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ABSTRACT 

To study the electric furnace melting process of different process parameters (e.g., current frequency, electric current intensity, the insertion depth of 

the electrode column, and water wall temperature) for each field quantity change and the impact of electric furnace slag conditioning, the mathematical 

model of the electromagnetic and temperature fields of the slag tempering process in electric furnace was established, and the numerical simulation 

was analyzed by the ANSYS finite element software. Research results show that current skin effect appears with the increase in current frequency, 

while the difference between the two ends and the center of the magnetic induction intensity distribution decreases and the joule heat increases. 

Increasing the strength of the current intensity can reduce the thickness and height of slagging and increase the molten pool height. With the increase 

of the insertion depth of the electrode column, the electric current flow area in the slag pool increases, the system of the equivalent resistance increases, 

the current and the system’s extreme temperature decrease, which is conducive to the quenching and tempering process.  

Keywords: electric furnace; process parameters; electromagnetic field; temperature field; skin effect.  

 

1. INTRODUCTION 

The melting process of materials, including heat transfer and the flow 

and solidification process, in the electric melting furnace is very complex 

and is accompanied by the comprehensive action of the Joule thermal, 

electric, and magnetic fields. In addition to these different phenomena 

and reactions, different process parameters, such as current intensity, 

electrode insertion depth, and water wall temperature, have a direct 

impact on the quality of production. In a study of the electric melting 

furnace, Ren et al. (2018) established the transient mathematical model 

of the three-electrode electroslag remelting process, clearly 

demonstrating the coupling of the electromagnetic, flow, and 

temperature fields in the solidification process, and studied the influence 

of current and electrode spacing. Tong et al. (2020) taking the electroslag 

remelting with pipe electrode (ESR-PE) and electroslag remelting with 

solid electrode (ESR-SE) as the research objects, a two-dimensional 

steady-state mathematical model of coupled electromagnetic field 

equation, energy equation, and flow equation was established. The 

distribution of its current density, Joule heat, flow field, and temperature 

field was compared and the difference of their molten metal pool was 

analyzed. Wang et al. (Wang et al. (2017) and Wang et al. (2016)) studied 

the influence of current on the slag temperature, the melting rate, and the 

molten pool depth. Yu et al. (2016) analyzed the distribution 

characteristics of current density, magnetic field intensity, Lorentz force, 

and Joule thermal density in the process of electroslag remelting at power 

frequency and studied the influence of current frequency and electrode 

insertion depth on the electromagnetic field in the process of electroslag 

remelting.  

Many scholars use Fluent software to do simulation research on 

electric furnace. Miao et al. (2018) used the MHD model in the Fluent 

software to calculate the resistance values corresponding to different 
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electrode insertion depths, slag quantities, and slag conductivity values 

under the steady state condition of ESR and predicted the reasonable 

electrode insertion depths in different, actual ESR processes. Wang et al. 

(2011) studied the distributions of magnetic field, electromagnetic force, 

current density, and Joule heat power density in the two-stage series 

electroslag remelting process. Hugo et al. (2016) studied the influence of 

the presence of mold current on the pyroheat, flow function, velocity 

field, and temperature field in a slag pool and demonstrated the necessity 

of integrating mold current into the model to predict the solidification 

conditions of remelted materials accurately. Li et al. (2019) used a two-

dimensional axisymmetric steady-state mathematical model to compare 

the distributions of the electromagnetic field intensity, Joule heat, current 

density, and temperature of traditional ESR and ESR-CCSM models. Liu 

et al. (2015) studied the characteristics and differences of current density, 

magnetic field strength, Lorentz force, and Joule heat in lab- and 

industrial-scale ESR systems; on this basis, the effect of current 

frequency on the electromagnetic field of ESR systems was studied. 

