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Abstract— Furnace is a term used to identify a closed space 

where heat is applied to a body in order to raise its 

temperature. An induction furnace is an electrically run 

furnace used for melting & heating (heat treatment) metals. 

Induction heating is widely used in today’s industry, in 

operations such as metal hardening, preheating for forging 

operations. The requirements of minimum electric power 

losses and environment protection have become extremely 

important, that is the minimization of the heat losses. Mostly 

there are heat losses by conduction, convection and 

radiation, and hence the improvement in best refractory 

material and optimization in thermal conductivity and wall 

thickness of refractory material is needed. Alumina 

ramming mass is used as refractory material to prevent 

losses. Then also proper optimization is needed in thermal 

conductivity and furnace wall thickness. Change in Thermal 

conductivity and furnace wall thickness plays an important 

role in effectiveness of the furnace. Optimum thermal 

conductivity and wall thickness reducing heat loss in 

furnace with economical cost is needed. Aim for this work is 

to do optimization of thermal conductivity and wall 

thickness of Induction furnace wall material for minimum 

heat losses during melting metal. Objective of this research 

is to study the influence of thermal conductivity and wall 

thickness on wall heat losses and finding the optimum 

thermal conductivity and wall thickness of wall material of 

induction furnace. For completing the objective of this 

study, Calculations have been done for theoretical heat loss 

by using existing furnace data which are later compared 

with FEA result for the validation of ANSYS Software. For 

minimum heat losses optimum changes in thermal 

conductivity and thickness of induction furnace wall 

material is done with ANSYS software and find the 

optimum thermal conductivity and wall thickness of furnace 

wall. 

Key words:  Steady State Thermal Analysis, Furnace, 

Melting, Heat Transfer, Temperature Distribution          

I. INTRODUCTION 

A. Furnace 
[3]

 

An induction furnace is an electrical furnace in which the 

heat is applied by induction heating of a conductive medium 

(usually a metal) in a crucible placed in a water-cooled 

alternating current solenoid coil. The advantage of the 

induction furnace is a clean, energy-efficient and well-

controllable melting process compared to most other means 

of metal melting. Most modern foundries use this type of 

furnace and now also more iron foundries are replacing 

cupolas with induction furnaces to melt cast iron, as the 

former emit lots of dust and other pollutants. 

1) Coreless Induction Furnace: 

In a coreless furnace, the refractory-lined crucible is 

completely surrounded by a water-cooled copper coil, while 

in the channel furnace the coil surrounds only a small 

appendage of the unit, called an inductor.  

2) The Channel Furnace: 

The channel furnace has been used by nonferrous foundries 

for many years. Recently, however, this type of furnace has 

been increasingly replaced by the coreless and resistance 

furnace in aluminum-melting applications. It is still 

commonly used for melting copper alloys. 

B. Analysis of Induction Furnace by Finite Element 

Analysis (FEA) [4]: 

Finite element method (FEM) is a numerical method for 

solving a differential or integral equation. It has been 

applied to a number of physical problems, where the 

governing differential equations are available. The method 

essentially consists of assuming the piecewise continuous 

function for the solution and obtaining the parameters of the 

functions in a manner that reduces the error in the solution. 

Many physical phenomena in engineering and 

science can be described in terms of partial differential 

equations (PDE). In general, solving these equations by 

classical analytical methods for arbitrary shapes is almost 

impossible. The finite element method (FEM) is a numerical 

approach by which these PDE can be solved approximately. 

The FEM is a function/basis-based approach to solve PDE. 

FE are widely used in diverse fields to solve static and 

dynamic problems − Solid or fluid mechanics, 

electromagnetics, biomechanics, etc. 

Finite element method (FEM) utilizes discrete 

elements to obtain the approximate solution of the 

governing differential equation. The final FEM system 

equation is constructed from the discrete element equations. 

FEM is based on the idea that dividing the system equation 

into finite elements and using element equations in such a 

way that the assembled elements represent the original 

system. 

C. Heat Losses in Induction Furnace [7]: 

Induction furnace losses include: 

 Heat storage in the furnace structure 

 Losses from the furnace outside walls or structure 

 Heat transported out of the furnace by the load 

conveyors, fixtures, trays, etc. 

 Radiation losses from openings, hot exposed parts, 

etc. 

