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Solar Cycle

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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Number Symbol Formular The Sun Earth Core
Ekman number E v/Qd 10~%° 1010
Taylor number Ta % 1031 10°!
Rayleigh number Ra iﬂfgg - ( — é %) 1024 1027
Prandtl number Pr v/X : 10~° 101
mag. Prandtl number Pras v/n 105 10~°
Rossby number Ro u/d 1 107
Coriolis number Co 2/Ro 1 102
Reynolds number Re ud/v 1012 10°
mag. Reynolds number  Rey, ud/n 10” 10°
Pecley number Pe ud/x 10° 10%
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density contrast: 6x107

temperature contrast: 600 |
pressure contrast: 7x1010

sound

sound speed: 200 to 5 km/s
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Number Symbol The Sun |bot|] The Sun [top]
turnover time T months mins
velocity u 1 km/s 0.1 km/s
pressure scale height H, 100 Mm 0.1 Mm
Ekman number E 1010 10~ 12
Taylor number Ta 102 1024
Rayleigh number Ra 10%4 10%°
Prandtl number Pr 10~ 10~ 10
mag. Prandtl number Pr s ‘ 10~7
Rossby number Ro 10°
Coriolis number Co 1 10—°
Reynolds number Re 1019 100
mag. Reynolds number Ren 100 10°
Pecley number Pe 10° 107
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Time scales
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The Pencil Code
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Planet formation

Coronal ejection

t/T=39

Anders Johansen (Lund Observatory)
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Global convective dynamo ssmulations

0A
E =u X B —+ UVQA
Dlnp
Dt v
D 1
& _ 1 2 , HOT ;2
T 5 = 5V (KT 4 xupTVs) + 2087 4 LT — T (r).
— . L
—_— | ° high-order finite-difference code
;} e scales up efficiently to over 60.000 cores
I e compressible MHD
...................................................................................... L I

hittps:/ / guthub. com/pencil-code/pencil-code/
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https://github.com/pencil-code/pencil-code/

0.7TR<r <R

50.0?

t = 250

0.10

0.0

L
)
-

v
-

b
|
)

0.00 |

k) (A}
2\

-50.0

U, [m/s]

01 <0 <6 0<op<Ap ki=21/AR

We model a spherical sector (‘wedge’) where only parts of the latitudinal
and longitudinal extents are taken into account.

Normal field condition for B at the outer radial boundary and perfect
conductor at all other boundaries. Impenetrable stress-free boundaries on

all boundaries.
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Charactennzation of the model
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Stratification
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Solar Cycle
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Equatorward Migration I
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Electromeotive force

— 4B+~ x B+ AV XB+6x(VxB)+rVB

Simplifications:
9B, _ _ B-B. 1B
5’; 1 — aV X Btor + nTABpOl B Bpol - Btor
\
OBior = _ — —
A — (Bpol . v)utor + aV X Bpol + nTABtor
! /

af) dynamo
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Mean field models
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Magnetic field generation
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Activity

There 1s Hope !

Brandenburg, Saar &
Turpim, 1998

log <Ryk>



Conclusions

* Solar dynamo produce an cyclic magnetic field.

* Large density and pressure contrast in convection zone.
* Pressure scale height varies from 100 Mm to 0.1 Mm.

* Pencil code 1s great!

* Mean field theory 1s a good approach.

* Solar/Stellar dynamos might be complicated.

* Observations gives as hope, that there 1s a simple picture.
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