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Hydrodynamics 

 

 potential flow 



2 

Outline 

1. Intro+kinematics 

2. Dynamics 

3. Dimensional Analysis 

4. Low Reynolds number flow/ Stokes drag 

5. Stokes drag-sedimentation-reversibility 

6. Hele Shaw-Lubrication--Pipe Flows 
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7. Unsteady flow 

8. Boundary layer [1] 

9. Boundary layer [2] 

10. Vorticity-Bernoulli-Potential flow 

11. Potential flow 
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Holomorphic functions 



5 

Holomorphic functions 
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Holomorphic functions 

Cauchy-Riemann conditions 
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Conjugate Holomorphic functions 

Orthogonal lattice 
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2D potential flow 
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Complex Potential 

Complex velocity 
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Uniform flow 
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SOURCE D>0 or SINK D<0 
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VORTEX 
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SUPERPOSITION, SOURCE and SINK 
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DOUBLET 
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Acyclic flow around cylinder 
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2D potential flow Acyclic flow around cylinder 
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2D potential flow Acyclic flow around cylinder 
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2D potential flow Bernoulli 
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θ 

p 
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22 Traînée : FD=0 Portance: FL=0 
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Achtung! Connectivity? 

The solution to Laplace equation is unique 

only in simply connected domains 
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Unique solution in 

simply connected 

domains 

Multiple solutions in 

multiply connected 

domains 
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Cyclic flow around cylinder 
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Cyclic flow around cylinder 
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Magnus effect and lift 
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θ 

p 
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θ 

p 

Drag : FD=0 ! Lift: FL=0 



Pressure distribution 
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• Drag : FD  = 0 

• Lift: FL ≠ 0 
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Cyclic flow around cylinder 

Drag coefficient 

Cyclic flow around cylinder 

Lift 

Lift  coefficient 
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Floating ball 



33 
Garcia & Chomaz 

Tangente fluide 
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35 L’Alcyone 

Le Baden Baden 
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Rotating wings! 
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Trajectories with initial veloctiy10m/s;  

the shooting angle varies 

Parabolic trajectory 
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Reentrant cornerkick 

Brushed kick with vertical rotation of the ball 

plan de tir  

plan de tir  
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Free kick 

 

 

 

ball 

Air flux 

lift 
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Free kick 

 

 

 

ball 

Air flux 

lift 
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Lift 
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Lifted trajectory 
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Lift at tennis tennis Vo=30m/s angle18°  

without lift 

 lift 

 net 

With lift 
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Slice at tennis Vo=5m/s angle 60°  

without slice 

 slice 

Slice 
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Conformal maps 
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Conformal maps 

Preservation of angles 
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The image of an holomorphic function is holomorphic 

Equality of complex  

potentials  

Transformation  

of velocities 

Conservation of streamlines, flow rate, circulation  

but not stagnation points 

Conformal maps 

Preservation of angles 
(except at critical points h’(z)=0) 

Link between z and Z planes  
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Joukowski’s transform 
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Joukowski’s transform 

Flow around ellipse 
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Joukowski’s transform 

Flow around ellipse 



54 

Joukowski’s transform 

Multiplicity of solutions 
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Flow around foil 

Startup  vortex and circulation selection 



56 

Flow around foil 

Startup  vortex and circulation selection 
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Flow around foil 

Startup  vortex and circulation selection 
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Real situation 
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Flow around foil 

Circulation selection 

By Kutta condition at trailing edge 

Wedge Cusp 
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Joukowski’s transform 

Multiplicity of solutions 
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Flow around foil 

Thickness effect 
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Flow around foil 

Camber effect 
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Blasius Formula 
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Kutta-Joukowski theorem 
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Lift of a plate under incidence in incoming flow 

at angle  
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Lift of a wing under incidence 
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Flow around foil 

Thickness effect 
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Flow around foil 

Camber effect 
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Linearized profile theory 
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Linearized profile theory 

impermeability 

far-field 
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Linearized profile theory 

At order ε 
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Linearized profile theory 
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Linearized profile theory 

wing= incidence+ camber+ thickness 

Camber 

Thickness 
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Linearized profile theory 

No lift by symmetry 
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Incidence  

Find  vorticity distribution γ(x) 

such that impermeability  
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Incidence  

Kutta! 

On peut démontrer que  



86 

Incidence  

Distribution de Cp 

Théorème de Kutta-Joukovski 
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Skeleton (camber)  

to be integrated numerically 

Linear superposition  


