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Numerical Analysis of Electromagnetic Stirring of Molten Metal in

Levitation Melting Furnace

Asako KAMIMOTO and Shinsuke INOUE

Synopsis

Cold crucible levitation melting (CCLM) is used to produce high-purity ingots of reactive metals, because a solidified shell of
the melting material protects the melt from contamination. This paper presents a three-dimensional simulation of the movement
of metal in CCLM. To improve the stability of levitation of the apparatus, movement simulation for the metal was carried out by
combining electromagnetic field and fluid analysis. The conclusions of this study can be summarized as follows:

1. The calculated magnetic flux density distribution, surface velocity and shape of the molten metal agreed well with the
measured value.

2. The development of the method for transferring the shape of the surface of the melt and regeneration of mesh considering

skin effect allowed evaluation of the Lorentz force acting on the molten metal.
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Fig. 1. Schematic view of levitation melting furnace.
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Fig. 2. Schematic view of the simulation flow.
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Table 1. Specifications of the cold crucible and induction

coil.
Power supply
Power 450 kW
Frequency 15 kHz
Crucible
Size (mm) 170"°"~150"'D X 330H
Number of slits 32
Slit width (mm) 1
Capacity 15 kg-Ti
Coil
Size (mm) 220D X 150H X 7Turn
it
Copper crucible
z
Copper-mad
coil
X
y

Fig. 3. Schematic view of the simulation model.
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Table 2. Analysis conditions of JMAG.
3D magnetic field analysis,

Analysis type frequency response analysis
Model size 1/32 model

Coil frequency 12700 Hz
Coil current 4300 A

Number of elements 604159 elements

Table 3. Analysis conditions of STAR-CCM+.

3D implicit transient state
analysis

1/32 model

Eulerian multiphase
(gas-liquid two-phase flow :
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Turbulence (k - €)
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27879 cells
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Model size

Analysis model

Time step

Number of cells
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Fig. 4. Analysis data and measurement position of

magnetic-flux density in cold crucible.
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Fig. 6. Analysis data of Lorentz force in cold crucible.
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Fig. 9. Comparison of molten metal shape.
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Table 4. Comparison of measurement and analysis on

molten metal shape.

Measurement Analysis

Molten metal height 215 mm 210 mm

Metal / crucible
contact height

61 mm 70 mm
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