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Most flows are unstable... 

Saffman-Taylor 

Rayleigh-Taylor 

Taylor-Couette 

Kelvin-Helmholtz 

Lift-up and Streaks 

Tollmien-Schlichting 

Gravito-capillary waves 

Rayleigh-Plateau 

Rayleigh-Benard 

Tearing instability 

Meandering instability 
Traffic waves 

Benard-Marangoni 

Coiling instability 

Vortex shedding 
Flow separation 
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Viscosity has stabilizing influence on K-H instability 
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What about stable flows (no inflexion point)? 
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Plane poiseuille flow; Re=10000; α=1, β=0 

Unstable! 
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Plane poiseuille flow; Re=10000; α=1, β=0 
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Neutral curve for plane poiseuille flow 
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Neutral curve for plane poiseuille flow 
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Neutral curve for plane poiseuille flow 
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Boundary layers are destabilized by viscosity 
Reynolds Orr equation 

Perturbation kinetic energy: 

Dissipation term Production term 
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Boundary layers are destabilized by viscosity 
Reynolds Orr equation 

Perturbation kinetic energy: 

Dissipation term Production term 

It can be shown that Tollmien Schilcting waves, 
viscosity originates detuning of the phase 
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Local parallel flow approximation 

xlocal 

2π/α 

ðOrr-Sommerfeld-Squire equation 
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ðOrr-Sommerfeld-Squire equation 
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Tollmien Schlichting waves 

Re 

α 
v(y) u(y) 

y y 

α: axial wavenumber  
β: transverse wavenumber 

Schmid and Henningson 2002 
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xe xs 

Neutral curve 

90 

Schmid and Henningson 
2002 
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Tollmien Schlichting waves 

Re 

α 
v(y) u(y) 

y y 

α 

β 

α: axial wavenumber  
β: transverse wavenumber 

Schmid and Henningson 2002 

Re=1000 
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Boundary layer at increasing Reynolds number 
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Boundary layer at Reδ =1500 

Unstable! 

ψ= tan(β/α) 

Growth-rate 

The most unstable perturbation is oblique! 
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Couette 

Hagen Poiseuille 
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Croissance transitoire et bye pass transition 

Stabilité conditionnelle; transition sous-critique 
Trefethen 1993 


