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Outline
•  Flows Past Immersed Bodies 
•  Boundary Layer Flows (laminar)
•  Blasius Solution
• Boundary Layer with Pressure 

Gradient 
•  Falkner-Scan Equation
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Steady Two-D Flows
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Order of Magnitude Analysis
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Prandtl
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Boundary 
Conditions oUuyat
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Ludwig Prandtl
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U (x) is the external 
flow velocity 
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Boundary 
Conditions oUuyat
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Blasius
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Blasius Equation
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Boundary 
Layer Eq.
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Numerical 
Solution
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Drag Coefficient
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Stream Function Formulation

Boundary 
Conditions

0 0

( )

at y
x y

U x at y
y

 



 
  

 


  


0 0

( )

at y
x y

U x at y
y

 



 
  

 


  




10/6/2018

6

ME 527 G. Ahmadi

2 2 3

2 3

dUU
y x y x y dx y
        

  
     

2 2 3

2 3

dUU
y x y x y dx y
        

  
     

Similarity Solution y ~ xa

 ~ xb

U ~ xm

x2b-2a-1 x2m-1 xb-3a
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Hence for similarity solution
2b-2a-1=2m-1=b-3a

b=(1+m)/2,  a=(1-m)/2
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Falkner-Skan Equation
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Where

>0,  m>0,  Accelerating Flow,  No inflexion point
<0,  m<0,  Decelerating Flow, with inflexion point

 =-0.194, m=-0.092  ~  Separation 
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Concluding Remarks
•  Flows Past Immersed Bodies 
•  Boundary Layer Flows (Laminar)
•  Prandtl Boundary Layer Theory
•  Blasius Solution
• Boundary Layer with Pressure 

Gradient
•  Falkner-Scan Similarity Solution
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