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Numerical Simulation of Electromagnetic Field of Industrial
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Abstract: A mathematical model is established to investigate the electromagnetic field phenomena
in an industrial-scale electroslag remelting process, the coupled real and imaginary scalar equations
of magnetic field intensity are simultaneously solved with FLUENT software. The distribution
characteristics of electromagnetic field with 50 Hz have been analyzed, and the effects of current
frequency and electrode penetration depth on electromagnetic field are also investigated. The
results indicate that the current density increases from 91 378 A/m” to 190 746 A/m’ when the
current frequency varies from 0.5 Hz to 60 Hz. The magnetic field intensity concentrates in the
region adjacent to the surface of electrode and ingot with the current frequency increasing. In
addition, it also results in the alteration of the direction of Lorentz force at the slag-pool interface.
Under the condition of the same power input, the Joule heating density in slag far from the
electrode tip increases with the electrode penetration depth, however, it decreases at the region
adjacent to the electrode tip.
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Fig. 1 Schematic of the model
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Table 1 Parameters of the model
MR S8 A
FAR A2/ m 0.3
(s /M) /m 0.45/0.6
R EE/m 0.2
R AR AR AR/ m 0.01,0.02,0.03
LI/ KA 20
$i#/Hz 0.5,5,20,50,60
RS/ (Q-m) ™! 120
W SR/(Q-m) ™! 7. 14 x10°
SR /(Hm™") 1.26 x107°

*2 BHUXANIZSH

Table 2 Process parameters for simulations

F5 O HERF/A SER/Hz hE/W O SAGE/m

1 20 000 0.5 632 627 0.02
2 20 000 5 632 627 0.02
3 20 000 20 632 627 0.02
4 20 000 50 632 627 0.02
5 20 000 60 632 627 0.02
6 19 267 50 632 615 0.01
7 20 698 50 632 654 0.03
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Fig. 2 Amplitude of the magnetic field intensity
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Fig. 3 Distribution of the amplitude of the magnetic field
intensity along the radius at different axial
locations
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Fig. 4 Distribution of the amplitude of the magnetic
field intensity along the radius at different
frequencies
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Fig. 8 Influence of the AC current frequence on the
direction of the lorentz force

(a)—0.5Hz; (b)—60 Hz.
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Fig. 9 Heat generation due to Joule heating
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