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❑ SUMMARY OF VARIOUS BASIC FLOWS

• Basic flow #01 - Uniform flow
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❑ SUMMARY OF VARIOUS BASIC FLOWS

• Basic flow # 2:  2D Source or Sink Flow
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❑ SUMMARY OF VARIOUS BASIC FLOWS
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• Basic flow # 03:  2D doublet flow
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❑ SUMMARY OF VARIOUS BASIC FLOWS
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• Basic flow # 04:  2D vortex
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Superposition of Basic Flows
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Superposition of Basic Flows
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Superposition of Basic Flows

• What Is The Magnus Force?
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❑   Notes on Superposition of Basic Flows
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❑   Notes on Superposition of Basic Flows

A source near a wall:
• Consider a single source with strength K at a distant ℎ from a plane wall.

• To create the induced flow over the wall, the wall surface should represent a 
streamline

• Now, imagine a second source with the same strength of K and on the opposite 
side of the wall (image of the primary source).

• Write the induced velocity at an arbitrary point on the x axis (wall)
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❑   Notes on Superposition of Basic Flows
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❑   Notes on Superposition of Basic Flows
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❑   Notes on Superposition of Basic Flows

Example:
• Consider a uniform flow approaching a sources with strength K 

that is located at distance ℎ from a solid wall. 
• Please find the location and value of 

the maximum velocity on the wall. 
• Find the pressure on the x-axis.
• What is the total force acting on the ground
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❑   Notes on Superposition of Basic Flows
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• To find the maximum velocity on the wall:
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❑   Notes on Superposition of Basic Flows
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• Based on Bernoulli's Equation
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❑ Superposition of Basic Flows

• Consider a sequence of flows where a single source of strength K is repeatedly 
subdivided into smaller sources which are evenly distributed along a line segment 
of length ℓ. The limit of this subdivision process is a source sheet of strength λ = 
K/ℓ.

• Concept of source sheet: 
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❑ Superposition of Basic Flows
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❑ Superposition of Basic Flows
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❑ Superposition of Basic Flows

• If the source sheet is immersed in an incoming freestream, we will have

• Flowfields shown in the figures below can be achieved by suitably adjusting the 
sheet’s strength λ of source sheets superimposed on a uniform flow to the right. 
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❑ Superposition of Basic Flows
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❑ Superposition of Basic Flows
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❑ Superposition of Basic Flows

• The Kutta-Joukowski Lift Theorem states the lift per unit length of a spinning 

cylinder is equal to the density () of the air times the strength of the rotation ( ) 

times the velocity (V) of the air. 
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❑ Superposition of Basic Flows

• This use of source sheets in this manner to represent a flow is the basis of the panel 
method, which is widely used to compute the flow about aerodynamic bodies of 
arbitrary shape. 

• The approach of using panel method with source sheets is suitable only for non-lifting 
bodies such as fuselages.

• For airfoils, wings, and other lifting bodies, vortices must be added in some form to 
enable circulation to be represented. 
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❑ Superposition of Basic Flows

• Concept of source sheet: 
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❑ Superposition of Basic Flows

• If we evaluate very close to the sheet, either just above at y = 0+, or just below at y = 0−, the 
tangential velocity becomes very simple.
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❑ Superposition of Basic Flows
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❑ Superposition of Basic Flows

• The figure shows a vortex sheet exposed to an incoming freestream superimposed. The 
surface velocity vector pattern is very complicated, but the tangential velocity jump across 
the sheet is a constant equal to γ at all points.

• The Kutta-Joukowski Lift Theorem:

• The approach of using panel method with vortex sheets 
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