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Experimental and Parametric Analyses of Heat Transfer within Two-layered
Packed Beds of Iron and Graphite in a High-frequency Induction Furnace

Mingkai Nw, Tomohiro Axiyama, Reijiro Takanasur and Jun-ichiro Y ac

Synopsis : This paper describes an experimental and theoretical study on heat transfer within two-layered packed beds of iron and
graphite in a high-frequency induction furnace. An unsteady, two-dimensional mathematical model for the induction
furnace was developed in cylindrical coordinates and was verified by the experimental results. Temperature depen-
dence of physical properties of packing materials such as magnetic transformation of iron was needed to be taken into

account in the model. The experimental results showed that iron spheres near the wall were heated most quickly.

Parametric analysis was performed by using this mathematical model to investigate optimum operation conditions.

The influence of supplied current, induced frequency, voidage and diameter of graphite particles and layer height ratio
of iron and graphite on the heating rate of iron spheres was assessed. As a result, the heating rate ‘of iron spheres was
found to be significantly dependant on the supplied current, the frequency and the layer height ratio. Interestingly,
small graphite particles were well heated although their diameter is less than the skin depth in the furnace. These
results suggest the possibility of dense packing of graphite near the wall in the high-frequency induction furnace for

efficient heating.
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Fig. 1. Schematic diagram of the experimental
induction furnace.

Table 1. Experimental conditions of the packed

bed.
Current (A) 1000
Frequency (Hz) 2950
Coil Diameter (cm) 38
Height (cm) 40
Turns (-) 8
Packed bed | Diameter (cm) 25
(Crucible) Height (cm) 24
Diameter (mm) 2.06
iron sphere | Shape Factor (-) | 0.820
Density (kg/m®) 7500
Diameter (mm) 4.04
Graphite Shape Factor (=) | 0.576
particle Density (kg/m®) | 1694
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Fig. 2. Temperature dependence of specific heat,

thermal conductivity, relative magnetic per-
meability and electrical resistivity for iron.
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Fig. 3. Mesh structure and boundary conditions for
numerical analysis.
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Fig. 4. Comparison between measured and calcu-
lated temperature histories in the packed
bed of iron and graphite with time.
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Table 2. Operating parameters used for the simula-

tion.

Current (A) Frequency(Hz) Voidage (-) Diameter (mm) Height (cm:cm)
2000 2950 0.426 2 12:12
1300 1000 0.500 5 6:18
1000 500 0.600 20 18:6

400K 1700K
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Fig. 5. Calculated isotherms in the packed bed at
different time. (I=2000A, f{=2950Hz)
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Fig. 7. Influence of supplied current on heating rate
in the packed bed of iron spheres under the
frequency of 2950Hz.
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Fig. 8. Influence of frequency of coil on heating rate
in the packed bed of iron spheres under the
supplied current of 2000A.
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Fig. 11. Calculated isotherms in the packed bed
with the different ratio of layer height of
iron and graphite.
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