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Chandrasekhar (1961)
"Hydrodynamic and Hydromagnetic Instability”

Rotation, Magnetic fields, Couette flow, Kelvin-Helmholtz

Superposed Fluids, Jets and Cylinders

Rayleigh, 1916 (free, free , T=const. , T=const.)

Reid/ Harris, 1958 (rig, rig , T=const. , T=const.)
Ra. = 1707.765

Nield, 1967 (free, free , Q=const. , Q=const.)
Rac — 120

4 +3 + 2+ 1= 10 combinations



Transition to turbulence
Schmidt and Saunders (1938), Malkus (1954), Krishnamurti (1973)
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Transition to oscillating flow depends on Pr



Free convection: Ra — o0

Nu ~ Ral/g

||: Saunders (1939), =: Weise (1940)

Ra = o0 — () — const.

Interfacial flux () must become

independent of depth H




Nonlinear flux law
2\ /3
Q = e, ASY/3 <_ng )

How large is c4 7

Intermittent convection

Howard's (1966) simple concept

—1/3
cx ~ Ra, /

Howard: Ra. ~ 1000 = ¢« ~ 0.1

Generally, ad-hoc:

120 < Rae < 1708

=
0.08 < ¢y < 0.28



() and c4« depend on

e boundary conditions

e Prandtl Number

— = w

10° F o TABLE I .

10° F

Yang and Choi (2002, Phys. Fluids)

See also: Foster (1968, Phys. Fluids),



Different Boundary Conditions
Free, rigid, mixed

Flux, double-diffusive

Geophysical Applications

Unstable Atmosphere

(Herring, Priestley, Deardorff)

Convection in Stars

(Spiegel)

Oceanic double diffusion

(Stommel, Stern)

Sea ice freezing

(Foster)



Arctic Leads

Austausch Coefficients
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Oceanic Double diffusion

Salt fingering
Thermohaline staircases
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temperature (°C)
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salinity
lce melt

Salt fingering

Dense plume convection



MOC (Sv)

MOC (Sv)

MOG {Sv)

Climate Models

Diapycnical mixing
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Sea ice freezing

Salt entrapment

Skeletal layer

Salt fluxes
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Salinity S
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Planar-cellular transition

Fresh versus salt ice
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log(a0), (mm)

Sea ice microstructure

Crystal growth
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log(a0), (mm)

Sea ice microstructure

Sea ice salinity

Salt fluxes to the ocean

lce shelves
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