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Numerical simulation of a long arc plasma in an electric arc furnace
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ABSTRACT The continuous scrap electric arc furnace adopts a long arc operation for a longer arc length and a larger discharge power.
Although the long arc differs from the traditional welding short arc, few reports on long arc simulation research in the field of the electric
arc furnace are available. As the main energy source in the electric arc furnace, the long arc is very important for the melting of scrap and
heating of molten steel. Due to the complicated physical phenomena in the electric arc furnace, it is difficult to accurately obtain the
distribution of various physical fields in the furnace. Therefore, numerical simulation is a frequently used method for studying the arc
plasma in the electric arc furnace. In this paper, the magnetohydrodynamic method of the magnetic vector potential was used to establish
the numerical model of an arc. Based on this numerical model, the electromagnetic field, temperature field, and flow field were coupled
and solved. The effects of current and arc length on the temperature distribution, velocity distribution, arc force, and shear stress of the
arc in the electric arc furnace were studied. The results show that the arc plasma in the electric arc furnace is distributed in a long bell
shape, and the arc column is slender. As the current increases, the effective arc action range increases, and the arc pressure and shear
stress on the anode surface increase. As the arc length increases, the effective arc action range decreases, and the arc pressure and shear
stress on the anode surface decrease. The short arc operation has a strong effect on the molten pool, and the long arc operation is
relatively stable. A reasonable control of the current and arc length effectively improves the thermal efficiency of the arc.
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Fig.1 Computational domain of the arc model
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Fig.2 Temperature distribution with an arc current of 1150 A
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Table 2 Comparison of the plasma flow rate between Bowman data and simulated data at different currents
Distance from the cathode/mm
Current/A 20 38 55
Bowman/(m-s ") Simulated/(m-s™) Bowman/(m-s ") Simulated/(m-s™") Bowman/(m-s ") Simulated/(m-s™")
520 520 548 230 254 180 160
1150 1400 1415 1000 942 600 585
2160 1500 1449 950 920 500 733

T/(10°K)

B 4 AN[E LR/ RS EE 43 A0 195200, (a)30 kA; (b)40 kA; (¢)50 KA
Fig.4 Effect of different currents on the arc temperature distribution: (a) 30 kA; (b) 40 kA; (c) 50 kA
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