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Overview
• Fluid instabilities show up in everyday life, nature and engineering applications. 

A seemingly stable system may give rise to the development of an instability, 
which can cascade into turbulence. 
• When the system is exposed to a perturbation, some wavelengths will grow, 

while others will not, governed by the parameters of the flow. This selectivity of
specific structure sizes can be determined using linear stability analysis and then
accounting for viscosity. 
• Once these unstable wavelengths have grown to a substantial degree, the system

becomes nonlinear before turbulence eventually sets in. 
• Looking at buoyancy-driven instabilities, one can clearly see how certain

wavelengths are selected. This can be extended to shear-driven instabilities and
to other systems. 
• For some flows, simplifications can be made to analyze the specific fluid 

structures, while for others, only broad conclusions can be drawn about the
stability criteria. 
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Rayleigh-
Taylor

• Instability of an interface between
two fluids of different densities, which
occurs when the lighter fluid 𝜌! is pushing
the heavier fluid 𝜌" . 
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Rayleigh-
Plateau
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• Instability of a falling stream of fluid that
breaks up into smaller packets with the
same volume but less surface area.
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• Instability that occurs when a more 
viscous fluid 𝜇!, is pushed through a less 
viscous one 𝜇" .
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Saffman-
Taylor
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Kelvin-
Helmhotz

• Instability that occurs when there
is velocity shear in a single continuous 
fluid, or when there is a velocity difference
across the interface between two fluids.
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Taylor-
Couette

Taylor showed that when the angular velocity of the inner cylinder is increased 
above a certain threshold, Couette flow becomes unstable and a secondary steady 
state characterized by axisymmetric toroidal vortices, known as Taylor vortex flow, 
emerges. Subsequently, upon increasing the angular speed of the cylinder the 
system undergoes a progression of instabilities which lead to states with greater 
spatio-temporal complexity, with the next state being called wavy vortex flow.
Beyond a certain Reynolds number there is the onset of turbulence.
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Marangoni 
effect

Since a liquid with
a high surface
tension pulls more 
strongly on the
surrounding liquid
than one with a 
low surface
tension, the
presence of a 
gradient in surface
tension will cause 
the liquid to flow
away from regions
of low surface
tension. 
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Stability, instability and overstability
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Strut under compression (Euler)
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Dissipative systems
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Oscillatory instabilities
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Rayleigh-Taylor instability
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Rayleigh-Taylor (MFM 372)
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Rayleigh-Plateau
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Rayleigh-Plateau (MFM 373, 374,375)
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Saffman-Taylor instability
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Saffman-Taylor (MFM 406)
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Other phenomena
Camphor boats (MFM 419)
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