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Numerical Analysis of Immersion Nozzle Outlet Flow Pattern through
Using Swirling Flow in Continuous Casting

Shinichiro Yorova, Richardo Westhorr, Yutaka Asaxo, Shigeta Hara and Julian SZEKELY

Synopsis : A new method obtaining a low and uniform velocity distribution at the immersion nozzle outlet was developed imposing
a swirling flow pattern at the entrance region of a divergent nozzle in the preceding paper. Results of the water model
are in good accordance with those calculated using a turbulent k-& model. In addition, the mechanism for obtaining
the uniform flow pattern at the nozzle outlet was correlated with the flow pattern of the nozzle and the swirl strength.
Those results show that by changing the strength of the swirl motion in the pouring tube of an immersion nozzle, it is
easy to control the flow pattern and the direction of the flow at the nozzle exit. A same numerical investigation was
also done for a molten steel system in which swirl is generated by a rotating magnetic field imposed on the pouring tube.
Such an effect of the swirling can provide a uniform and low velocity flow of molten steel at the nozzle outlet, which
is very desirable for continuous casting purpose.

Key words : continuous casting ; mold ; velocity distribution ; rotating magnetic field ; numerical analysis ; k—& model.
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Fig. 1. Schematic of divergent nozzle having swir-
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Fig. 2. Schematic of a divergent nozzle with flow
stirred by a rotating electromagnetic field.
Only one side of the axi-symmetric nozzle is
shown.
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Table 1. Conservation equation and turbulence
model constants.

Conservation of ¢ Ty Se
Mass 1 0 0
Axial momentum U o=yt s 7%1;+%~ %( ,ae%>
* "a%<"e%> +Fs
Radial momentum v He _%Er"_%v + 11_ aar (r,ue g: >
2
+%W 8az ( # 52 ) +E
;Il‘larlrrllgential momen- Lo -z aar yerw) +F,
eTnlérrtg);ﬂent kinetic kK ulon G-pe
Jurbulent dissipa- . /5, £(C,G~Cae)
Notes:
(1) =Cupk?/ e

(2) Turbulence model constants are assigned the following val-
ues: C,=1.44, C,=1.92, C.=0.09, 0x=1.0, 0:=1.3
ov )Z
o2z

o oull(3 (1T (3
(53]

(4) Components of electromagnetlc force® :
Lo Ve, Fr= LB o

ou/an=28v/an=ow/on= 0
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Fig. 3. Comparison between the calculated (solid
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line) and experimentally measured (symbols)
profiles of the radial velocity at the nozzle
outlet, with the swirl strengths denoted by
the inlet tangential velocity,w=0m/s with a

inlet mean axial velocity, 2m/s.(A-B=
12mm)
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Comparison between the calculated (solid
line) and experimentally measured (symbols)
profiles of the radial velocity at the nozzle
outlet, with the swirl strength denoted by the
inlet tangential velocity,w for the case: 0,
mean velocity through the tube and Sy, swirl
number.(A-B=12mm)
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Comparison between the calculated (solid
line) and experimentally measured (symbols)
profiles of the radial velocity at the nozzle
outlet, with the swirl strengths denoted by
the inlet tangential velocity,w=0m/s with a
inlet mean axial velocity, 2m/s.(A-B=
22mm)

e RERLERE (BLF, Fig. 3-10, 12TRwW) #2573,

WER D 7 354 (Fig. 3, Fig.5), Mm@ & 6 mmEK
CHEEOECERYTER S N, M- LBRESEPRO N
b, 31z, 7 A OAE B C, #RHA LGNS, 20

27

SERESH R AR 2 v P BE RN % #5 D ik B L O S ARAT

10 T T T T T T
i=2m/s
w=2m/s
Sw=0.67
- °
g .
P
<
B
% o
-]
(o}
pl v o Nt
W} W
0 0.5
VELOCITY (m/s)
Fig. 6. Comparison between the calculated (solid

line) and experimentally measured (symbols)
profiles of the radial velocity at the nozzle
outlet, with the swirl strengths denoted by
the inlet tangential velocity,w for the case: q,
mean velocity through the tube and S, swirl
number.(A-B=22mm)
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Fig. 7. Calculated profiles of the radial velocity for
several different swirl strengths, denoted by
the inlet tangential velocity, w with an inlet
mean axial velocity, 2m/s. (A-B=12mm)
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Fig. 8. Calculated profiles of the radial velocity for
several different swirl strengths, denoted by
the inlet tangential velocity, w with a inlet
mean axial velocity, 2m/s.(A-B=22mm)
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Fig. 10. Flow pattern in the nozzle illustrated by the
stream lines for a range of swirl strengths,
denoted by the inlet tangential velocity, w
with a mean axial velocity of 2m/s.(A-B=
22mm)
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Fig. 9. Flow pattern in the nozzle illustrated by the
stream lines for a range of swirl strengths,
denoted by the inlet tangential velocity, w
with a mean axial velocity of 2m/s.(A-B=
12mm)

L72bDTH b, st FERODES L ORERIE 7 A vk
AR 12mmO b O LIRFRRROMEE 27K L TV %, Fig.
11(@) EHNDERS DESHR 2 v | & (b) CEUERDE B
Fuy b ERT, FN6IE S Ak L2 ERCERE
rEoTwv3,Figl2id 7 At Oy 3 A HFaEET,
7 XA ERE12mm, 2 A A OERBESwH 0 ~ 8m/s

|
|
|
|
|

e

0075 m?/s?

(@) ®)

Fig. 11. Contours of the (a) turbulent kinetic energy
(m?/s?) and (b) turbulent energy dissipation
(m?/s?) in the nozzle for the case;inlet mean
axial velocity,2m/s and inlet tangential
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Fig. 12. Calculated profiles of the tangential veloc-
ity for several different swirl strengths,
denoted by the inlet tangential velocity, w
with a inlet mean axial velocity, 2m/s.(A~
B=12mm).
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Table 2. Fluid properties used in the calculation.

Water Steel
Viscosity w(kg/m-s) 0.001 0.006
Density plkg/m?) 1000 7200
Electrical
conductivity o(ohm-m) 7.14x10°
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Radial profiles of the (a) tangential velocity
and (b) axial velocity at several axial posi-
tions, illustrating flow development due to
the magnetic field with a inlet mean axial
velocity, 2m/s.
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Calculated profiles of the radial velocity for
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Fig. 15. Flow pattern in the nozzle with a mean

axial velocity of 2m/s, illustrated by the
stream lines for a range of electromagnetic
field strengths, denoted by B,.(A-B=40mm)
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