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Fig. 1 Schematic diagram of alumina feeding points in

aluminum reduction cell
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Table 1 Fluid physical parameters of aluminum reduction cell
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ALO; 3000 2.51%X107° 1220 1.185
Cryolite 2100 2.51X107 1644 0.26
Anode gas 0.398 5.055X107 1004 0.0261
®2 BASILFARAT
Table 2 Boundary conditions of fluid
Location Boundary type Condition Temperature/'C
Anode bottom Inlet Gas mass flow 950
Bath surface Outlet Degassing 950
Feeding points Wall Feeding 950
Bath bottom Wall Smooth wall and consumption 950
Furnace wall Wall Smooth wall 942
Other surface Wall Smooth wall 950
Bath domain Source Electromagnetic force 6x10° WV

1) Heat.
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Table 3 Polytechnic and structural parameters of aluminum reduction cell

Anode carbon Anode carbon Side End Central Inter-anode Bath Anode cathode
block/mm number channel/mm channel/mm channel/mm channel/mm  height/mm  distance/mm
1700 X660 X 635 48 110 100 180 35 200 50

2 420 kA HLfE AR S — S T 5 A%

Fig. 2 420 kA electrolyte concentration heat-field calculation grid
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Fig. 3 Temperature(a), flow velocity(b) and concentration distribution(c) on XY surface in steady state concentration-heat field
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Fig. 5 Flow velocity(a) and alumina concentration(b) distribution on XY surface at 504 s in cell

Temperature/'C

@

950.22
950.11
950.00
949.89
949.78
949.67
949.56
949.45
949.34
949.23
949.12

Temperature/C

(b)

950.21
949.75
949.29
948.83
948.37
94791
947.45
946.99
946.53
946.07
945.61

Temperature/'C

(©

950.21
950.10
949.99
949.88
949.78
949.67
949.56
949.45
949.35
949.24
949.13

Temperature/'C

(d)

950.21
950.10
949.99
949.88
949.77
949.67
949.56
949.45
949.34
949.23
949.13

B 6 LRI XY THI LS A
Fig. 6 Temperature distribution of XY in electrolyte: (a) 432 s; (b) 447 s; (c) 457 s; (d) 467 s



436 hEA SRR

2016 2 H

950

(@)

\O

=

%)
T

\O

5

(o)
I

Temperature/C
O
S
S

V=)

g

o
T

9400 100 200 300 400 500 600

Time/s

7 VR XY die/IN TR EE AR A sl P (V3R P B I 1) A2 4 h 2

Temperature/C

S T T T
sl 44
9420 160 260 360 460 560 600

Time/s

Fig. 7 Changing curves of electrolyte temperature on XY minimum surface(a) and point P(b) with time

W25 T XYL (PR 2 AR IR 1 0.08 m) b5
ANIRLE BRFAE R PCT R R B2 ) (R il B2 B Ak J 38 1)
AAhg:, K 7@ bR, WE 7)) LLE
e, 7R XYL, AR 2 PRI 19 Chidti:s A 7(b)
ATRUR IR, R P AR TR R B 16 “C it
RGP T 10 s 7247, Bail B g2t 4 950 CIR
FEANAZ o HOARARE 0 FE — A 10 “C Aoy, 78 FRHE
) XY /Nl S AR 10 °C, X FURAE i
Jo B AR /N — 3B 4 I, AR S Bl A3
TEHRRE s AR )2 A T R 7 A WAl 1 5 s AT 1)
FER R, EREZRERZ RIS CLAh, BTIE
WG, A AR I 18T

h T AT AR AR, A ST SR AR A
(O E A (Qy)» BN AQ = O — Oy 1E LR )
PP SR AR . ] 8 o Ay Hafil TGP br AQ B
PR ¢ iRt gk . s 8 FTLAE H, IEH LN
fiE AR FEAR G PGP, R R S IR I A (1 34
P, o eI AR I A AR, STk
300 kW(ILKE 8(a)). Bl S A BRI 5 08 21 HO AR
HLARTAE RN 20 s 24718 BB T (LI 8(b)).

