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Abstract— This paper aims to investigate the heat transfer characteristics of composite wall of the induction furnace and its
thermal fatigue life. The main objective of this research is to determine accurately the heat loss through the cylindrical wall
which can be eliminated to a greater extent by properly selecting the ramming mass thickness. Also an investigation is to be
carried out to ascertain the effect of thermal stress on the furnace lining life. Hence this research is aimed at minimizing the
heat loss as well as maximizing furnace lining life. Measured dimensions and temperatures of the existing furnace were used
to create a virtual model in ANSYS and the optimization was done.

Index Terms— Induction furnace, Composite insulating wall, Fatigue Life, Ramming mass thickness.

I. INTRODUCTION

Induction furnaces are popularly employed by cast iron making industries due to their highly efficient, pure, homogeneous stirring
and easily maneuverable nature compared to other types of furnaces, see Inductotherm [1] The induction furnaces have always played
a significant role in electric power consumption in foundry and hence the intake of minimum electric power and environment
protection have become imperative in the case of furnaces according to Patange and Khond [2]. There is always a substantial amount
heat loss through the lining of an induction furnace. So the heat transfer characteristics of a furnace lining have great importance in
the furnace operating cost. In a coreless furnace, the refractory-lined crucible is completely surrounded by a water-cooled copper
induction coil, see Inductotherm [1]. Current flowing in one direction in the induction coil induces a current flow in the opposite
direction in the metal charge. In order to keep the molten metal at pouring temperature, electrical energy consumed should be equal
to the amount of heat loss. So the furnace is to be insulated to ensure minimum heat loss from it and the thickness of the insulating
wall is our subject matter of relevance.

The steady state thermal investigation of induction furnace with alumina ramming mass by Mehta et al. [3] revealed that there exists
an optimum thickness for the present furnace of their analysis and that will reduce the total heat loss by about 15%.

Mehta et al [4] have conducted a thermal fatigue analysis of an induction furnace wall by FEM. A furnace is always subjected to
large temperature variations especially during emptying of molten metal in to the ladle. Due to this the working wall is subjected to
fatigue failure and hence a new lining is to be done between 200 to 400 hours of life time.

Wei [5] has done an experiment the effect of thickness on the fatigue life of ceramic discs. The results indicate that a critical factor
in the thermal shock performance is thickness.

The study conducted by Kukartsev et al [6], it has been found that, the quantitative content of different phases in the quartzite can
play a crucial role in determining the heat capacity and durability of the lining in a furnace. Understanding the composition of the
quartzite and its thermal properties can help in selecting the appropriate lining material and optimizing furnace operation to minimize
damage and extend the life of the lining.

Muratovich et a I[7] have proved that the chemical composition of the alloy being produced, the temperature of the melt, the chemical
composition of the lining material, and the porosity of the refractory material are all important factors that can affect the degree of
destruction of the lining in a furnace.

Mehta et al [8] have found that the modified S-log N curves can be used to represent the relationship between the applied stress range
and the number of cycles to failure for a specific material. These curves are modified to incorporate the effects of temperature and
other boundary conditions to better predict the fatigue life of ceramic-based refractories.

Testing and experimentation by Cui K et al [9] proved that addition of carbide materials to carbon composite bricks used refractory
linings, in can help to improve their thermal conductivity, which can help to dissipate heat more effectively and reduce the risk of
thermal shock. Additionally, carbide materials are often highly resistant to corrosion, which can help to protect the bricks from
damage caused by contact with molten iron, slag, and other harmful elements.

From the above studies it can be concluded that the thermal fatigue life of a cylindrical specimen depends on many factors such as
composition of both refractory lining and melt, temperature and the variation in temperature of the melt. Also it is inversely
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proportional to its thickness of the ramming mass. But if we go for a smaller thickness the heat loss by conduction increases. So in
order to have an optimum thickness we must make a trade-off between heat loss and fatigue life.

