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Table 1 Boundary conditions of calculation for heat transfer

coefficient
Location Boundary Type
Anode bottom Free slip wall + gas inlet
Anode side Free slip wall + gas inlet

Bath surface Gas outlet

Others Free slip wall
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Table 2 Structure and process parameters of 500 kA cell

Parameter Value
Anode number 48
Anode size/mm 1800 X740 X 600
Anode gap /mm 35
Central channel/mm 180
Side channel /mm 290
End channel /mm 350
ACD/mm 42
Bath level/mm 220
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Fig. 1
coefficient for 500 kA cell

Computational mesh of bath-lining heat transfer
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(Wem K1)
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Fig. 2 Bath-lining heat transfer coefficient distribution in 500
kA cell
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Fig. 3 Bath-anode bottom heat transfer coefficient

distribution under EMFs driving
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Fig. 4 Bath velocity distribution in 7 mm below anode

bottom under EMFs driving

IH bW Je T (1 e 2R Bt BN 1292 W/(m*K), Fe/ME
110 W/(m>K); MR oA i 4a i _ERE 4y
MAEE], I HIJLTFRA AR Ao AT
HAEX ARG, HAREBOMEEAE S, Hf R
KT 1000 W/(m? K A3 R Sk T ARy LA K
Iy AAE 110~1056 W/(m™ K) [T P, X 81 1 46
RHCH 501 W/(m>K). B4k, XFLREE 3 fr4 nifn,
it LRI AN A 5 A 0T 5 FH R e (R et R BB S
HAMSR N, IF AR ERAAIEMGRR, B
il ST AR PRI o) I Ry P R B . AL, H
1 3 HEZ)) L8 J53E By et — T2 i o) JE ke 28 g o 2
RIZ%, o3 Aoxd 1 Hmd ) iR A o B ARk

32 [ERSIEERA TR RRARE

AFE G IVER, AEACH B EAE ot
AT B TS A A S R K . K]S PR
AN BB LA IR PR H g 5 5 BH ARG 4 R
ooy, 6 B kAR a) B S BHARJE T 7 mm #1H -
HL A T (1) AL 2 AT

I S A%, ANBEARSCLAE FH I, 500 KA A Hfi
J5 5 AW JE T 1) 35 R R $0m KAl 2492 W/(m*K), it
AME 0, AT TACHLE VR - N KA LR T —
%, BN RS TR TR R B AT R 4

Heat transfer coefficient/{ Wem™=-K™")

L D 1
0 498 997 1495 1994 2492
249 748 1246 1744 2243

B 5 AT I AR 5 B AR R T ) 4 34 2R 2o A
Fig. 5 Heat transfer coefficient distribution of bath-anode

bottom of under bubble driving
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Table 3 Average value of heat transfer coefficient in different

areas under different driving factor

Heat transfer coefficient/(W-m >K )

Driving factor ~ Anode Side End  Bath metal
bottom ledge ledge interface
FEMFs 501 696 654 528
Bubble 482 1370 1650 1490
Both bubble
478 1473 1894 1511
and EMFs
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Fig. 7 Heat transfer coefficient distribution of bath-anode

bottom in 500 kA cell after anodes cutting
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Table 4 Average value of heat transfer coefficient in different

areas using different anodes

Heat transfer coefficient/(W.m K ")

Case Anode Side End Bath metal
bottom  ledge ledge interface
Normal anode 478 1473 1894 1511
Slot anode 855 1222 1499 1463

HH 4 WA, BARRITAE S AE — e R L bR v i
TR A S A R B T AR B, BT
FERE S KB D AR R AR ARAE, DR X S
B B0 BT K, ZEAS 500 KA (1) 52491 b b 22 %
478 W/(m*K)H# % 855 W/(m*>K), 1K 78.87%; X}
I, wT LA AN AR AT BT R S, T I f il Y.
TZAF BTG L RN, A ReRAN BT R I O TR A
T AR s TS T A 5 R /N T A S ke i, BHAR
TR 2 ok /)N R JOT 55 A S TR B R B, BE 43l
17.04%FH 20.86%, M/ T HLAR 5T v 0350 1) 4% F i
73, I TR R S B S A AR B, PR <s
IR PR HETBCR T8 SS T CRT IS A Je [ e i i i
BN REI,  SUTX L X S R Bk T SR
TRIA) I R ST I AR IR BT 2 g AR, X BT
WP FEZ ) B, s XA AR A
AN, AR RIS FL DR A LR X
S, P AR ST ) R 5 M AN 388 /N R R

