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Finite element analysis of thermo-electric coupled field
in aluminum reduction cell

LI Hesong. MEI Chi
(School of Energy and Power Engineering, Central South University,
Changsha 410083, China)

Abstract: By using ANSYS APDL, the norrlinear behaviors in aluminum reduction cell were considered and the profile
of bath freeze was computed. Considering the phase change problems, the thermo-electric mathematical models and 2D+
thermoelectric models were built up. For the cases of common carbon and SiC, the thermo-electric coupled filed of 300

kA prebaked aluminum reduction cell was computed. The results indicate that the design of cathode and side of 300 kA

prebaked aluminum reduction cell is reasonable.
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Table 1 Thermal conductivities of SiC

and common carbon(Wem™ K™ 1)

Temperature/ SiC Common carbon
C Transverse Longitudinal ~Transverse Longitudinal
0 53 54 3.50 6.70
200 43 44 4.32 7.52
400 35 36 5.15 8.35
600 27 28 5.97 9.17
800 23 24 6. 80 10. 00
1 000 20 20 7.63 10. 83
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Table 2 Characteristics of cell

Parameter Value
Amperage 300 kA

Number of anodes 28
Anode size 1.6mx1.5m

Number of anode studs 4 per anode

Anode stud diameter 18 cm
Anode cover thickness 15 cm
Number of cathode blocks 18
Cathode block length 3.35m
Thickness of SiC 7.5 cm
ACD 4.5 cm
Excessive AlF; 11. 5%
Operating temperature 961.4 C
Liquidus superheat 18 C
Height of bath 21.7 em
Height of metal 18 cm
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Fig.2 Mesh plot of thermal field
in 300 kA cell
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Table 3 Physical parameters of
electric field ( Q*m)

Resistivity Resistivity Resistivity Resistivity of
of bath of metal of anode bath ( cross)
4.55x10°°  2.40x10°7  5.50x107°  2.45x10"°
Resistivity Resistivity of Resistivity of ~ Resistivity of
of bus bar cathode( vertical) anode bar cathode bar
4.06x10°  3.80x10°°  2.34x10°7  7.78x 10"’
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Bath temperature: 961.4 C
Cell voltage: 4.21V
Amperage: 300 kA

Freeze thickness: 15cm
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Fig.3 Isotherms obtained by model for 300 kA cell( SiC) (unit: C)
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Bath temperature: 961.4 °C
Cell voltage: 421V
Amperage: 300 kA

Freeze thickness: 9cm
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Fig. 4 Isotherms obtained by model for 300 kA cell( common carton) (unit: C)
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