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Abstract: Preliminary results of a laboratory study of maghgtrodynamic instabilities in
aluminium reduction cells are presented. The oobétstability, its frequency and amplitude have
been measured with electric potential probes artd &am optical camera. Reconstruction of electric
potential inside the liquid metal shows good gaéiie agreement with the instabilities observed in
industrial reduction cells.

1. Introduction

Understanding the nature of magnetohydrodynamic DyYHnstabilities in aluminium
reduction cells is an issue of great importance.t&Jpow most studies of the phenomenon
have been theoretical [1]-[12], see also a revie\d 8]. Borisov et al reported certain results
on an experimental study of the MHD instabilitieed Fig. 2 in [14]), but the paper lacks any
details. Sele [1] presented a mechanism of intetfatstability in the cells, which is based on
the interaction of the horizontal disturbance aotrreithin the aluminium layer with the
vertical background magnetic field. This resulted a tilted interface rotating counter-
clockwise. Here we present preliminary experimergaults of the phenomenon which are in
gualitative agreement with theoretical predictidns Sele [1] and with the more detailed
analysis in [4], [6].

2. Experimental setup

The experimental setup (Fig. 1) comprises a recandox, or cell of 30x30 chrhorizontal
cross-section. The cell has an electrically condgdbp and bottom and non-conducting, 15-
cm-high sidewalls. The box is partially filled wiliguid metal, In-Ga-Sn alloy. A DC electric
current is supplied from the top of the contairemade plate) to its bottom (cathode plate)
through the liquid metal layer. The electrolytedgywhich is normally located on top of
aluminium layer in industrial cells is replaced dgystem of vertical electrodes as described
below.

Each electrode i§12 mm, 10 mm long, and is made of stainless sté¥). & such
electrodes are uniformly distributed along the 10thiok anode plate with 10 mm period,
and are dipped vertically down into the liquid nieTde ratio of the total cross-section of all
of the 900 electrodes to the liquid metal surfacess-section is 3% only. The anode plate
with the electrodes can be moved vertically to geatihhe submerged depth of the electrodes
in the liquid metal. This ‘multi-electrode’ apprdaallows the liquid metal surface to elevate
within the air gap between the anode plate andidiquetal (within the length of the
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Figure 1. Schematic view of the experimental setup; 1 ¢ndisturbed. If the liquid metal
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‘multi-electrode’ anode as a
replacement for an electrolyte layer eliminates ynamdesired side-effects, such as
electrolysis, high Joule loses in the electrolyitsyic conductivity, high tempe-ratures,
necessity of electrolyte cooling and continuousevesd, high chemical aggressiveness of
media, necessity to remove the products of thdrelgsis including gases, etc. In contrast,
the multi-electrode ‘model of electrolyte’ is sa#dlpws having vertical current of up to 2 kA,
it is room-temperature, and of low electric powensumption.

The bottom of the cell has been made of stairde=s with electrical conductivity of
~2.5 times lower than that of the liquid metal. §'hilows the disturbance electric current to
complete its path mainly in the liquid metal rattigan in the poorly conducting cathode. A
similar path of disturbance current exists in & cells and this leads to the instability.

The cell is supplied with the DC current from 38B80current sources (Magna Power
PQ5-600). Special attention has been given to ksaiy uniformity of the current through
the 900 electrodes by means of connecting the aptade to the current sources via 100
wires uniformly distributed along its top surface.

The cell with liquid metal has been placed in Weetical, uniform, steady magnetic
field By generated by the pair of rectangular water-cooletimHoltz coils, fed with DC
current from another two 600A current sources (Magower PQ16-600), which provide
maximum density of the magnetic flux of ~100 mT afid-5% maximum non-uniformity of
the field’s vertical component in the liquid metalume.

CJ) 1 electrodes), and at the same time
7
\ TB

3. Experimental procedureand measurement technique

There are three main experimental parameters thatantrolled during the tests: the height
of the liquid metal leveh, the vertical current strengththrough the liquid metal layer and the
density of the magnetic field fluB,. The liquid-metal heightt has been kept constant during
each test run, while the magnetic field inductiod ¢ghe vertical current strength varied, either
by keeping the magnetic field at maximum and ingirgathe current, and vice versa.

