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Study on the effect of multi area controllable electromagnetic braking on
behavior of non-uniform molten steel flow and steel-slag
interface in the mold
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Abstract: In the process of continuous casting, the distortion of molten steel flow in mold caused by
nozzle clogging is a key factor affecting the quality and production efficiency of castings. To solve this
problem, a multi area controllable electromagnetic braking (MAC-EMBr) technology is proposed to im-
prove flow state of molten steel and reduce negative impact of nozzle clogging. Firstly, a slab mold is
selected as the research object to establish an analytical model of molten steel flow and steel-slag inter-
face behavior in electromagnetic continuous casting mold. Secondly, the fluid-flow-related phenomena
of three casting cases in the slab mold, i.e., No-EMBr, Ruler-EMBr, and MAC-EMBEI, are further in-
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vestigated numerically to evaluate the metallurgical capability of the MAC-EMBEr, including the non-
uniform flow characteristics of molten steel and the evolution pattern of steel-slag interface inside the
mold. According to the simulation results, with a 25% blockage rate of a single-side nozzle, the braking
effect of the Ruler-EMBT on the backflow in the upper region of the mold is not remarkably. In detail,
when the magnetic flux density reaches 0.3 T, the maximum magnitude of the surface velocity and the
maximum amplitude of the level fluctuation on non-clogging side with the Ruler-EMBr are 16.7% and
1.6% higher than those with No-EMBr, respectively. This is not conducive to the stability of steel-slag
interface in the mold. However, under the same magnetic flux density as the Ruler-EMBT, the applica-
tion of MAC-EMBEr has great potential to suppress the upward backflow on the non-clogging side. In
comparison with No-EMBr, the maximum magnitude of the surface velocity and the maximum amp-
litude of the level fluctuation with the MAC-EMBTr are decreased by 16.7% and 48.4%, respectively. As
a result, the flow of molten steel in the mold can be well controlled in different regions with the MAC-
EMBT, so as to improve the symmetry of the flow field and reduce the flow asymmetry caused by
nozzle clogging.

Key words: continuous casting, nozzle clogging, electromagnetic braking, molten steel flow, steel-slag
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Fig.7 Surface velocity distribution in the mold with MAC-
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Fig. 8 Nephogram of steel slag interface fluctuation in the mold with MAC-EMBr
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Fig. 10 Velocity distribution in the central section of wide surface in the mold under different braking conditions
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Fig. 11 Isosurface diagram of velocity in the mold under different braking conditions
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