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Simulated computation and optimization of comprehensive physical
fields in modern large-scale aluminium reduction cells

LI Jie, ZHANG Hong-liang, XU Yu-jie

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The electro-thermal fields, thermal-stress fields and electro-magneto-flow fields of aluminium electrolysis
cells were concluded, and the weaknesses of the current multi-physical field computation were pointed out. On the basis
of this, the two kinds of latest developed “liquid(electrolyte)-liquid(melt metal)-gas” and “liquid-gas-solid(particles)”
three-phase models and the 3D simulation coupling models and algorithms of multi-physical field (electric, magnetic,
thermal, flow, stress and concentration distribution fields, etc), magneto hydrodynamics (MHD) stability and current
efficiency were introduced, and the comprehensive optimization of structure and production process for large-scale cells
based on multiphase and multifield coupled simulation was put forward. The state space of large-scale cells steadily
operating under the low voltage of 3.7-3.9 V with high current efficiency, low energy consumption and less emission was
found, and the corresponding technology realizing condition was established.
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Fig.1 Schematic diagram of prebaked aluminum reduction
cell: 1—Feeder; 2—Anode stell claw; 3—Carbon anode; 4—
Al)O3 cover; 5—Frozen ledge; 6—Electrolyte; 7—Molten
aluminium; 8—Carbon cathode block; 9—Cathode steel bars;

10—Lining
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Fig.2 Schematic diagram of electric and magnetic model with three solid cells and bus bar circuit: (a) Electric model; (b) Magnetic
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Fig.3 Multiphase-multifield coupled simulation model of aluminium reduction cell
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