The electric current passage from the top of theidi metal towards the bottom is
linked to the distribution of the electric potehiiaside the liquid metal. The electric potential
along the horizontal cross-section correlates with shape of the liquid metal layer. In the
ideal case when the current is distributed unifgraibng both top and bottom surfaces of the
liquid metal, the value of the electric potentiapénds only on the vertical coordinate. If the
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shape of the metal layer changes due to some retmoprlectric current in the liquid metal
redistributes in a way that provides lowest resistafor its passage. The global distribution
of the potential changes as well.

To register global changes in the electric potéudistribution 24 copper electrodes of
[J0.5 mm have been installed in the side-walls ofcieat equal distance from the bottom of
the container and uniformly distributed along tleeimeter of the cell (Fig. 1, pos. 8) with 50
mm period. All the electrodes measured the potedifeerence between their position and
the point at the centre of the container’s bott@dvhen the current is switched on, the readings
of the probes differ slightly due to the differetistances between their locations and the
central ‘zero’ electrode. This static distributioas been measured for a certain strength of the
electric current and subtracted from each subségqueasurement of the sidewall potential.

The signals from the probes were acquired with &téDTranslation DT9821’ 24-bit
high resolution USB acquisition boards having 4l@egandependent inputs each. The typical
values of registered signals are 10 mV at 1.2 kAradde current for the liquid metal surface
elevation of a few mm. The signals from all 24 m®hlvere recorded simultaneously with the
rate of 120 samples per second and processed énpatdting the acquired data over the
whole horizontal cross-section of the liquid metsing Kriging technique. The performance
of the acquisition system was tested by artifigiaiducing gravitational waves in one or
another direction in the liquid metal layer.

4. Preliminary results

The onset of the instability is found to dependtio® magnitudes of the electric current,
through the cell and on the background DC magriietid, By. First, preliminary series of the
experiments were conductedByg = 30 mT and for a liquid metal level di = 2 cm. The
instability manifests itself as a wave travellinigrg the perimeter of the cell that can be
observed visually as a rotating interface of trguitl metal. The direction of the wave
propagation depends on the sign of the backgroumghetic field: it travels in the counter-
clockwise direction if the magnetic field pointswgrds, and clockwise if the magnetic field
points downwards. The amplitude of the disturbedfase elevation observed in the
experiments varies between 0 to 10 mm dependinth@rstrength of the vertical current
Fig. 2 shows time-evolution of the electric potahin the liquid metal at one of the probes at
constant vertical currenit=160A andB,=30 mT. Figs. 3 and 4 show frequency spectrum of
these oscillations with main frequenéy = 0.71 Hz, as well as the dependence of the
amplitude orl.
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Figure 2 Time-dependent oscillation of the electric potanti the liquid metal: a) the onset
of the instability; b) magnified view of the sigrialunstable regime.
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Figure 3 Frequency spectrum of the electriEigure 4 Standard deviation of electric potential
potential oscillations (Fig.3) oscillations 6@ due to instability wave at

different vertical currenit values;B,=30 mT.

By analysing time-correlations of the potential e signals acquired at different positions
along the perimeter of the liquid metal it is pb#sito reconstruct time-evolution of the
electric potential field. Fig. 5 represents timees of electric potential maps reconstructed
with 0.1 s intervals, which clearly demonstratescaunter-clockwise rotating wave in

agreement with theoretical predictions.

Figure 5 Time-evolution of the electric potential in theguid metal recorded with potential probes
along the perimeter of the cell during propagatidrinstability wave. Here time interval between
frames is 0.13 4;= 80A,B,=30 mT,h = 2 cm. The wave propagates counter-clockwise.
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5. Conclusions

The results show that the replacement of an elgtértayer, which is normally located on top
of liquid metal, with a system of vertical electesdis a viable method to study instabilities
relevant to aluminium reduction cells experimentallhis eliminates electrolysis and many
other undesired effects associated with it, sucexasssively high Joule heating, production
of hazardous gases, etc. This also allows to operiih much higher electric currents at room
temperature, and thus to study various phenomdatedeto aluminium reduction cells in a
laboratory.

As expected, the results of the experimental stuegented here show that instability
appears due to interaction of the horizontal cusrémthe liquid metal layer and the vertical
background magnetic field. The threshold of indiigbis lower for i) lower thickness of the
liquid metal layerh, ii) higher vertical current, iii) higher background magnetic fiel&,.
The detailed experimental results and comparisotn whe theoretical predictions is in
progress. They will be presented in a full jounpapber.
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