FET-CA B Aol LRI, OBk R A% 2 22 1 v e
SRS 2 AR 5 "CAcAT, AT b TN 40 X ik
SBRBIT LR, RS, SRR LR
W, AR S B N ARE I ) L . LR
I FE A G 20 5 A AR BB IR B 0 AT AR O, FLE AL
BB RS AN, R, BE B R R S RSE X
LR L L P AN SZ 520 o RS I Ha AT T 4
P, o PR HER IR A R R, AN i
TE TR IR 20 s 2247 2 T8 OB T4l .

=2
(a)

_3 =
= -4
5
S
N L \J L L

1 1 1 1 I 1
0 100 200 300 400 | 500 600
Time/s
-2
(b)

_3 -
=
S -
Q
<

_5 L

T°TT440 450 460 470 480 490 500

Time/s
8 LR AT i B I ) A2 Ak i 2
Fig. 8 Changing curves of thermal balance of electrolyte

with time: (a) 0—504 s; (b) 432504 s

4 g

1) AT AR G AR UL Al S AL AR IR JEE A



26 5 2 1] Tk,

A BRFVARE ORR R F AR T S R R 437

HL R T 8 B AR T AR IS, A AL R e e
AR FE DX A3l [ G B DX 3, I HLAR AR R FE A0 AT A
IS IR ) 5 0 B e AR e AR Ak

2) e MERERE T, NREEUR 7 R AR R R, 7R
HLf T B3R T T BT RS s B B rh g i 44,
TEWEEZ A 5 ChAA M N, FRI4 S, i
JEBRAR I R IS DG THE 10s, ARG 2218 T, 20s
Jeda H A RIS #1950 °C o

3) FRHER TS R, 5 FAE F R
FAbERRRL, 2[R TIAR] 300 kW. BHJG 20 s /2
A7, LA IO FE SR AR iR R, EUR BOR 134

T
REFERENCES
(1] % b, SKZrse, 48 GG, BUERS, 2 s, R A R

55 PO S IR B BB BT[], A (2
i, 2015, 25(2): 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.

21 R, B R R R R R T R D). B,
2002(10): 44—45.

LONG Feng-xiang. Development of heat balance control
technique of aluminum reduction pot[J]. Light Metals, 2002(10):
44-45.

[3] TABSH I, DUPUIS M, GOMES A. Process simulation of
aluminum reduction cells[R]. Warrendale, PA: Minerals, Metals
and Materials Society, 1996.

[4] DUPUIS M, BOJAREVICS V, FREILBERGS J. Demonstration
thermo-electric and MHD mathematical models of a 500 kA
aluminum electrolysis cell: Part 2[C]// Light Metals-Warrendale-
Proceedings. Warrendale: TMS, 2004: 453—460.

[5] DUPUIS M, BOJAREVICS V. Retrofit of a 500 kA cell design
into a 600 kA cell design[J]. International Aluminum Journal,
2011, 87(1/2): 52—-55.

[6] =X, 45 &, KL5E, & OHL RTEN. USSR =

YEREFTEAR BRI SE[T]. PR R 2R (AR ERAR), 2012,
43(3): 815-820.
CUI Xi-feng, ZOU Zhong, ZHANG Hong-liang, LI Jie, XU
Yu-jie. Simulation calculation of 3D freeze profile in prebaked
aluminum reduction cells[J]. Journal of Central South University
(Science and Technology), 2012, 43(3): 815—820.

[7] CUI Xi-feng, ZHANG Hong-liang, ZOU Zhong, LI Jie, LIU
Yan-qing, XU Yu-jie, LIU Xiao-jun. 3D Freeze shape study of
the aluminum electrolysis cells using finite element method[C]//

JOHNSON J A. Light Metals 2010. Warrendale, PA: TMS, 2010:

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

447-452.

THOMAS H. Numerical simulation and optimization of the
alumina distribution in an aluminium electrolysis pot[D].
Lausanne: Ecole Polytechnique Fédérale de Lausanne, 2011.
KA, &k, MR, M, ML A A N
S BRI B A3 A R B AR D]. b AT B G AE R, 2014,
24(10): 2658—2667.

