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Method of strongly coupled modeling and computing for
thermal-electrical field in aluminium reduction cells

XU Yusjie, LI Jie, YIN Cheng-gang, YANG Shuai, ZHANG Hong-liang, LU Xiao-jun

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The theoretical defects of the widely adopted separation calculation method and weakly coupled calculation
methods for the thermal-electrical field in aluminium reduction cells were pointed out, and a strongly coupled model of
thermal-electrical field was presented. The thermal-electrical field of a 420 kA aluminium reduction cell was computed
by using the strongly coupled model and the conventional weakly coupled model, respectively, and the results of this
comparative computation prove that adopting the strongly coupled model is necessary. The results show that not setting
the temperature of the melt is the key to realize the strong coupling of the electrical field and thermal field, and that

introducing the each heat source, which are exactly described, into the calculation model is requirement for obtaining the

reliable distribution of the thermal-electrical field.
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Table 1 Contact conductivity between different materials

Material o/(Sm™)

Carbon-steel 88X 1076=7x 104

Carbon-paste 1X 107502

Paste-steel 3x 10702
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Table 2 Main technical parameters of 420 kA cell
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Fig. 1 Finite element model of thermal-electrical field

computation for 420 kA cell

Bath height/mm  Anode-cathode distance/mm  Metal height/mm

Average anode height/mm  Alumina cover height/mm

180 45 220
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Fig. 2 Temperature distribution of 420 kA cell computed with

strongly coupled model of thermal-electrical field

Top surface Temperature/C

210 mm of bath 516.759
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130 mm Bath-metal interface
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Fig. 3 Ledge shape of 420 kA cell computed with strongly

coupled model of thermal-electrical field
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Fig. 4 Ohmic voltage distribution of 420 kA cell computed

with strongly coupled model of thermal-electrical field
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Table 3 Heat loss from different surfaces of 420 kA cell

Location Heat loss/kW  Heat loss ratio/%
Top cover 42977 27.64
Steel claw & anode rod 4.818 2 30.99
Side wall beside melt 2.2395 14.40
Side wall beside cathode 1.888 6 12.15
Collector bar 0.9159 5.89
Rest side wall 0.734 4 4.72
Bottom 0.653 8 4.21

Total 15.548 0 -
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Fig. 5 Temperature distribution of 420 kA cell computed with

strongly coupled model of thermal-electrical field merely

considering Joule heat
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Fig. 6 Temperature distribution of 420 kA cell computed with

weakly coupled model of thermal-electrical field
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