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Abstract: A mathematical model for the gas-liquid flow field in the ladle with argon blowing and
electromagnetic stirring was developed based on the Euler model and population balance model
(PBM). The results show that the upward stirring only forms a large circulation flow field in the
ladle, while the downward stirring forms a large and a small circulation flow fields. The size of
the bubble in the center of gas-liquid region is the largest and is gradually reduced when the bubble
is changed from the center to the boundary of the gas-liquid two-phase region. With increasing
electromagnetic stirring current, the deflection degree in vertical direction in gas-liquid two-phase
region is greater and the distribution of large-sized bubble area in the center of the gas-liquid two-
phase region becomes wider. The area of large-sized bubbles in the central region from the
downward stirring is smaller than that from the upward stirring. The spatial distribution of large-
sized bubbles has less effect on the deflection and bends to the center line of the ladle.

Key words: electromagnetic stirring; ladle; bubble; breakage and coalescence; population
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Schematic model of electromagnetic stirring ladle
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Fig. 2 Distribution of magnetic flux density along the
axis of mold
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Fig. 3 Magnetic field distribution in different stirring
modes
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Fig. 5 Flow field of molten steel in ladle under different conditions
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Fig. 6 Distribution of gas volume fraction and bubble Sauter diameter with /=800 A and /=1 000 A

(a)—800 A A %%, (b)—800 A Af E /2434 ; (c)—1000 A A &3, (d)—1 000 A I E AR5

Bl 7 2B, MIE MRS H =2.05 m B, 7€
1000 A HiL 3L s A A0 458 1) 43+ A 91 BBl K T fEL R 3
FEAR LA 800 A Y IELAR ) 43 A1 i L. 7E 800 A
FL AT AN T A R BRSO 16, 4 mm, LN
1000 A B, f96 i <3 i K B2 R 16. 8 mm;iX
FEEHHL TR, B P e R B R (R
S FEL I R/ NG A0 B R LA )55 T S B . 3
KR 7E PBM B Y /<36 19 2R 9 R il e 3 38
53t S RBFERCR AT 56, 1 FL R 7 52 e DX 3543 ) BR
THE TN AL RE A — )2 Xk, BT DA R K/ R
T I K BLAR DTk /)N,

2.3.2  Fdk Iy 1 S R A A R S e

& 8a, &l 8b LI A 1000 A K JH 1A FitE
FEACET A4 P O R AT AOR 5 BLAR A . X L
O S I 01 2 = 71 o ) B e 70 L ) M 7
PO R 7 RS AR SR F ) R R
TSR BEFE RS — 000 A 9 Y Sk bz s i e —
AN A K s A Y e — 000 1% 9 3R I i
SRR T BT — 00, 3R R TP R 1) R
F VR PR R 0 DX R AT AR 43 A DX/ N )
R A R ELAR AR XL 1 6 FE 8 ik
FE R AmEL FE /N T /N, KA 175N



g RAF:

BREBLHARN & N AR R AT A 637

A R — . 33 2 R A L 3 5% /NS A R K
FRA, B/ N B BRBETEZOE T RS, Bk
T3/ IVl A R R T R T Ml e R /.

[l 8c 45 s it =5 BEAE H =2. 05 m B HL R4
PEESAS IR 42 1) A0 AR A AT R
SR A W R SR WU B 50 N E R 3
16. 8 mm; 4R A ) S hidEa =Lt 30 S
KEAEHK 16. 5 mm. X J&F B m FhidEnt, <
WSEPEFERS — M, T e 2 M 1 I 3 I R
KT I BB RS — 00 ) S RO B 5 i X
RS S NIER A IR I

1.00E-02
1.00E-04

—800A
---1000A

K ER/mm
o

\
L

- - " o o

210 —06 02 02 06 10
x/m

E7 SEHNH=2.05mHHE7800A51000A
TRESEEES B
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