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Water modeling study on submerged entry nozzles in continuous slab
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ABSTRACT The flow field and surface characteristics in a continuous slab casting mold with four kinds of submerged
entry nozzles (Type A: well-shaped bottom, 15° (upper port angle)-15° (lower port angle); Type B: mountain-shaped
bottom, 15°-15°; Type C: well-shaped bottom, 40°-15°; Type D: mountain-shaped bottom, 40°-15°) were studied by
using the dye tracer injection technique, a wave sensor and a propeller velocimeter within a full scale water model. It is
found that the level fluctuation and surface velocity in the mold using a well-shaped bottom nozzle are less than those
using a mountain-shaped bottom nozzle. The power of surface velocity fluctuations (frequencies ranging from 0.03 Hz to
0.1 Hz) using a well-shaped bottom nozzle is 50% less than that using a mountain-shaped bottom nozzle, so the molten
slag entrapment may be reduced when using a well-shaped bottom nozzle in the mold. At a high casting speed of 1.8
m-min~!, a larger upper port angle of the nozzle outlet is in favor of depressing the swirling flow and vortexes at the
nozzle outlet, and then the molten slag entrapment decreases. The surface velocity in the mold fed by a Type C nozzle
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is the lowest and its value is about 0.27 m-s™~ among the four investigated nozzles, so a Type C nozzle provides much

allowance for increasing the casting speed. As a result, the optimal design for high speed casting is Type C nozzles.
KEY WORDS continuous casting; molds; submerged entry nozzles; water modeling
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Fig.1 Schematic diagram of water model experiment
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Fig.2 Schematic diagram of submerged entry nozzles
(SENs): (a) Type A SEN; (b) Type B SEN; (c) Type C SEN;
(d) Type D SEN
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Fig.3 Schematic diagram of testing points for level fluctua-

tion and surface velocity (unit: mm)
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Table 1 Casting parameters of water model experiment
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Fig.4 Effects of casting speed on level fluctuation (a) and surface velocity (b) in the mold
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Fig.5 Effects of nozzle immersing depth on level fluctuation (a) and surface velocity (b) in the mold
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Fig.6 Effect of nozzle bottom shapes on transient level fluctuation at different casting speeds: (a) 1.4 m-min—%; (b) 1.8 m-min—?!

i B LUK R NVR BE Sl 80 mum ELVRCIHT i 11 I 1) ¥
PR % i, BrUOK TR RIE N 150 mm AT 170
mm B, YA = EAE 70 mm A1 90 mm b R s N K
6(a) Al (b) AT LAE th: EH04 0 1.4 m-min=! I, 1]
R K AT AR KT B ISV B 43 i) O +2 mm
A 4+3 mm; fEEPE T (1.8 momin~t), MK A1

MK R B B 30 £3 mm Al 45 mm,
JIT RATMT R KA e AR 28 ) B P VR e 3 189/ T
ALK .
3.2 JK IR BRFL AR o 3= T 37t 38 B9 52 M)

B 7 PR DR AN [ AR 7K AR AN [R] 5
NRBESAE T R iiiE. & 7(a) F1 (b) W] LLE



. 1308 - it =

B R X ¥ F R

% 35 &

F: X 15°-15° K (A, B &) 15, fEddh 1.4
m-min~'. BAVREEN 150 mm B, (48K BRI
RUK B R I 22 0 A K, 235l 0.23 mes™! Al
0.22m-s"'; HH A 1.8 m-min~ . BAERE N 150
mm B, BRI R R A B T 0.41 mesT,
T AR ] 45 20 R T 8K R i o 0.34 mes™1,
Iy ZR KT PR 2R T A LG YT R K K& 21%. T L
e AT Sy U O NN LI B W D Sy N ] 2 (i T
M, T /N BY 1) vk ) R T B ) L X
Chaudhary %5 01 Fil Zhang %5 8 (HF 5745 W& (1)

0.30

@ JU0 44
0.25 A9 TG
i AR BRI
2 0.20- ‘
: o 3
= 0.15- i M
e
b 0.104 O A%Y110 mm W BA110 mm
= 0 ATI130 mm ® BA130 mm
#® i3 A AR mn A B0 &
4 v ARIITO v B#170
0.05 <O AFI190 ﬁ & B#190 ﬂ ¥
0.00 T — T T — r
100 200 300 400 500 600
BEK L BB S /mm
0.40
| E N
0.35 : @ & @ &
~ 0.30 3 o8 pm
©» 1 L]
£ 0.25] t
'\'B\ﬂ 0.20 V. !
£ ] S T -
= 0.154 &
#® 1 ¢ R ‘
0.10+ L OCHI10mm M DWII0mm 4
1 O C#1130 mm @ D#/130 mm Ja
0.05 A CH150 mm A DEI150 mm
1 o ¥ CAI170 mm v DEI170 mm <
0.00 O C#190 mm € D190 mm

100 200 300 400 500 600
BEZK O O B B /mm

BAf. HE 7(c) 1 (d) ATLLE R X F 40°-15° K
(C,D )M, ZEF A 1.4 mmin~t . RAIRIE N
150 mm B, 9T 28 7K 100 g 4 T ok 22 ) o, T 2R
A 7K TR R 3R 10 43 1 A 0.16 mes—t AT 0.30
ms~h M AR 1.8 mmin~! B, BAEEN
150 mm IS, TR B8 T 73 0 0.27 mes ™!
1 0.36 mes™t RIRACHE A R oR: MAYK AT LR
UMb BRARR R, 25 BnTdn: AR L TAREA
40°-15° 3B bR AR 15°-15° K, MRS /K 1T B
" 20 KT AR T B  YR THT F 2 TH a

0.5

(b) NERRY| ) MU
oo
0.4 ¢ A% BE
u
)
« N
g 03 g 2
=l g
= 0.2 ul
= O A%110 mm M B#110 mm
® O AR130 mm ® BE130 mm g
0.14 A AR50 mm A BEI150 mm
¥V ARI170 mm V¥ BE!170 mm
<O ARI190 mm € BE190 mm
0.0 T — T : T T :
100 200 300 400 500 600
BRZK T Hl B BT /mm
0.45 & U %Wu N
0.40 NG9
0.35 ' e . r2
i: 0'30 !
g "] t 2 6
= 0.25] 2
) =}
E0.20 8
= O C#110 mm m DH110
K 0.15 s A 5 cEIs0 mm ® D130 mm g
0.104 A CZ150 mm A D150 mm
g < C#/170 mm v DE170 mm
0.054 : <& OF4190 mm ¢ D#!190 mm
0.00

100 200 300 400 500 600
BEOK H A B EE R /mm

7 KRR LT A M. (a) 1.4 m-min~1, 15°-15° K15 (b) 1.8 m-min~1, 15°-15° /K115 (c) 1.4 m-min—1, 40°-15°

K5 (d) 1.8 m-min~1, 40°-15° 7K1
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Fig.10 Effects of port edge angle on surface velocity at casting speeds of 1.4 m-min—! (a) and 1.8 m-min—! (b)
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