 Heat carried by the cold air infiltration into the 

furnace 

 Heat carried by the excess air used in the burners. 
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1) Heat Flow in Cylindrical Furnace Wall: 

 
Fig. 1: Heat Flow in Cylindrical Furnace Wall

[7] 

 

II. LITERATURE REVIEW 

A. Case 1
[1]

  

“Optimization of Wall Thickness and Material for Minimum 

Heat Losses for Induction Furnace by FEA” 

Mr. Bhujbal Nitin B., Prof. S.B. Kumbhar has done 

work on the optimization of wall thickness and material for 

minimum heat losses for induction furnace by using FEA.  

His paper deals with optimization of wall thickness and 

material for minimum heat losses during melting iron. 

Especially silica ramming mass is used as refractory 

material to prevent losses. 

Optimization of the geometrical parameter is 

reducing heat losses up to certain limit, but this is not 

sufficient because of its huge losses. Analysis has done with 

material optimization of induction furnace. This analysis 

shows that, optimization of geometrical parameter as well as 

material properties may help to reduce thermal losses and 

temperature distribution.  

Following graph shows the effect of optimum 

geometry on heat losses and temperature distribution for 

induction furnace. Effect of increasing in thickness of 

refractory material is reduced heat losses and temperature 

distribution with 175mm thickness. Following graph shows 

its behavior against thickness Fig. No. 2 

 

 
Fig. 2: Heat Losses and Temperature Distribution Profile for 

Optimum Thickness Of 

Refractory [1] 

B. Case 2
[2]

: 

“Analysis of the Conjugate Heat Transfer in a Multi-Layer 

Wall Including an Air Layer” 

Armando Gallegos M., Christian Violante C., José 

A. Balderas B., Víctor H. Rangel H.  And José M.  Belman 

F.  have done the work on the Analysis of multilayer wall 

for reducing the heat losses in small industrial furnaces, a 

multi-layer wall that includes an air layer, which acts like a 

thermal insulator, can be applied. 

Besides it has been used to increase the insulating 

effect in the windows of the enclosures. Nevertheless, the 

thickness of the air layer must be such that it does not allow 

the movement of the air. A way to diminish the effect of the 

natural convection is to apply vertical partitions to provide a 

larger total thickness in the air layer. In Mexico there are 

industrial furnaces used to bake ceramics, in which the heat 

losses through the walls are significant, representing an 

important cost of production. In order to understand this 

problem, a previous study of the conjugate heat transfer was 

made of a multi-layer wall, where it was observed that a 

critical thickness exists which identified the beginning of the 

natural convection process in the air layer. This same result 

was obtained by Aydin in the analysis of the conjugate heat 

transfer through a double pane window, where the effect of 

the climatic conditions was studied. For the analysis of the 

multi-layer wall a model applying the volume finite method 

was developed. 

 
Fig. 3: Heat flow with Variying Thickness

[2] 
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In the study of the conjugate heat transfer in multi-

layer walls, an optimal thickness was identified; also the 

number of partitions required to reduce the heat losses and 

obtain a greater insulating capability of the wall was 

determined. These walls were analyzed for operating 

conditions of the furnaces used to bake ceramic. An air layer 

with a thickness near 3 cm allows the minimal heat transfer 

loss; whereas the thickness of the other components of the 

multi-layer wall is constant since their size depends on the 

commercial dimensions of the materials used. 

C. Case 3
[3]

: 

“Thermal Analysis of Induction Furnace” 

A. A. Bhatt, S. Agarwa, D. Sujish, B. 

Muralidharan, B. P. Reddy, G. Padmakumar and K. K. 

Rajan has done work on the thermal analysis of induction 

furnace. As Induction heating furnaces are employed for 

vacuum distillation processes to recover and consolidate 

heavy metals after electrorefining operation. Hence it is 

planned to set up a mock-up induction furnace which will 

simulate the conditions to be realized in actual induction 

heated vacuum distillation furnace. This paper describes the 

thermal and electromagnetic modeling of induction furnace 

and discusses the numerical results obtained. These results 

will be compared with the experimental results which will 

be obtained during the operation of mock up facility. 

1) Numerical Results: 

Figure.4 shows the three-dimensional temperature 

distribution in the mock up induction furnace after two 

hours. The hottest regions are the susceptor liner and the 

crucible enclosed inside the susceptor. It is because the 

susceptor is coupled to the coil where maximum heat 

generation takes place. 

 
Fig. 4: Temperature Distribution in the Mock up Induction 

Furnace 
[3] 

This paper shows how to solve the induction 

heating problem in the induction furnace with complex 

geometry. The results of this study have shown that the 

temperature of the crucible rises to 15000C in 2 hours of 

heating time at frequency of 8 kHz and current of 400 A. 

