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Development and application of electro-magneto-flow mathematic
model of aluminum reduction cells

LIU Wei, LI Jie, LAI Yan-qing, XU Yu-jie, LIU Ye-xiang

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

Abstract: The problems, including medium contact, structural grid partition, magnetic conditions on the open boundaries
and coupled multi-physical fields in modeling complex aluminum reduction cells were investigated. Based on the
commercial software the customized programs for calculation of the electro-magneto-flow field were developed with the
voltage scalar potential method, magnetic scalar potential method and finite volume method. The simulated results were
validated against the measurements on industrial cells. A busbar designing method was brought out and one optimized
busbar scheme SG, was obtained. The results from SG, show that the horizontal currents are smaller and magnetic field
distributes more symmetrically; flow of melts is parallel to the side of the cell and is of benefit to alumina transport. The
magnetic results indicate that the currents of anode risers may counteract the effects of nonuniform currents of cathodic
busbars on the magnetic field distribution and they are decisive of the final magnetic distribution.
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Table 1 Comparison of L/S value in branch circuits for different busbar schemes

SO SG, SG,
Riser
L/S of each L/S of parallel L/S of each L/S of parallel L/S of each L/S of parallel
No.  Branch P Branch p Branch P
ranc branch/m™'  branches/m™ ranc branch/m™  branches/m™ ranc branch/m ™ branches/m ™!
Min:120.7 Min:165.8 Min:162.0
! 3 Max:182.4 >1.0 3 Max:166.9 353 3 Max:166.9 4.9
Min:164.3 Min:109.3 Min:108.0
2 2 Max:170.3 83.6 2 Max:112.6 535 2 Max:112.6 351
Min:86.1 Min:86.1 Min:120.0
3 3 Max:193.8 458 2 Max:193.5 39-6 2 Max:120.7 60.2
Min:93.5 Min:111.3 Min:106.5
4 2 Max:159.9 39:0 2 Max:111.3 537 2 Max:111.3 a4
Min:107.5 Min:109.9 Min:106.2
> 2 Max:168.4 65.6 2 Max:111.1 332 2 Max:110.0 340
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Table 2 Comparison of the magnetic field in middle of metal

pad for different busbar schemes (z=1.032 m)

B ymax/ B ymin/ Bzmax/ Bzmin/

meax/ B xmin/

Scheme |4 r 10T 104T 104T 10T 10T
SO 1692 -1380 238 —221 301 246
SG, 1833 -133.0 233 233 343 -33.6
SG, 1811 -1350 233 —232 327 —327

6 AW EE I B, /3 1i(SGy)
Fig.6 Vertical magnetic component B, in middle of metal pad
for SG,
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