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Outlet Flow Angle Design of Swirling Flow Submerged Entry Nozzle for Wide Slab Casting

Yuichi TSUKAGUCHI, Osamu NAKAMURA, Shinichiro YOKOYA and Shigeo TAKAGI

Synepsis : 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 Refrac-
tories and Sumitomo Metal Industries to develop a swirling flow submerged entry nozzle with a swirling blade for steel casting. As a result of
the collaboration, the swirling flow submerged entry nozzle for wide slab casting has developed in Wakayama Works, which improve produc-

tivity 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 optimum outlet port design that the narrow width of the out-

let port is optimum for the swirling flow submerged entry nozzle.

In addition to that, we got another conclusion of the outlet port design relation to the outlet flow angle that the optimum downward angle
of outlet flow is 30—40 degree for stable flow formation in the wide slab mold.

Key words : continuous casting; submerged entry nozzle; swirling flow; outlet port; flow pattern; water model.
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Table 1. Water model specification and condition.
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Mold size 210 X 1850 (mm)
Bath depth 1850 (mm)
Corresponding casting speed | 1.6 - 2.0 (m/min)
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Fig. 1. Schematic view of water model.
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Table 2. Specification of submerged entry nozzle.

Shape of outlet port Internal Outlet
Type of nozzle | Case | Size Upper | Lower | diameter | flow
(mm) | wall wall (mm) angle (° )
C R60 ul0® | ¢101-080 | d40°
D R60 u20° | $101-080 | d37°
Swirling flow E R60 0° 0101-¢80 d24°
F W=55, | ul0® ul0® ¢101-¢80 d14°
G H=90 |RI120 d30° 0101-080 d41°
H ulo® ulo® ¢101-980 d1g’
Conventional I ul0® ul0® 090-677 d32°
J d30° d30° 6101-¢80 d42°

u: upward, d: downward
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Fig. 2. Dimension of outlet port (Case C).

Table 3. Specification of swirling flow nozzle.

Twisted plate
Type o
(Fixed in nozzle)

Diameter & Length [ $100, L = 100 (mm)

Twist angle 120°

Fig. 3. Dimension of swirling blade.
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Fig. 4. Influence of outlet flow angle on surface flow ve-
locity in mold.
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Fig. 5. Influence of outlet flow angle on surface flow fluc-
tuation in mold.
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Table 4. Period of self-excited flow oscillation in mold.

- . Shape of outlet port . _|Ave. surface |Period of
I'ype of - Corresponding .
Case|Size: |Upper {Lower . flow velocity|flow
nozzle casting speed |, R i
W*L |wall |wall in mold oscillation
A [80%62|R60 |ul0® 1.6 m/min 0.00m/s -
B [66*75|R60 |ul0°® 1.6 m/min 0.18m/s 32s
L C R60 |ul0” 1.6 m/min 0.22m/s -
Swirling 5 -
D R60 u20 1.6 m/min 0.22m/s -
flow
E R60 0° 1.6 m/min 0.24m/s 18s
F ul0® |ul0® 1.6 m/min 0.20m/s 32s
55*%90 - -
G R120 |d30 1.6 m/min 0.09m/s -
H ul0® [ul0® 1.6 m/min -0.09m/s -
. I-1 N N 1.6 m/min 0.26m/s 21s
Conventional uld” |ulo
1-2 2.0 m/min 0.28m/s 17s
J d30° [d30° 1.6 m/min 0.30m/s -

u: upward, d: downward

Corresponding Casting Speed = 1.6m/min
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Fig. 6. Area division of flow pattern in mold.
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Fig. 7. Relationship between surface flow velocity and pe-
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Fig. 8. Schematic View of Double Roll Flow Pattern in
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Fig. 9. Schematic View of Single Roll Flow Pattern in
Mold.
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Fig. 10. Geometry of Grid (Vertical Cross Section).

LS TKRFEFADEERY VLA 2605, 20X
5 ZVNREORE L, RS, IVEEIZ & - TE
HENDZRNOHEEL®LZIT S, KEFILEERIZENT
SRINRE) A B3 5 &, @E  ZLOBPAITE, it
EOEHMBAEL, 7 ZIVED S B b4 3 iRk
Fd B0 LA E TR L, Bl X h 5 8
A S FI R R & 0¥ X OWE & R 5 R
BRONz, ZRICHL, R ZLOHAITIE, il
LEm» 5 ¥FrdORE SRR S, L&D
& FEBIC R W TIESFAEA A 6 /) 2L IZAA S 50 MR
WRELTHR SN T, T4absd, #E/ LD hH
FERIF 7 XL &0 RO L TOEN D AKRENDT,
HHFRS IR & T L, EIRERORLE &R
VNG = LHENE - ANDOBTESIERBITOTH
%,
4.4 REFRICKZKE

LB R A B 3L, SRITTEAEMRMIZ & K
EFILERIZB I BRBIRORET 217 - 72, BHTIZIZN
FAFRENSAT Y 7 b 7 = 7 FLUENT 6.0 &l L7z, B
{b 2 % — 2412 QUICK scheme & L, &LHiE 7 M IZBERIF
XL EN@EL TS & b Reynolds stress model % 4%
M7z, MREMHE LT, ADIZHWTKEFLFERIC
B AHmEICHY T2 A5 2 e n i £4L
Hr 5 OERWIE L, Kz T slip b, Zhil
SNOBEEIZ B WO CIIREBI R A B L 72, TS 7% Fig.10
IR Y . AHPRIIHREHEEHEE 1.6 m/min RIFICEWTT-
oo BRSPS, / X)L Case C B & U Case H DREHAL
1/2 WD §5 BRI R 1 VAT 2 MEWTTH 12 36 ¢F 2 HY LTS D 3
# & Fig 11 XU Fig 12 IR, Fig11 & XU Fig.12 D5
s, BEmlER 7 2L onk W fLFEIE 2w % 5 3 T
HBDIIXE L, WE ) ZLOHHILFERS ML, FEH» 5
o FHEIcH T 5 ERE, L6800 B s,
FTARRIZ2BENTWBZ ERnbh s,

FEEHEIZ KD, B A5 30mm iR SR

585 I



I 586

$% L8R Tetsuto-Hagané Vol. 91 (2005) No. 7

Corresponding Casting Speed = 1.6m/min
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Fig. 11. Outlet Flow Vectors of Mean Velocity (Vertical Cross Section, Case C).
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Fig. 12. Outlet Flow Vectors of Mean Velocity (Vertical Cross Section, Case H).
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Corresponding Casting Speed = 1.6m/min
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Fig. 15. Comparison of surface flow velocity in mold.
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