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Outlet Port Design of Swirling Flow Submerged Entry Nozzle for Slab Caster

Yuichi TSUKAGUCHI, Osamu NAKAMURA, Shinichiro YOKOYA and Shigeo TAKAGI

Synopsis : We have proposed a technology of swirling flow formation in submerged entry nozzle as a fundamental and effective measure for controlling

flow pattern in continuous casting mold. A joint study started in 1997 with Nippon Institute of Technology, Osaka University, Kyushu Re-

fractories and Sumitomo Metal Industries to develop a swirling flow submerged entry nozzle with a swirling blade for steel casting. As a re-

sult of the collaboration, the swirling flow submerged entry nozzle for wide slab casting has developed in Wakayama Works, which improve

productivity and surface quality of slabs and coils.

Swirling flow formation in the submerged entry nozzle can be effective for controlling flow pattern in the mold in the case with optimum

design of outlet port. The outlet port of the swirling flow submerged entry nozzle should be designed adapting a characteristic of swirling

downward flow in the nozzle. As a result of full-scale water model experiment, we achieved a conclusion of outlet port design that the narrow

width of the outlet port is optimum for the swirling flow submerged entry nozzle. Otherwise, outlet flow from the port extends widely and

stagnates in the mold.
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Table 1. Water model specification and condition.

Scale 1/1
Mold size 210 X 1850 (mm)
Bath depth 1850 (mm)
Corresponding casting speed 1.6 (m/min)

. Twisted plate type
Submerged | i) blade 0100, LP= lOpr(mm)

specification Twist angle = 120°

Internal diameter | ¢101 (Top) - ¢80 (Bottom)
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Fig. 1. Schematic view of water model.

Fig. 2. Dimension of swirling blade.

MY 4 i (BR) [FEEMeRIbiZHiT B No. 32 7
THSEEDILEY A T &L 72, Zhidk, SHRAREAR
REIZE DR TOAEHUIEHAT A Z 2ok - T, FE
Bl ADORBESENI END EE L2720 Th B, §hE
HE L.em/minid, BMWMOLETIOOL L TAL—-TFy M
HY5E&, 44ton/mintZHl43 5,

EEIZIT, FEOTTME S L O R L NEOHREAE—DiE
BEIF 2 A& v, HHFUER S SEINGRENC B KIE T8
BRI L 7=, EERIZIE, TLIF 577 74 MlORBRE

Table 2. Outlet port size.

Case Size(mm)
A W=80, H=62
B W=66, H=75
C W=55, H=90
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Fig. 3. Dimension of outlet port.
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Fig. 4. Influence of outlet port width on surface flow ve-
locity in mold.
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Fig. 5. Setting of flow direction indicator plate.
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Fig. 6. Horizontal angle of outlet flow.
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Fig. 7. Distribution of horizontal outlet flow velocity.
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Fig. 8. Geometry of grid (vertical cross section).

72. AT &L D, Table 2-Case AD / AN ZkiT 5mEH
FOMRFENDILA D IRIA Fig. 9, Fig 10ZRR L 72,

FEREEIIC & 0 REET AEANDH T D E K A E 4
AR &R CAHETKRD, LRI LT ey b LA
A FHME L P TFig111Z/R L7z, Figll &0, 35S
Rid AR SSmm i B 2 FBPUE L K < —FL T 3,
/o, HEHERID, HEFUEATAWEA T R A EE
FHENDOKRELEKEAEAHTAERASHAL»TH 5,

H B FLIE 80mm @ / X)L (Case A) % & UM i FLIE 55mm
D J X)L (Case C) & AW 2HE5 DO HFHOSHRINIZ BT 5
@A, SHRMEP LSS 100mm, 300mm, S00mmiZieiT
BENCEEAMER BIZ, SHEEERE L TRELED
2, Fig 2B K UFigl3Thb, ZHo6DR» 6, bl
Mg A3k Uy Case A Tid, M FRAFERI A EHZIAA b G558
BAETFHT 2PN TH B, FHITHL, Tl
MED/NE W Case CTIE, HHPFHEASRED L THTSZ
&  SFREIANED D Z E b B,

4.4 EEIF/ ZIVISEL -HHALE

ZDEIITFERR Az Tid, S 2 LR
FEEFROBE G RIS K FAE 2 H L UL 352 HT 5
DT, mHFLIE A B T FRODIAAS O & #H U 2 hud,
SRINRB AVMEM T H LT A 5. AFERIZHLTEMATL
ERORE / ANHEIOmMmIZK L 55mm, ThbbidiEg/
ZNHNEDOI0% LD &N EEHFLICKETS Z &2
Ko T, MHFEDOKFEFHEDILEH DIZHES FRNFHHHOE
WMAERITONDIENHS ML -T2,

5. #&

][

TR —LKREFIVERIZE D | FERE , XL OB
IS L 22 LGS DO TRET L 72, ARSI, &
BB 2L — 7 v b 44ton/miniZ X L, PIE ¢80 D 2 FLIZ
ARG, HEILERE (1L 7220) 4900mm? Th
3, TORE, LTORRZIES N,

Fig. 9. Mean velocity vectors (horizontal cross section at center of outlet port, Case A).



2 T THEHE FEERFE , 2ok ILEREE 240 HEE

— 2.00e+00 20
g 57
=
=]
i
o
< 10}
o
g L 2
K
=] 5 F
§ ¢ Measured
= 5 Calculated
0 . , ‘ )

40 50 60 70 80 90
Width of outlet port (mm)

Fig. 10. Contours of mean velocity magnitude (horizontal Fig. 11. Influence of outlet port width on horizontal outlet
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Fig. 12. Contours of mean velocity magnitude in mold (Case A).
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Fig. 13. Contours of mean velocity magnitude in mold (Case C).
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