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Abstract 

 

 The foundry industry worldwide commonly uses channel induction furnaces to heat 

and melt alloys. The operating frequency is one of the main issues when constructing an effi-

cient channel furnace. It is possible to choose operating frequencies lower than 50 Hz using a 

modern IGBT power converter. This work shows the simulation results using ANSYS with 

the goal of finding the best electrical frequency necessary to operate the induction furnace. 

First, a two-dimensional model is used to calculate the efficiency depending on frequency. 

Then, the channel model is extended to a more realistic three-dimensional model. Finally, the 

influence of frequency, inductor profile, and several components of the induction channel fur-

nace are discussed. 

 

Introduction 

 

 The basic structure of an induction channel furnace is equal to a transformer (Fig. 1.). 

The short-circuited secondary coil with one winding is the melting channel where Joule heat is 

generated and used to heat the melt in the tank above. The excellent coil flux guide for the 

magnetic field results in a very good flux coupling between the inductor coil and the melting 

channel which represents the secondary coil. This is an important reason for the good electri-

cal efficiency of the induction channel furnace in comparison to the induction crucible fur-

nace. There are further 

problems to consider when 

operating an induction 

channel furnace. We aim to 

prevent undesirable ero-

sions or depositions at the 

surface of the refractory 

material. The heat is gener-

ated in the channel and 

must be transported to the 

melt in the tank. The power 

input to the channel is lim-

ited to prevent overheating. 

 A main goal when 

operating induction channel 

furnaces is to improve life 

time and energy savings in 

order to reduce costs and to 

increase competitiveness. 

 
 

Fig. 1. Simplified sketch of an induction channel furnace [1] 
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For many years researchers have continually optimized the components of induction channel 

furnaces, aiming to optimize melt flow and Lorentz forces, to reduce heat losses in the hous-

ing or to construct an optimal melting channel shape. Using frequencies less than 50 Hz is an 

interesting possibility for improving the electrical efficiency, since modern low-cost genera-

tors with Insulated-Gate Bipolar Transistors are available [2-5]. There is no induction channel 

furnace available to carry out experimental investigations since a great disadvantage is the 

fixed geometry. It would take a great effort to modify the channel shape and the inductor pro-

file. The frequency range is determined by the selected generator. Thus, numerical simulations 

using finite elements are very suitable to investigate the influence of low frequencies on the 

electrical efficiency. 

 

1. The Axisymmetric Shell-Core Model 

 

 We aim to investi-

gate the interplay between 

channel shape and inductor 

coil depending on frequen-

cy. That’s why the inductor 

coil profile is considered in 

detail. Since a three-

dimensional inductor coil 

model is very complex and 

time-consuming, we use the 

simplified axisymmetric 

shell-core model (see 

Fig. 2). The axisymmetric 

shell-core works as coil 

flux guide to ensure the 

excellent interlink between 

inductor coil and channel. 

The melting tank and the 

pass from the channel to 

the tank do not exist for 

these calculations. It is not 

possible to consider hysteresis loss and eddy current loss in the shell-core in the calculations. 

Further, the housing and the cooling shell geometry cannot easily be transformed into the ax-

isymmetric model. Thus, eddy current loss is neglected as well. Numerical variables such as 

the winding pitch, inductor inlet, and housing elements must also be neglected. This axisym-

metric model represents a cross-section of the magnetic flux guide, the channel, and the induc-

tor, which are 360° around the Z-axis. This model aims to reduce the computing effort while 

maintaining sufficient numerical calculation accuracy. Therefore, for our simulations we use 

the one-loop channel furnace model, which is the simplest channel induction furnace. 

 The Maxwell equations are solved using the so-called magnetic vector potential and 

the Finite Element Method (FEM) [7]. To simulate the shell-core model, the in-house code 

PROMETHEUS is used [4, 7]. Additional calculations are done using the commercial soft-

ware-program ANSYS-MAXWELL [8]. The FEM-theory is state-of-the-art and a large num-

ber of publications are available regarding this topic. Detailed investigations regarding the 

shell-core model are published in [9, 10]. 

 
Fig. 2. The simplified axisymmetric shell-core model 
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2. Simulation of the Induction Channel Furnace 

 

 Experimental inves-

tigations using low inductor 

current frequencies below 

50 Hertz for induction 

channel furnaces have 

shown that it is possible to 

improve the electrical effi-

ciency [6]. This improved 

electrical efficiency could be 

caused by the hysteresis loss 

in the coil flux guide and 

eddy current losses in the 

housing, which are both 

reduced when the frequency 

decreases. The influence of 

the frequency on the current 

density distribution in the 

inductor and in the melt 

depends on geometry and 

shall be investigated for a special kind of induction channel furnace. For this work, the con-

struction data of a 250 kW channel furnace with one loop for melting cast iron was consid-

ered. This type of channel furnace was investigated in the famous BMFT - joint research pro-

ject [2]. 

 

2. 1. The Axisymmetric Shell-Core Model 

 Using the geometry data, the one-loop induction channel furnace will be transformed 

into the simplified axisymmetric shell-core model (see Fig. 2). To simulate, we use a very fine 

mesh, which results in a 

very highly accurate electri-

cal efficiency calculation 

depending on frequency. 

