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Abstract: We present experimental results for a flow of liquid metal in a cubic box in an 
homogeneous high magnetic field. The flow is stirred by injecting electric current through a 
square array of electrodes located at one of the sides, as in the experiment from [1] where 
quasi two-dimensional array of vortices is studied. In the present case however, we are 
interested in the appearance of three dimensional flow patterns, which are detected by 
calculating correlations between velocities measured in the vicinity of either Hartmann walls. 
We present here an early stability diagram where region of steadiness and unsteadiness are 
identified, and show that evidence of three-dimensionality in both steady and unsteady 
regimes, depending on the magnetic field strength. 
 
1. Experimental setup 
The rig consists of a cubic container of h=100 mm inner measurement built on an 2 cm thick 
copper frame, and placed in the bore of a superconducting magnet providing an homogeneous 
field of intensity B up to 5T and filled with liquid metal (Gallinstan of density ρ=6400 kg/m3, 
kinematic viscosity  υ = 4⋅10-7 m2/s and electric conductivity σ=3.4⋅106 S/m). Two of the 
walls parallel to the magnetic field are made of thick Plexiglas. The two walls orthogonal to 
the field (also called Hartmann walls) as well as the last two walls are made of an electrically 
insulating electronic board in which 0.2 mm thick copper wires are mounted flush to the wall 
surface (see figure 1). 196 such wires are fitted on each Hartmann wall in such a way that they 
are exactly aligned in pairs along the magnetic field lines. These wires constitute an array of 
probes where the electric potential can be measured, thus providing a visualisation of the 
time-dependent streamlines in the vicinity of the Hartmann walls [2]. For this, the potentials 
are collected on electric circuits printed on the outer side of the electronic boards, from which 
they are connected to a set of 736 low noise amplifiers with on-board 24 bit A\D converters, 
in turn connected to a single PC. This system operates at a sampling frequency of 256 Hz with 
peak-to-peak noise of around 1µV. 
The flow is forced by injecting a constant electric current through copper electrodes mounted 
flush at one of the Hartmann walls.  These electrodes are arranged as a 1cm step square 
lattice. Each electrode can be disconnected or connected to the positive or negative pole of a 
regulated DC electric current generator through a precisely calibrated resistance that is large 
compared to all other resistances in the circuit, thus ensuring that the same amount of current 
passes through all electrodes connected to one pole of the generator (to a precision better than 
0.2 %). In the experiments reported here, we use two different configurations: one with the 
full array of electrodes (10x10) alternately connected to the positive and the negative pole of 
the generator, and one with only 4x4 electrodes, spaced by 3 cm,  connected in the same way 
(the remaining electrodes are disconnected). When the magnetic field is very strong, such a 
forcing is known to create a base flow made of quasi-2d columnar vortices spinning in 
alternate directions, of diameter equal to the spacing between the electrodes [1]. 
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Figure 1. Sketch of the experimental setup.  Left: cubic liquid metal container. Right: layout of potential probes 

on both Hartmann walls (top/bottom) and layout of electrodes on one Hartmann wall (bottom) . 
 
2. Flow regimes 
 
For each value of the magnetic field, held at constant values between 0.3 and 5T, we start 
with low total injected current (Itot=0.5 A) and increase it stepwise up to 300A (10x10) and 
55A (4x4). The flow is monitored through real-time visualisation of the signals obtained for 
all the potential probes. Further series of measurements are performed, where the current is 
increased in smaller steps around values of the current where a transition is found. Figure 2 
shows a basic stability diagram expressed in terms of the Reynolds and the Hartmann number 
defined as: 

   
ν
Γ=Re      

ρν
σ

hBHa =                (1) 

Where σνρπ2I=Γ  is the total circulation injected in the flow through the electrode that 

sees electric current I [1].  
For all magnetic fields, the flow follows the same sequence of regime changes: at low 
Reynolds numbers, it is made of an array of steady vortices that follows the geometry of the 
forcing (figure 2}. When the Reynolds number reaches a critical value of Rec(Ha), a periodic 
oscillation appears in the recorded signals as the flow becomes unsteady. This transition does 
not exhibit any hysteresis and for the larger values of Ha the critical Reynolds increases 
linearly with Ha (see figure 2) as in the experiments of [1] on the destabilisation of a quasi 
two-dimensional array of vortices. This suggests that the flow is governed by a rather quasi 
two-dimensional-dynamics. 
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When the Reynolds number is further increased, more modes appear until the flow becomes 
fully turbulent with an apparently continuous spectrum. 

 
Figure 2. Stability diagram: Rec for the transition from the steady (corresponding streamlines shown above for a 

high Ha-number) to the unsteady flow regime depending on Ha for both 4x4 and 10x10.  
 
3. Appearance of three-dimensionality 
 
Three-dimensionality can be defined in several ways, but for the purpose of this experiment, 
we are interested in evaluating the so-called morphological three-dimensionality of the flow 
which expresses how physical quantities depend on the coordinate along the magnetic field 
lines as defined by [3]. We quantify it by calculating the correlation between velocities Vx, Vy 
derived from electric potential measurements taken from both Hartmann walls along the same 
magnetic field line: 
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 (The third coordinate corresponds to the direction of the magnetic field) The way of 
calculating the correlation allows us to select three-dimensionality due to columnar structures 
"wobbling" as opposed to that due to three-dimensionality of structures with different 
velocities near the top and bottom plates but that still remain columnar in shape.  
The diagrams in figure 3 show the evolution of C(Vx(x,y)) averaged over all possible 
measurement locations in the box for both the 4x4 and the 10x10 configuration. Some 
illustrations of corresponding flows are also presented. In all cases, the correlations decrease 
with increasing Re, as stronger inertia gives rise to perturbation that are less effectively 
damped by the Lorentz force. This decrease is stronger at lower magnetic fields. For the 
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higher fields, the maximum correlation, reached for low Re is close to 1, indicating a quasi 
two-dimensional flow. For the lower fields, it is lower than one, which implies that the first 
perturbations that appear in the flow are already noticeably three-dimensional. This suggest 
that some three-dimensionality may even be present in the steady state, and consequently that 
the transitions to unsteadiness and to three-dimensionality may occur in reverse sequence at 
low and high Ha.  
A further important property can be noticed by comparing the streamlines near both 
Hartmann walls in the three dimensional case, where it clearly appears that three-
dimensionality is primarily due to smaller vortices not extending from the current injection 
Hartmann wall to the other Hartmann wall while larger vortices do (see figure 3). 
 

 
 

 
Figure 3.  Spatially averaged correlations of velocities and some illustrations of corresponding flows.  

a) configuration 4x4 .  b) configuration 10x10 
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