Ooooooooo 2009

D000 MHDOODOODOODODOOOODOODOODOOO

The effects of the upper mechanical boundary condition
on MHD dynamo solutions in a rotating spherical shell
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Numerical experiments of magnetohydrodynamic (MHD) dynamos driven by thermal convection in a rotating spheri-
cal shell with a free-slip top boundary and a no-slip bottom boundary are performed. The Ekman number, the Prandtl
number and the ratio of inner and outer radii are fixed to 103, 1, and 0.35, respectively. The magnetic Prandtl number
Pm is varied from 1 to 50. The modified Rayleigh number Ra is increased up to 15 times the critical value Ra.. MHD
calculations are carried out from non-magnetic thermal convection solutions with a weak dipole magnetic field on top
of them, and dynamo solutions are obtained when Ra > 1.87Ra. and Pm > 4. The strong prograde zonal flows in the
non-magnetic solutions disappear in the dynamo solutions as the evolution of magnetic fields, and slow retrograde
zonal flows emerge at the top of the spherical shell. As a result, the omega effect which was expected from the strong
zonal flows of the non-magnetic solutions does not operate effectively. All of the obtained dynamo solutions are

considered to be categorized as the a’~type dynamo.
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Fig.1 The structure of non-magnetic thermal convection
. Left and right panels are the results of Ra = 150,750,
respectively. The top panels are temperature in the equa-
torial cross section. Arrows in the middle panel show ve-
locity and a tone pattern denotes vorticity along the rotat-
ing axis The bottom panels show mean zonal flows in a
meridional cross section.
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Table.1 Numerical simulations and resluts of & = 0.35, Pr = 1, E = 1073,
[ Pm

B.C.  Ra(Ra/Ra.) 1 2 3 4 5 10 20 30 40 50
RR T00(1.78) [@)
FR 100(1.87) X X X X X X X X X X
FR 150(2.81) X X X O O O O O O O
FR 250(4.68) O O
FR 500(9.36) O O
FR 750(14.36) O O
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Fig.2 The solution of MHD dynamo calculation in the
case of Ra = 150, Pm = 5. The top panels are temperature
(left) and vorticity along rotation axis (right) in the equa-
torial plane. The bottom panels are mean zonal flows in a
meridional cross section (left) and poloidal magnetic field
(right) in the equatorial plane.
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Fig.3 The solutions of MHD dynamo calculation in the
case of FR, Ra = 150, Pm = 5 (left) and case 1 of the nu-
merical dynamo benchmark(?) (right). The top panels are
poloidal magnetic field at the top of the spherical shell.
The bottom panels are the zonal mean azimuthal compo-
nent of magnetic field in a meridional cross section.
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Fig.4 Examination of the w effect. The left panel is the
w effect described by (4.). The right panel is the zonal
mean toroidal magnetic field.
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Fig.5 Examination of the « effect. The left panel is the
product of helicity and the azimuthal component of the
magnetic field. The right panel is the zonal mean az-
imuthal component of electric current.

Fig.6 A birds-eye view of the magnetic flux tube (green
line) and isosurface of vorticity along rotation axis (blue
surface). The value of vorticity isosurface is -40.
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