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The significant effects of current distribution and magnetic field on 
reduction cell operation have been recognized for many years. The current 
distribution and magnetic field are determined partly by the design of the 
cell and partly by operating variables such as anode current distribution, 
condition of the cathode bottom, and the influence of adjacent cells. 
Recent work has been done on design considerations for stable cell operation 
but very little on cell operation under conditions removed from ideal. 

A model to calculate fluid flow in aluminum reduction cells has been 
used to determine the effects of cell design and operating variables for a 
prototype 185 kA cell. The effects of non-ideal magnetic fields or current 
distribution, caused for example by complex steel effects, anode change or 
mis-set anodes, have been calculated. The calculations are compared with 
flows measured in the prototype cell. 
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INTRODUCTION 

The trend in modern aluminum reduction technology is towards cells 
rated at increasingly higher amperage. As cell amperage rating increases, 
so does the importance of the associated electromagnetic effects. These 
effects are increasingly taken into consideration in the design of aluminum 
reduction cells. 

For reasons of computational practicality, though, the effects of many 
smaller details of the design cannot be taken into consideration. Further-
more, cells do not operate under ideal conditions. Operating variables such 
as anode current distribution, the condition of the cathode bottom, and the 
condition of adjacent cells influence cell operation. This work uses a 
method developed earlier [1] to determine the effects of cell design and 
operating variables for a prototype 185 kA cell. 

Anode changes and muck formation alter the smooth operation of the cell 
by changing the current distribution in the metal pad. Large local horizon-
tal currents are generated. These currents were calculated using an 
analytical model to obtain a local voltage distribution in the metal pad. 
The effect of these currents en fluid flow has been determined. 

The calculations are compared with flows measured in the prototype cell 
for verification of the model. 

THE MODEL 

The basic model used to ca lculate f l u i d f low in a reduction ce l l has 
been described in de ta i l in an ea r l i e r paper [ 1 ] . A b r ie f descr ipt ion is 
included here to complement the discussion of the present model. Al l vector 
f i e l d s and var iables were referenced to the coordinate system shown in 
Figure 1 located at the center of the steel s h e l l . 

The potent ia l d i s t r i b u t i o n in the ce l l cav i ty was calculated using a 
f i n i t e element method to solve the conduction equation in two dimensions. 
Current and current density w i th in the ce l l were calculated from the poten-
t i a l d i s t r i b u t i o n using Ohm's law. Current f low in the X-d i rect ion 
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Figure 1 . Coordinate System fo r 185 kA Cell 

was calculated from the current d i s t r i b u t i o n measured in the co l lec to r bars 
of the prototype c e l l . A s imi lar method was used to calculate the overal l 
Y-d i rect ion current in the metal pad that resu l ts from the s l i g h t imbalance 
between the upstream and downstream co l lec to r bar currents caused by the 
s l i gh t d i f ference in resistance between the two runs of bus. 
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Figure 2. Block Diagram Out l in ing Calculation 
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Magnetic f i e l d s in the ce l l were calculated from the internal currents 
and currents in the bus bars around the ce l l using the Biot-Savart law. 
The steel shell and superstructure s i g n i f i c a n t l y a l t e r the magnetic f i e l d 
and act to shield the metal pad and bath from the influence of the external 
conductors. The shielding e f fec t was calculated using a magnetic dipole 
model [2 ] of the steel shell (not including the superstructure). This 
technique was found to have better accuracy than the use of a simple 
magnetic at tenuat ion factor [ 3 ] . 

The electromagnetic forces in the metal and bath were calculated next 
and used to calculate metal and bath f low. The turbulent Navier-Stokes 
equations were solved wi th the aid of a f i n i t e di f ference computer program 
[4] which solves fo r the turbulent v iscos i ty w i th in the melt using a two-
equation (k-ε) model of turbulence. The overal l ca lcu la t ion i s presented 
in the form of a block diagram in Figure 2. 

The chain of calculat ions described above and in Figure 2 has several 
checkpoints where resu l ts of each phase of the ca lcu la t ion may be reviewed. 
At these po in ts , data may also be introduced to simulate condit ions other 
than idea l . This technique was used to determine the e f fec t of operating 
var iables. 

During anode change, fo r example, Figure 3(a) shows a schematic 
presentation of the current f low in the metal pad below the disconnected 
anode. As the bath is of comparatively high resistance, current f low in 
the bath is predominantly v e r t i c a l , and v i r t u a l l y a l l horizontal current 
f low occurs in the metal pad. The s i tua t ion in the metal pad was modeled 
as shown in Figure 3(b) . The insulated ver t i ca l boundaries essent ia l ly 
confine the region of horizontal current f low. The lower horizontal 
boundary represents the carbon cathode surface wi th uniformly red is t r ibu ted 
current . The insulated part of the upper horizontal boundary represents 
the disconnected anode(s) with a uniform ve r t i ca l current f low across the 
rest of t h i s boundary. For a single center anode being changed, therefore, 
the insulated region represents hal f the anode width. The conducting 
region represents the immediately adjacent l i v e anode. For an end anode 
that has been disconnected, the insulated region represents the two 
adjacent l i v e anodes. The two-dimensional Laplace equation was solved with 
the given boundary condit ions to y i e l d the horizontal currents in the 
metal pad: 

Ja = 2 _ ^ J L S i n ^ x C h ^ z 
J n = 1 n . S h ^ H L L 
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Figure 3(a) . Schematic Representation of Current Flow Below 
a Disconnected Anode. Dotted l ines ou t l ine 
area shown below. 

r 
H 

1 

f 
uniform current density J 

metal pad 

Δ2ν = 0 

/ 
/ 

uniform current density -~J 

Figure 3(b). Boundary Conditions 

^ represents an insulated boundary. 

