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Numerical simulation on vortical structures of
electrolyte flow field in large aluminium reduction cells

LI Jie, ZHANG He-hui, ZHANG Hong-liang, XU Yu-jie, YANG Shuai, LAI Yan-qing

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

Abstract: In view of the characteristics of the rotation flow of the melt in aluminum reduction cells, the methods of
vorticity and swirling strength were introduced to analyze the vortical structures of aluminum reduction cells
quantitatively. Based on the software CFX12, the electrolyte flow field in a 300 kA cell was numerically simulated. The
results show that the maximum swirling strengths on the interpolar horizontal plane and the vertical cross-section plane of
the anode gap are 1.611 and 1.961 s ' respectively, and the maximum absolute vorticities are 4.002 and 3.391 s/,
respectively. Small vortexes occur as reverse symmetrical pairs around the anode because of the stirring of anode gas,
while large asymmetric vortexes are caused under some anodes by the nonuniformity of electromagnetic forces (EMFs).
The alumina feeding points should be set at the intersection position of center channel and anode slots to achieve the best
mixing effect of alumina, where the absolute vorticity is greater than 4 s '. Thus, the above method can provide more
flow field information with higher precision and theoretical guidance for the structural design of the cell.
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Zone Fluid type ~ Wall condition Turbulence model Density/ (kg-mﬁ3 ) Dynamic viscosity/ (kg-mﬁl-sfl)
Bath Continuous No slip k—¢ 2130 2.513X 107
Anode gas  Dispersed Freeslip  Dispersed phase zero equation 0.398 5.055%X107°
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Table 2 Boundary conditions of fluid

Location Boundary type Condition Flow rate/(kg's ")
Anode bottom Inlet Gas mass flow 0.027
Anode side Inlet Gas mass flow 0.005
Bath surface Outlet Degassing —

Other surfaces Wall

Smooth wall —
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Fig. 1 Velocity vector distribution on interpolar horizontal plane
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Fig. 3 Vertical vorticity distribution on interpolar horizontal plane
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Fig. 4 Velocity vector distribution on vertical cross-section plane of anode gap
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Fig. 5 Swirling strength distribution on vertical cross-section plane of anode gap
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Table 3 Maximum and average values of absolute vorticity and swirling strength under different affecting factors

Absolute vorticity/s '

Swirling strength/s '

Condition
12| max 12 ave Aci, max Aci, ave
Both anode gas and EMFs 4.095 0.200 1.611 0.097
Anode gas only 1.602 0.141 1.365 0.091
EMFs only 1.620 0.153 1.103 0.070
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