ZHAN Shui-qing, LI Mao, ZHOU Jie-min, ZHOU Yi-wen,
YANG Jian-hong. Numerical simulation of anodic bubble
distribution in aluminum reduction cells[J]. The Chinese Journal
of Nonferrous Metals, 2014, 24(10): 2658—2667.
TR, 0 AR R i ia 3 B AL R e
PWFFE[D]. Kb FEg k%, 2012

ZHANG He-hui. Numerical study of vortex flow of melts and

pUREEU B Sl

transport process of alumina in aluminum reduction cells[D].
Changsha: Central South University, 2012.

ZHANG Hong-liang, YANG Shuai, ZHANG He-hui, LI Jie, XU
Yu-jie. Numerical simulation of alumina-mixing process with a
multicomponent flow model coupled with electromagnetic forces
in aluminum reduction cells[J]. JOM, 2014, 66(7): 1210—1217.
T W, DRSS, oKW, sKkeC, & b, 2 W), XURZE.
500 kA ZEH R ARA Y S BRI BE I B BT, P A
%8244, 2015, 25(3): 799-805.

JIANG Nan, QIU Ze-jing, ZHANG He-hui, ZHANG Hong-liang,
YANG Shuai, LI Jie, LIU Qing-sheng. Numerical simulation of
alumina concentration field in 500 kA aluminum reduction
cell[J]. The Chinese Journal of Nonferrous Metals, 2015, 25(3):
799-805.

BRI, 0 R A B AR S IR AR LB A IS B R [D].
HRIRA, 2006.

XUE Yu-qing. Theory studies on the growth mechanics and
velocity of anodic bubbles[D]. Central South
University, 2006.

K, B, 9%, OB, R, WAL BBy
FEOR A AR R AR O BB ]. PRI IR(B A
BLERR), 2014, 45(7): 2424-2431.

ZHAN Shui-qing, ZHOU Jie-min, LI Mao, DONG Ying, ZHOU

Changsha:

Yi-wen, YANG Jian-hong. Numerical simulation of anodic
bubble distribution in aluminum reduction cells[J]. Journal of
Central South University (Science and Technology), 2014, 45(7):
2424-2431.

ik, AL TR
WL AR, 1990
CEN Ke-fa, FAN Jian-ren. Theory and calculation of gas solid

A ARV B B M. AN

multiphase flow[M].
1990.
TAYLOR M P, ZHANG W D, WILLS V, SCHMID S. A

Hangzhou: Zhejiang University press,

dynamic model for the energy balance of an electrolysis cell[J].
Chemical Engineering Research and Design, 1996, 74(8):

913-933.



438

hEA SRR

2016 4F2 A

[17]

[18]

KOLENDA Z S, NOWAKOWSKI J, OBLAKOWSKI R.
Measurements of thermophysical properties of liquid electrolyte
by modified heat pulse technique[J]. International Journal of
Heat and Mass Transfer, 1981, 24(5): 891-894.

WD, KRR, SKLLR, RTN, B, BOERE. KR
FLfA A LA TR A W ) R BT, o T A (0 < e 2 A,

2012, 22(7): 2082-2089.

LI Jie, ZHANG He-hui, ZHANG Hong-liang, XU Yu-jie, YANG
Shuai, LAI Yan-qing. Numerical simulation on vortical
structures of electrolyte flow field in large aluminum reduction
cells[J]. The Chinese Journal of Nonferrous Metals, 2012, 22(7):
2082-2089.

Effect of feeding in aluminum reduction cell on
electrolyte temperature

DING Pei-lin', WANG Heng', HUANG Jun?, WANG Zi-gian?, CAO Bin®

(1. Department of Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China;

2. Guiyang Aluminum-Magnesium Design and Research Institute Co., Ltd., Guiyang 550081, China)

Abstract: Keeping good heat balance in the aluminum reduction cell can decrease the energy consumption in the process

of aluminum electrolysis, but the feeding can destroy the heat balance. The transient model of alumina concentration and

thermal field in cell was established. Based on the accurate simulation of the alumina concentration distribution, the

temperature and heat balance were studied. The results show that the local electrolyte temperature decrease about 5 C in

the electrolyte space layer and the dozen degrees around the bath surface, and gradually restored to the original

temperature after 20 s. The feeding can break the heat balance of the cell, and heat at 300 kW is used to heat the alumina

particles. After 20 s, the cell reaches a new heat balance state.
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