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Marginal stability of planetary convection
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Abstr act picture is now widely accepted. However
Boussinesq approximation itself is inadequate to

Review of the known and recent researches ismModel well-mixed compositional [6] and almost
presented for the onset of Boussinesq convection in2diabatic [7, 8] thermal convection in the plaretsl
rapidly rotating spherical shell imitating the pédaary the anae_lastlc approximation is often better eaﬂyu
interiors. Those researches and the first prinsiple  for the giant planets. Nevertheless, much of treicba
well-mixed compositional and/or almost adiabatic dynamics can be investigated by proper extensibns o
thermal non-Boussinesq convection in the planets the simple thermal Boussinesq models [3, 2, 7 4nd 8
allow deriving new results for marginal convection

stability and planetary magnetic field excitation. 2. New results

The energy estimates for well-mixed compositional
convection from [6] and large Prandtl number (Pr>>1
The study of Boussinesq rotating convection in-self Solutions from [7, 8] allow me roughly to model
gravitating spheres and shells at a small EkmanRayleighRa and criticalRa, Rayleigh numbers for
number E has developed a long way since the the Terrestrial planets. This result is shown iguiFe.
pioneering studies of Roberts [5] and Busse [1].
Their key conclusion was that the onset of

1. Review

convection is localized at mid-latitudes in cells
arranged on a cylinder whose generator is parallel
with the rotation axis. This ‘cartridge belt’ thévee
consists of axial rolls whose structure varies §fow 61
between the equatorial plane and the intersection o
the cylinder with the outer boundary. The rolls éiav
short E¥® azimuthal length scale and propagate 44
prograde. However the detail of the radial struetur
was not straightforward and its correct form walkyon
resolved much later by Jones, Soward & Mussa [4]. 5]
Their asymptotic solution describes rolls that agte
radially in the direction normal to the cylinder an

relatively long EY® length scale; moreover these
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elongated structures also tilt progradely with (
increasing distance from the axis. The case of
deferential heating, when there are no heat sources ir
the fluid as in [1, 4 and 5] but instead tempemtur

02

deference is maintained between the inner and outer

Figure: For compositional convection in the

boundaries, was considered in [3, 2, 7 and 8]. Then Terrestrial planets modified Rayleigh numbRes
relatively large temperature gradients occur clmse
the inner boundary. As a result the cartridge bel
resides on the cylinder tangent to the inner boonda
at its equator. The rolls now have the radial lengt
scale E?® and tilt as before. Certainly this general

andRa, are shown in dependence on their inner to
outer core radius ratig/r,, Prandtl Pr number and
large constanC. The modern Earth with vigorous
compositional convection is indicated. Venus could
be on the left or near the left red arrow, while
Mercury and Mars are perhaps near the right arrow.
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the radius shown by the left red arrow in FigurkisT
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success of the recent numerical geodynamo modeling.

However the too small inner core age problem is [2] Bassom A.P., Soward A.M., Starchenko S.V.: The

strongly amplified if the inner core is crystallize onset of strongly localized thermal convection dtating

from the ||qu|d outer core as it is W|de|y accepted spherical shells, J. Fluid Mech., submitted in 2010

(alternative view resolving this problem in Pustgkar

and Starchenko report on this TP 12 section). The?l‘rgifr’]rmg'_ ETh S%anrac:’ Q":/rl{ér?;ets:br%:&i gr?uilrt{ ﬂ‘;ﬁ
lanets with thin enough liquid core also could énav NI ;
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satellites of the giant planets. As well due tosthi

sharp transition small and unusual magnetic fidld 0 [5] Roberts, P.H.: On the thermal instability of iy
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compositional convection in cooperation with tidal 263, pp. 93-117, 1968.

effects perhaps. New results for critical frequesci

and convection dynamics also will be presented by [6] Starchenko S.V.: Gravitational differentiatidn the
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