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THE KARLSRUHE DYNAMO EXPERIMENT

Müller, Stieglitz, …  2000,  ... 

R = 0.85 m
H = 0.71 m
a = 0.21 m
h = 0.19 m - pitch 

52 ''spin generators''

liquid sodium
η ~ 0.1 m²/s
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Busse 1970, ...

Convection rolls in the Earth's core

Experiment proposed by Busse 
                                          1975
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Gailitis 1967
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Dynamo action in spatially periodic flows
G. O. Roberts 1972
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Two branches in the theory of the experiment

–  Direct nummerical simulations
     Busse, Tilgner 1996 … 2004

– Investigations based on mean-field electrodynamics
    Apstein, Brandenburg, Fuchs, Rädler, 
    Rheinhardt, Schüler 1996 … 2003

Good agreement of the results of both approaches 
       concerning onset and behavior of the dynamo
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The Roberts dynamo

Fluid velocity, e.g.,

Non-decaying magnetic field modes  

if
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(limit of small k)

The Roberts dynamo

Most easily excitable modes
contain part 
independent of x and y

Non-decaying magnetic modes if
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Mean-field electrodynamics with Roberts-like flows
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Mean-field electrodynamics with Roberts-like flows
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Mean-field electrodynamics with Roberts-like flows
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Recall:
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Recall:
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Mean-field electrodynamics with Roberts-like flows



 

 

KHR Stockholm, January 2010

Mean-field electrodynamics with Roberts flows
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Mean-field dynamo models with Roberts-like flows

= 1.21

Gailitis 1967
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Mean-field dynamo models with Roberts-like flows



 

 

KHR Stockholm, January 2010

AS m = 0 

m = 1 

R/H = 1.21
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xz plane

yz plane xy plane

C

R/H = 1.21, m = 1
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Br
r/R=0.54

Bz
xy plane

Bz,Bϕ
r/R=0.54

Bx,By
xy plane

R/H = 1.21
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Dependence of the α-effect on the flow rates

Roberts flow
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Dependence of the α-effect on the flow rates

Roberts flow

Second-order correlation approximation



 

 

KHR Stockholm, January 2010

Dependence of the α-effect on the flow rates

Roberts flow

General result (for arbitrary Rm)
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Dependence of the α-effect on the flow rates

Roberts flow

All quantities in units of aη, h/a = 0.905
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Dependence of the α-effect on the flow rates

Roberts flow

VH and VC in m³ /h

Isolines of C

C  =  9
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Dependence of the α-effect on the flow rates

Spin generator  flow
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Dependence of the α-effect on the flow rates

Spin generator  flow

Second-order correlation approximation



 

 

KHR Stockholm, January 2010

Dependence of the α-effect on the flow rates

Spin generator  flow

General result (for arbitrary Rm)
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Dependence of the α-effect on the flow rates

Spin generator  flow

All quantities in units of aη, h/a = 0.905
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Dependence of the α-effect on the flow rates

Spin generator  flow Isolines of C

VH and VC in m³ /h

C  =  9
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Experimental results

C = 8C = 8C = 8C = 8

C = 9

VH and VC in m³ /h
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Experimental results
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Experimental results

Vc = 112.5 m^3/h
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Steps towards a refined mean-field theory of the experiment

– Boundary effects

-- Mean-field conductivity etc due to the Roberts-like flow

-- Turbulence effects 

 -- Saturation of the dynamo

– at plane bottom and top boundaries of the dynamo module
– at the curved boundary of the dynamo module  

– Limits of the mean-field concept
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The Karlsruhe dynamo with

Homogeneous isotropic turbulence, SOCA,  low-conductivity limit

Recall:

For Roberts-like flows applies analogously

can well be unequal zero 

!!!even if 



 

 

KHR Stockholm, January 2010

The Karlsruhe dynamo with

An example

otherwise 
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The Karlsruhe dynamo with

An example

Marginal dynamo states with ak = 0.9 

Rädler and Brandenburg 2008

Helicity is unnecessary for Roberts dynamos, but it helps!!!  

Cf. Gilbert et al. 1988
Helicity is unnecessary for α-effect dynamos, but it helps
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Disc dynamo
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Disc dynamo
considering the back-reaction 
of the magnetic field 
on the rotation rate
(„eddy current braking“)
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Disc dynamo
Back-reaction of the magnetic field 
on the rotation rate

Steady case
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Disc dynamo
considering the back-reaction
of the magnetic field 
on the rotation rate
and an imposed magnetic field 
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Disc dynamo
Back-reaction
of the magnetic field 
plus imposed magnetic field    Steady case
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