Hence these conditions are favourable for melting of copper 

(melting point = 1085 °C) in the crucible. The studies reveal 

that copper-liner is effective in reducing the electromagnetic 

coupling between the coil and the vessel and thus prevents 

vessel from getting heated up by this effect. 

D. Case 4
[4]

: 

“Transient Heat Transfer Analysis of Induction Furnace by 

Using Finite Element Analysis” 

Vipul Gondaliya, Mehul Pujara, Niraj Mehta has 

done work on the transient heat transfer analysis of 

induction furnace by FEA.As they had presented in their 

research paper; the aim of their work study is to prepare a 

finite element model of induction furnace. The result of 

finite element model will be validating with experimental 

investigation carried out in industry (Austin bearing-

junagadh). After comparing results of FEA model we can 

change the refractory material or by taking 3-10 mm thick 

insulation and results compare with FEA results. Finally, for 

improvement in efficiency of the induction furnace. 

Induction furnace is highly used to heating & melting now 

days for different materials. Also there is huge problem to 

replace those refractory materials because of life & also 

there are heat losses. 

1) Analysis of Induction Furnace by FEA: 

 
Fig. 5: Analysis Model 

[4] 

2) Analysis of Induction Furnace by Finite Difference 

Method (FDM): 

 
Fig. 6: 2D Cross Sectional View 

[4]
 

We did analysis of induction furnace by taking 

experiment of furnace for validation of the FEA analysis. 

We compare the graph of temperature vs. time for both FEA 
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& experimental data also done FDM analysis by taking 2D 

geometry & considering corner as nodes. There temperature 

is than again compare with both experimental & FEA 

results. Finally we take 5 mm thick insulation of zirconia & 

again done FEA analysis again compare it with 

experimental data. 

 
Fig. 7: Result Graph Temperature vs. Time 

[4] 

(Without Insulation) 

 
Fig. 8: Result Graph Temperature Vs. Time

 [4] 

By FEA analysis of induction furnace we conclude 

that for both cases. Without insulation the efficiency of 

furnace is 67 % & with insulation 73 % so we achieved 

higher efficiency & less heat losses. The comparison of 

experimental temperature is nearly same with FE analysis & 

FDM. 

III. HEAT TRANSFER ANALYSIS OF EXISTING INDUCTION 

FURNACE BY FEA 

A. Detail of Analysis: 

I had visited the industry and collect the data of cylindrical 

induction furnace capacity of 350kg. Here, I had done the 

Thermal Analysis of the furnace wall for finding out the 

optimum thickness of furnace wall for minimum heat loss.  

Element type Solid87 

Material Alumina Ramming Mass 

Analysis type Thermal 

Material properties 

Thermal conductivity 11 Watt/m ˚C 

Density 3400 kg/m
3
 

Specific heat 950 J/kg K 

Dimensions 

Inner Radius 210 mm 

Outer Radius 270 mm 

Thickness 60 mm 

Table 1: Pre Processing Details 

B. Dimensional Model Created: 

According to the collected data of induction furnace and 

measuring the dimensions for 3D modelling of Furnace 

wall. I generate the model of that Furnace wall in some FEA 

software where the thickness of Furnace wall is 60 mm. 

 
Fig. 9: 3D Model of Furnace Wall 

C. Meshed Finite Element Model: 

By using messing tool the furnace wall is dived in the 

15973 elements and 26912 nodes. Model of messing is 

shown in figure 10 for more than 1000 elements. 

 
Fig. 10: Meshing of 3D Furnace Wall 

D. Boundary Conditions for Natural Convection: 

Convection co-efficient at inner side of wall 200 W/m2 0c 

Convection co-efficient at outer side of wall 12 W/m2 0c 

 
Fig. 11: Boundary Conditions 
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E. Temperature Distribution for Induction Furnace: 

As shown in figure 12, Temperature Distribution curve 

shows that temperature at outer side of wall is near about 

50
0 

and temperature at inner side of furnace wall is near 

about 1650
0
. 

 
Fig. 12: Temperature Distribution Curve 

F. Heat Flow for Induction Furnace: 

As shown in Fig. 13 of Heat flow curve shows that heat 

transfer occurs through furnace wall by convection is 16521 

Watt. Which is mostly nearly about to actual existing 

furnace calculated heat flow value. 