Huang et al. (Huang et al. (2018) and Huang et al. (2020)) proposed a 

transient model that couples magnetohydrodynamic flow, heat transfer, 

and material transport. By studying the effect of vacuum on oxygen 

transfer during electroslag remelting, they found that the hot region is 

located at the top of the slag, and the maximum temperature and depth of 

the molten pool increase with the applied current.  

In the research of electric furnace production characteristics, Geng 

et al. (2017) studied the effects of three process parameters, namely, 

electrode filling rate, slag pool depth, and melting rate, on ESR. Karalis 

et al. (2016) performed two-dimensional steady-state CFD analysis on an 

industrial arc furnace and analyzed the influence of electrode shape, 

immersion depth, and Joule heating on the slag properties. Wang et al. 

(2018) numerically simulated and analyzed the influence of electrode 

shrinkage on the ESR process of a 430-mm IN718 alloy ingot with a 

diameter of by using the self-developed ESR process model and specially 
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designing different shapes and sizes of shrinkage holes on the electrode. 

Ren et al. (2019) developed a transient multi-field coupling mathematical 

model for the three-phase electrode electroslag remelting process based 

on the finite volume method. By simplifying Maxwell’s equations, an 

electromagnetic field transport equation applicable to the electroslag 

remelting system was obtained, and the distributions of Lorentz force and 

Joule heat were calculated. Dong et al. (2016) studied the influence of 

droplet formation and departure in the electrode head on the temperature 

distribution in liquid slag and steel molten pool during electroslag 

remelting. Previous studies on ESR mostly focused on the distributions 

of field quantities under the coupling of multiple physical fields (Li et al. 

(2017), Wang Q et al. (2015), Wang X H et al. (2015), Kelkar et al. 

(2016), Karimi et al. (2018), Du et al. (2017), Zhang and Fang (2020) 

and Dong et al. (2016)), but no further systematic study has been 

conducted on the influence of the various process parameters of the 

electric melting furnace on field quantities. 

On the basis of previous research results, this study aimed at a kind 

of electric furnace without refractory lining, the electric furnace through 

external water wall cooling after form in internal lining since. This study 

is based on the basic theory of electromagnetic field and heat transfer, 

and the influence of the electric furnace melting process is analyzed in 

detail by using the ANSYS finite element software in view of the electric 

furnace smelting process of current frequency, current intensity, 

electrode insertion depth, and water wall temperature. 

2. MATHEMATICAL MODEL OF MELTING 

PROCESS IN ELECTRIC MELTING FURNACE 

2.1 The actual electric furnace 

The actual electric furnace studied in this paper is shown in Figure 1. The 

electric furnace uses three electrodes to heat the slag in the furnace. 

 

 
Fig. 1 The actual electric furnace 

 

2.2 Mathematical model of electromagnetic field 

The slag material in the electric melting furnace is studied in this work. 

The following assumptions are made. First, the conductivity of the slag 

in the electric melting furnace is regarded as constant and isotropic. 

Second, the influence of solven on the electromagnetic field is ignored 

because the quality of the solvent added for tempering in the smelting 

process is low. The permeability of electrode and slag is equal to that of 

vacuum. The slag smelting process is in the quasi-steady state, and the 

influence of molten pool flow on the electromagnetic field is ignored. 

The electromagnetic induction phenomenon can be described by 

Maxwell equations, which are expressed as follows: 
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The Lorentz law is expressed as follows 

 

F J B  .                                 (2) 

 

Joule’s law is denoted as 

 

E J   ,                                 (3) 

 

where H is the magnetic field intensity vector, A/m; J is the total current 

density vector, A/m2; D is the electric flux density vector, A/m2; F is the 

Lorentz force, N; B is the flux density vector, T; E is the electric field 

intensity vector, V; and w is the heating density, W/m3. 

