ns_27

Consider steady flow at horizontal velocity U (at y — o) past an infinitely long and wide plate. The plate
is porous and there is uniform flow normal to the surface at a constant velocity, V. Assume there are no
pressure gradients and that gravity is negligible.

horizontal velocity is U as y — ©
—

incompressible, constant viscosity
Newtonian fluid y
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V

a. Determine the y-velocity at all points in the flow field.
b. Determine the x-velocity at all points in the flow field.
c.  What restriction is there on the velocity '?
d. Quantify how far into the flow the wall effects are felt. Clearly indicate what criterion you are using.
SOLUTION:
Make the following assumptions about the flow:
i 9 (=0 =
1. The flow is planar. = AZ( )— O,u, =0
i 9/ (..\=
2. The flow is steady. = /8t( )— 0
. . L Ju du,
3. The flow is fully-developed in the x-direction. = o = ” e 0
4. Neglect gravity. = & =& =8.= 0
i 317 _dp/ _dp/ _
5. No pressure gradients. = = Sov= S 0

The continuity equation for an incompressible, planar flow is:

Ju ou, du, ) .
—~+—2=0 = —X =0 (call this condition #6)
Jdx dy dy

=0(#3)

Since u, is not a function of x (#3), z (#1), or y (#6), then u, = constant. Since the flow at the wall has
vertical velocity, V:

0
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Now examine the x-momentum equation:

8ux+u du_ y % __a_p+ azu”_ ZX .
Pl o 2oy T e T TP 2
:0(#2) :0(#3) hid #6) :0(#5) :0(#3) :0(#4)
2
e o
y y

where the partial derivatives have been replaced by ordinary derivatives since u, is not a function of x (#3)
or z (#1). Not also thatv = u/p.

Solving Eqn. (2):

V. d{(, du,
v dy dy

V du
—y+e=Inh—=
v dy
(V J (V ] du,
exp| —y+¢ |=c,exp| —y |=—
1% v dy
u, =c, exp(Ky j+ ¢, 3)
1%
Apply the following boundary conditions:
no-slipaty =0 = u, (y = 0) =0 4)
horz. velocity is U as y — o = u, (y —oo)=U (5)
u (y=0)=c¢,+¢, =0 (6)
. 14
u (y—e0)=c,lim|exp| —y |[+¢, =U @)
yeo v

Note that in order to have u, remain finite as y — oo, we must have . Hence, Eqn. (7) implies that ¢4 =
U. Substituting and simplifying gives:

u, :U{l—exp(%yﬂ (3

To quantify the distance into the flow that the wall effects are felt, use the 99% boundary layer thickness, 9,
ie.:

B

: =O.99=1—exp(z§]
v

U
Vv

6=—In0.01 9
~ (€
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