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Characteristics of Molten Metal Motion in Rectangular Vessels under Imposition of a Quasi-sinusoidal Magnetic Field

Zhijian Su, Kazuhiko Twal and Shigeo AsAl

Synopsis : A vessel geometry plays an important role in a molten metal motion caused by a quasi-sinusoidal magnetic field. The characteristics of the

motion have been studied by comparing the free surface motion of a molten metal in a rectangular vessel with those in a square and a cylin-

drical ones. The theoretical expressions of Lorentz force and a magnetic pressure, which are induced by imposing a quasi-sinusoidal magnet-

ic field on a molten metal in a rectangular vessel, have been derived. It has been found in all the three vessels with different geometrical

shapes, a periodical oscillation motion and an irregular motion predominate the surface motions in a low and a high frequency ranges, re-

spectively.

Key words : electromagnetic processing of materials; quasi-sinusoidal magnetic field; liquid metal motion; surface wave motion; continuous casting;

refining; steelmaking.
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Fig. 1. Analytical coordinate for diffusion of a quasi-sinu-
soidal magnetic field into a finite metal with thick-
ness 2w.
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Fig. 2. Experimental apparatus.
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Table 1. Calculated natural frequencies f;, of a molten
metal in a rectangular vessel for various modes.

a=10mm, b=50mm, d=83mm unit:Hz

~J 0 1 2 3 4
0 0 6.3 8.8 10.8 12.5
1 2.8 6.3 8.9 10.8 12.5
2 4.0 6.5 8.9 10.8 12.5
3 4.8 6.7 9.0 10.9 12.6
4 5.6 7.1 9.2 11.0 12.6

a: half length of a short wall of a rectangular vessel
b: half length of a long wall of a rectangular vessel
d: metal depth

I: mode in short wall direction

n: mode in long wall direction
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Fig. 3. Observed surface motions of a rectangular molten
metal under the imposition of a quasi-sinusoidal
magnetic field.
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Fig. 4. Spectrum of surface displacement measured under
the imposition of a quasi-sinusoidal magnetic field
with frequency of 5 Hz.
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Fig. 5. The three kinds of surface displacement on a
molten metal in the rectangular vessel with respect
to frequency of a quasi-sinusoidal magnetic field.
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Fig. 6. Resonance modes of a molten metal in a rectangu-
lar vessel.
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Fig. 8. Recirculating flow caused by a quasi-sinusoidal
magnetic field in a rectangular vessel. (a) the case
where a predominant motion appears along a long
wall and (b) the case where a predominant motion
appears along a short wall.
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filed.
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Table 2. Calculated natural frequencies f;, of a molten
metal in a square vessel for various modes.

cross section: 46mm X 46mm

metal depth: 83mm unit: Hz

~d 0 1 2 3 4
0 0.0 5.8 8.2 10.1 11.6
1 5.8 6.9 8.7 10.4 11.8
2 8.2 8.7 9.8 11.1 12.3
3 10.1 10.4 11.1 12.0 13.0
4 11.6 11.8 12.3 13.0 13.9

I: mode in wall directions

Cylindrical vessel —a—
Rectangular vessel — - ® -~

Square vessel - —— -
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Fig. 10. Surface displacement on a molten metal in a
cylindrical, a rectangular and a square vessels
with respect to frequency of a quasi-sinusoidal
magnetic field.
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