The boundary condition of the electrode end is 
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The boundary condition of slag and air is 
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The boundary condition between the slag and the crystal wall is 
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2.3 Mathematical model of temperature field 

According to the temperature field, the following assumptions were 

made in this study. The thermophysical parameters of molten slag are 

constant and isotropic. The influence of solven on the temperature field 

is ignored because the quality of the solvent added for tempering in the 

smelting process is low. The forced convective heat transfer generated 

by the flow in the slag pool is considered by increasing the thermal 

conductivity. The governing equations of temperature field satisfy the 

conservation equations of mass, momentum, and energy. 

(1) Mass conservation equation 

 

     
0

u v w

t x y z

     
   

   
                   (7) 

 

where ρ is the fluid density, kg/m3; t is the time, s; and u, v, and w are the 

velocity vectors, m/s. 

(2) Momentum conservation equation 
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where P is the pressure on the fluid element, N; τxx is the normal stress, 

N; τyx and τzx are the tangential stresses, N; and Fx, Fy, and Fz are the 

forces on the indistinguishable body, N.  

(3) Energy conservation equation 
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where T is the fluid temperature, K; k is the heat transfer coefficient of 

the fluid, W/(m·K); Cp is the specific heat capacity of the fluid, J/(kg·K); 

and ST is the viscous dissipation term, J. 

The boundary conditions of the slag pond surface are as follows 

 

( )c r s aQ Q Q h T T A                         (10) 

 

where Qc is the heat of the convective heat transfer, W; Qr is the heat of 

the radiation heat transfer, W; h is the comprehensive heat transfer 

coefficient, W/(m2·K); Ts is the surface temperature of the slag tank, K; 

Ta is the surface temperature of the slag tank, K; and A is the area of the 

radiation surface, m2. 

The heat of the radiation heat transfer is 

 
4 4
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where ε is the blackness, 0.8; and σ is the blackbody radiation constant, 

5.669 × 10-8 W/(m2·K). 

In practice, the radiative heat transfer is usually equivalent to the 

convective heat transfer. 
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where hc is the convective heat transfer coefficient, W/(m2·K); and hr is 

the equivalent convective heat transfer coefficient of the radiation heat 

transfer, W/(m2·K). 

2.4 Model and calculation parameters 

The geometrical and physical parameters of the three-phase electric 

furnace system are shown in Table 1. 

 

 
(a) Physical model 

 
(b) Finite element model 

 

Fig. 2 Model of electric furnace 

The physical and finite element models are shown in Fig. 2. Air unit 

is the default in the calculation process, and the electrode height is set to 

0.2 m because the length of the electrode column has no effect on the 

furnace system. To improve the calculation accuracy, a structured grid is 

divided between electrode column and slag pool by the mapping and 

scanning grids. The average grids of the electrode column and the slag 

tank were set to 0.005 and 0.001 m, respectively. The total number of 

electric melting furnace system grids is 168591. 

 

Table 1 Parameters used in the model 

Name Parameter values 

Electrode diameter/m 0.08 

Electrode height/m 0.2 

Electrode insertion depth/m 0.13 

Electric melting furnace diameter /m 0.5 

Electric melting furnace height/m 0.4 

Voltage/V 50 

Electric current /A 4000 

Current frequency /Hz 50 

Electrode conductivity /(Ω-1·m-1) 4.34 × 106 

Slag conductivity /(Ω-1·m-1) 2 × 102 

Relative permeability of electrode /(H-

1·m-1) 
1 

Relative permeability of slag /(H-1·m-1) 1 

Solid phase temperature of slag /℃ 1250 

Liquid phase temperature of slag /℃ 1260 

Specific heat capacity of slag /(J·kg-1·K-

1) 
837 

The density of slag /(kg/m3) 2850 

Water wall temperature /℃ 50 

3. MODEL VALIDATION 

Using the established electro-thermal-mass multi-physical coupling 
mathematical model as basis, scholars have studied the distributions of 
multiple fields in single- and double-electrode electroslag remelting 
processes. In this study, the current distribution of Wang and Li (2011) 
in the double-electrode melting furnace was selected as a reference for 
establishing the same double-electrode melting furnace physical model, 
as shown in Fig. 3. The electric current density was for 600 to 1000 
kA/m2, and the magnetic strength was descripted in this literature. The 
difference in current distribution between the electrode column and the 
slag pool was explored as shown in Fig. 4. Compared with the literature, 
the current error in the electrode column established by the two-electrode 
furnace model is less than 3.5%, and the magnetic induction intensity 
error in the slag pool is less than 1.8%. Therefore, the mathematical 
model and research process in this study are reliable. 
 

