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E = 10" (no-slip)
Christensen et al. (GJl, 1999)

@ No dynamo
0.25< B, , <0.50

A050<B , <1.0

®1.0<B, <20

20<B, . <4.0

P... Magnetic Prandtl number

; R B
Ra/Ra

crit

To build an experimental
planetary dynamo

Liquid metal P, <</
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To build an experimental
planetary dynamo:

1. Liquid metal P <</

2. Vigorous motions
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To build an experimental
planetary dynamo:

R =— =100 7=01m’"
toon
1. Use liquid sodium (n)
2. Impose vigorous motion in a large
container (U, a).

In the core, R > 100
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To build an experimental
planetary dynamo:

1. Liquid metal P, <<]

Ua
2. Vigorous motion R =—=100

17

3. Rapid rotation
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Coriolis Vs Laplace forces

Waves:
Rotation alone — inertial waves : [0,2] Q
Magnetic forces alone — Alfvén waves : w, ~ (Uop)”B/a

- A=w/Q=B/a Qyp)*

Rapid rotation means : A << 1

In the Earth’s outer core A [3. 1074
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To build an experimental
planetary dynamo:

Liquid metal P, <<]
. i Ua
Vigorous motion R =——=100

oon

CUAlfven <<1

Rapid Rotation A =

Magnetostrophy
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Coriolis Vs Laplace forces

At long time scale

Lorentz ~ Coriolis - A\ =jB/2pUQ

Magnetostrophy means : A ~ 1

In the Earth’s core, 0.1< A <10
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To build an experimental
planetary dynamo:

Liquid metal P, <<1
Vigorous motion
aAﬁVen

Rapid rotation A =

Magnétostrophy A~ [
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A planetary
Dynamo ?
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Thermal Differential
convection rotation

E=10-6
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Planetary Dynamo

R =100
A=0.25
N, =1
a=1m Q=450 rpm
Power= 600 kW AQ =150 rpm
B=03T
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Riga and Karlsruhe dynamos

Karlsruhe

D2=043m

D3=0.80m

L=291m
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DTS

Rm < 3 0
A>0.01
N.>0.01

a=0.21m Q= 0-2000 rpm

B =20mT
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experiment
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DTS

Rm < 30
A> 0.0
A, > 0.01

a=0.21m Q= 0-2000 rpm
B =20mT

Towards a rapidly rotating liquid sodium dynamo experiment 21

Sodium reservoir




DTS : 40 liters sphere

e = -
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