4 ZEig

1) T 2GS ELIE L Ui A Y LUK BE o A A 15
(Mrid, [R5 18 R o IR is sl a7 T4
fIPE R VELAR J5 - A A T PR A R B S A A, T

JET 500 KA B LR A UK L R B N A et R B
LUCIERT

2) LR 0 SH A Ao #5 f FRt pl LR R 1) N A
gif it THESIPE I, L AR I R Ak T
LA, R AN GRS, AEEAT
figt Jot 5 A A S R R BT SN S R P R
HATH L&

3) R ST A AT S I ) 45 A R R R 2% A X sk
SR AN, AER KT /N IR AL, et R
B o A T B2 WU TR BN BRI, i X BAREEHE
U 2 DR Ay s 2 G S mh A 5 ORI A T XAk
PERPES ks T S B RO 8 0 i 40 B A
(R TERE, (LA IR R AN .

4) FIRRTTAS 2 il > SIHLAE R B AL IR, M 1
RIS HAARE [, T2 i e He Al
1113955 B AR PRl P Sl AR 3 DX e A AR B
DBl s i LA AR T A S (1 A PR B e T
ST B N ITAEA K

REFERENCES

[1] 2 &b, 3Rers, R, DR ZLER il ) 5 A

I A S SR D]. T E A 4R R, 2011, 21(10):
2594-2606.
LI Jie, ZHANG Hong-liang, XU Yu-jie. Simulated computation
and optimization of comprehensive physical fields in modern
large-scale aluminium reduction cells[J]. The Chinese Journal of
Nonferrous Metals, 2011, 21(10): 2594-2606.

21 # b, skacse, 48 S, BUERS, & BRRmERE S

BRI SR BT[], A T8 JE 2, 2015, 25Q2):
515-522.
YANG Shuai, ZHANG Hong-liang, ZOU Zhong, LAI Yan-qing,
LI Jie. Calculation of heat transfer coefficient between aluminum
reduction cell surface and surroundings[J]. The Chinese Journal
of Nonferrous Metals, 2015, 25(2): 515-522.

[B] A, & B YR, O, SREDR, R, A

R — iR B R VAT]. TP EAT (R AR, 2014, 24(1):
239-245.
XU Yusjie, LI Jie, YIN Cheng-gang, YANG Shuai, ZHANG
Hong-liang, LU Xiao-jun. Method of strongly coupled modeling
and computing for thermal-electrical field in aluminium
reduction cells[J]. The Chinese Journal of Nonferrous Metals,
2014, 24(1): 239-245.

[4] SOLHEIM A. Some aspects of heat transfer between bath and
side ledge in aluminum reduction cells[C]//LINDSAY J. Light
Metals 2011. San Diego, CA: TMS(The Minerals, Metals &
Materials Society), 2011: 381386

[S] KHOKLOV V A, FILATOV E A, SOLHEIM A, THONSTAD J.



27T 1M

Moo O, S BRSSPI R O B T 5 169

(6]

(7]

(8]

[9]

[10]

[11]

[12]

Thermal conductivity in cryolitic melts-new data and Its
influence on heat transfer in aluminium cells[C]/WELCH B J.
Light Metals 1998. San Antonio, TX: TMS(The Minerals,
Metals & Materials Society), 1998: 501-506

SOLHEIM A, THONSTAD J. Model experiments of heat
transfer coefficients between bath and side ledge in aluminium
cells[C]/ADKINS E M. Light Metals 1983. Atlanta, GA:
Metallurgical Society of AIME, 1983: 425—435.

BECH K, JOHANSEN S T, SOLHEIM A, HAARBERG T.
Coupled current distribution and convection simulator for
electrolysis cells[C]/ANJIER J L. Light Metals 2013. New
Orleans, LA: TMS(The Minerals, Metals & Materials Society),
2013:396-401.

SEVERO D S, GUSBERTI V. A modeling approach to estimate
bath and metal heat transfer coefficients|C]//BEARNE G. Light
Metals 2009. San Francisco, CA: TMS(The Minerals, Metals &
Materials Society), 2009: 557-562.

