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5. Future work
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Appendix 1 Definition of physical quantities

Symbol Definition L(=1,—r1) outer core thickness
u velosity Uo magnetic permeability of
B magnetic field vacuum
] current density AT difference between T at
ICB and T at CMB
g acceleration of gravity )
e, normal vector of rotation
T temperature axis direction
P pressure w(=V X u) vorticity
p density
ar thermal expansion rate
0 rotation angular velosity
% kinematic viscosity
coefficient
KT temperature
diffusion coefficient
n magnetic field diffusion
coefficient

20




FIRAZAF




1 Dominant wavenumber

7.5e+01
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wz(ri/7, = 0.15) wz(ri/m, = 0.25) wz(1i/7, = 0.35) g}—uf

Z

The azimuthal wavenumbers in the quasi steady state decrease when the core ratio
becomes smaller. In other words, a thicker shell (the smaller inner core) is likely to
cause a larger structure.

The critical wavenumber is fit to depend on 7; and L;
1 2mrj 1 x
me = —
0.89 L 0.891—y
Using this formula, m; = 1.25,2.35,3.80 in1;/7, = 0.15, 0.25, 0.35. The trend of
our simulation data is consistent with their fitting.

(X = T'i/T'O) [Al-Shamali et al., 2004]



2 Interpretation of simulation data

The average temperature difference between ICB and CMB; AT

vQl E P
B agol Pr a. ------------------------------------------------------------
0.003 'E=1073, Pr=1
n— 1 m/s? -->v—17 Pm = 5m/s?
QA =727x10"° /s
=) :a—5><10 ® /K, go = 10 m/s?
= §L=(1—T‘i/7’0)7‘0
< 'L = 0.75 x 3485 km = 2614 km,
0.001 'L = 0.65 x 3485 km = 2265 km
| inr;/1, = 0.25,0.35
0.0005 | The range of Ra of sustained dipolar
' dominant dynamo was
0.0003 2.5 % 10° <Ra<31Xx 105,
0.1 0.2 0.3 0.4 1.1 x 10° < Ra < 3.4 x 10°
Radius Ratio r;/1, in13/75 = 0.25,0.35
L 2> AT

7"1/7"01 smaller > AT : bigger
The required buoyancy should be large for the smaller inner core.



3 Strengthened Bz at clockwise vortex
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4 Magnetic dipole moment
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5 Differences between thermal and compositional convection

argo(AT)L/vicr acgo(AC)L/vie h
v/QL? v/QL?
V/Kr v/Kc h
v/n v/n

- Prandtl number
Pr./Pry = 0(103) [Calkins et al., 2017]
(SKr/kc = 0(10%))

- Rayleigh number

ar ~ 107°K™1, AT ~ 1000K

ac = 0.17(Fepg,Sip1000.0g [POzzo et al., 2013]), AC =?
If ar AT~ a AC, Raz/Rar = 0(103)



