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Abstract: A new two-coil cylindrical crucible induction furnace with the lateral coil connected to the one-phase electric power supply and 

the bottom coil connected to a capacitor bank with an appropriate value of the capacity is able to realize a desired balance between the 

diffusion of the power induced in the furnace bath through the lateral and the bottom faces of the crucible. Finite element magnetothermal 

model of the furnace is used to compute the temperature field, the thermal losses and the thermal efficiency associated with the furnace 

operation and to study three variants with the same bath volume of the new furnace related the diameter of the furnace bath,. 
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1. Introduction 
 

The induction furnace of crucible type continue to be one of the 

most wide-spread device for melting, alloying, holding of metallic 

and non-metallic materials like glasses, salts and oxides [2, 4, 6]. 

Taking into account the evolution in the last decades of the 

hardware and software for numerical computations, the deeper 

investigation of phenomena associated with induction furnaces 

operation and the study of new configurations are becoming more 

and more accessible to peoples involved in research and industrial 

developments [1, 5, 7, 9, 11].     

In a usual crucible induction furnace the molten bath is placed 

in a cylindrical volume surrounded by the inductor. The inductor 

produces the AC magnetic field, whose penetration/diffusion in the 

furnace charge is associated with the generation of induced currents 

in the electro-conductive material of the furnace bath. 

In the usual crucible induction furnaces, one-phase electrically 

supplied, the mean value of the power associated with the Joule 

effect of the induced currents is much lower on the bottom face than 

on the lateral face of the furnace bath. As consequence, the 

induction heating of the bath bottom face is much less intense than 

the heating of the lateral face. The two-coil inductor configuration 

studied in this paper consists in a lateral coil, electrically supplied, 

and a bottom pancake coil, connected to a capacitor bank. The 

optimum design of such a two-coil one-phase inductor studied in 

the paper [1] ensures the same mean value of the induced power on 

the lateral face and on the bottom face of the furnace bath. As 

continuation, this paper considers the finite element magneto 

thermal model of the new furnace, able to evaluate the temperature 

field associated with the furnace operation, the thermal losses and 

the thermal efficiency of the furnace.  

All applications of the Multiphysics – electromagnetic and 

thermal analysis in this paper correspond to the frequency supply 

300 kHz and the volume of the molten glass bath 110.8 dm3. The 

reference value 550 mm is considered for the inner diameter of the 

furnace crucible and 45 mm is the thickness of the wall of the 

nonmagnetic and non-electro conductive crucible of the furnace. 

The steady state furnace operation with P2 = 400 kW induced power 

in the charge inside the nonconductive and nonmagnetic crucible 

and 1500 Celsius degrees for the maximum value of the temperature 

of the molten glass charge are considered.      

 

2. Geometry, mesh and physical properties of the  

    magneto thermal model 
 

     The images in Fig. 1 show the main components of the new two-

coil crucible induction furnace with cylindrical bath. The inductor 

contains the one-turn LATERAL coil, with eight conductors 

parallel connected, and the five-turn BOTTOM spiral coil.  

 

 

 
Fig. 1. Geometry of the finite element magneto thermal model of 

the new two-coil crucible induction furnace 

 

     The finite element analysis of the steady state AC 

electromagnetic field and of the steady state temperature field 

associated with furnace operation uses Flux3D models [13] with the 

meshing presented in Fig. 2. 

     As in the previous paper [1] the electromagnetic problem of the 

new magneto thermal model of the new two-coil furnace considers 

the electric supply for which the Joule/active power in the charge 

has the value P2 = 400 kW. The optimal value of the capacity 

connected to the bottom coil - for equal powers diffused through the 

lateral and bottom faces of the furnace bath, is considered.  
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Fig. 2. Finite element meshing of all regions of the computation domain. 

 

In the thermal problem of the magneto thermal models of the 

furnace the volume of the crucible is a thermal conduction region. 

All surfaces of the crucible to the neighboring air, yellow colored in 

Fig. 3, are face regions with thermal transfer through convection 

and radiation. The same type of boundary is the upper circular face 

of the furnace bath. 

Since both coils of the furnace, tubular cooper made, are water 

cooled, their correspondent faces in opposite position with respect 

the crucible, yellow colored in Fig. 3, are thermal boundaries with 

imposed values of the temperature. 

