ME 362
Boundary Layer Flow
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Boundary Layer Flow:

· Viscous effect is important
· Flow is rotational (
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Prandtl’s Approximation:

· Inside the boundary layer (BL), NS equation can be simplified to BL equation by using Prandtl’s approximation.

From scale analysis
(
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From continuity
(
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From x-momentum
(
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where ( is the boundary layer thickness
BL Equation for Flow Over a Flat Plate:

Continuity:
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x - Momentum:
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BL flow can be solved by using:

· Integral Approach
· Differential Approach
Integral Approach:

· Gives an approximate solution

Step 1:
Assume a velocity profile
· 
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e.g.: 
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Boundary conditions (3 BCs):


at y = 0:
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at y = (:
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Apply BCs to solve for constants a0, a1 and a2

at y = (:
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Step 2:
Calculate momentum thickness (
· 
[image: image14.wmf]dy

U

u

U

u

ò

÷

÷

ø

ö

ç

ç

è

æ

-

=

¥

¥

d

q

0

1


Step 3:
Calculate wall shear stress (w
· 
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Step 4:
Solve boundary layer thickness (
· 
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Step 5:
Find skin friction coefficient Cf
· 
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Step 6: Find friction drag Df
· 
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where b = plate width

Example:

With the following velocity profile approximation:
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a) Find (, the momentum thickness
b) Find w, the wall shear stress
c) Find , the boundary layer thickness
d) Find Cf, the skin friction coefficient
e) Find Df, the friction drag
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