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Development of a Simulation Model for Electromagnetic Stirring in Melting Furnace
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Abstract: Electromagnetic stirrers (EMSs) are broadly used in aluminum melting and/or holding
furnaces to enhance the melting rate of scrap aluminum and mixing speed of molten aluminum.
In case an EMS is used for a long period of manufacturing, a decrease in the stirring effect is
sometimes observed, and one of the reasons is believed to be a penetration phenomenon of mol-
ten metal into the furnace lining. In this paper, a simulation model for electromagnetic analysis
of melting furnace and thermal fluid dynamic analysis of aluminum ingot melting was developed.
Results of electromagnetic field analysis showed that refractory brick, when penetrated by the
molten aluminum, shielded the alternating magnetic field. Thermal fluid dynamic analysis indi-
cated quantitatively a time delay in aluminum melting due to a decrease in the electromagnetic
stirring force caused by penetration of aluminum into the furnace lining.
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during a long-period operation of EMS.
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Fig.3 Thermal fluid dynamic analysis model of the
melting furnace.
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Table 1 Physical properties of 3004 alloy used in the

calculation.
Liquid Solid
phase phase
Density (kg/m3) 2300 2700
Thermal conductivity (W/m - C) 218 240
Specific heat (kJ/kg - C) 1.15 0.95
Electrical conductivity (S/m) 4.0x108 |2.4X107
Viscosity (Pa-s) 1.3 % 10-38
Volume expansion coefficient (1/°C) 1.0 X10-7
Latent heat (kJ/kg) 389
Liquidus temperature (C) 648
Solidus temperature ("C) 635
Magnetic permeability (H/m) 47 X 10-7
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