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Mathematical Modeling of Skull and Pool Formation in High-frequency Induction Skull Melting

Yoshihisa ABE, Kensuke SASSA, Mamoru KUWABARA and Shigeo ASAI

Synopsis : A large portion of ceramics, salt and glass have a property with high electric conductivity at liquid state and with low one at solid state. By

making use of such electrical property a direct induction skull melting process was developed to melt and hold those materials, especially

with a high melting point and chemical active properties, for avoiding contamination from a crucible. In order to understand the characteris-

tics of melting behavior of the materials in the process the theoretical study on temperature, magnetic and velocity fields which are tightly re-

lated with each other is indispensable.

In this study a mathematical model taking account of the distributions of temperature, magnetic and velocity fields is developed. The ex-

perimental work to melt a NaCl salt has been conducted. Th
model.

e observed evidence in the experiment has been confirmed by the mathematical
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Fig. 1. Schematic view of the experimental apparatus.
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Fig. 2. Schematic view of each layer and flow pattern
under the steady state condition.
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Fig. 3. Photograph of liquid layer solidified after reaching
the steady state condition and a surrounding skull
layer.
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Fig. 4. Flow chart for numerical calculation.
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Table 1. Physical properties of sodium chloride.

Density (kg-m™) P 1500
Electric conductivity (S-m™) o, 370 (melt)

o <1 (solid)

Emissivity (-) € 0.8
Heat capacity (J-kg™'-K™) C, 1.14x10°
Latent heat of fusion (J-kg™) AH 4.78Xx10°
Melting temperature (K) T,, 1074
Thermal conductivity (W-m™-K") X, 10 (melt)
A, 10 (solid)
Ay 1 (granular)
Volumetric expansion
coefficient of (K") B 3.38x10"

Viscosity (Pa-s) K, 1.61 X 10°%(melt)

w,  >1(solid)

Table 2. Operating parameters of the process.

Coil height (m) Z o 0.09

Coil inner radius (m) R 0.05

Coil turn number (-) N 7

Frequency of applied A.C. (Hz) f 4x10°

Effective coil current (A) leoi 26

Skin depth(m) 8, 1.3X10%(melt)
. >1(solid)

Temperature of cooling water (K) water 300

Overall heat transfer

coefficient (W-m?-K") b, 1000

Ambient temperature (K) T, 300

Top position of embedded material (m) Z, 0.08

Bottom position of embedded material(m) Z,, 0.05
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Table 3. Initial heating conditions.

Heated temperature(K) T 1400
Heating period(s) ti 400
Heating area(m) Lo 0.035

Solid

— 30mm —

50mm perature difference
between isotherms:

Fig. 5. Calculated solid-liquid interface (left) and iso-
therms (right) after initial heating.
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Fig. 6. Calculated velocity field and solid-liquid interface
(left) and calculated isotherms (right) under the
steady state condition.
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Fig. 7. Velocity field and solid-liquid interface (left) and
isotherms (right), calculated by taking account of
internal radiation
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