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❑ INCOMPRESSIBLE FLOW AROUND AN AIRFOIL

• Strategy for finding solution of flow field around an airfoil 



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

❑ Superposition of Basic Flows

• Concept of source sheet: 
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❑ Superposition of Basic Flows
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❑ Thin Airfoil Theory – Cambered Airfoil 
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• Relationship between pressure on mcl and 
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❑ Superposition of Basic Flows

• The Kutta-Joukowski Lift Theorem:

• The approach of using panel method with vortex sheets 
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❑ Thin Airfoil Theory 
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Before stall

after stall

Assumptions:
• 2-dimensions
• Inviscid* 
• Incompressible* 
• Irrotational*
• Small α  
• Small max τ /c (i.e., airfoil thickness) 
• Small max z/ c ((i.e., airfoil camber)

Before stall



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

❑ Thin Airfoil Theory 
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❑ AIRFOIL AERODYNAMICS

• Stream function for a thin airfoil
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❑ Thin Airfoil Theory 
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❑ AIRFOIL AERODYNAMICS

• Kutta condition at Airfoil TE
• It is named after German mathematician and 

aerodynamicist - Martin Kutta.

• The Kutta condition is a principle in steady-
flow fluid dynamics, especially aerodynamics, 
that is applicable to solid bodies with sharp 
corners, such as the trailing edges of airfoils. 

• For a given airfoil at a given angle of attack, 
the value of   around the airfoil is such that 
the flow would leaves the trailing edge 
smoothly. 
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❑ KUTTA CONDITION AT AIRFOIL TRAILING EDGE (TE)

• Case #1

• Case #2
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❑ Thin Airfoil Theory 

❑ The Kutta-Joukowski Lift Theorem:

❑ Helmholtz's theorem:
• If  = 0 originally in a flow, it remains zero.

❑ Kelvin's theorem:

• Circulation around a closed curve formed 
by a set of continuous fluid elements 
remains constant as the fluid elements 
move through the flow: 

• D/Dt = 0.

• Substantial derivative gives the time rate of 
change following a given fluid element. 
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❑ AIRFOIL AERODYNAMICS

• Airfoil stops or starts in a fluid

• Starting vortex
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❑ Starting Vortex from Shedding from a Wing/Airfoil 
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❑ Aerodynamics of Bat Flight 
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❑ PIV Experiments: Bat flight 
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❑ Example PIV experiments: Dual-plane PIV

Single-plane Dual-plane
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❑ Example PIV experiments: Bat flight 
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❑ Example PIV experiments: Bat flight 
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