Il. EXPERIMENTATION OF HEAT LOSS
The following Fig. 1 of the existing induction furnace was based on the drawings provided by Inductotherm Company.
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Fig. 1. Drawing of the Existing Furnace

The measurements of furnace and the properties of material of the furnace are tabulated as in Table 2 and temperature
distribution is in Table 3.

Table 2. Dimensions and properties of existing furnace

Dimensions in mm
Material Inner . Thermal Properties Units
: Thickness
Diameter
Conductivity, K =400 W/m K
Copper coil 914 7 Film coefficient between Cu - Water hey 5
_ W/m* K
=1000
Coil Coat (WhytheatAM) 907.6 3.2 Conductivity, K =1.2784 W/m K
Asbestos millboard 903.6 2 Conductivity, K =0.1214 W/m K
Conductivity, K =5 W/im K
Ramming mass (TRL Film coefficient between melt - wall hm.w W/me2 K
699 102.3 =200
Ram SK 165) - — -
Film coefficient between melt - air hp.a 2
-30 Wim* K

Table 3. Temperature distribution in existing induction furnace

Notation Content Temperature °C
Ti Inner temperature (Melt) 1413
To Ambient temperature 33
Twi Coil Inlet temperature of water 28
Two Coil QOutlet temperature of water 30
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In order to keep the melt at a pouring temperature of 1413°C, electrical energy was continuously consumed equal to the amount
of heat loss. Table 4 shows the calculated heat loss and temperature distribution.
Net energy consumption in one hour =150 kWh

Table 4. Calculated Heat loss and Temperature Distribution

Heat loss calculated (kWh) Temperature in °C
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Table 5 Comparison of Analytical and Software values for Validation.
Method Temperature in °C Conduction
T: T, T3 T, Tew loss(kwWh)
Calculated/ 123260 | 58551 | 1269 |57.65 |57.17 |72.38
Analytical Value ' ' ' ' ' '
Software Value 1239.5 564.68 123.3 | 56.61 | 56.15 | 69.66

The calculated (139.19 kWh) and actual values (150 kWh) obtained were nearly same. A virtual model was prepared based on the
conduction loss and temperatures at various points of the composite wall

I. HEAT LOSS SIMULATION BY ANSYS
Here the existing furnace model was virtually created using ANSY'S steady state thermal module as in Fig. 2.
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Fig 2 Surface model of the furnace
IJSDR2303170| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 1031



http://www.ijsdr.org/

Since the model was axisymmetric about Y — axis we needed only a cross section or 2D model or surface model of the furnace for
validation and optimization. In order to have better accuracy here we used equiangular quad node for meshing with a total of 12922
elements and 39467 nodes. The temperature and heat flux curves obtained are as shown Fig. 3 and Fig. 4 respectively.
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Fig 3. Temperature Curve Fig 4. Total Heat Flux Curve
Optimization means, making the best or most effective value of a given dimension. Here it is required to find the value of thickness
of ramming mass which give a minimum value of heat loss. The variation in heat loss with thickness is as shown below in Fig. 5.

Fig. 5 Variation of Heat Loss with Thickness
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Fig. 6 shows the variation in fatigue life with thickness
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Fig. 6 Variation in Fatigue Life with Thickness

Fig. 7 shows this variation in Total cost, between thicknesses 89 mm and 96 mm So it is clear from the results that there is an
optimum thickness of 93 mm for the silica lining, which can reduce the total cost than the existing lining with thickness of 102.3
mm by about 11%.

Total cost in Rupees Vs Thickness in mm
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Fig. 7 Variation in Total Cost with Thickness - (89 mm -96 mm)

I1l. CONCLUSIONS

1. It has been found heat loss approaches zero when the thickness is very large and also, there is no such optimum value of
thickness, beyond which the heat loss will increase.

2. A thicker lining increases the inside temperature which is desirable, but on the other hand it will increase both thermal
stress and strain on the lining wall.

3. Anincrease in thickness of the lining will increase the resistance to heat loss but at the same time will cause a reduction
fatigue life hence an optimum thickness is a tradeoff between heat loss and total cost of furnace lining.
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