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Relaxation of Uneven Velocity through Swirl Blade in Immersion Nozzle

Shinichiro YOKOYA, Shigeo TAKAGI, Yuichirou KUDOU, Yasushi SASAKI and Manabu IGUCHI

Synopsis : The flow pattern of the molten flow in the immersion nozzle have a important effect on the quality of the slab, billets, or blooms produced.
Uneven flow in the nozzle developed after passing through a sliding gate, sometimes result in formation of vortex near the nozzle and entrap-
ment of CC powder in the molten steel. The purpose is to suppress those uneven flow as soon as possible after passing through the sliding
gate. We proposed a new type nozzle with the swirling blade. Numerical and water model studies revealed that rectification was accelerated
significantly using the nozzle with the swirl blade, which would lead to the suppression of the vortex generation and turbulence on the menis-
cus.
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(Arrows show traversing directions)

2.1 EEREE . Fig. 1. Schematic diagram of experimental apparatus used
. e ] 2 o . for water model. Flow rate of 1.26X 107> m*/s and
Fig. 113 EBREEX 27T, EREEIIAEIOmmOH mean axial velocity of 1 m/s in tube.
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Fig. 2. Uneven velocity defined in this study.
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Fig. 3. Flow pattern around sliding gate (SG) and swirl
blade (SB). Mean axial velocity of 1 m/s in tube.
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Fig. 4. Uneven velocity vs. radial position at various cross-

ing directions of 6 for cases with and without
swirling blade, under amount of SG opening of
14%. Mean axial velocity of 1 m/s in tube.
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Fig. 5. Uneven velocity vs. radial position at various cross-

ing directions of 6 for cases with and without
swirling blade, under amount of SG opening of
32%. Mean axial velocity of 1 m/s in tube.
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Fig. 6. Uneven velocity vs. radial position at various cross-

ing directions of 6 for cases with and without
swirling blade, under amount of SG opening of
69%. Mean axial velocity of 1 m/s in tube.

0=45° FEWTTH 1= 3o THERIPHR 2 £ 5- L 2 BA I L
THRZIREEIZIRD LT\ 548, 9=90° Ml =\ T
ZOMERAAEE L TW5, ZHUTEERMMIRE 5 L k0w
A 3K I SG BB 5 BT T 12 U OO R o A &
T 54, RS U 2BA IS RO EAIC &
DZRNOFEERS | SGIZER T 3RS T 5 TURO I}k
KB EDHEADOBEZIZ LT, HIHEI2» LR 5 &
ETFBAPGENC 27 EBbh 5, BUEHERRIE
B EBRERFBRL TS EE X5, SGHRE % 14%
25 32%IZHEMX 25 LRIBIEORD MRS 15 5 32%
L 69% DEIZEIRR LA,

Fig. 713 SGHAE 14%, 32%, 69% DA, SG» 5 T
180 mm O REE BB % ki & LT, Wi T HME 3 5 HEE
BEZTHVBE, BRI -HAORKRREE R, R
TEABZT A0 BARE LS R LRRMEET L, SGH
BORME & & ICRBEE®RD 2R L, SGA» 5D TR
OB AIZONT, RREIZEFARD LT, THTIESG
BHFE 32%, 69%DERNEL E->T0b, —F, FEEPIUR
AT BT LIk, MRIEIREIRL T, RIZHEZ32%
PLETRTHIZR T 3 miRiEEmhcad, FHE69%D
BAORRME L DR SNT, FERDIRA & THRISH T
T A REREHME DTS T AEAICH 5,

310 EEEE



I 320

$kE 8 Tetsu-to-Hagané  Vol. 90 (2004) No. 6

600
Open:14% With SB
— — Open:32% With SB
500 - - -.Open:69% With SB
- Open:14% Without SB
¥ = =Open:32% Without SB
— 400 F - - ‘Open:69% Without SB
z
8
% 300
>
[~
2
o 200
<
]
100
- T
0 50 100 150 200 250
T Axial position (mm)
Position BB
Fig. 7. Uneven velocity vs. axial positions at various

amount of opening from 14% to 69% for cases
with and without swirl blade. Mean axial velocity
of 1 m/s in tube.
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Fig. 8. Developments of uneven velocity around swirling
blade from 0 to 50 mm at crossing direction 8 of 0°
through calculation. Mean axial velocity of 1 m/s

in tube.

26

3.2 EERIPRIC & 3 mHEEEE

Fig. 8 IZHEMITPIMIC & 2 (RRIERERRE 2B N2 20D
SG HEBY 7RI IR (0=0°) TOFERBIMLIC & 2 (Rl 5
BV AT, FEMPIRATYT 10 mm O B Tl ke &
900% & K & Rl % R § ik As, BEMPIE b off Fifl
EWIREHTI100% T2 0, PUREATORARED 104
DIELFIZHEA U, TIHRE # TR IMRE T ORTRED 20 5
DIHZETHAL TR R h 3, Thabs, EEN
MROFEIZ & > THRADOEIFMESE L RS h T3
ZEMNN B, Fig. 913 Fig. 81253 2 B CORERIFED
FHERWE RS, WIS BERIRATE 2 &2k 5T,
TIEAKSEW I OF 53T TRA B %2 5 FBEIZU S R AR
N7 PR LD, PURHE % T TIRIFROIROBEE
WEBERL TR ZERnGh5, LT, TIRNOKE
BRI OBIZ T, PURISHA LT % 72k X R BATNRTG
EAHEET, R OB SRR A TR T 5 & O
EBEbHNIB,

““““
,,,,,,,,,,

.......

(e) 50 mm
Fig. 9. Developments of velocity field across tube around

swirling blade from 0 to 50 mm. Mean axial veloci-
ty of 1 m/s in tube.
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