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Model Experiment of Swirl Effect in Bottomless Immersion Nozzle
on Molten Steel Flow in Slab CC Mold

Shinichiro YOKOYA, Shigeo TAKAGI, Manabu 1GUCHI, Katsukiyo MARUKAWA and Shigeta HARA

Synopsis : The characteristics of molten steel jet flowing out from the immersion nozzle in the continuous casting mold control the flow pattern in the

mold, thereby strongly influencing the quality and productivity of the cast steel slabs. We proposed a new method to establish a reasonable

flow pattern in the mold by imparting a swirling motion to the flow in the immersion nozzle without the bottom. The following results were

obtained from a water model study.

(1) A quite stable swirling flow being established in the immersion nozzle without the bottom when the swirling velocity exceeded a
critical value of 0.8 m/s, under this condition there existed no separation on the inner wall of the immersion nozzle.

(2) When the swirling velocity was higher than 0.8 m/s, the fluid on the symmetry plane of the immersion nozzle moved along the
curved inner wall of the nozzle. Accordingly, the outlet-flow was directed outwards as well as downwards, while a weak upward flow, i.e., in-

flow was observed around the vertical nozzle axis near the outlet of the nozzle. As a whole, the fluid flow near the guide plane of the nozzle

was directed downwards.

(3) The fluctuation of the surface flow, i.e., the flow on the meniscus of the mold was strongly suppressed due to the appearance of the

S-shaped flow pattern in the transverse sections. As a result, swirl motions around the immersion nozzle were also suppressed. In addition,

both the fluctuations of the mean velocity components and the turbulence components of the flow in the mold became very small, being

preferable conditions for continuous casting.

Key words : water model; swirl; swirling motion in the immersion nozzle; control the flow pattern in the mold; s-shaped circulation; continuous casting;

calm and uniform flow on the meniscus; uniform and stable outlet flow.
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Fig. 1. Schematic diagram of water model mold, showing
swirling blade, positions for measuring velocity, P1

and nozzle.
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Fig. 2. Schematic diagram of nozzle without bottom with
swirl blade.
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Fig. 3. Schematic diagram of conventional nozzle without
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Fig. 4. Radial profile of the tangential velocity measured
near the entrance of the nozzle.
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Fig. 5. Profile of horizontal velocity, Vy with swirl
strengths, 1.5 or 1.7 m/s at the side of outlet of the
immersion nozzle shown in Fig. 2. Vz in nozzle,
1.5 m/s.
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Fig. 6. Profile of vertical velocity, Vz with swirl strengths,
1.5 or 1.7 m/s at the bottom of outlet of the immer-
sion nozzle shown in Fig. 2. Vz in nozzle, 1.5 m/s.
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Fig. 7. Profile of horizontal velocity, Vy for the different
swirl strengths at the side of the outlet of the im-
mersion nozzle shown in Fig. 2. Vz in nozzle, 1.5
m/s.
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Fig. 8. Profile of vertical velocity, Vz for the different
swirl strengths at the bottom of the outlet of the
immersion nozzle shown in Fig. 2. Vz in nozzle,
1.5m/s.
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Fig. 9. Calculated velocity distributions at the center sec-
tion of the immersion nozzle outlet with swirl
strengths, 0.7 and 0.8 m/s. Vz in nozzle, 1.5 m/s.
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Fig. 10. Calculated velocity distributions at the center sec-
tion (a) and on the face of 2.5 mm away from the
guide-face (b) of the outlet of the immersion noz-
zle with swirl strength, 1.5m/s. Vz in nozzle, 1.5
m/s.
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Fig. 11. Velocity fluctuation at the outlet of the immersion
nozzle for the case with and without swirl, at the
position of center line section shown in Fig. 2. Vz
in nozzle, 1.5 m/s.
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Fig. 12. Flow patterns with swirl, at the sections parallel to the wide face, for the water model. Vz in nozzle, 1.5 m/s.
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Fig. 13. Flow patterns with swirl at the transverse sec-
tions, 190 and 290 mm below the meniscus, for
the water model. Vz in nozzle, 1.5 m/s.
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Fig. 14. Velocity of the surface flow with and without
swirl at 11 mm below the meniscus. Vz in nozzle,

1.5 m/s.
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Fig. 15. Velocity fluctuation of the surface flow at 11 mm
below the meniscus. (y=—200mm at the center
line section). Vz in nozzle, 1.5 m/s.

