .t_)_- ~ |
]I?IBI"— p hee LV

order for hoft feves +o b hon —ineq
o — o
;7 ! Vo= “Qéj _‘-15 4)'3 choold ke !{41¢J we -

CAN‘LL" .s’htfhvlj P‘"**‘ 15

'J?"U‘,L '9?'?};
/"(“’5’“*”3“;‘ = T T 2 Y
¥ x 'Y

b)  Frowm Teble F-4 , fhe

6:-\1""\3 pressere wi m . é’: -'ﬁ:

v be  detormmicad |



5(«'1-\3
i = 3 ~t T 7 e -~
e o) T y TR LU TE
L J L ox §4 > %™ Z;v T
¥ 29
Um"fl"a( d‘a"; T a(.-:.. 5
) \ o o=t —r S > ip= 91“1}‘ ~
B G * 9% Flei ) = "'( — ( S * P Vy
? / @ j { ’,'I'U 2% L,_ 9“1_ + Qg;
6 ®
W———f
VisCous H"ﬁ\ @ f‘s
proe b chueller Fhan
]n bovader |aaw Wow.‘{‘ Visceus frin @ Simee 1 F 8
J Z po Thpled Ej £
T o e (V) 4o blonee g

jnev hal Leons (<€) WQ/> ;

’n‘\vﬁ U'L p?.
(0_ == e l = 2 e
il S = j’—/gu



Name Selebian

3. (35 pts) A cylindrical rod of radius kR (where k < 1) moves with a constant velocity U
through a stationary cylindrical container of radius R containing a Newtonian fluid. The rod is
concentric with the cylinder and moves along its axis (as shown below). The ends of the

&ylinder are sealed so that the fluid remains in the container but circulates due to the motion of
the rod. The length of the container L is comparable to R.

a) Show how you would solve for the velocity field in this problem. Do not attempt to solve the
resultant equation(s), but clearly indicate assumptions, boundary conditions, and simplified

equations.
Stationary cylinder of length 3
L and inner radius R Rod of radius kR
moving with velocity
U along its axis
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b) How many boundary conditions are needed for the following partial differential equation,
where H=H(p,T)? Indicate how many boundary conditions are needed for each independent
variable. Also, indicate the total number of boundary conditions needed.
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¢) Plot the following function on the graph below: yx=3

0.0001 S R 8 5 ; it i
0.01 0.1 1 10 100 1000




