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Water-model Experiments on Gas and Liquid Flow in Continuous Casting Immersion Nozzle and Mold

Norifumi Kasal and Manabu IGUCHI

Synopsis

: Cold model experiments were carried out to understand the behavior of bubbles and liquid flow both in the nozzle and the mold during con-

tinuous casting. Distributions of pinholes and inclusions on the surface of a slab were investigated to clarify the effect of Ar gas injection. In
the cold model, bubbles were generated at the exits of holes located above the sliding gate.

The mean diameter of bubbles changed in the downward and horizontal directions in the immersion nozzle due to coalescence. In the mold

larger bubbles lifted up along the outer wall of the immersion nozzle through the effect of buoyancy forces acting on them, while smaller

bubbles were carried in the entire mold by water issuing out of the port. The larger bubbles cause mold powder entrapment. On the other
hand, the smailer bubbles are closely associated with pinholes observed in slabs.

Key words: continuous casting; immersion nozzle; sliding gate; pinhole.
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Fig. 1. Schematic of experimental apparatus.

Table 1. Experimental conditions for water-model.

Water flow rate  (Q,) 166.7~3333 (cm’/s)
Gas flowrate  (Qp 0~150 (cm¥s)
Injection gas Air

Re=u,d,/ v © 120~480

Mould bath size (cm) 12.5 x *30.0 % ®40.0
Nozzle depth (cm) 12.5
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Fig. 2. Measurement positions for mean velocity and tur-
bulence components of water flow in immersion
nozzle.
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Fig. 3. Images of bubbles in immersion nozzle.
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Fig. 4. Longitudinal distributions of mean bubble diameter
in immersion nozzle.
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Fig. 5. Radial distributions of Dj.
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Fig. 6. Dispersion behavior of air bubbles in the mold
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Fig. 7. An example of air bubble diameter distribution in
the mold bath.
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Fig. 8. Relation between x,,,, and diameter of air bubble.
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Fig. 9. Measurement results of v, and u,,, in the y,,, di-
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Table 2. Casting conditions.

Caster Kashima No3CCM

Mold size 27X"140~160 (cm)

Casting speed 1.75~1.95 (m/min)

Qar 10~13 (/min)

Qa” (QatQum) 0.0152~0.0178
Steel grade Low Carbon steel
(%[C]:0.040~0.050)

Doy = 0.02330,,,F0.094 +-rveeenvessimeniiiiii (2)
Do = 0.00200,,50.024 - -veneremmnmmmmmiiiiiiiiii (3)
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(b) Distributions of inclusion and pinhole

Fig. 14. Scaning flaw picture and distributions of inclusion
and pin hole.
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Fig. 15. Distributions of pinhole and inclusions in the slab width direction.
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Fig. 16. Number of inclusion ratioand number of pin hole
ratio as functions of O, /(Qx,+O))-
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