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In this project, we challenged studies of planetary dynamos with huge inner core by using Yin-Yang-Zhong (YYZ) MHD

(MagnetoHydroDynamics) dynamo code. The YYZ dynamo code can solve the MHD equations not only in the outer core but also

in the inner core. In this study, we assume that the radius of the inner core is 90% of that of the core. The inner core size increases

as the cooling in the Earth progresses, so this is the situation of the future Earth. In addition, small size planets like the Mercury, or

old exoplanets may have such the large inner core. From numerical simulation results, we found that the active convection occurs

not only outside the tangential cylinder (TC) but also inside the TC. The convection structure is different between them. The

structure is composed of granular cells inside the TC, while that is the elongated structure with north-south direction outside the TC.

The structure of the radial component of the magnetic field reflects the convection structure and is also different between inside and

outside the TC.

Keywords: planetary dynamos, planetary magnetic fields, inner core, convection, Yin-Yang-Zhong grid system

1. Introduction

The geomagnetic fields protect the surface of the Earth from
the solar wind or cosmic rays. So understanding of the producing
and maintaining process of planetary magnetic fields will be one
of the important points to understand the habitability of the planet.

The core in the Earth or terrestrial planets is composed
of metal (mainly irons). The outer core is fluid, and the
inner core is solid. The convection occurs in the outer core
because the core is cooled by the mantle convection through
the core-mantle boundary. The planetary magnetic field is
produced and maintained in the outer core through MHD
(magnethydrodynamics) dynamo process. By the process,
convection energy is converted into magnetic energy.

To study the planetary dynamo process, or the relation
between convection and magnetic fields, the strength or structure
of magnetic fields and so on, it is necessary to solve the MHD
equations. The MHD equations are non-linear simultaneous
partial differential equations with eight independent variables,
and analytically solving is almost impossible except for very
special situations. So numerical simulations by super computers
is one of the powerful tool to study the planetary dynamos.
However, even by the today’s super computers, numerical
simulations of planetary dynamos are very difficult because the
core in planets is under extreme physical situations.

In this project we focus on the role of the inner core on
planetary dynamos, especially the case of huge size inner

core. The inner core size increases as the cooling in the Earth
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progresses, so this is the situation of the future Earth. In
addition, small size planets like the Mercury, or old exoplanets
may have such the large inner core. Thus, we expect that this
study is useful to understand the dynamo process and magnetic
fields of those planets.

Our group published research results of numerical
simulations of geodynamo by using the Earth Simulator [e.g.,
1-2] with Yin-Yang MHD dynamo code developed by Prof. A.
Kageyama (Kobe University). The Yin-Yang MHD dynamo
code can efficiently calculate the MHD equations on spherical
coordinate by avoiding the singularity points on the polar axis.
However, the code cannot solve the equations including the
origin of coordinates. Recently, Prof. Kageyama developed
the new MHD dynamo code, Yin-Yang-Zhong (YYZ) MHD
dynamo code [3], which can solve MHD equations including
the origin of coordinates. In this project we use this new code,
which can solve the time development of magnetic fields in the

inner core.

2. Models

By using the YYZ MHD dynamo code [3], MHD equations
are solved in the outer core and the diffusion equation of
magnetic fields is solved in the inner core. The radius of the
inner core is 90% of that of the core. Here we introduce results
of the two cases as follows. The case a is, the Rayleigh number
Ra=3x10% the Ekmanu number Ek=3.3x107, the magnetic
Prandtl number Pm=30, the mesh number 51x258%x770x2
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(Ying-Yang part)+906x906x906 (Zhong part). The case
b is, Ra=3x10°, Ek=1.1x10", Pm=10, the mesh number
T1x514x1538%2+1266x1266x1266.

3. Results

The time development of total kinetic (red) and magnetic (blue)
energy in the core is shown in Fig. 1. In both cases, both energies
are saturated. The magnetic energy is exponentially strengthened
and nonlinearly maintained (the dynamo process occurs).

The temperature distribution near the boundary between
inner and outer core is shown in Figs. 2 and 4. In Figure 2,
the structure is viewed from equatorial direction (z direction is
rotation axis, and positive direction is north). In low and mid
latitude, the convection cells which are elongated to north-
south direction are seen. The cell scale in case b (high Ra
case) is somewhat thinner than that in case a. The z component
of vorticity is shown in Fig. 3 by isosurfaces (negative value
isosurfaces). It is somewhat different from the convection
column seen in geodynamo models [4], especially in case b.
Although the structure is elongated in z direction, the structure
is divided into small parts.

Figure 4 shows the same temperature distribution shown in
Fig. 2 but viewed from north direction. In contrast to results
of small inner core cases like the Earth, active convection
occurs inside the TC (high latitude region). The convection
cell size in case b is also somewhat smaller than that in case a.
The convection structure is like granular cells, and is different
from that in low and mid latitude shown in Fig. 2. The radial
component of magnetic fields reflect the convection structure in

Figs. 2 and 4, and is also different between inside and outside TC.

(a) (b)

energy
0.01 0.01 F
1e-6 le-6

0 3500 0 1000

t
Fig. 1 The time (horizontal axis) development of total kinetic (red) and
magnetic (blue) energy in the core.
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Fig. 2 The temperature distribution on the surface near the inner and
outer core boundary viewed from the equatorial direction. The
positive z direction is north.

Fig. 3 The isosurface (negative value) of z component of vorticity
viewed from equatorial direction.

Fig. 4 The same as Fig. 2, but viewed from north.

4. Future plans

The dynamo process may be different between inside and
outside TC because the convection structure between them is
totally different as shown. Through detail comparisons between
flow and magnetic fields, we would like to make clear the
dynamo process in the case with the huge inner core.

Now the integration time is much longer than the kinetic
diffusion time but shorter than the magnetic diffusion time (here
the kinetic diffusion time is evaluated with the shell thickness
of the outer core, and the magnetic diffusion time is evaluated
with the total radius of the core). To discuss the large scale
magnetic field structures, time integration which is longer than
the magnetic diffusion time is necessary. We have continued
the calculation to discuss the large scale magnetic field structure

including the structure inside the inner core.
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