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Experimental Studies on Asymmetrical Flow and Vortex Slag
Entrapment in Continuous Casting Mold
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Abstract; The asymmetrical flow inside the mold and the slag entrapment induced by vortex at
the top surface have great influences on the quality of continuous casting slab. One vertical —
curved mold system was set to study the asymmetrical flow and slag entrapment behaviors. The
results show that the asymmetrical flow in the mold is induced by the instability of the flow field
itself and the flow pattern is not stationary but changed over frequently. The asymmetrical flow
occurs near the bending section of the secondary cooling zone. Although the geometrical and
operating conditions were made to be symmetric strictly, the vortex cannot be avoided. In the
most cases, only one vortex took place and its size and position varies with time. The probability,
size and strength of the symmetric vortex are very small and the durations is also short. Moreover,
the effects of casting speed, gas injection rate, immersion depth of nozzle, slide gate opening,
and liquid level height of tundish on the periodic asymmetrical flow and slag entrapment are
analyzed.
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Fig. 1 Schematic diagram of the vertical-bending mold
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Fig. 2 Asymmetric flow pattern at different times
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Table 1 Experimental parameters at different working conditions
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Fig. 3 Effect of different parameters on the asymmetrical flow period

(a)—HiE; (b) —KHHEAGRE; (o) —/KHIFE; (d)—HT i h s L.

2.3 REERSE

SR HE A TA , SEI e 1 ER VR T AR
SRR DL R R R AR 4 R T R —
2 S AR 21 B AN R B 21 Lk YT )R T 2.
RZEAGOLT , B I H A A Tes 3, HA
B R AR A FE P da B 2] — N K B TR
SERAE K 11 220 5 P 4b B2 SR AL T K A
LR A RN AE — ELAR b XK B LR
BN HAFEE AT (B 4 08, W de FIr, 7K 1T A 4%
I AN /NI A S R R R R AT g K
FIXF e e B IR MR AFAE | i LA 174 1 30
SR TS A B ATE X FRIE .

2.4 ARESHIHERE BRI

H Tl A e ] A R A A, B A AT LA
FH B T IS I A UCRIOR FRAE SEPR AR P B i Y
THOL, R TS — D E bR, b LR
ZIRAE 7R | P45 o AR 4G e 9T
UNR A IES S _E A R 2 R s A it
P B — A . R GETHIN ) 1 min, B2
gt 5 U WO (E. 75 2T 2, RS Pras
At 1S H AL AR RTA IR 2 225 | R
AR 5 LR, AN BE T AR SR [ R
W AELAE S T PSSR B8 A HE AR i 44 DAl
TR UCEL. 18] 5 7 T AR SO0 Bt ik



%5

X PAE . EAEL RN R REEN SRR 669

K.

| (©)

4 HERF[FLREEARSH

Fig. 4 Observed vortices at the top surface
(a)—7KBZEM; (b) —sK A (¢)—7K H Pl
Il 5a 25 T 1L A0 A i YR 52 i KL
. ERT F R 3G Ui A 1 R

B 22 eI A5 B i A K. SRR B
SR IE AN, K FTH 0 SR R G, B B L [
TR S RE RN, TR T B TR I8 2 Bk o1 e A
SR E AT R AR B, (9 B e 104 46 T8 P ML 34 .
I HLAK S F SRR A 3G I, 25 3G hn oK o1 s 15 76
T B AL, (57K T BRFI £ 4 TS A ML 3 .

P 5b A A XK E AR BE X e i 46 1 &
AU S A 45 SR % B . B K T AR AR
R I, S0 o TS U RO /b R B A A
REE 38, 0 e oot 3048 10 J5 A 67 B FAAIK, b 1
LB EN IR TR AT A S RE IR D YT S A, REAIE T
TR T A 7 A B

WA T AT, 76 AR S50 sk O R IF R
S 30 e T LA HL X Y S O 1 S T A N
WA 5S¢ s, Bl 2 ¥ 3K T IF R A 39, i it 4
HUCECE 1 Z e s (EIE RN,

Bl 5d 7 T A R g B X T 09 4 v TR
B R B R RV R SN e
B UCBGE RN, X 3 RN Rl P )AL
A fe FEE ST, v BB YRR Y R 0 38, 7K 0
1 F0 555 0 8 B 338 o, B2 B A T 37 I 1 s E 3
T IR T T U B 8 5 A I i A v Y AL
B .

(®)

(b)

0.46 0.58 0.70 0.82
P/ (m-min™)

7.0 160 1:.'30
KT 48 A R B /mm

©

BHERE

(d)

40 60 80 100
7K O FFBEI%

100 200 300 200
v ) LY A5 13 B /mm

5 ARESHTHEREEHZM
Fig. 5 Effect of different parameters on vortex slag entrapment
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