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Simulation of strong coupling electromagnetic current in aluminum
reduction cells and its application in new cathodes

ZHANG Hongliang, LIANG Jinding, XU Yujie, LI Jie
(School of Metallurgy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Though various new cathodic structures of aluminum reduction cells have been applied in industry,
their electro-magneto—flow is still not completely clear. In this paper, a transient 3 D three—phase MHD model
in aluminum reduction cells was established on ANSYS platform, and then was utilized to calculate the strong
coupling of electro-magneto—flow in some 420 kA cells with three kinds of new cathodic structures. The results
show that compared with common cathode, three new cathodic schemes can decrease the flow rate of aluminum
liquid and electrolyte in the cells. The flow rate of electrolyte in the case of boss-type cathode declines
significantly, which is not conducive to the melting and dispersion of alumina particle. In the reduction of
aluminum liquid and electrolyte interface fluctuation, the above —-mentioned three schemes all have certain
effects. The boss—type structure can reduce the interfacial regions with large deformation. In addition, such
structure will slightly decrease current efficiency. This model can provide a basic tool for choosing structure
scheme of large aluminum reduction cells.

Keywords:aluminum electrolysis; new cathode; MHD; physical field simulation

Ty G R AR A0 DX O R L SRR R NS RS AR S 2 TR R R A AR
HL A BT 2 Al e R R E A IR N 2 B0 ) ARG R b BRRZ R il i T2 R [ 2P 08 B 23 1 A5 48
BB A I 2 M R Wz s L Rl MR- B R AT, SR R N AR B LG

%5 B H#:2017-04-28
ELTB . EHEHRB LS W H (51674300,51574289); [H % H Sk Bl 3 4 5 55 H (61533020) 5
g R BB i) 5 E BB (2015CXS017)
BEESE KRLLSE (1979 ), B Wb RN Ez , E2 NG 6ROV & BUE 07 BT 5, E-mail: ¢sul3574831278@163.com.



8K %S5

KL% F e AR B R RAS ST AR AT A AL L e B R 27

KA AR N AR S gy, h ik s it — 2 5
HOE R B 3 S T8 3 R 4R TR - FRL A % A 1) B TR
BRAZA. XA A B ROV 5] B AR E LR
TEVF 2 SCHk 2 15 3ASL LINDSAY #1 DAVIDSON
11D, K BOJAREVICS A5V §r T H v i i 44 i
B A K ZE, JF 4R AR ZE 9 T A K
-4y R 3 0 3 L 4y 1 A BOAE OB R 3% e
IR - A EE MR E. Wik, TS
N A 0 R k1 IR TIE FRL AR A Y O fR a2
T, T B I R IX 3 1) 3 B W 37 R KT H R 2R AT
k.

FikE EAREHB, EARAM T FAH I & T
Z A AL AL S5 48 . 3k 26 Ty 28 BJR IS/ ER I
/S O === 1 o S I O 32 7 A 1 1
TOWNSEND™® 5K £ 55 P i1y A 341 5) & [,
BAYERUO W [ 7 U4 ) 3 S e R T 5 D) —
T ) 5 T I AU s A I | EL A A0 VAR T 3 ) R B
s, BN NORAU 35 7 4R U 52 1 1 1 15 784 B i 25
F. bR 2 207 B LU Ak G AR R E S B Y.
UL AN, X 8 A e PR S (W AF 5T, AT 24
17 7 @EHE. WANG 48R LI PIF5E T =2 B
e FEL figf O B A AARAT oA, 45 SR 6 I S O R AW 445 4 B
% R AR A0 TR /K S FLIAE ) st R D % A VR s ) A T8
Bl H T B8 08 B G B0 100 I | B R — PR A B A T 1Y
Pt a0 i B A5 LA AIG. BOJAREVICS!'Og: 37 — 4k %
IKBEAS IR b T E B A AT R B AR X
500 kA 1 % 0 PR FRUE PSR, A 6 R B SY, 4
S0 R TE IR RE 0 50 U B R A 3 B A A5 2 1Y
T AR R e PR AT A TE AR AR BUAH S5 ) 2 b 4
A Xt 7 P 3 A e R R R ARG H R AR K £
BT R A AT O3 3 (9 B A A S AR B A A
MR IE R I S o A | e A 0 R — FL A O S T R AT
TR BT A R R R 2 W 3 1 AR T
BT 58 35 | [ B X 4 328 AR 1 S LB A I TR o A %
TR, JUHXT T B A 45+ 04 P Ak 77 1, AR 3T Tl
T X T TR T R R A T R T R R R A O Y R
R B NG, BAE R G ME MBS IRE [ A A
JE R B A R X A5 288 1k T B8 1 BRI UR 0 4
AT 9 X6 HE A FA

W SO S T RN S8 R FR B A AT I RS = 4
R B A SR T O AR A T
BEXT LG A3t 1 3 A E A AR M Y B AR AR Ak 45 F XF
420 kA 55 L Mg Al v oKSF UL A SRR AT R
RS T D S AR L AR R, AT R G
A IR 45 70 1) AR AR R

1 EBiERRRE

1.1 =EHFRE

FH U AR g 2 B AR I ] 22 A I Y I A T A
F Navier-Stokes J7 2, HoJli i shiw (KT A7 4E Ty
o T (1)~ (3) .

L)+ T - (FpU7)=0 (1)

LU+ T - (P (pUU™))
=—r*Vp+V (o5 (VU+(VU)T) )+si+M*  (2)
Y=l (3)

A (D)~ (B) o RN WA, o FH A3 BE B KO
P> B p e MU KRR 5 v N o M A BLE
JE 553 A o 52 RS ERIA RS s Mo ARSI E AR
o FHETRAE R 7.