The magnitude of the horizontal current is greatest near the boundary 
between the insulated and the live anode. The horizontal currents were 
averaged in the metal pad immediately below the discontinuity and plotted 
as a function of the uniform vertical anode current density J in Figure 4. 
The effect of changing a corner anode is more than double the effect of 
changing one of the other anodes interms of the generation of horizontal 
currents in the metal pad. These values were used in the calculation of 
the effect of an anode change on metal circulation. Similar techniques 
were used to calculate redistribution of current in the metal pad brought 
about by the presence of an insulating layer of muck on the cathode bottom. 
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Figure 4. Horizontal Currents Generated 
During Anode Change 
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RESULTS AND DISCUSSION 

The calculated and measured magnetic f i e l d s are shown in Figures 5 and 
6, respect ive ly . The calculated f i e l d was symmetrical and underestimated 
the measured f i e l d by -v/13%. The asymmetry in the measured f i e l d was smal l , 
but i t produced a complete change in the f low pattern of the metal . The 
f low pattern calculated from the calculated f i e l d was symmetrical and i s 
shown in Figure 7 (a) . Flow occurred in four large vor t ices wi th two smaller 
vort ices on the upstream side. Maximum ve loc i t i es are about 12 cm/sec. The 
flow pattern calculated from the measured f i e l d is shown in Figure 7(b) . 
The f low pattern was asymmetrical w i th one large vortex in the ce l l and two 
counter vor t ices in two opposite corners. 

The metal f low was measured in the ce l l using a rod d isso lu t ion tech-
nique [5] simultaneously wi th the magnetic f i e l d . The measured f low is 
shown in Figure 8. The metal f low calculated using the measured magnetic 
f i e l d approximates the measured f low well in every area except on the tap 
end upstream side. The points of f low reversal were predicted exact ly by 
the ca l cu la t i on . This c lea r l y shows the e f fec t of changes in magnetic 
f i e l d on the flow in the metal pad. I t also indicates that greater 
accuracy is necessary in the ca lcu la t ion of the steel e f fec t fo r the over-
a l l magnetic f i e l d to be adequately character ized. 

The d i rec t ion of f low on the tap end upstream side was opposite to the 
calculated f low d i r ec t i on . This condi t ion was thought to be related to the 
presence of muck under the anodes on the side of the c e l l . The r e d i s t r i -
bution of current due to the presence of muck was calculated as indicated 
ea r l i e r and superposed on the ideal ized current d i s t r i b u t i o n calculated 
ea r l i e r . The calculated metal f low pattern is shown in Figure 9. The 
vortex at the tap end of the ce l l grew at the expense of the large asymmet-
r i ca l vor tex. This reversed the f low d i rec t ion and brought the ent i re 
calculated ve loc i t y p r o f i l e in l i n e wi th the measured data. 

I t should be noted that r e l a t i v e l y small inaccuracies in the character-
izat ion of the e lec t r i c currents and magnetic f i e l d were responsible fo r 
s ign i f i can t changes in calculated f low in the metal pad. This underscores 
the need f o r equal a t ten t ion to be paid to a l l areas of the ca lcu la t ion 
out l ined in Figure 2. Sophisticated methods of ca lcu la t ion in one area 
without comparable accuracy in a l l other areas y i e l d diminished returns. 

Horizontal currents generated by anode change also a l t e r the metal pad 
ve loc i t ies and the topography of the bath/metal in ter face u n t i l the new 
anode picks up on load. The e f fec t of a disconnected anode was a f low 
diversion outward to the sidewall in t h i s area, Figure 10. The e f fec t of 
the disconnection in overal l f low can vary from large [Figure 10(a)] to 
small [Figure 10 (b ) ] , depending on the locat ion of the anode v i s -a -v i s the 
undisturbed f low pat tern. I f the anode was in a region where f low was 
directed to the w a l l , th i s e f fec t would be great ly enhanced. Otherwise, 
the overal l f low would not be much a f fec ted . 
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Figure 5. Magnetic Field Calculated in 185 kA Prototype Cell 
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Figure 7(a) . Metal Flow Calculated with Calculated Magnetic Field 
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Figure 7(b) . Metal Flow Calculated with Measured Magnetic Field 
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Figure 9. Metal Flow Recalculated wi th Horizontal Current D is t r ibu t ion 
Calculated Assuming Muck on Bottom of Cell Cavity 
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Figure 11. Metal Flow Calculated Assuming the 
Removal of Anode Number 9 

The effect of changing corner anodes was shown to be greater in 
Figure 4. The flow pattern obtained when one corner anode was disconnected 
is shown in Figure 11. Disconnecting both anodes at one end of the cell 
significantly changes the current flow and magnetic field. The resultant 
metal flow is shown in Figure 13. The flow measured under these circum-
stances is shown in Figure 12. There is good agreement in the region of 
the two disconnected anodes. The deleterious effects of horizontal currents 
generated when both end anodes are disconnected could be avoided by also 
altering the cathode current distribution if the disconnection were expected 
to last for a considerable length of time, 

CONCLUSIONS 

A model for the calculation of fluid flow in aluminum reduction cells 
has been used to calculate the effect of some operating variables on current 
distribution and hence on metal flow. The results were in generally good 
agreement with measurements made under exactly conforming conditions. 
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