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Deflection of Steel Dendrite Growing in the Fluid Flow Driven by Electromagnetic Stirrer

Hisao EsaAkA, Takehiko ToH, Hiroshi HARADA, Eiichi TAKEUCHI and Keisuke FUJISAKI

Synopsis : In order to evaluate the flow velocity of molten steel driven by electromagnetic stirrer in the mold, not only deflection mechanism of dendrite

due to fluid flow but also fluid dynamics promoted by Lorentz force have been taken into account. Deflection angle of dendrite in cross sec-

tion have been analysed in various steels which have been cast with various width and promotive forces. The relation between deflection

angle and promotive force is not well correlated (correlation factor: 0.63). It is found from the numerical analysis of fluid dynamics that the

flow velocity increases with increasing width of stab, at a constant promotive force. Thus, promotive forces are normarized with respect to

width. Since the deflection angle of steel dendrite is affected by carbon content, experimental data on deflection angle are also modified by

carbon content. The relation between normarized promotive force and modified deflection angles is then quite well correlated (correlation

factor: 0.97).

Since the Lorentz force is a body one, the flow velocity (U,) can be simply derived. The ratio between flow velocity calculated from modi-
fied deflection angle and U, is approximately 0.4, which may be constant with usual casting condition of slab. This indicates that 60% of im-
posed electromagnetic force disappears due to the interaction of 3D flow, due to the interference between submerged entry nozzle etc.

To estimate the flow velocity, it is important to take the effect of carbon content on deflection angle into consideration.

Key words : continuous casting; solidification; dendrite; deflection angel; electromagnetic stirring; Lorentz force.
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Fig. 1. Experimental result of relation between carbon

content and deflection angle.

Table 1. Carbon content and width of slabs investigated in

this study.
Carbon Content ~ Width Promotive Force
[mass%] [mm} [kN/m2]
0.002 1768 3.07
0.002 1768 7.00
0.030 1830 1.40
0.030 1830 2.24
0.030 1830 2.80
0.030 1830 4.90
0.030 1830 7.70
0.030 1830 9.10
0.030 1830 9.80
0.037 1303 3.96
0.050 1800 4.20
0.056 1222 5.77
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Fig. 2. Relation between measured promotive force and
measured deflection angle of dendrite.
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Table 2. Conditions for comparison of results obtained by
numerical calculations and observations of the
casts.

Mold size 1000 - 2000mmWx250mmT
Casting speed 1.0 - 1.8 m/min

Nozzle Port angle 35 degree

Promotive force 4pole, 10 N/m2
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Fig. 3. Example of calculated flow field. (a) Flow field in
the horizontal plane at the core center level of EMS
(b) Flow distribution near wide face.
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Fig. 4. Change in average flow velocity with width of
mold.
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Fig. 5. Relation between modified promotive force and
modified deflection angle of dendrite.
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Fig. 6. Comparison of velocity obtained by calculation and
estimated by dendrite deflection angle.
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Fig. 8. Relation between measured promotive force and
modified deflection angle of dendrite.
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Fig. 9. Relation between modified promotive force and
measured deflection angle of dendrite.
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