5 7R W
SPECIAL STEEL

5 46 154 2 W]
2025 4F 3 H

Vol. 46. No. 2
March 2025 * 55

R SERE -

HEFR 7K A3t K 7R 45 B 28 N At A F0 5 i 5T
1T AR

REF', THME, AL, RAL', SR, TR
(1 AU B T RAI6 G 5 REIRABE, 1L 06321052 WHALRHSR A RRL 7 5 TR B , 41 % 063009)

W OE O 7RI GE S 40Mn2 KUy BB I B T — A S m B K B R R UGB R, DA
BT S G T R ST 410 mmx560 mm B K J5 BREE S 2 AR FERT G, WFEAS Rl v URIZK i AR BE L 461 T Y
BRI S B AT o SRR, K TR AREE A 90 mm , $73 4 0. 25 m/min B9 B PR B B sh MR R 22,
FH R 0. 35.0. 45 m/min B 25 & 42 453 s K R AR E 9 100 mm, 723308 0. 25 m/min B 4K 58 AR 498 7 2 M 48
25, FI3CN 0. 35 m/min I R FJe 4 177, A S TS R H GBS E IS & A FE 0. 45 m/min i 2 & A 451 5 K
F A ATREE ) 110 mm , HEEE K 0. 25 m/min B 509 SRR AP TR s PR30 2% , B0k 0. 45 m/min I 23 & AE i, by
0. 35 m/min I TCH G LA, 5 L K FRATREE Y 100 mm (9 L2 AR T I a2ty Bif. 4564
FESLBR TR K TR ATRFE 100 mm, B2 0. 35 m/min J& 57 307 75 K8 BR45 s A0 B E S 8.

KEER L ERK 5 S NS KOTSRS

DOI:10. 20057/j. 1003-8620. 2024-00216 hESES TF77.2

The Influence of Swirl Nozzle on the Flow Field in the Bloom
Mould and the Interface Behavior of Steel Slag
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Abstract: In order to improve the quality of vertical continuous casting 40Mn2 square bloom , a four-quarter tangential
swirl nozzle was proposed, using a Particle image velocimetry technique, the molten steel flow and slag interface behavior
at different casting speeds and nozzle immersion depths were studied in a steel plant’s bloom mold with 410 mm X 560 mm
vertical continuous casting section. The results show that the fluidity of the mold powder at the interface of steel slag is
poor when the depth of the nozzle is 90 mm and the casting speed is 0. 25 m/min, and the slag entrapment occurs when the
casting speed is 0. 35 m/min and 0. 45 m/min, When the immersion depth of the nozzle is 100 mm, the fluidity of the mold
powder at the interface of steel slag is poor while the casting speed is 0. 25 m/min, and at 0. 35 m/min casting speed , the
inclusion will float upwards. The interface of steel slag is active and there is no slag entrapment, and slag entrapment will
occur at 0. 45 m/min casting speed . When the immersion depth of the nozzle is 110 mm, the fluidity of the mold powder at
the interface of steel slag is poor while the casting speed is 0. 25 m/min. When the casting speed is 0. 45 m/min, the slag
entrapment will occur. When the casting speed is 0. 35 m/min, no slag entrapment will occur, compared with the same
casting speed and 100 mm immersion depth of nozzle, it is unfavorable to the floating of inclusions. Combined with the ac-
tual production practice, the optimum operating parameters of the vertical continuous casting bloom mold are the depth of
nozzle immersion 100 mm and casting speed 0. 35 m/min.
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Fig. 1
and schematic diagram of bloom mould

Schematic diagram of four-way tangential swirl nozzle
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Table 1 Process parameters used in bloom mould
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Fig. 2 Schematic diagram of water model device
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Table 2 Main parameters of 40Mn2 molten steel model
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Fig. 4 Flow Field in mould under different working conditions: (a) immersion depth of 90 mm, casting speed of 0. 25 m/min; (b)

immersion depth of 90 mm, casting speed of 0. 35 m/min; (c) immersion depth of 90 mm, casting speed of 0. 45 m/min; (d) immer-

sion depth of 100 mm, casting speed of 0. 25 m/min; (e) immersion depth of 100 mm, casting speed of 0. 35 m/min; (f) depth of im-

mersion 100 mm, casting speed of 0. 45 m/min; (g) depth of immersion 110 mm, casting speed of 0. 25 m/min; (h) depth of immer-

sion 110 mm, casting speed of 0. 35 m/min; (I) depth of immersion 110 mm, casting speed of 0. 45 m/min
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Fig. 5
mould steel slag under different working conditions
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Fig. 6 Mould steel slag interface under the working conditions of water inlet immersion depth of 90 mm and casting speed of 0. 45 m/

min: (a) broad front view of the mold, (b) top view of the mould, (c¢) slag entrapment on PIV
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Table 3 The floating time of inclusions and the interface of steel slag in 40Mn2 steel mould under different operating condi-

tions
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