 
(a) Documentation model;(b) Simulation model 

 

Fig. 3 Physical model 



Frontiers in Heat and Mass Transfer (FHMT), 18, 33 (2022)
DOI: 10.5098/hmt.18.33

Global Digital Central
ISSN: 2151-8629

 

   

4 

 
(a) Comparison of the current of the left electrode column 

 
(b) Comparison of magnetic induction intensity of slag pool 

 

Fig. 4 Model verification 

4. RESULTS 

4.1 Influence of current frequency on melting process of 

electric melting furnace 

When the loading current is 4000 A and the frequencies are 5, 10, 20, 30, 

40, and 50 Hz, the current intensity distribution of the electrode column 

and the slag pool is shown in Fig. 5. In the electrode column, the skin 

effect is not obvious when the current frequency is below 30 Hz. The 

difference between the two sides and the center gradually increases with 

the current frequency. When the current frequency is 50 Hz, the 

difference between the two sides and the center can reach 98.7 kA/m2. 

Given the high resistance in the slag pool, the skin effect will not occur, 

and the current intensity distribution curve is completely coincident at 

different frequencies. Given that the current distribution is the basis for 

the generation of other field quantities, the field quantities in the slag pool 

will not change at different frequencies. 

The magnetic induction intensity and Joule heat distribution in the 

electrode column at different current frequencies are shown in Fig. 6. The 

distribution of the magnetic induction intensity in the electrode column 

is high on both sides and low in the middle, the magnetic induction 

intensity on the right side is greater than that on the left side, and the 

magnetic induction intensity exhibits attenuation with the increase in 

frequency because the skin depth formula is δ = (1/πfμξ)0.5. That is, the 

greater the current frequency is, the smaller the skin depth and the 

stronger the shielding effect of the electrode column to the magnetic field 

are. Joule heat exhibits a similar trend as the current in the electrode 

column. When the current frequency is 5 Hz, the Joule heat distribution 

in the electrode column remains basically unchanged. The Joule heat 

difference between the two ends of the electrode column and the center 

gradually increases with the current frequency. When the current 

frequency is 50 Hz, the Joule heat difference can reach 46.5 kW/m2. 

 
(a) In the electrode column 

 
(b) In the slag pool 

 

Fig. 5 Current distribution in electrode column and slag pool at different 

frequencies 

 

 
(a) Magnetic strength 

 
(b) Joule heat 

 

Fig. 6 Magnetic induction intensity and Joule heat distribution in the 

electrode at different current frequencies 
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4.2 Effect of current intensity on melting process of electric 

melting furnace 

4.2.1 Electromagnetic fields and temperature fields 

 

 
(a) Current density 

 
(b) Magnetic strength 

 
(c) Joule heat 

 
(d) Temperature 

 

Fig. 7 Curves of main field distribution in the electrode at different 

current intensity 

When the electrode column is 0.06 m away from the bottom of the 

electrode under different current intensities, the distribution curve of the 

main field quantity is as shown in Fig. 7. The distributions of current, 

magnetic induction, and Joule heat are higher at both ends and low in the 

middle, and the right side is slightly higher than the left side. When the 

current is increased, the pyroheat in the electrode column increases 

greatly. Thus, the appropriate input current must be used to avoid 

disrupting the normal operation of the electrode. The temperature in the 

electrode tends to be low at the left end and high at the right end and is 

proportional to the radial distance. Given that the thermal resistance is 

mainly concentrated in the slag pool, the Joule heat generated in the 

electrode column is far less than that in the slag pool, and the temperature 

distribution is mainly affected by the Joule heat in the slag pool. 

