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1 — The non-magnetic case
Our Quasi-Geostrophic (QG) numerical code
The onset of rotating convection
Considerations about the vortex size
Scaling of the convective motions

2 — Introduction of an azimuthal magnetic field
Our Hybrid QG / 3D code
The onset of rotating magneto-convection
What tells us an experiment ?

3 — Impact of the magnetic field
On the vortex geometry
On the heat flux
On the convective motions scaling




Dimension- | Definition Expression Experimental Numerical
less number values values
Buoyancy
. galATd’
Rayleigh Vs R=="— up to up to
KU
diffusion 4.Rc 20.Rc
thermal diff.
Thermal Vs E= K 2 down to down to
Ekman QD
Coriolis 1.6 105 1.6 105
Lorents 2
_0OB
Elsasser VS N ,OQ up to up to
Coriolis 6.2103 0.1
viscous diff. 7.0
U
Prandtl Vs P=— 0.025 0.3
thermal diff. K 0.025
viscous diff.
U
Magnetic Vs P, =— 1.510° 1.510°
Prandtl A

magnetic diff.




. Differential heating (z-integrated temperature profile)
. No-slip boundary conditions
. Velocities described in the equatorial plane

. Refs: Cardin & Olson 1994, Aubert et al 2003

. NB: the Ekman pumping is included




Busse 1970 tells us that the critical parameters
(Rayleigh number, mode and pulsation) evolve as:

In the case of liquid metals, where P << 1, we can consider that




. L the size of the convection area

| =2mi/ m_ the critical size

crit

. I the radial vortex size

. lqJ the azimutal vortex size

Temperature perturbation ©
P=70-E=2.6109-R=17.4Rc
m_. =22 -Nu=10.7-Pe =714
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The mean part of the heat equation
leads to define the Nusselt number as:

... from which we consider the heat-flux
based Rayleigh number
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. Imposed azimutal magnetic field B, ~ 1/s

. Isolating boundary conditions j.n=0
(main difference with Petry et al 1997)

. Electrical currents j described in the whole
sphere through a potential V and the Ohm's law

. Lorentz force jxB0 described in the vorticity
equation
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Potential map (in pV) and associated
electrical currents in a slice of the sphere
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Pr=0.025-Et=3.2 107
L=39102-R=3.0Rc
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From Doppler ultrasonor velocimetry
in the equatorial plane (Brito 2001)
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I fix R and increase A...
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But: until now, we made no considerations about the
vortex sizes and the heat flux organistation...




Et=1.610°-R=3.0Rc
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