GUSBERTI 'V, SEVERO D S, WELCH B 1,
SKYLLAS-KAZACOS M. Modeling the mass and energy
different aluminium

balance of smelting cell

technologies[C]//SUAREZ C E. Light Metals 2012. Orlando, FL:

TMS(The 2012:
929-934.

DUPUIS M, BOJAREVICS V. Weakly coupled thermo-electric

Minerals, Metals & Materials Society),

and MHD mathematical models of an aluminum electrolysis
cell[C]/KVANDE H. Light Metals 2005. San Francisco, CA:
TMS(The Minerals, Metals & Materials 2005:
449-454.

Society),

DUPUIS M. Mathematical modelling of aluminum reduction cell
potshell deformation[C]//JOHNSON J A. Light Metals 2010.
Warrendale, PA: TMS(The Minerals, Metals & Materials
Society), 2010: 417-422.

TAYLOR M P, WELCH B J. The measurement of heat transfer

[13]

[14]

[15]

[16]

[17]

(18]

[19]

coefficient between
Transactions B, 1989, 18(2): 391-398.

FLETCHER T E. The role of convective heat transfer in sidewall

cryolite and ledge[J]. Metallurgical

ledging[D]. Toronto, Canada: University of Toronto, 1995.
WANG Q, LI B Q, FAFAD M. Effect of anode change on heat
transfer and magneto-hydrodynamic flow in aluminum reduction
cell[J]. JOM, 2016, 68(2): 610-622.

Zenlik, BN TR Z ARSI E IR M]. U L
R AL, 1989.

CHEN Ke-fa, FAN Jian-ren. Engineering theory and calculation
of the gas-solid multiphase flow[M]. Hangzhou: Zhejiang
University Press, 1989.

KADER B A. Temperature and concentration profiles in fully
turbulent boundary layers[J]. International Journal of Heat and
Mass Transfer, 1981, 24(9): 1541—-1544.

WIERE, P B, R NI SRR R . R R SO
fEVFFLIMI. PRBH: ARAE R HihiE, 2001,

FENG Nai-xiang, SUN Yang, LIU Gang. The thermo, magnetic
and fluid field and it’s numerical calculation in aluminum
reduction cell[M]. Shenyang: Northeastern University Press,
2001.

LI Jie, XU Yu-jie, ZHANG Hong-liang, LAl Yan-qing. An
inhomogeneous three-phase model for the flow in aluminium
reduction cells[J]. International Journal of Multiphase Flow,
2011, 37(1): 46—54.

B Db, sRanse, AR, SREEEE, A8 U8, ZF &, MU
B AR TR A A AV H R ST, b R R 2
(ARFIEAR), 2012, 43(12): 4617-4625.

YANG Shuai, ZHANG Hong-liang, XU Yu-jie, ZHANG He-hui,
ZOU Zhong, LI Jie, LAI Yan-qing. Effects of slot cutting at
prebaked anodes on bubble elimination in aluminum reduction
cell[J]. Journal of Central South University (Science and

Technology), 2012, 43(12): 4617-4625.



170 Hh TR (< R 2 AR 201741 1

Numerical simulation of heat transfer coefficient between
bath and lining in aluminum reduction cell

YANG Shuai, L1 Jie, ZHANG Hong-liang, ZOU Zhong, LAI Yan-qing

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

Abstract: The heat transfer coefficient between the bath and lining determines the heat balance in aluminum reduction
cell. Based on the multiphase theory, turbulence model and wall function method, a numerical simulation model of heat
transfer coefficient between the bath and lining was built and calculated in comercial codes. The heat transfer driving
force and the heat transfer distribution were calculated. The results show that the anode bubbles are the main driving
force, while the influence of electromagnetic force can’t be ignored, both of them need to be considered in the calculation
of heat transfer coefficient. Moreover, the heat transfer coefficient is determined by the bath flow in cell sides and ends,
while it is small in the anode bottom because of the obsturction effect of the anode bubbles. Anode cutting will increase
the heat transfer coefficient between bath and anode, however, reduce the heat transfer coefficient between bath and
aideledge.

Key words: aluminum electrolysis; numerical simulation; heat transfer coefficient
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