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Thermal convection
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Warm, low density fluid rises
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Rayleigh number
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Thermal convection
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Rotation

« Référentiel non galileen.

* Force centrifuge
* Force de Coriolis

Cyclone hemisphere nord

Equilibre géostrophique
forces de pression (bleu) = forces de coriolis (rouge)
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On Jupiter (Juno mission
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Proudman Taylor theorem
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Thermal convection In a rotating sphere

« Working fluid is water

« Rotation is fast >100 rpm

« Gravity is the centrifugal
acceleration

« Temperature gradient is
reversed : cooling inner sphere

 Flakes and fluoreceine
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Columnar flow

Side view
with a
sheet of light
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Natural systems
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Thermal convection In a rotating sphere
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3D calculation

Ek=10"",Pr =0.01
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No Inner core — internal heatino
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Supercritical thermal convection
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Continuous transition at Ra = Rac
Thermal Rossby waves at low Pr:
tilted/spiralling pattern (Zhang 1992)
Production of a zonal flow by non-
linear interactions of the convective

velocities

Ek=10"Pr=10" Ra=1.13Ra,

o 1108




Bifurcation diagrams
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Bifurcation diagrams
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Strong branch

Weak branch

current fonction velocity
1o ‘ ' ' 4000 —014D02 :
3000f  rms
ael Jo00| CONVECtive
1000 |
0.0} | 0
-1000 |
-0.5F ¢ | —2000
-3000 | — Uc |
— Uz
-1.0 . L . —-4000 ¢ 3 i i E
-10  -05 0.0 0.5 10 00 02 04 06 08 10
current fonction velocity
1o : ' ' 600 |t = 0.13252 B
. rms
400 convective
0.5} \
- ‘
/ \\ 200
0.0} 14 \ - / ok
' V -200}
-05} : \\//
~ \ -400 |
" -600 | ]
.18 -05 0.0 0.5 10 00 02 04 06 08 10

temperature

10}
05}
.
0.0} 4
-
05
“i:)
10 =05 00 05 10
temperature
10}
0.5} - \ ‘
:
0.0} J
-
N
-0.5 \ \v
)
10 =05 00 05 10




Non linear terms effect
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What Is responsible for subcriticality?

u - VO isneeded in both branches (but not © )

The suppression of the zonal velocity U_gb leads to the strong branch.

The suppression of Reynolds stress u - V( leads to the weak branch.

0
Ugs—~—©O saturates the weak branch (thermal)
0¢
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Strong branches
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Bifurcation diagrams
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Subcritical strong branche
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Subcritical convection
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3D calculations
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3D calculation

Ek=10"",Pr =0.01
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Asymptotic subcriticalit
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|deal balance
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Rossby number
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Re = f(Ra*Ek)
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Size of convective cells
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The geodynamo




Dynamo calculations
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Numerical geodynamo
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Lunar dynamo
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Mars magnetic field
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Mars dichotomy
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