 
Fig. 13: Heat Flow Curve 

G. Verification with the Analytical Results: 

It is needed to verify analytical and software results. Once 

verification is done, then we can optimize the furnace wall 

thickness for     minimum heat losses from the induction 

furnace. Following comparison shows the verification of 

analytical and software results 

Method Temperature Range Heat Flow in wh 

Software 51
0
 c to 1659

0 
c 16466 

Analytical 40
0
 c to 1640

0 
c 16670 

Table 1: Verification of ANSYS Result 

IV. OPTIMIZATION OF THERMAL CONDUCTIVITY OF 

MATERIAL FOR MINIMUM HEAT LOSS BY FEA 

A. Heat Transfer Analysis of Induction Furnace for 

Different Thermal Conductivity of Wall Material: 

In this work we will do the modification in thermal 

conductivity of existing furnace wall material. We have 

made the heat flow curve for different thermal conductivity 

of furnace wall material by FEA. Then we will make the 

comparison of heat flow value for different thermal 

conductivity of wall material and find the best optimum 

thermal conductivity for which minimum heat flow occurs 

through the wall. For  thermal conductivity of wall material 

from 5 to 13 w/m ˚C ,we will do the thermal analysis and 

plot the heat flow curve. 

1) Heat Flow Curve for 5 W/M ˚C Thermal Conductivity: 

 
Fig. 14: Heat Flow Curve for 5 W/M ˚C Thermal 

Conductivity 

2) Heat Flow Curve For 12 W/M ˚C Thermal Conductivity: 

 
Fig. 15: Heat Flow Curve for 12 W/M ˚C Thermal 

Conductivity 

3) Heat Flow Curve for 13 W/M ˚C Thermal Conductivity: 

 
Fig. 16: Heat Flow Curve For 13 W/M ˚C Thermal 

Conductivity 
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B. Optimum Thermal Conductivity of Induction Furnace 

Wall Material for Minimum Heat Loss: 

Now for finding the optimum thermal conductivity of 

induction furnace wall material for minimum heat loss I 

compare the results of heat flow curves for different thermal 

conductivity of wall material as shown in below table. From 

this comparison I found that the optimum thermal 

conductivity of furnace wall material for minimum heat loss 

is 5 W/m 0C for this study. 

Sr. 

No. 

Thermal Conductivity of 

Furnace Wall Material (W/m  

˚C) 

Heat Flow 

(Watt.hr) 

1 5 11534 

2 6 12490 

3 7 13177 

4 8 14034 

5 9 14874 

6 10 15712 

7 11 16466 

8 12 17139 

9 13 17850 

Table 2: Comparison of Heat Flow for Different Thermal 

Conductivity of Furnace Wall Material 

V. OPTIMIZATION OF FURNACE WALL THICKNESS FOR 

MINIMUM HEAT LOSS BY FEA 

A. Heat Transfer Analysis of Induction Furnace for 

Different Thickness of Furnace Wall: 

In this work we will do the modification in thickness of 

existing furnace wall. We have made the heat flow curve for 

different thickness of furnace wall by FEA. Then we have 

make the comparison of heat flow value for different 

thickness of wall and find the best optimum thickness for 

which minimum heat flow occurs through the wall. 

Following are the different thickness values for which we 

will do the thermal analysis and plot the heat flow curve. 

Thickness of Existing 

Furnace (mm) 

Different Thickness of furnace 

wall (mm) 

60 56 58 62 64 66 68 

Table 3: Different Thickness of Furnace Wall 

1) Heat Flow Curve for 56 Mm Thick Furnace Wall: 

 
Fig. 17: Heat Flow Curve for 56 Mm Thick Wall 

2) Heat Flow Curve for 58 Mm Thick Furnace Wall: 

 
Fig. 18: Heat Flow Curve for 58 Mm Thick Wall 

3) Heat Flow Curve for 64 Mm Thick Furnace Wall: 

 
Fig. 19: Heat Flow Curve for 64 Mm Thick Wall 

B. Optimum Thickness of Induction Furnace Wall for 

Minimum Heat Loss: 

Now for finding the optimum thickness of induction furnace 

wall for minimum heat loss I compare the results of heat 

flow curves for different thickness of wall as shown in 

below table. From this comparison I found that the optimum 

thickness of furnace wall for minimum heat loss is 64 mm 

for this study. 

Sr. 

