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Effect of Tundish Shape on Inclusion Outflow Ratio
Takehiro NAKAOKA, Toshiya MIYAKE, Tsuyoshi MIMURA and Hirofumi TAl

Synopsis : Molten steel flow and inclusion removal behavior in tundish were studied by using numerical simulation and water-model experiment. The

effects of tundish characteristics such as width, depth, length on inclusion outflow ratio were evaluated and a new inclusion outflow model

was deduced using tundish Width/Depth ratio. The results are as follows:

(1) By a bottom short-circuit flow in a tundish, inclusion outflow ratio is extremely increased in the case of Width/Depth ratio<0.6.

(2) With the enlargement of tundish width in same volume, inclusion outflow ratio is decreased.

(3) When Width/Depth ratio exceeds 1.5, cross-sectional circular flow is enlarged and inclusion outflow ratio attains to a constant value.

Key words: tundish; alumina inclusion; numerical simulation; particle model; water-model experiment.
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Fig. 1. Effect of the number of initial inclusions on the
outflow ratio of inclusions.
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Table 1. Experimental conditions of tundish water model.

1/3 model Actual
Width, Depth(mm) 163~675 489~2025

W/D ratio(-) 0.444~2.25 —
Length(mm) 1000~3000 3000~9000

Volume 0.09~0.405(m°) | 17~76.5(ton)
Throughput 19~51(/min) | 2.0~5.6(ton/min

Inclusion Polyethylene Alumina

80~180(« m) 40~95(u m)
Heat flux 0(Kcal/m?h) 2000(Kcal/m?h)

Outlet

Fig. 2. Numerical simulation model of molten steel flow in
tundish.
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Fig. 3. Flow pattern of molten steel in deep tundish
(WID=0.444).
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Fig. 4. Flow pattern of molten steel in square tundish
(W/D=1.0).
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Fig. 5. Effect of the tundish volume and the width/depth
ratio on the outflow ratio of inclusions.
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Fig. 6. Resident time distribution of molten steel at vari-
ous tundishes.
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Fig. 7. Velocity vectors of the molten steel flow in the
cross section perpendicular to the direction of

tundish length.
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Fig. 8. Effect of the tundish volume on the outflow ratio of
inclusions at the width/depth ratio of 1.0.
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Fig. 9. Movement of particles in molten steel in tundish.
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Fig. 10. Relationship between the top position of moving
inclusions and the elapsed time after the addition
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Fig. 11. Removal model of inclusions from the molten
metal in tundish under the condition of 0<</<L.
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Fig. 12. Removal model of inclusions from the molten
metal in tundish under the condition of L=1.
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Fig. 13. Comparison of the minimum resident time of
molten steel in various tundishes.
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Fig. 14. Outflow ratio of inclusions calculated by new re-
moval model of inclusions.
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Fig. 15. Distribution of iso-outflow ratio lines at the

tundish length of 6000 mm and the throughput of
3.5 t/min.

Table 2. Dimension of tundish at Kakogawa No. 3 Caster.

3CC 3CC 3CC

Width Depth
Volume(ton) | 53(2strand) | 70(2strand) | 70(2strand
Width(mm) | 430~850 | 430~1150 [ 430~850
Depth(mm) | 550~1100 | 550~1100 | 750~1300
W,/ D() 0.59~1.55 | 0.59~2.09 | 0.33~1.26

W Dol 1.5 1.8 1.2
Length(mm) 5300 5300 5300
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Fig. 16. Design of tundish at Kakogawa No. 3 Caster using
new removal model of inclusions.
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