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The precession dynamo experiment at HZDR
The time-averaged velocity fields obtained from hydrodynamic simulations 
constitute the basis for kinematic dynamo models. The magnetic induction 
equation is solved numerically using pseudo-vacuum boundary conditions. 
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Motivated by the idea of a precession-driven flow as energy source for the 
early geodynamo or the ancient lunar magnetic field, a large precession 
dynamo experiment is under development at HZDR.
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Fig. 5: Amplitude of forced mode (m,k)=(1,1) (left) and of the axisymmetric mode (m,k)=(0,2) (right). 

 dynamo action only for flow fields above 
Po = 0.095 with minimum Rmcrit = 430 in 
case of flow at Re=104 and Po = 0.1.       

 combination of axisymmetric flow (m=0) 
and directly forced mode (m      =1) required

 outer layer with finite electrical conductivity  
converges to idealized pseudo-vaccum BC 

Fig. 6: Left: Growth rates versus Rm for various (time-averaged) velocity fields obtained at different 
Po. Center: Growth rates for combinations of azimuthal modes (m=0, m=1, m=2 ) for the flow 
obtained at Po=0.1. Right: Growth rates for the full flow at Po=0.1 with an external layer mimicking 
the finite conductivity of the container walls.    

Fig. 7: Structure of the magnetic field at 12.5,25,50% of its maximum value. From left to right:          
                 . The field structure propagates around the cylinder axis. Re=104 and Po = 0.1.

Fig. 1: Sketch of the facility (left) and the container (right).  The cylinder has radius 
R=1 m and height H=2 m. The tilt between rotation axis and precession axis can be 
varied from 45º to 90º. The cylinder will be filled with liquid sodium with T ¼                   120º C. 

 natural forcing allows efficient flow driving without propellers or pumps
 Gans' experiments in the 70's yield field amplification by a factor of 3   
 precession dynamos are found in simulations around Rm »      O (103) 

We conduct numerical simulations with SEMTEX (Spectral Element-Fourier 
method) and flow measurements in a down-scaled water experiment with 
Ultrasonic Doppler Velocimetry (UDV)  (Fig. 2) 

Fig. 3: Axial profiles of uz for Re =104 (left and center) and Re =105 (right). From top to bottom: Po = 
0.03, 0.05, 0.075, 0.10. The left column shows results from numerical simulations and the central and 
the right column show results from experimental measurements.

Dynamos possible at parameters that will be achievable in the 
planned experiment but only in a narrow regime with m = 0 mode

 m = 0 mode emerges at 
smaller Po when Re is in-
creased, and UDV meas-
urements indicate asymp-
totic behavior with 
Poc¼        0.06...0.07 for Re?    105 

 consideration of temporal 
fluctuations can be done by
mean-field approach 

 laminar flow consisting of large scale inertial modes (standing waves in 
precession frame) with only weak time-dependent contributions      

Fig. 2: Left: set-up of the water experiment with four UDV probes mounted at one end cap of the 
cylinder. The probes provide instantaneous profiles of the velocity component in direction of the 
ultrasound beam. Right: Iso-surfaces of the axial velocity from simulations at Re =104 and Po = 0.10. 
The arrows illustrate the overall recirculation flow. The nutation angle is fixed at ®                                                                  = 90º.
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Fig. 8: Regime with occurrence of the axisymmetric 
mode from UDV measurements with increasing Re 
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Fig. 4: Three-dimensional structure of the axial velocity for increasing Po. The behavior of the flow 
varies from a stationary state (top left) to the occurrence of free azimuthal drifting Kelvin modes and 
turbulent fluctuations on top of a mean flow (bottom row). 
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Scaling to sodium device 


