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Simulation and optimization of bus structure and
electro-magneto-flow field of aluminum reduction cells with
vertical bottom bars
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Abstract: Based on the target of reducing the horizontal current and vertical magnetic field strength, thereby improving
the magnetohydrodynamic stability, a kind of aluminium reduction cell with vertical bottom was improved, in which the
current flowed out of cathode vertically instead of horizontally. An electromagnetic simulated model of a 400 kA cell
with this structure was developed by ANSYS software, and a bus bar scheme that can make the best electromagnetic field
distribution was obtained after being optimized according to the computing result. Adopting this bus bar scheme, the
maximum and average values of vertical magnetic flux density are 1.658 mT and 0.401 mT, respectively, which are far
lower than those in traditional cells, and the MHD computation further proves that the above cell can operate stably under
a small anode-cathode distance and has great potential in energy saving.
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Table 1 Main structure parameters of 400 kA reduction cell

W50, SRR IR A, a5 -
W ARG A PR E M, B0 HL AR A i R B
1

1 KRB EERERIEEN R 5%
itk

1.1 Z#EN

e e R 1 AR AN R Ry KT, e 9]
W AL B BRI JS /K07 T o A
T IR RELR, e =R A KIS FIE, AR
FL A PN BRI B, AT AT P AR 1) LR % . A
I, ASCAEE R —FhR e F A A, RDReE
GRS B K- AL A, s
Tob T P AN N R IR S b S AT DR O B P 11
TR HL o

JECHS H PR LA R BRI AR e R . A B A ] ]
LR AN, TLAb S5 AT 400 KA 45 AR RS 45 My FEA
—8, HEEEWSHR 1Y, HLBIRANES R)
LRI 1 TR

Parameter Value Parameter Value
Current/kA 400 Shell thickness/mm 16
Cell size/mm 19 480X4 120X1 377 Number of cathode block 34
Chamber size/mm 19 130X3 880X 500 Number of anode block 48
Cathode block/mm 3 360X 515X450 Number of cathode steel bar 68
Cathode bar/mm 180X 65X221 5 Side channel size/mm 300
Anode block/mm 1 550 X740 X560 End channel size/mm 430
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Fig.1 Schematic diagram of structure of cathode bar
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Fig.3 Design and optimization of bus structure
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Fig.4 Finite element mesh model of three cells and near by bus for calculation of electric field
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Fig.5 Schematic diagram of cathode steel bars and cathode carbon blocks
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Fig.6 Finite element mesh model of seven cells and near by bus for calculation of magnetic field
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Table 2 Comparison of electric field results of conventional and proposed cells

C t density of
Ohms voltage Voltage drop of Voltage drop of ~ Voltage drop of  Voltage drop of vrrent density 0

Cell .. aluminium
drop of cell/V  aluminium layer/V bath layer/V bus bar/V cathode/V layer/( A'm’Z)
Conventional
400 kA 2.157 0.014 1.571 0.213 0.285 39 906
Proposed
. . . . . 1
400 kA 2.121 0.004 1.548 0.283 0.079 7 530

R3I AFBHLRCE N0 BRI

Table 3 Comparison of magnetic results of different bus structures

Bus structure |B|max/mT |B,|ave/mT B, |max/mT |B,|ave/mT |B_|max/mT |B.|ave/mT Mass/t
SG1 17.241 4.170 7.377 0.752 8.021 1.823 44.18
SG7 17.715 7.303 11.508 2.386 9.335 2.534 73.37
SG19 25.323 8.249 6.099 1.150 3.666 1.372 80.58
SG31 21.438 8.077 4.407 0.889 1.658 0.401 60.57

Conventional 400 kKA 19.936 7.766 3.082 0.855 3.349 1.374 57.36
Magnetic flux density/mT Magnetic flux density/mT Magnetic flux density/mT
129.040 4.407 1.658
90.890 ‘ 3.428 ‘ 1.290
52.730 2.448 ‘ 0.921
14.570 1.469 .
‘ d 0.553
-23.590 0.490 0.184
-6.175 -
0.490 ~0.184
_ -1.469
9.990 ‘ -0.553
. {
13.806 ’ -2.448 ~0.921
-17.622 -3.428
{ -1.290
i -21.438 ! - —4.407 ‘
\ -1.658
y 19

(a) (b) (b)

Bl7  SG31 B Z M 3 ) A
Fig.7 Magnetic flux density distribution of aluminium layer of SG31: (a) B,; (b) B,; (c) B.
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Fig.8 Magnetic flux density distribution of aluminium layer of conventional 400 kA cell: (a) B,; (b) B,; (c) B.
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Fig.9 Aluminum-electrolyte interface wave curve at anode

cathode distance of 5 cm
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Fig.10 Aluminum-electrolyte interface wave curve at anode

cathode distance of 4 cm
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