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Slip Velocities of Solid Particles in Turbulently Agitated Liquid

Shin-ichi SHIMASAKI, Toshiyuki WADA and Shoji TANIGUCHI

Synopsis : Separation of nonmetallic inclusion by flotation is the most important method for the clean steel production. In order to clarify the capability

of inclusion separation in tundish or mould for continuous caster. In the present study, the terminal velocities of glass beads (density

p=2410kg/m’) and silica balloons (p=580kg/m") were measured in a mechanically agitated water vessel. Firstly the axial distribution of

particle concentration in the agitated water was measured from a scattered light intensity obtained by a silicon photodiode. The ratio of parti-

cle terminal velocity to turbulent diffusivity, v,/D,, was derived from the axial distribution of particle concentration by comparing with the

theoretical distribution obtained by the equation of balance between flotation/sedimentation flux and diffusion flux. And then, the value of D,

was measured by the complete mixing time of the vessel and consequently the value of v, was calculated from the ratio, v,/D,. Finally the val-

ues of v, were correlated with several variables like particle diameter, densities of particle and water, energy-dissipation rate, efc., and a di-

mensionless correlation of drag coefficient was derived. From this correlation, relation between the velocity of ascending Al O, particle in

liquid steel and particle diameter were estimated at various values of energy-dissipation rate.

Key words : turbulence; slip velocity of particle; inclusion; flotation; drag coefficient; agitation vessel; Kolmogorov scale.
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Fig. 1. Configuration of agitated vessel.
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Fig. 2. Schematic diagram of experimental apparatus.
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Table 1. Liquid properties at 20°C.

L. Density, Kinematic viscosity,
Liquid _3 s 1
pr/kg'm v/ m’s
Water 980 1.004x107°
Aq. glycerin (20 mass%) 1054 1.679%x107¢
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Fig. 3. Mixing time vs. agitation speed.
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Fig. 4. Diffusion coefficient vs. agitation speed.

Table 2. Particles used for experiment.

X Density, Diameter,
Particle 3
o/ kg'm dy/ um

Glass bead 2410 30.9, 40.3, 48.1, 60.9, 69.8, 82.8, 113

Glass micro balloon 460 37.9,48.1, 55.8, 66.0, 82.8

Silica balloon 580 241,271,325
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Fig. 5. Axial distributions of particle concentration at dif-

ferent agitation speeds.
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Fig. 11. Comparison of the present results with the Bruca-
to’s correlation.

Table 3. Properties used for calculation.

Liquid: Molten steel Density: 7000 kg m™>
Viscosity: 5.0X 107> Pa s
Particle:  ALOs Density: 4000 kg m~°

Diameter: 2~200 pm
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