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Differential Approach:

· Gives an exact solution

· Used for laminar flow only

Blasius Equation:
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(dimensionless stream function)
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(similarity variable, a dimensionless wall normal distance)
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Boundary Conditions (3 BCs):

as ( ( (:
f’ = 1

at ( = 0:
f’ = 0

at ( = 0:
f = 0

Step 1:
Find ( at given location (x, y)
· 
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Step 2:
Find f, f’, and f” from Table in handout #5

Step 3:
Find u, v, or (
· 
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Laminar vs. Turbulent Flow:

· Use Reynolds number to determine if flow is laminar or turbulent
· If Re < Re,cr :
laminar flow
· If Re > Re,cr :
turbulent flow
· Blasius Solution (for laminar flow):
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Boundary layer thickness:
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Wall shear stress:
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· 1/7th Power Law (for turbulent flow):
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Boundary layer thickness:

[image: image15.wmf]7

1

Re

16

.

0

x

x

=

d






Wall shear stress:
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Examples:

Problem 1:

Given 
[image: image17.wmf]s

m

U

/

2

=

¥

 and 
[image: image18.wmf]s

m

/

10

*

46

.

1

2

5

-

=

n

.

Find velocities u and v at the location (x, y) = (0.05 m, 0.0006 m) above a flat plate using Blasius solution.

Problem 2:
In a boundary layer flow experiment (see figure for set-up) the transducer element reads a shear stress of 2.1 Pa, estimate:

a)  The free-stream velocity, U(
b)  The boundary layer thickness, , at the transducer

c)  The fluid velocity at 4 cm above the transducer

The properties of air are given as:

 = 1.20 kg/m3
 = 1.80(10-5 Pa(s
 = 1.50(10-5 m2/s
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