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Transient Characteristics of Swirling Liquid Jet in a Cylindrical Bath

Daisuke IgucHi, Jin YOSHIDA and Manabu IGUCHI

Synopsis : When liquid was injected through a nozzle settled on the bottom of a cylindrical bath, a liquid jet was formed above the nozzle. The jet

swirled around the bath axis under a certain injection condition. The bath was highly agitated in the presence of the swirl motion. Therefore

the swirl motion is very beneficial for the agitation of a molten steel bath. Considering these circumstances, the authors previously proposed

a novel refining process using the swirl motion and investigated the basic characteristics of the swirl motion such as the preferable condition

for its occurrence, the period, and the amplitude. In its practical applications, the transient characteristics of the swirl motion are necessary in

addition to the basic characteristics. Water model experiments were carried out in this study to understand the starting time and damping time

of the swirl motion in the bath. Empirical equations were derived for the two representative time scales.
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Fig. 1. Schematic of novel refining process using swirl motion of liquid jet.
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Vessel diameter
D=0.100,0.130,0.150,
0.200,0.309[m]

Inner diameter of nozzle
nen=5,10,13,15[mml]
Liquid flow rate
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Aspect ratio

Water
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Nozzle

Mass flow meter

Pump

Fig. 2. Experimental apparatus.

Table 1. Physical properties of water and molten steel.

Water(298K) | Molten steel(1873K)

D‘i;;ffg/ma) 996 7220
Kinematic
viscosity 0.907 0.830

v, (mm?/s,cSt)

\

///ﬂ/,/lf///////////h

(a) Shallow water wave type

(b) Deep water wave type

Fig. 3. Swirl motion of liquid jet.
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Fig. 4. Velocity vectors in transient period from start of
liquid injection.
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Fig. 5. Effect of vessel diameter on starting time of swirl

motion.
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Fig. 6. Effect of nozzle diameter on starting time of swirl
motion.
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Fig. 7. Relation between aspect ratio and starting time of
swirl motion.
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Fig. 8. Correlation of starting time of swirl motion.
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Fig. 9. Velocity vectors in transient period from stoppage
of liquid injection.
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Fig. 10. Determination method of damping time of swirl
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Fig. 11. Effect of vessel diameter on damping time of
swirl motion.
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Fig. 12. Effect of nozzle diameter on starting time of swirl
motion.
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Fig. 13. Relation between aspect ratio and damping time
of swirl motion.
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Fig. 14. Correlation of damping time of swirl motion.
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