 

2.2. The Tree-Dimensional 

Model 

 Our goal is to pre-

dict the influence of the 

simplifications coming from 

the shell-core model and to 

increase the model accura-

cy. To achieve this goal, we 

use the program ANSYS-

MAXWELL to carry out a 

three-dimensional simula-

tion of the induction chan-

nel furnace including hous-

ing, cooling shell, and real-

istic flux guide for the mag-

 
Fig. 3. The three-dimensional model with housing and cooling 

shell (sketch without melting tank) 

 
Fig. 4. Mesh of simplified tank and channel (MAXWELL) 
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netic field (see Fig. 3). Fig. 4 shows the three-dimensional adapted mesh of the melting chan-

nel and the melting tank. The mesh is typical for MAXWELL calculations. In this case the 

element size is partially much coarser than in the case of the two-dimensional axisymmetric 

simulation of the shell-core model. Detailed information about the three-dimensional simula-

tion can be found in the master thesis of J. Georgi [10]. 

 

3. Simulation Results 

 

 Detailed results of 

the two-dimensional shell-

core model investigations 

are published in [9, 10]. 

One important improve-

ment of the three-

dimensional model is con-

sidering the Joule heat in 

the housing (see Fig. 5) and 

in the cooling shell (see 

Fig. 6). Usually FEM-

programs (MAXWELL, 

PROMETHEUS) are able 

to parameterize particular 

quantities. Mesh, material 

properties, and impressed 

currents are assumed to be 

constant and finally the 

frequency is the parameter. 

The frequency is divided in 

1 Hz steps beginning at 

1 Hz up to 60 Hz. The sim-

ulation will be done for 

every frequency step and all 

important quantities will be 

saved. The frequency-

dependent electrical effi-

ciency is shown in Fig. 7. 

Regarding the shell-core 

model (two-dimensional 

axisymmetric) we find the 

highest electrical efficiency 

of 98.01 % at the remarka-

bly low frequency of 9 Hz. 

 We further aim to 

evaluate the accuracy of the 

shell-core model using a 

three-dimensional simula-

tion without housing and 

without cooling shell since 

the shell-core model is not 

 
Fig. 5. Joule heat in housing 

 
Fig. 6. Joule heat in cooling shell 
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able to consider these slotted structural elements. Even though the three-dimensional model 

uses a partially much coarser mesh we can observe a relatively good agreement of the electri-

cal efficiency depending on frequency (see Fig. 7: curve above - curve in the middle). The 

maximum electrical efficiency of the three-dimensional simulation without housing and with-

out cooling shell is equal to 12 Hz. In the frequency range lower than 10 Hz the difference 

between both curves increases. In the frequency range higher than 10 Hz the distance between 

both curves is nearly constant. The difference can be explained by the total resistance of the 

channel. The total electrical resistance of the channel combined with the melting tank (three-

dimensional model) is lower than the total electrical resistance of the axisymmetric shell-core 

model. The lower resistance leads to a smaller electrical efficiency. 

 The curve of the three-dimensional model in Fig. 7 shows the electrical efficiency de-

pending on frequency of the complete model including housing and cooling shell. The maxi-

mum electrical efficiency can be seen at a surprisingly low value of 5 Hz. Upon increasing the 

frequency, the electrical efficiency decreases stronger than the electrical efficiency of the 

shell-core model. The only reason can be the Joule heat in the housing and cooling of the 

three-dimensional model, which increases depending on frequency. 

 

Conclusions 

 

 This work aims to provide the numerical simulation of the frequency dependence with 

regard to the electrical efficiency of induction furnaces. Using the axisymmetric shell-core 

model, numerical simulations are well suited to investigate the influence of the inductor pro-

file, of different channel cross-sections or sizes, and of different element positions. All ele-

 

Fig. 7. Comparison of the two-dimensional shell-core model and three-dimensional model 
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ments of the model can be described using a very fine mesh in order to achieve highly accu-

rate simulation results. The advantage of the two-dimensional simulation is the acceptable 

calculation time needed to compute the given frequency range step by step, ensuring a low 

simulation error. The systematical error, caused by the simplifications of the two-dimensional 

shell-core model must be accepted. Three-dimensional simulations are done to verify the shell 

core-model. The comparison shows a good agreement between the electrical efficiency de-

pending on frequency. Differences can be explained by the simplifications of the shell-core 

model. The maximum efficiency lies at nearly the same position. 

 The realistic three-dimensional model including the housing and the cooling shell pro-

vides further arguments for the use of low frequencies to improve the electrical efficiency of 

induction channel furnaces. Further work is needed to consider thermal field effects, since the 

overall efficiency of the induction heating system is a combination of both thermal and elec-

trical efficiency. The disadvantage of the three-dimensional model is the high computation 

time to calculate the electrical efficiency for all frequencies. 

 The induced power is an important condition which we have to consider. It is basically 

possible to use a frequency of 10 Hz. Using a frequency of 5 Hz is critical because the induced 

power starts to decrease rapidly. But there is another non-technical problem. The channel fur-

nace produces noise and a frequency below 25 Hz generates painful infrasound, so that manu-

facturers won’t apply frequencies below 25 Hz. 
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