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Multi-physical Field Coupling Simulation and Structural
Optimization of Smelting Electric Arc Furnace

GUO Tianyu, YAO Xin, WANG Chengcheng, CAO Kefei
( China ENFT Engineering Corporation, Beijing 100038, China)

Abstract: Aiming at the problem that the refractory material loss of a precious metal smelting electric fur-
nace is too fast, which greatly affects the production efficiency, a three-dimensional multi-physical field
coupling simulation model was constructed to simulate and analyze the electromagnetic field and tempera-
ture field in the electric arc furnace, so as to clarify the heat transfer mechanism in the smelting electric
arc furnace and optimize its water cooling design. By comparing the calculation results of Maxwell and
Comsol electromagnetic field simulation software, the accuracy of the calculation was ensured. The results
show that the magnetic induction intensity on both sides of the electrode is the largest in the upper part of
the molten pool electrode, and gradually decreases from the inside to the outside. In the lower part of the
molten pool electrode, the magnetic induction intensity gradually increases from the inside to the outside.
The heating power density is mainly concentrated in the electrode area, and the heating power in the mol-
ten pool accounts for about 98% of the total heating power. The furnace wall temperature gradually de-
creases with the increase of the distance between the furnace wall and the molten pool. Aiming at the
problem of high temperature on the upper outer wall of the copper water jacket, a solution to optimize the
design of the copper water jacket was proposed. By increasing the distance between the two copper water
jackets, the temperature of the local high point of the furnace wall is reduced from 452 °C to 277 °C , and
the temperature difference between the inlet and outlet of the water jacket cooling water is increased by
9.45% , which reduces the consumption of refractory materials and enhances the production efficiency.

Key words: electric arc furnace; electromagnetic field; temperature field; flow field; numerical simula-

tion; multi-physical coupling

(E#&% 57 W)

arsenic matte, high arsenic content of black copper produced by smelting, and large amount of intermedi-
ate return material treatment. In this paper, the low temperature oxidation process of bottom-blown fur-
nace was proposed. The copper scum was directly added to the bottom-blown furnace for smelting. No
longer adding any auxiliary materials to make slag, that is, no longer artificially manufacturing high melt-
ing point FeO-Si0, —CaO0 slag type, but choosing PbO slag type with relatively low melting point, and the
furnace temperature was reduced to 750 °C. Using low temperature oxidation process , the smelting at-
mosphere in the bottom-blown furnace was changed from the traditional reducing atmosphere to the weak
oxidizing atmosphere, and the production of arsenic matte was finally eliminated. At the same time, the
recovery rate of tin was increased from 18. 13% to 93.23% , the smelting slag type was changed from the
original high melting point FeO -Si0, —CaO slag type to the low melting point PbO slag type, the smelting
temperature was reduced from 1 100 °C to about 750 °C, the smelting energy consumption was greatly re-
duced, the processing cost of copper scum smelting was reduced by more than 60% , the labor intensity
was greatly reduced, and the production process was more smooth.
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