 
 

  

    
 

Fig. 3. Thermal boundary conditions of the furnace magneto thermal model   
 

 

 

2. The electromagnetic results of the magneto 

thermal models of the one-coil and two-coil furnaces 
 

     The maps of the volume density of induced power in the molten 

glass of the furnace charge in Figs. 4 and 5, put in evidence the 

differences between the one-coil furnace and the two-coil furnace 

related the distribution of the induced power in the furnace bath.  

 
 

 
 

Fig. 4. Volume density of induced power along a path, one-coil furnace 
 

 
 

 
 

 
 

Fig. 5. Volume density of induced power along a path, two-coil furnace 

 
      The path in turquoise consisting in two radiuses and a vertical 

line on the lateral cylindrical face of the furnace bath starts in the 

center of the upper circular face and end in the center of the charge 

bottom.  The variations of the volume density of induced power 

along this path in Figs. 4 and 5 shows clearly the decrease of the 

induction heating effect in the upper half of the charge and the 

displacement of the maximum of this effect to the bath bottom 

when pass from the one-coil furnace to the two-coil furnace.  
      The results of the electromagnetic problems, Table 1, for the 

same value P2 of the induced power, show lower values of the 

current, of voltage supply and of the Joule losses related the 

LATERAL coil in case of the two-coil furnace in comparison with 

the one-coil furnace. Compared with the one-coil furnace, the 

electric efficiency of the two-coil furnace is affected by the very 

important Joule losses in the BOTTOM coil. This disadvantage of 

the two-coil furnace disappears if this coil is of stranded conductor 

type instead of solid conductor type, as considered in this paper.       
 

 

Table 1: Comparison between the one-coil furnace and of the two-coil 
furnace – results of electromagnetic problems 

Furnace type One-coil Two-coil 

Charge induced power [kW] 400 (400.36) 400 (398.76) 

LATERAL coil voltage [V] 1560.6 1383.6 

LATERAL coil current [A] 1777.0 1361.6 

BOTTOM coil voltage [V] - 3874.2 

BOTTOM coil current [A] - 607.07 

LATERAL coil losses [kW] 1.746 1.027 

BOTTOM coil losses [kW] - 23.69 

Furnace electric efficiency [%] 99.56 93.80 
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3. Temperature field and thermal losses of              

    the one-coil and of the two-coil furnaces  
 

The most important component of the P2 = 400 kW active 

power induced in the furnace bath ensures to the increase of the 

temperature and to the melting of the molten glass components. The 

rest of the power represents the furnace thermal losses, involved in 

the evaluation of the furnace thermal efficiency. 

The thermal steady state model of the furnace for the 

computation of the furnace thermal losses and of the temperature 

field considers as thermal source the field of volume density of 

induced power evaluated in the electromagnetic problem multiplied 

by a subunit scaling factor k. This factor is iteratively determined so 

that the maximum of the bath temperature field have the value          

1500 Celsius degrees. In a steady state thermal problem, the total 

power of the temperature field sources is equal with the power 

losses. Thus, the power losses of the furnace correspondent to    

1500 Celsius degrees on the molten glass temperature are Pt = P2 x 

k and the thermal efficiency of the furnace in % is 100(P2 – Pt)/P2 = 

100(1-k).  

The scaling factors k in the thermal problems whose results are 

further analyzed are k1 = 0.0506 for the one-coil furnace and                      

k2 = 0.04811 for the new two-coil furnace. The values of the 

thermal conductivity in these steady state thermal problems are                             

20 W/m/Celsius degrees for the molten glass bath, 0.3 W/m/Celsius 

degrees for the refractory material of the furnace crucible and           

390 W/m/Celsius degrees for the cooper of the furnace coils. 

     The comparison of the maps of the temperature field in the 

molten glass and of the variation of the temperature along a path, 

for the one-coil furnace in Fig. 6 and for the two-coil furnace in   

Fig. 7, shows the improvement of the temperature field to the bath 

bottom in the two-coil furnace. As result of the relatively high value 

of the molten glass thermal conductivity, the increase of mean value 

of the temperature in this part of the bath of the two-coil furnace is 

lower than the increase of the volume density of induced power. 

