
 1

Solution of a Hot Spot Problem of the Housing of a Channel Induction 
Furnace  

Dietrich Hectors, Koen Van Reusel, Johan Driesen 
Department of Electrical Engineering, K.U.Leuven – ESAT-ELECTA 

Kasteelpark Arenberg 10, B-3001 Leuven, Belgium 
E-mail: dietrich.hectors@esat.kuleuven.be 

Tel: +32 16 32 86 20 
Fax: +32 16 32 19 85 

 
Main topic: Melting and Induction heating 
processing of materials 
 

Abstract 
Hot spots occur in the housing of high power 
channel induction furnaces. These hot spots cause 
material damage and a lower process efficiency. To 
evaluate different mitigation possibilities, 
commercial 3D finite element software is used. The 
basic model is validated by comparing the 
numerical results with measured values on an 
existing furnace. The replacement of the copper 
cooling cylinder by a cooling cylinder in stainless 
steel can be proposed as an industrially acceptable 
solution for the hot spot problem.  
 

I. Introduction 
A channel induction furnace is used to melt metals. 
One of the crucial construction parts of this furnace 
is the housing of the machine, which serves as 
mechanical support. The current trend in channel 
induction heating of increasing power leads to hot 
spots in the housing of the furnace (Figure 1). The 
phenomena generating the heating of the housing 
are discussed in literature [1], [2], [3], [4]. The hot 
spots weaken the material of the housing. 
Consequently, it needs to be replaced after a few 
months, inducing high costs. These hot spots are a 
loss of electrical energy as well, decreasing the 
process efficiency. 
 

 
Figure 1: Infrared picture showing the temperature distribution 

of a hot spot on the housing of a channel induction furnace 
 

II. Approach 
It is very difficult to test the furnace under 
operating conditions. Considering the low thermal 
conductivity of the ceramic material between the 
hot channel and the housing, it is obvious that the 
hot spots can only be caused by eddy currents. So, 
this industrial problem requires a numerical 
modeling of the electromagnetic field. The 
accuracy of the analysis could be improved by 
taking into account the convection and radiation 
thermal losses. Actually, this accuracy 
enhancement is not essential and the thermal losses 
by convection and radiation are neglected.  The 
problem is simulated using commercial 3D finite 
element software [5]. Well-studied estimates 
concerning the material parameters and geometrical 
simplifications are made in order to obtain a 
manageable model of the installation with a clear 
view on the essential parts.  
 

III. Construction of numerical model 
The solution of the 3D numerical model of the 
channel induction furnace shows a very high 
current density in a  particular part of the housing. 
This location is at the center of the existing hot 
spots. This eddy current density causes a high 
power dissipation. (Figure 2). The region of the 
high power dissipation is smaller than the hot spots 
(Figure 1) due to the conductive heat transfer. From 
a formal point of view a two-fold distinction can be 
made concerning the cause of the eddy currents: the 
housing serves as a secondary winding around the 
magnetic core, and leakage magnetic fluxes exist 
because of the non-constant permeability and 
imperfect geometry of the magnetic core. The 
calculated values for the dissipated power 
correspond very well with the measured power 
input. This will be discussed in detail in the 
extended paper together with the energy balance of 
the system.  
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Figure 2. Finite elements analysis of the dissipated power 
distribution (W/m³) in a part of the housing of a channel 

induction furnace 
 

IV. Mitigation possibilities 
The 3D-model allows to compare different 
proposals for the mitigation of the hot spots. A hole 
in the housing crossways the hot spot should 
hamper the eddy currents from flowing, but the 
result of the simulations shows that such a hole in 
the housing does not decrease the eddy currents 
sufficiently. This will be discussed in detail in the 
full paper. In literature an other solution for the 
heating of the housing has been discussed, i.e. 
placing a high conductive shield between the 
housing and the refractory material of the furnace 
[2], [3]. Simulations with shields show a large 
decrease of the eddy currents in the housing. The 
currents flow in the shield, and hot spots in the 
house are avoided. However, still a lot of power is 
uselessly dissipated, and the housing still heats up 
because of the heat transfer by conduction. The 
numerical results of this solution will be discussed 
in the extended paper. 
The housing is not the only problem. Eddy currents 
are flowing in the cooling cylinder too. The 
cylinder heats up due to leakage flux and secondary 
winding effects around the magnetic core. This 
cooling cylinder is generally made of copper to 
minimize the cost. In such a cylinder, the induced 
voltages cause large currents. In a cylinder 
consisting of material with a lower conductivity, 
the losses decrease. Changing the material of the 
cylinder from copper into steel should be a 
considerable improvement. From both energetic 
and practical point of view, stainless steel should 
be the better alternative.  

In our model, the channel induction furnace is 
simulated with a cooling cylinder consisting of 
stainless steel. As predicted, the numerical analysis 
confirms a decrease of the power dissipation (Table 
I). This decrease is in line with the work of Weigel 
[4]. Not only the dissipated power in the cooling 
cylinder decreases, but so does the dissipated 
power in the housing. This phenomenon will be 
explained in the full paper. This replacement can be 
proposed as a solution for the hot spot problem. 
The investment in a more expensive cooling 
cylinder of stainless steel has a payback time of 
about 2 years. This is an acceptable return on 
investment according to financial standards as used 
in  industry. 
 

  
Phous. 
(kW) 

Pcyl. 
(kW) 

Eff. 
 (%) 

Cooling cylinder       
of copper 23.51 44.84 90.50 

Cooling cylinder    
of stainless steel 15.69 15.93 93.26 
TABLE  I. Dissipated powers and electrical efficiencies for 

different cooling cylinders. 
 

V. Practical implementation 
The replacement of the copper cooling cylinder 
with one in stainless steel has been implemented in 
practice. Experiments show a strong decrease of the 
temperature of the hot spots, as predicted by the 
decrease in dissipated power by the numerical 
model. Results from this experiments, as well as 
measurement of the efficiency improvement, will 
be given in the full paper. 
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