 

 
(a) Current density 

 
(b) Magnetic strength 

 
(c) Joule heat 

 
(d) Temperature 

 

Fig. 8 Curves of main field distribution in the slag pool at different 

current intensity 
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Fig. 8 shows the distribution curve of the main field quantities in the 

slag pool at a distance of 0.08 m from the bottom under different current 

intensities. Fig. 7 indicates that the current distribution of the slag pool 

tends to be higher on the left than on the right because the input current 

of the left electrode column is higher than that of the right, and the current 

distribution increases sharply at the lower end of the electrode column. 

The magnetic strength is high at both ends and low in the middle, and a 

steep drop can be observed at the lower end of the electrode column. This 

effect decreases with the input current. The Joule heat distribution on the 

left side is higher than that on the right side and increases dramatically 

below the electrode column. This trend decreases with the increase in 

slag tank depth. The char heat distribution in the slag tank is greatly 

affected by the input current and increases sharply with the input current, 

and the distribution is uneven. In practical operation, attention should be 

given to prevent the physical properties of slag or the melting electrode 

from changing due to the high joule heat in the slag bath. 

The temperature distribution in the slag pool is high in the middle 

and low at both ends. The temperature distribution is affected by the joint 

action of the Joule heat near the electrode and the temperature field of 

the water wall. The temperature in the slag pool and the high temperature 

area increase with the intensity of the input current because the increase 

of the intensity of the current increases the Joule heat near the electrode 

column. The Joule heat generated by the electrode column at the same 

position has a stronger influence than that by the water-cooled wall. 

4.2.2 Sagging condition of lining 

Table 2 shows the influence of current intensity on the heights of the 

molten pool, the lining slag-forming layer, and the solidification zone. 

Table 2 indicates that with the increase of the current intensity, the height 

of the molten pool gradually increases, the slag-forming height decreases, 

and the height of the solidification zone increases because the 

temperature in the slag pool increases with the current, and the 

temperature difference between the slag and the water wall increases, 

increasing the difficulty of slag solidification. Therefore, in actual 

production, increasing the current intensity can increase the smelting 

effect under the condition of ensuring the economic benefit and the 

normal operation of equipment. 

 

Table 2 Influence of current intensity on heights of molten pool, 

slag layer, and solidification zone 

Current 

intensity (A) 

Molten pool 

height (mm) 

Slagging 

height (mm) 

Solidification 

zone height (mm) 

3000 171.8 226.6 1.6 

4000 225.9 172.1 2.0 

5000 247.3 150.2 2.5 

4.3 Effect of electrode insertion depth on melting process of 

electric melting furnace 

4.3.1 Electromagnetic fields and temperature fields 

At 0.06 m from the bottom of the electrode at different electrode insertion 

depths, the cloud curve of the main field quantity distribution is shown 

in Fig. 9. Fig. 9 indicates that the current, the magnetic strength, and the 

Joule heat show a high distribution trend on both sides and a low trend in 

the middle, and the right side is higher than the left side. The temperature 

distribution in the electrode column is slightly higher on the right side 

than on the left side and is proportional to the radial distance. With the 

increase of the insertion depth of the electrode, the equivalent resistance 

of the system increases, the current distribution in the electrode column 

decreases, and the Joule heat and the temperature decrease gradually. The 

magnetic induction intensity at the center of the electrode remains 

unchanged, and the difference between the magnetic induction intensities 

at the surface and the center decreases. 