No. 
Thickness of Furnace Wall   (mm) 

Heat 

Flow 

(Watt.hr) 

1 56 22795 

2 58 12589 

3 60 16466 

4 62 11356 

5 64 10043 

6 66 10303 

7 68 11140 

Table 4: Comparison of Heat Flow for Different Thickness 

of Furnace Wall 

VI. HEAT TRANSFER ANALYSIS OF DIFFERENT RAMMING 

MASS MATERIALS 

In this work the heat transfer analysis for different ramming 

mass materials like silica ramming mass, alumina ramming 

mass, magnesia ramming mass and zirconia have been 

carried out and results are ploted. 
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A. Heat Transfer Analysis for Silica Ramming Mass: 

 
Fig. 20:  Heat Flow Curve for Silica Ramming Mass 

B. Heat Transfer Analysis for Magnesia Ramming Mass: 

 
Fig. 21: Heat Flow Curve for Magnesia Ramming Mass 

C. Heat Transfer Analysis for Zirconia: 

 
Fig. 22: Heat Flow Curve for Zirconia 

D. Compression of Heat Flow for Different Ramming 

Mass: 

Heat transfer analysis for different ramming material have 

been carried out and then compare heat flow result for each 

material. We have found that heat flow value is minimum 

for Zirconia compared to existing material Alumina 

ramming mass. 

Material 

Thermal 

Conductivity (W/m 

˚C) 

Heat Flow 

(Watt hr.) 

Silica 

Ramming 

Mass 

11 16430 

Magnesia 

Ramming 

Mass 

15 19112 

Alumina 

Ramming 

Mass 

11 16466 

Zirconia 7.5 13542 

Table 5: Alumina Ramming Mass 

VII. CONCLUSIONS 

In this study, I have done the Steady state Thermal analysis 

of the induction furnace for different thermal conductivity 

and thickness of furnace wall in order to minimize heat loss. 

The optimization plays an important role to reduce losses 

and provides a good temperature distribution profile. The 

analysis result shows that, heat flow in the process of 

melting decreases with decreasing thermal conductivity of 

wall material. So I have found and confirmed the optimum 

thermal conductivity for which heat loss is minimum with 

existing furnace data. Then I have done the analysis of 

induction furnace with optimum thermal conductivity for 

different thickness of furnace wall and that analysis shows 

that, heat flow in the process of melting decreases with 

increasing thickness of furnace wall but at some value of 

thickness heat flow is increasing again. So I have found the 

optimum thickness for which heat loss is minimum with 

optimum conductivity. As per results of steady state thermal 

analysis in ANSYS, it is concluded that heat loss for 

induction furnace with 5 W/m ˚C thermal conductivity and 

64 mm thickness is lower than the existing induction furnace 

of 60 mm thick wall with 11 W/m ˚C thermal conductivity. 

So from above results we can reduce 35% losses from 

properties optimization and 40% by dimensional 

optimization. Finally optimum geometry and properties of 

ramming mass can reduce total 38 % losses with optimum 

thickness and properties of material of induction furnace. 

REFERENCES 

[1] Bhujbal Nitin B., Prof. S.B. Kumbhar 

“Optimization of wall thickness and material for 

minimum heat losses for induction furnace by 

FEA”, IJMET, Volume 4, Issue 2, March 2013. 

[2] Armando Gallegos M., Christian Violante C.,José 

A. Balderas B., Víctor H. Rangel H. And José M. 

Belman F. “Analysis of the Conjugate Heat 

Transfer in a Multi-Layer Wall Including an Air 

Layer” Department of Mechanical Engineering, 

University of Guanajuato, Guanajuato, México. 

[3] A. A. Bhat, S. Agarwal, D. Sujisunh1, B. 

Muralidharan1, B.P. Reddy2, G.Padmakumar1 and 

K.K.Rajan1  Fast Reactor Technology Group, 

Chemistry Group  “ Thermal Analysis of Induction 



Optimization of Wall Thickness and Thermal Conductivity for Minimum Heat Losses for Induction Furnace by FEA 

 (IJSRD/Vol. 3/Issue 03/2015/143) 

 

 All rights reserved by www.ijsrd.com 596 

Furnace”, Indira Gandhi Centre for Atomic 

Research, Kalpakkam-603102, India. 2012. 

[4] Vipul Gondaliya,  MehulPujara , Niraj Mehta, 

“Transient Heat transfer Analysis of Induction 

Furnace by Using Finite Element Analysis” , IJAR, 

Volume 3 , Issue 8 , Aug 2012 

[5] Nihar Bara, “Review Paper on Numerical Analysis 

of Induction Furnace”, IJLTET,  May 2013. 

[6] Nihar P Bara, “Finite Element Analysis of 

Induction Furnace for Optimum Heat 

Transfer”IJIRSET, Volume 2, Issue 5, 2013 

 Books 

[7] Incropera/Dewitt/Bergman/Lavine “Fundamentals 

of Heat and Mass Transfer” Sixth Edition. 

[8] S.Zinn/ S.L.Semiatin “Elements of Induction 

Heating” ASM International. 

 Website 

[9] http://www.matbase.com/properties/thermal 

[10] http://en.wikipedia.org/wiki/Furnace 


