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Influences of various aluminum accumulation sump designs on
thermal stress distribution in drained aluminum reduction cell
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Abstract: In order to optimize the aluminum accumulation sump designs, the characteristics of thermo-stress distribution
in the drained style aluminum reduction cells were studied. The electric-thermo-mechanical coupled simulations of two
types of drained aluminum reduction cells, i.e. scenario [ is with central sump and two accessorial sumps at the ends of
the cell; scenario II is with only a central sump at the cell bottom, were conducted on the commercial finite element
method software package ANSYS. The results show that, for scenario 1, a relatively large thermal stress intensity exists
in the carbon cathode, especially for the carbon blocks at the two ends of the cell. For scenario II, the aforementioned
thermal stress intensity is relieved remarkably, and the deformation is relatively small.
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Fig.1 Sketch map of drained cell structure: 1—Steel claw; 2
—Anode; 3—Silicon carbide plate; 4—Thermic insulation; 5—
Collector bars; 6—Inner shell; 7—Cathode; 8—Slope; 9—
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Fig.2 Von Mises stress distribution of half cell model with

scenario I 1—Central channel; 2—End channel
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Fig.3 Deformation of half cell model with scenario [

XT3 PR 53 A7 FE AR T3 B AR e
JIUR I3 DS R AR 5 e 2% 3 SR PR AR OK— #8 2)
J PRt g e B AR B BRAE KT 458 J B B E Y H A L A
HH A TR RS 5 e A BT S B0

Pl 4 R 5 Pz 23 5l A BIAROR B 2 75 i) (KA 7 1))

TEN A y—z Jr IR oAbl o B 4 nTLA
FAtRe Bk b 2 J5 1 IE R ) e K AR #1) 236 MPa, HAY
LI AE BB R B i S SRAR A IO BRAL, el 4
Hoa frase. B S WRTLUE Y, BAAROR B A D) )
E RAHIEE] 118 MPa, HAp AL E S 2 J7 [ IEN )
S RAEAT EANIR] A AR R B M 5 2R B
JRIERAL, Wk 5 a Bros. AU, H 3 i st
) SR ERVA AT AE s BB R B Bt DL 1 BRI IR
YIRSy, TERN o 3K E8 T4 T P o 25—BR
B R DL BE, JEHGE y—z T YIN T, 55— B
Wop et R s 8 A I VIS A%, TR
MR, B 5 b B, AR REAE R BT
FERE AR B0 R T, AT 4 S 0 2R A VA Ak ) s A
ik

T30

so00no0ow

B4 Jrg BRI REER I K 2 5 1 Y D) 6. 73 Al

Fig.4 z-stress distribution in carbon cathode with scenario [
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Fig.6 Von Mises stress distribution of half cell model with

scenario I
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Fig.7 z-stress distribution in carbon cathode with scenario I
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Fig.8 Shearing stress distribution in carbon cathode with

scenario [l
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Table 1 Maximum deformation and stress distribution of two scenarios

Maximum Maximum Von Maximum Maximum Maximum Maximum Von
Scenario deformation of Mises stress/ deformation of z-stress in yz-stress in Mises stress in
whole model/mm GPa carbon cathode/mm  cathode/MPa cathode/MPa cathode/MPa
1 12 1.01 7 236 118 469
II 9 2.21 5 185 110 588
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