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Study on rotating magnetohydrodynamic turbulence
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Summary

Paleomagnetic data show that the power spectrum of the geomagnetic dipole moment is

f—5/3 f -11/3

respectively proportional to in intermediate and to in higher frequency ranges, where f
is frequency. Computer simulations of geodynamo indicate that the characteristic spectrum of
the geomagnetic field reflects the wavenumber spectrum of turbulent kinetic energy near the
core surface. This character is further checked by more realistic numerical simulations of
thermal convection and geodynamo with lower-viscosity fluids. The results show that
large-scale columnar vortices tend to remain deep inside the core, although small-scale vortices
develop especially around the equator of the core surface because of low viscosity. The
characteristic frequency spectrum of the magnetic field is caused by oscillatory behavior of the
large-scale vortices, which is also observed in turbulent thermal convection of a non-magnetic
and non-rotating fluid. The Strouhal number calculated from the frequency, size and mean
velocity is about 0.25 in both cases. Further studies are needed to understand why the 5/3
spectrum comes along in spite of rotational and magnetic constraints, and whether the

large-scale vortices tend to remain in the case of much less viscous fluids like in the Earth’s

core.
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Figure 1: Velocity profile obtained from a numerical simulation of Rayleigh-Benard convection
of liquid gallium filled in a box of 20 cm x 5 ¢cm x 5 cm. The x-component of velocity at constant y
and z is shown as a function of x and time by both contour lines and shades, where (X, y, z) are the
Cartesian coordinates. Solid (broken) contour lines represent positive (negative) values. The contour
interval is 1 mm/s. The maximum Reynolds number is about 10°. There are three large-scale

convection cells oscillating with a characteristic time scale of about 10 seconds.
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Figure 2: Velocity structure on the equatorial plane obtained from a numerical simulation of a
low-viscosity geodynamo model. The fluid spherical shell rotates counterclockwise. The radial
velocity is shown by shades. The gray scale represents the magnetic Reynolds number. A number of
large-scale broad velocity structures are seen near the solid inner core, where the magnetic energy

density is larger than the kinetic energy density.
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