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6.642 — Continuum Electromechanics Fall 2008 

Kelvin-Helmholtz Instability 

Prof. Markus Zahn MIT OpenCourseWare 

Problem Statement


Figure 1: Geometry for Kelvin-Helmholtz instability problem of two superposed fluids moving at different 
z-directed velocities (Image by MIT OpenCourseWare.) 
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Equilibrium 

v = U iz, ξ = 0
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ρ + (v · �)v −�peq − ρgix
= 
∂t 

dpeq− 
dx 

= ρg ⇒ peq = −ρgx + constant 

−ρagx + p0 x > 0 
peq(x) = 

−ρbgx + p0 x < 0 

Perturbations 
∂ξ ∂ξ ∂ξ ∂ξ ∂ξ 

+ Uvx = vx = 
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+ vz 
∂z 

⇒
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ξej(ωt−k zξ(x, z, t) = � ˆ y y−k z) ⇒ v̂x = j(ω − kzU)ξ̂

v̂x2 = j(ω − kzUa)ξ̂; v̂x3 = j(ω − kzUb)ξ̂
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Boundary Conditions: v̂x1 = v̂x4 = 0 
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Interfacial Force Balance 

p̂3 − p̂2 − γ(k2)ξ̂ = 0
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Dispersion Relation 
ρa ρb
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2 coth kb − g(ρb − ρa) − γk2 = 0 
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Aω2 − Bω + C = 0
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Unstable if B2 − 4AC < 0
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B2 − 4AC =4 
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Unstable if B2 − 4AC < 0 
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Special Case: ka � 1, kb � 1, (coth ka = coth kb = 1) 
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