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Exact Relations
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Estimates for the dissipation
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Suspicion: There might be a Pr-dependence in the estimate for the
boundary layer
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Numerical Methods

e The equations of motion:

%v+(v-V)v = —Vp+PrV?v+Ra PrTz
V-v=0
Or +(v-V)T =V°T
ot B
e Two control parameters:
 gaATd

v
Ra , Pr=—
KV K



e The boundary conditions:

Periodic lateral boundary conditions — aspect ratio A

e Decomposition of v:

v=VxVxd(rt)z+V xV¥(r t)z+U(zt)

e Spectral method, Chebychev / Fourier
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Viscous boundary layer

thickness for Pr
between 0.7 and 60
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Viscous dissipation in the
viscous boundary layer
for Pr between 0.7 and 60



Rotating Convection

Zhong, Ecke, Steinberg, J. Fluid Mech. (1993)

Nuox Ra - Fk 7
Ek = v/(Qd?)
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—— Ek=1.75e-03
—A— Ek=8.72e-04

— Ek=4.66e-04
—C— Ek=2.00e-04
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€, In rotating convection:

e Boundary layer: €, g—zReQEk_l/ 2

e Bulk:

If viscous and nonlinear terms are small:

Redistribution of energy on the time scale 1/

€y puik X QU?
U= Ucon'vection =+ UEkman = A- Re + B - Re - Ekl/Q
€upui X A% - Re* - Ek™' +2A - B - Re* - Ek Y2 + B?Re?
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Sheared Convection
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Summary

 Numerical simulation allow us to determine dissipation rates

S0 far, there is no need to improve the usual estimates for the dissipation
rates in standard Rayleigh-Bénard convection

« Simple estimates for the dissipation rates for rotating convection at low
Ekman numbers seem to be adequate

« Sheared convection is more challenging



