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Control of Immersion Nozzle Outlet Flow Pattern by Using Swirling Flow in Continuous Casting
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Synopsis :

In conventional continuous casting system, using a submerged nozzle with side-pouring holes, it is very difficult to

achieve a low and uniform velocity distribution of molten metal stream in front of the holes.

In order to solve such a problem, fluid flow characteristics imparting a swirling motion at the entrance region of a
nozzle have been investigated, using a water model. It has been shown that a uniform velocity distribution at the outlet
can be obtained imparting a swirling motion in the entrance region of the divergent nozzle. This strongly suggests that
the outlet flow pattern in the practical continuous caster can be controlled by introducing a swirling flow in the molten
metal using an externally imposed rotating magnetic field. ’
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Fig. 1. The experimental apparatus used

for the
water model.
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Fig. 2. Schematic diagram of model mold placed at
section 2 of Fig.1, showing the free surface,
immersion depth, nozzle, nozzle exit, nozzle
outlet and opposite face.
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Fig. 3. Swirl blade inserted in Fig. 2.
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Fig. 4. Two types of nozzles, showing the nozzle
exit, the nozzle outlet and the opposite face
against which the flow impinges (Fig. 2).
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Fig. 5. Profiles of the axial velocity at a position 1
mm from the nozzle exit (a) straight nozzle,
no swirl, (b) divergent nozzle, no swirl, (c)
straight nozzle with swirl, (d) divergent noz-
zle with swirl (separation between nozzle
and opposite face is 12mm).
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Fig. 6. Illustration of the radial velocity component
(shown on the x-axis) and the tangential
velocity component (shown on the y axis) as
measured in the water model.
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Fig. 7. Velocity vectors (radial and tangential components) measured in planes oriented perpendicular to the
nozzle axis at positions 3, 5, 7 and 9mm from the nozzle exit. (a) straight nozzle (b) divergent nozzle.
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Fig. 10. Profile of the radial velocity at the nozzle
outlet (a) straight nozzle, no swirl, (b) diver-
gent nozzle, no swirl, (c) straight nozzle
with swirl, (d) divergent nozzle with swirl
(separation between nozzle exit and oppo-
site face is 22mm).
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