4. H5ER

[ LR/ AVICEER &4 5 L TKETFT LR EZ TV
PUToZ e Mol

(1) E&ELUBE/ XVICHEE %53 5 & el
08m/sPl T/ I ERICI - F=h ek, / XIEE
HEDRIZHBEOBNE LI REL A HHAEO NS T

61

CTT T
In‘:tw‘x’u
74w
o
= Z N .
7¢ — 5
! E
. -
OUtlet/"k\x Qutlet
Lf ZNY
N

Fig. Al. Boundary conditions.

& ﬁvj}i)")‘f:o

(2) HFEMEBEE 0.8 m/s AL T/ X M RISIFRE T i
J XRS5 2 XOghimEE iz S i A, / AL TR
TR ICEERAE TR GAAFTRE R L TW5 28, #H
A FEEBE TR CTTRABRSEETIHN TS 5,
(3) FREFHIZSERREIC K > TR Eh, FEIZE
M, FEERSREN, WORENHHIATHEI L
KBS EE ST,

X [

1) K.Saitou, H.Yamasaki, T.Nozaki, A.Hiwasa and Y.Oguchi: CAMP-
IS1J, 2 (1989), 299.

N.Bessho, R.Yoda, H.Yamasaki, T.Fujii, T.Nozaki and S.Takatori:
Proc. of 6th Int. Iron and Steel Cong. (6th IISC), Vol. 3, IS1J, Tokyo,
(1990), 340.

I.Hoshikawa, T.Saito, M.Kimura, Y.Kaihara, K.Tanikawa, H.Fuku-
moto and K.Ayata: Proc. 6th Int. Iron and Steel Cong. (6th IISC),
Vol. 3, IS1J, Tokyo, (1990), 309.

H.Tozawa, S.Takeuchi, T.Sakuraya and T.Fujii: Flow Control of
Molten Steel in Continuous Casting Mold by Static Magnetic Field,
ed. by J.Szekely et al., TMS, Warrendale, (1991), 215.

S.Yokoya, S.Takagi, M.Iguchi, A.Asako, R.Westoff and S.Hara: ISLJ
Int., 38 (1998), 827.

Fluent User’s Manual Ver. 4.4, Fluent-Asia-Pacific, Inc, Tokyo,
(1996).

2)

3)

4)

5)

6)

+ &

WAF (=1,2,3) 1370 EER (x,y,2), BETEOTEE w,0,w),
EREEEE ', v, w) TG LT3, PRENETRT.
ELFRE R K ORISR EUL (A-1), (A2) TH 5,

EFNFBRAORBRERIIXROELHERNS,
C,=1.44, C,=192, C,=0.09, 5,=1.0, 5,=1.3

BRE&ME (Fig. Al 22H)
FHELFHIEA 0 [ (Inlet)



I 264

$& & $R Vol. 86 (2000) No. 4

oA mEERE w=1.5m/s,

R ERE TV i3
r=6mm, T.V=(1.866/6.03) (I/S/MMM)-++++--+rsseeeeeraruessssonsrans (A-3)
6<r<20mm, T.V=-0.05 (m/s/mm)(r—6 mm)+1.87 (m/s) +-+--* (A-4)
K=0.5(" 240 24 W) erveemreninie sttt (A-5)
£= kam/(o_(n Fip) Tt (A-6)

w, v, w IZELTGEEEH TE R E N FRERD 10% & Lz, rid/
ZNRETH 5,

SHEAEER AT (Outlet)
HE p=—7E,

62

Ok/dn=0¢€/dn=0, duldn=0v/dn=0w/gn=0 ---++---rreeesereeseeeees (A-7)

2D, nBERNI LT B,
F 7=, BEE EDHE B KUk, e 12DV Tid Launder, Spalding D&
BEBOBNEBALZ, T4bb, BIIRLERL B TRIIHL

k/ion=0, £=Cj/“k3’2/x‘y .................................................. (A-8)
ZZiZ

22D, kit U EK0LTH S,

FHEICIEBFCEIC K P BRIL L ENRERIC K 3RELEHD
BAET > CO3HHBHAHY 7 vz 7 2HV 2, HEICH
W B AR, ylAE, cEAATH» 5, FEOELGED
PRI IZ I  u, v, w DN ZELA30.1% F RV,



