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Magnetic field simulation and design of
stationary stream pattern aluminum reduction cell
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Abstract: The concept of stationary stream pattern aluminum reduction cell was presented after analyzing the magnetic
field and current flows of aluminum reduction cells. With this kind of innovative design, the electricity flows out of the
cell in a vertical path instead of current horizontal path, so the current flow intensity in aluminum melt can be reduced
sharply, and the effect of electromagnetic force on the melt is weakened. Furthermore, the flow and fluctuation of the
aluminum melt becomes lower, and the effect of electromagnetic force decreases to the minimum level. Under the above
principle, a novel kind of high efficient aluminum reduction test cell was designed. With optimal busbar designing
method, the simulation results show that the maximum vertical magnetic field strength is only 0.896 3 mT, and the mean
value is 0.360 2 mT, which are far below the values of ordinary cells with the same scale. Thus, the cell can perform
steady with much lower polar distance, and the goal of substantially energy-saving target would be achieved.
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Fig.1 Comparison of vertical magnetic field caused by different
current sources: (a) Conductor inside pot; (b) Busbar around

pot
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Fig.2 Structure diagram of prebaked anode pot (ordinary
pattern): 1—Aluminum rod; 2—Steel draw; 3—Anode carbon
block; 4—Side ledge; 5—Electrolyte; 6—Aluminum melt;
7—~Cathode carbon block; 8—Cathode collect bar; 9—Side
carbon block; 10—Surrounding paste draw; 11—Refractory
brick; 12—Insulating brick; 13—Steel shell
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Fig.3 Structure diagram of pre baked anode pot (stationary
stream pattern): 1—Aluminum rod; 2—Steel draw; 3—Anode
carbon block; 4—Side ledge; 5—Electrolyte; 6—Aluminum
melt; 7—Cathode carbon block; 8—Cathode steel bar; 9—Side
carbon block; 10—Surrounding past draw; 11—Refractory
brick; 12—Insulating brick; 13—Steel shell
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Fig.4 Bottom busbar design of stationary stream pattern pot



2254 A G R

2011 £ 9 H

2 BRAEBENAMELS s
BRE

WA Gl AL e oE AT RELINC B (1 4 R 5 A O FRUE
RS T YIRS, B R B v R s T
FIEN R o AL TR A UARAE, 20 AT
SR AN REZGIC B A T3 1T, HE R B SN T
N9 IE

2.1 B AR R A

H - E b MO0 2 L P, P Al AR 2
A2, Wik 6 s, BEARHIT LIRSS, MR iR
HE 7 ORI 2 I T FLANPE(IL I 5) SR\ T FAN

Carbon block

Collector bar

(b)
Bs5 Mitokaitrsgl
Fig.5 Schematic diagram of cathode structure: (a) Collector
bar; (b) Collector bar and carbon block
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Fig.6 Schematic diagram of structure of cathode linings
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Fig.7 Busbar scheme of stationary stream pattern pot
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Fig.9 Distribution of magnetic field in aluminum melt: (a) X direction; (b) Y direction; (c) Z direction
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Table 1 Calculation results of magnetic field

Parameter Value

By max 19.626 5 mT

| By lave 8.489 5 mT

By max ~4.887 9 mT

| By lave 1.1858 mT

B7 max 0.896 3 mT

B2 lave 0.360 2 mT
Cathode busbar dosage 58 700 kg
Voltage drop of busbar 233/mV
Ampere density 38 A/em’
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