   
 

 

     
 

 

Fig. 6. Temperature in the volume of the one-coil furnace bath and 

along a path  

 
 

   
 

     
 

Fig. 7. Temperature in the volume of the two-coil furnace bath and 

along a path  
 

     There are no significant differences related the temperature field 

in the LATERAL coils, Fig. 8, between the one-coil furnace and the 

two-coil furnace. The temperature field of the BOTTOM coil in the 

two-coil furnace, Fig.  9, reflects the boundary conditions 

considered here, respectively the imposed values 50, 60, 70, 80 and 

90 Celsius degrees  on the outer faces of the five turns of this coil.  
 

        
 

Fig. 8. Temperature field in the LATERAL coils of the one-coil furnace 

and two-coil furnace 

 

       
 

Fig. 9. Temperature field in the BOTTOM coil of the two-coil furnace 

 

     The maps of the temperature in an axial cut plan, Fig. 10, show a 

slight difference between the one coil-furnace and the two-coil 

furnace related the variation of the temperature in the molten glass 

volume inside the crucible. The results of the thermal problems for 

practically the same maximal value of the molten glass temperature 

1500 Celsius degrees, Table 2, related the mean value of the 

temperature and the difference between the extreme temperatures of 

the molten glass emphasize slight differences between the one-coil 

and the new two-coil furnace. Since the thermal losses of the two-

coil furnace is about 5 % lower, the thermal efficiency of this 

furnace is slightly higher than the same efficiency of the one-coil 

furnace.  

 
Table 2:  Results of the thermal problems for the one-coil furnace and the 

two-coil furnace   

Furnace type One-coil Two-coil 

CHARGE temperature max [C] 1501 1506 

Mean CHARGE temperature [C] 1383.2 1351.7 

Maxi - Mini CHARGE temp [C] 472 520 

Furnace thermal losses [kW] 20.24 19.24 

Furnace thermal efficiency [%] 94.94 95.19 
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Fig. 10. Temperature in an axial cut plan, one-coil furnace and two-coil 
furnace 

 

4.  Influence of the two-coil furnace geometry 
 

      In the context of simulation driven optimal design of the studied 

crucible furnace for molten glasses it is important to see the 

influence of the furnace geometry for imposed values of the bath 

volume, of the induced power in the furnace bath and of the 

maximum of molten glass temperature. Until now, the reference 

value 550 mm of the bath diameter, which correspond to the image 

in the middle of Fig. 11, was considered. Together with two other 

values of this diameter, 430 mm and 670 mm, there are presented in 

Table 3 important results related the influence of the two-coil 

furnace geometry. The same volume 110.8 dm3, the same induced 

power 400 kW and the same maximum 1500 Celsius degrees of the 

molten glass temperature characterize the three variant of the two-

coil furnace.  
 

 
 

Fig. 11. Different diameters, the same volume of the CHARGE region  

 
Table 3: Results for three two-coil furnaces with different bath diameters 

CHARGE diameter [mm] 430  550 670 

Maxi CHARGE temperature [Celsius] 1517 1506 1503.3 

Mean CHARGE temperature [Celsius] 1358.1 1351.7 1357.4 

Maxi - Mini CHARGE temp [Celsius] 584 520 446 

Furnace thermal losses [kW] 15.72 19.24 25.98 

Furnace thermal efficiency [%] 96.07 95.19 93.51 

Furnace electric efficiency [%] 94.52 93.80 93.78 

Furnace efficiency [%] 90.80 89.29 87.69 
 

The maximum of the furnace electric, thermal and global 

efficiencies  corresponds  to  the first value  430 mm  of  the bath  

 

diameter. For this geometry, the BOTTOM coil losses and the 

voltages of the two coils of the furnace are minimal. On the other 

hand, if the non-homogeneity of the molten glass temperature is 

characterized through the difference Maxi - Mini CHARGE temp, 

Table 3, the most advantageous is the geometry with the bath 

diameter 670 mm. 

 

8. Conclusions 
 

    Through the magneto thermal 3D finite element model of 

the new two-coil crucible furnace Joule losses and thermal 

losses, the correspondent efficiencies and the global 

efficiency of the furnace are evaluated.  Although the 

presence of bottom coil ensures the displacement of the 

maximum of induced power toward the furnace bottom, the 

temperature field in the bath volume is not much different in 

comparison with the one-coil furnace.      

    Related the influence of the furnace geometry, it was 

found that a bath svelte geometry is favorable to the increase 

of the furnace efficiency, while a relatively flat bath ensures 

the decrease of the molten charge temperature non - 

uniformity. 
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