
Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

Dr. Hui  HU

Department of Aerospace Engineering

 Iowa State University, 2251 Howe Hall, Ames, IA 50011-2271

Tel: 515-294-0094 / Email: huhui@iastate.edu

Lecture # 38:  Boundary Layer Flows

AerE310 - Lecture Notes



Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

❑ Boundary Layer Flows

• The boundary layer is a very thin layer of air flowing over the surface of an object (like a wing).

•  As air moves past the wing, the molecules right next to the wing stick to the surface. Each layer 

of molecules in the boundary layer moves faster than the layer closer to the surface. 

• At the outer edge of the boundary layer, the molecules move at the same velocity (free stream 

velocity) as the molecules outside the boundary layer. 

• Ludwig Prandtl revolutionized fluid dynamics when he introduced the boundary layer concept in 

the early 1900s.

• What is a Boundary Layer?
• https://www.youtube.com/watch?v=Gg

VCTNCwfQk
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❑ Boundary Layer Flows

• Viscous effects are limited to small region (thickness~𝛿 ) around the surface. 

• Boundary layer thickness is defined at distance above the surface where velocity 
has reached 99% of the external flow.
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❑ Boundary Layer Flows
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❑ Boundary Layer Flows

▪ Displacement thickness,   * 
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❑ Boundary Layer Flows

▪ Momentum thickness,  

• H is the shape factor defined as the 
ratio between the displacement and 
momentum thicknesses
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❑ Boundary Layer Flows

▪ Example #1

▪ Problem 01 : Calculate displacement and momentum thickness 
for the local velocity profile given by the formula 



Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!
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▪ Example #1
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❑ NAVIER-STOKE EQUATION FOR 2D VISCOUS FLOWS
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❑ NAVIER-STOKE EQUATION FOR 2D VISCOUS FLOWS
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❑ Boundary Layer Equations
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❑ Boundary Layer Flows
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❑ Boundary Layer Flows
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❑ Boundary Layer Flows
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❑ Boundary Layer Flows
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❑ Boundary Layer Flows

▪ Boundary layer flow over a flat plate 

• Consider a steady uniform flow 
approaching the flat plate.

•  Continuity equation
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❑ Boundary Layer Flows

▪ Conservation of momentum 

• For x-momentum 
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❑ Boundary Layer Flows

▪ Conservation of momentum 

• For y-momentum 
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❑ Boundary Layer Theory
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❑ Boundary Layer Theory
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❑ Boundary Layer Theory
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❑ Boundary Layer Theory
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❑ Boundary Layer Flows

▪ Summary of boundary layer equations 

• x-momentum:

• y-momentum:

• Continuity: 

• Boundary conditions:
• No-slip at the wall

• Known far-field flow velocity
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❑ Boundary Layer Theory
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