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The Earth's magnetic field is a manifestation of
magnetohydrodynamics (MHD) inside the planet. The
kinetic (flow) energy of the MHD fluid in the planetary
core is converted into the magnetic energy through the
so-called MHD dynamo process. It is well known that
the dominant component of the dynamo-generated
geomagnetic field is the dipole. The fact that the dipole
field is the simplest structure of the magnetic field in
nature suggests that the geodynamo process could be
understood as a kind of MHD relaxation process.

We have performed large-scale computer simulations
of geodynamo and found various structures and
dynamics in the flow and magnetic fields, including
columnar convection cells [1], dipole magnetic field [2],
its reversals [3], helical currents [4], and sheet-plumes
[5]. It would be natural to try to understand those
coherent structures as results of relaxation processes in a
spherical MHD system. However, the most successful
relaxation theory for the MHD relaxation, i.e.,
Woltjer-Taylor theory, is not applicable to the
geodynamo system, because the flow energy in the
relaxed state is supposed to be absent in the theory.

Trying to find a hint for a theory of MHD relaxation
in which the fluid in the relaxed state has both the flow
and magnetic energies, we have performed a computer
simulation MHD relaxations in an idealized system: An
MHD fluid with low dissipation rates is confined in a
perfectly conducting sphericalc boundary. The stress-free
boundary condition is assumed for the flow.

Fig.1: Symmetric vortices (flow lines) in a relaxed state,
started from an unstable, ring-shaped magnetic field
without flow. The magnetic field lines are aligned to the
flow lines. The vortices are located on the four vertices of a
regular square.

We start from a simple and symmetric state, such as a
ring-shaped magnetic flux with no flow and numerically
integrate dynamical relaxations of the magnetic energy.

In some cases, the system settles down to a
quasi-stationary state after a relatively short interval with
fluid turbulence. The relaxed state has a highly
symmetric structure of the flow with the magnetic field
in which four swirls are located on vertices of a regular
square [6, 7]. We have found that the flow belongs to a
family of so-called twist flows. The magnetic field lines
are aligned to the flow lines. This result goes beyond the
scope of Woltjer-Taylor theory since the structure is a
co-existent state of both the magnetic and flow fields

with almost the same total energies.

In those simulations, the total angular momentum of
the MHD fluid, or the rotation of the system, is absent.
We have also performed similar simulations with the
rotation of the system, and found higher magnetic
energies. This is explained by an MHD dynamo effect
with flow helicity.

The simulations are performed with a
finite-difference method code on a spherical Chimera
grid named Yin-Yang-Zhong grid [8], by which one can
solve equations in a sphere without taking care of
coordinate singularities on the poles and the origin.

In addition to the base grid system, a new technique
for the data visualization is also used in this simulation.
It is a kind of “interactive in-situ visualization” method
proposed by the author [9,10]. The basic idea and the
latest implementation of the method will be discussed in
the talk.
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