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Numerical Prediction of Solidification Structure Taking Account of Molten Steel Flow

Hiroshi HARADA, Ken-ichi MIYAZAWA, Tooru MATSUMIYA, Takashi MOROHOSHI and Hisao ESAKA

Synopsis : The casting experiment by using vertical type continuous casting machine was performed in order to clarify the effect of electromagnetic stir-

rer (EMS) on the solidification structure. It has been confirmed that the ratio of equiaxed zone increases and the size of equiaxed crystal and

segregated area in the center of billet becomes finer with the application of EMS. The numerical model of columnar to equiaxed transition

(CET) was constructed with consideration of molten steel flow to examine the mechanism of the changes in the solidification structure. It has

been estimated by the model that the enlargement of undercooled region and the increase of grain density of equiaxed crystal lead to the re-

finement in solidification structure with the application of EMS. Moreover, the effect of superheat and casting speed on the ratio of equiaxed

zone has been analyzed by using the present model and the obtained results show good agreement with experimental ones.

Key words: solidification structure; columnar to equiaxed transition; electromagnetic stirrer; fluid flow; continuous casting; numerical analysis; casting
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Table 1. Experimental conditions.

Billet size
EMS

120mm square

coil center :180mm below the meniscus

stirring velocity : max. 0.6m/s

Casting speed 1.5,2.1m/min.
Superheat in tundish | 30,40,50K
C |Si|[Mn P S Al |T. |Ts
mass% | 0.73 | 0.16 [ 0.49 | 0.019 | 0.012 | 0.002 | 1749 | 1651
<+“»
10mm

(a) without EMS

casting
direction

(b) with EMS

Fig. 1. Changes in solidification structure (a) without EMS
and (b) with EMS, where the superheat in tudish is
40K and casting speed is 1.5 m/min.
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Fig. 2. Effect of EMS on the ratio of equiaxed zone and
diameter of equiaxed crystal, where the superheat
in tudish is 40K and casting speed is 1.5 m/min.
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Fig. 7. Relationship between columnar solid mass fraction and temperature with and without consideration of the dendrite tip un-
dercooling (a) in the mussy zone and (b) in low solid mass fraction region for 0.7%C steel, where liquidus temperature is
1750K, solidus temperature is 1666K and dendrite tip temperature is 1748K.
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