 
(a) Current density 

 
(b) Magnetic induction intensity 

 
(c) Joule heat 

 
(d) Temperature 

 

Fig. 9 Curves of main field distribution in the electrode at different 

insertion depth of electrode column 

Fig. 10 shows the cloud curve of the main field quantity distribution 

0.08 m away from the bottom of the electrode column in the slag pool 

with different insertion depths of the electrode column. 
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(a) Current density 

 
(b) Magnetic induction intensity 

 
(c) Joule heat 

 
(d) Temperature 

 

Fig. 10 Curves of main field distribution in the slag pool at different 

insertion depth of electrode column 

Fig. 10 indicates that the current distribution in the slag pool is 

mainly affected by the electrode column because the slag pool resistance 

is small and has no skin effect. Given that the input current of the 

electrode column on the left side is larger than the right side, the current 

distribution on the left side is higher than that on the right side, and the 

current immediately below the electrode column shows a trend of steep 

increase. The distribution of magnetic induction intensity is high at both 

ends and low in the middle, and a steep drop can be observed below the 

electrode column. The Joule heat distribution is higher on the left side 

than on the right side and shows a trend of steep increase under the 

electrode column. The temperature distribution is low at both ends and 

high in the middle. With the increase of the electrode column insertion 

depth, the equivalent resistance of the slag pool increases; the current 

distribution in the slag pool gradually decreases; the magnetic induction 

intensity, the corresponding Joule heat distribution, and the maximum 

temperature in the slag pool decrease; but the heat producing area 

increases, and the temperature in the molten pool becomes more uniform, 

which is conducive to the process of tempering and tempering. The 

current, magnetic induction intensity, Joule heat, and temperature 

decreased by 16.5%, 6.8%, 31.3%, and 10.3%, respectively, with the 

increase in insertion depth of the electrode column by 0.033 m. Therefore, 

in actual production, to avoid the possibility of local overburning in the 

melting process, the insertion depth of the electrode column can be 

appropriately increased under the condition of ensuring the melting 

process to maximally reduce the temperature extremum and improve the 

tempering effect. 

4.3.2 Sagging condition of lining 

Table 3 shows the influence of the electrode column insertion depth into 

the molten pool, the lining slag layer, and the solidification zone. 

 

Table 3 Influence of insertion depth of electrode column on 

heights of molten pool, slag layer, and solidification zone. 

Electrode 

column 

insertion depth 

(m) 

Molten pool 

height (mm) 

Slagging 

height (mm) 

Solidification 

zone height (mm) 

0.100 213.2 184.0 2.8 

0.133 225.9 172.1 2.0 

0.166 237.5 160.9 1.6 

Table 3 indicates that the depth of the molten pool increases with 

the electrode insertion depth, the slag height decreases with the increase 

of the electrode insertion depth, and the height of the solidification zone 

decreases with the increase of the electrode insertion depth. With the 

increase of the electrode column insertion depth, the maximum 

temperature in the slag tank decreases gradually, but the high temperature 

region increases gradually. Therefore, in actual production, increasing 

the insertion depth of the electrode column can not only ensure that the 

central area will not affect the melting due to the high temperature but 

also increase the melting pool area. 

4.4 Influence of water wall temperature on melting process 

of electric melting furnace 

4.4.1 Temperature field 

The temperature distributions in the electrode column and the slag pond 

at different water wall temperatures are shown in Fig. 11. The 

temperature distributions in the electrode column are low on the left side 

and high on the right side, while the temperature distributions in the slag 

pond are low at both ends and high in the middle. The temperature 

distribution in the slag pool and column electrode gradually increase with 

the water wall temperature. When the water wall temperature increases 

10 ℃, the electrode column temperature increase about 1.5 ℃, slag 

pool temperature increased 2.3 ℃, because the temperature distribution 
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in the slag pool is affected by the joule heat near the electrode column 

and water wall temperature. The temperature has a big effect and rise 

faster near the water wall, as approach to the center of the electrode 

column wall, the water wall’s effect gradually decreases, and the 

temperature rise speed slow. 