T L A AT Y B AR 2 A e LR R R RO
BSRU B S 3 TiZ =AM R 8, X (2) i BRI
EWIEE N

F1 BEZH=-"HARERDHEFEFENEXD
Table 1 Terms of momentum conservation equation

in three—dimensional transient MHD model

o \¥: Sir M
Bath v+, PFiy U=+ (Ur-U")
Molten aluminum  v™v, r(p"—p")g+r"Fi chu-umy
Bubble v+, 7 (p'-p)g crh(U-Ur)

Horb B4R b om p 23 BIACSR AL 5T BRI,
U i 6 T 22 M A, 38 R - BR A7 22 AH i A5
B v, i VAR, oh TR DA AR R i R i i 3
) (FRWERT 10°), H T 508E FE 5 30 60 A 3
HE e AR E k- BERUTHAY. Sy 1 B VR A 3 4 2 0T
BE AT AL ARG 75 o 5 DX ) O 2l A P oA B THT o R0 O
i S Z BEAT I AL B

A PR Z 18] 04 A 7 LA AR T] (9 B 2
B AR B R AL AR R B4 AT ) A AR e,
LEmFEATZ A 8Ly ol g 5K (4) 7521

Chr=Cliph A U )
Hor
pb ,mzrbpb_,’_rmpm (5 )
b 209 IV
AV AV (6)



28 HRers sy 1R

2017 % 10 A

Horp Cy AR 3 A o VR R P AR 1) R R, HE
PR IAEL 24 F TG 72K A0 0 . 1 S B R R 38 A AL
AR Jit ) o R e L R O T R 15 DX AR R AR LA
PR ORI EE A 0.44.

R Crt (B Cr) Sk i A BE AR AL 5 HL T Y
AH ] B, Ty R 5T A AU T R R B O, R T
AR A T SR A AR AR DG BRSOt nT AR A 2 (7))
(iR

C=3- C;b" P\ U1 (7)

Horp Cry [AVBEAR R B AR AU 5 e i o A 1) B ) &R
B ,d AR Y E TR, 1 em. &)
ZHCry W AR B A B SR AR A B R
K Ishii-Zuber By BERUIn DL A&, 118 77 2 0L
£(8).

24

e

(1+0.1Re"7 ) ,0.44)

Cly=max(
P

Cy i =min( %—EO 2 3 ) (8)

C’y =max ( CD,sph , CD,dist)
T4 Eotvos L (Eo) T et AR g i1 3% 1m 5k
TIZ BRI R
Eo=2p2d”. 9)

g
Horp Ap AR HL R MBI S 2 M I JE 2% 0 R
FL A SO ST 1 S T 5K g
WA AR TR i 5 8 A A S AR I P 3 B PR
A7 B ) A AT AR 80 AR . PR 2R CO,
FICO 4Lk, 73 511t CO, F1 CO MIEE/R B 43 LA a %Fl
b %, &) f =2 (10) 71 55 B AR <o Ja 350 5 4 A k%

mlo(‘(kg' s 'miz) :

Ji 22a+14b
= 1
“10°F  2atb (10)

F10) H g AR BH B — Fe ffe ot 5 T A Jg 30 3k 1) v O
B FONIE P AL X AL G 2 AR AR RS 4y
e v B E HL g o A, 22 MR R AS TR RT R B4 FH
Ao — P fige Jot B T P R R (] A2 AR, LA 5 W
AR AT o B AR,

[ FF Sy 1 R R R 4 B A X e S R AT
RS RTS8 TR PN B e AR R (L A S5 R
R ) | IF AR AR 42 A5 S AR 23, AT AR A L I S AR
DA% DI g s A0 g G PR ) P s T L 9L 0 A R A T35

my

=0 0] o) _
v J_ax+ay+az =0 (11)
J=0E (12)

AAD~XA2) T J AR E E B IRE o

R AR E E ShiEd e MER E=-V
@, BIVRTA5 2050 e e o i 3 90 1

EAR— 42 A2 BRI P il TR 142 3h i D
Y — P SO AT AR T A A DX A A 7 B Y R
TS LT S Ak A 0 10 4% X e H 3 B 40 B, A el
75 PFI AW, — FhL fire Jo A T A 1) FL I R T 45 AN AR TR

X F RGBSR 2 b s R A R A Y i AR AR
BOHTIEIE , AR P850 T — r i 5 5 100 A8 T R 1A O
Sl T A5 0 05 PR O o B 2 2 ) 9 36 o WL )
JE Fpy WA 525 [R5 B AT 56, 1 WA = 2 — ARG I
PRBEARURAR YA T 48 0GE PR i S i 52 ) 38 Jim AT
DAL A 7 3 T 7= A 0 i SRy FL 3. E IS T, AR
1521 Ay HL 0 77 %8 B AN (S B[] 5 43 ) A e 4, i 5 HL
PRI A 6. FEAT— 20 0,0 MR ZS 18] AT — 25 (x,y,2)
ZE W RGBT R (13)~20(15) 15

Fg?v;(x,y,z,t):]“XB (13)
V 'Ea(x,y,Z,t)zo (14)
J(x,y,z,t)=0%(E*+UXB) (15)

K (13)~K (15)H Jo E« Fl o 435 o A1 L 3T 3
JE i AT R
12 #HEGAREHEME

TR AT 420 kA Z040 F RS 1 GBS 0 n 3 2
Fi%l.

N L - -3 3 — & Z (R AH B A B
{2 MOREAU "W 58I kK8 P9 0437 1) 43 A7 32 2 ol i1 5
SN USE N5 1A Bl R R A 1 s i AR /N BT LA T

x2 F420kA BEEXESH
Table 2 Key parameters of 420 kA aluminum

reduction cell
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Fig. 1 Computational mesh of transient 3D three—

phase aluminum reduction model
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