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But this does still not explain the 
aerodynamic drag scaling: SU
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Pressure gradient effect

Consider the flow along an angle 

This is the flow along a flat plate

Uniform flow- no pressure gradient

=0
Blasius boundary layer



Pressure gradient effect

Consider the flow along an angle 

This is the flow along a « forward wedge »

Accelerated flow

favorable pressure gradient

> 0
Thinner boundary layer



Pressure gradient effect

Consider the flow along an angle 

This is the flow along a « forward wedge »

Decelerated flow

unfavorable (adverse) pressure gradient

< 0

Thicker boundary layer



Adverse pressure gradient : 0




x

p

p1 p2 > p1 p3 >p2

p(x+dx)p(x)

Resulting pressure force

Pressure gradient effect



Adverse pressure gradient :

p1 p2 > p1 p3 >p2

Pressure gradient effect

Close to the wall, the viscous effects dominate

The pressure gradient further decreases the velocity

Detachement
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Favorable pressure gradient:

Pressure gradient effect

p1 p2 < p1 p3 <p2

p(x+dx)p(x)

Resulting pressure force



Close to the wall, the pressure gradient further increases

the velocity of the flow  no detachement
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p1 p2 < p1 p3 <p2

Favorable pressure gradient:

Pressure gradient effect
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Pressure gradient effect

Blasius
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Falkner-Skan solutions



Falkner-Skan far field solutions



Falkner-Skan boundary layer equations

1. Prandtl equations



Falkner-Skan boundary layer equations

1. Prandtl equations

2. Self-similar solution



Falkner-Skan boundary layer equations

1. Prandtl equations

2. Self-similar solution

3. Falkner-Skan equation



Falkner-Skan boundary layer solutions



Falkner-Skan boundary layer solutions
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Boundary layer separation
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Boundary layer separation



Decollement sur un profil d’aile



Effet du gradient de pression
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Application to sailing
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Application to sailing



Example: Flow around a sphere



Flow around a cylinder

θ

p



Flow around a cylinder
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P-
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Origin of detachment: pressure gradient

P-

P+

A viscous flow close to the wall opposes the free-stream
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Pressure coefficient
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Form drag



Drag coefficient
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x

drag

section, somewhat arbitrary…
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Separation control
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Separation control
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Application to sailing

Foc

Grand Voile
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Thickness effect

Attached

Detached
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A gallery of detached flows
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A gallery of detached flows
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A gallery of detached flows