 
(a) In the electrode column 

 
(b) In the slag pool 

 
Fig. 11 Temperature distribution in electrode and slag pool at different 

water wall temperature 

4.4.2 Sagging condition of lining 

Table 4 shows the influence of different water wall temperatures on the 

heights of the molten pool, the lining slag-forming layer, and the 

solidification zone. Table 4 indicates that the height of the molten pool 

increases with the water wall temperature, while the heights of the slag-

forming layer and the solidification zone decrease with the increase of 

the water wall temperature. When the water wall temperature increases 

by 10 ℃, the pool height increases by 0.4 mm, and the slagging height 

decreases by 0.2 mm. The water wall temperature has little effect on the 

slagging height. 

According to the first law of thermodynamics, the water inflow is 

calculated through the water wall temperature. If the water is fully heat 

exchanged in the water wall, then the outlet water temperature is equal 

to the water wall temperature. When the water wall temperature is 40 ℃, 

the maximum water inflow is reached. At this time, the inlet water 

temperature is 20 ℃, the outlet water temperature is 40 ℃, and the heat 

flow is 394002.8 W/m2. The maximum water inflow can be calculated as 

4.71 kg/s. When the water wall temperature is 80 ℃, the minimum water 

inflow is reached. At this time, the inlet water temperature is 20 ℃, the 

outlet water temperature is 80 ℃, and the heat flow is 385815 W/m2. 

The minimum water inflow can be calculated as 1.54 kg/s. At this time, 

the slagging thickness increases by 4.3 mm, and the slagging height 

increases by 0.8 mm. When the water intake is doubled, the slagging 

situation changes insignificantly. Therefore, the crystal wall temperature 

can be kept below 80 ℃ in the actual production. 

 

Table 4 Influence of water wall temperature on heights of molten 

pool, slag layer, and solidification zone. 

Water wall 

temperature (℃) 

Molten 

pool 

height 

(mm) 

Slagging 

height (mm) 

Solidification zone 

height (mm) 

40 225.3 172.3 2.4 

50 225.9 172.1 2.0 

60 226.3 171.8 1.9 

70 226.6 171.6 1.8 

80 226.8 171.5 1.7 

5. CONCLUSIONS 

(1) The skin effect of current appears with the increase of the current 

frequency. The field quantity in the slag pool does not change with the 

change of the current frequency. The difference between the two ends 

and the center of the magnetic induction intensity distribution in the 

electrode column decreases, while the difference between the two ends 

and the center of the Joule heat distribution increases. 

(2) The increase of the input current will lead to the increase of each 

field quantity, increasing the current can significantly improve the 

smelting efficiency. 

(3) Increasing the electrode column insertion depth will decrease 

each field quantity. The thickness of the slag layer increases with the 

insertion depth, preventing the crystallization wall temperature from 

being extremely high, and the extreme temperature of the system 

decreases, and the actual melting area increases, which is beneficial to 

the smelting process. 

(4) With the increase of the water wall temperature, the temperature 

distribution in the slag pool increases gradually, and the volume of the 

molten pool increases. When the inflow of water is doubled, the slagging 

situation changes slightly, so the crystal wall temperature can be 

guaranteed to be lower than the maximum limit temperature (80 ℃) in 

actual production. 
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NOMENCLATURE 

H  magnetic field intensity vector (A/m) 

J  total current density vector (A/m2) 

D  electric flux density vector (A/m2) 

F  Lorentz force (N) 

B  flux density vector (T) 

E  electric field intensity vector (V) 

w  heating density (W/m3) 

P  pressure (N) 

t  time (s)  

T  fluid temperature (K)  

k  heat transfer coefficient of the fluid (W/(m·K)) 

hc  convective heat transfer coefficient (W/(m2·K)) 

Greek Symbols  

ε total emissivity 

ρ density (kg/m3) 

σ Stefan-Boltzmann constant (W/m2 ·K4) 
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