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Solidification Process of a Binary Mixture with Anisotropy
of the Mushy Region
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Abstract

This paper deals with the anisotropy of the mushy region during solidification process of a
binary mixture. A theoretical model which specifies a permeability tensor in terms of pricipal
values is proposed. Also, the governing equations are modified into convenient forms for the
numerical analysis with the existing algorithm. Some test computations are performed for
soeidification of aqueous ammonium chloride solution contained in a square cavity. Results show
that not only the present model is capable of resolving fundamental characteristics of the tranport
phenomena, but also the anisotropy significantly affects the interdendritic flow structure, i.e.,
double-diffusive convection and macrosegregation patterns.
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Fig. 2 Schematic diagram of the physical model
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Table 1 Data used in this study
Initial and boundary conditions

L Cavity dimension [m] 0.0476

C.{Initial concentration of H,O 0.70

Tx|Initial and heated wall temperature [K] 307.5
T¢|Cooled wall temperature [K] 253.15

Thermophysical properties for NH,C1-H,0 sytem

(7,8,17,19)

Solid Liquid
Density [kgm™2] 1077.73 1077.73
Specific heat [Jkg~'K!] 1870 3249
Thermal conductivity [Wm 2.7  0.468
—lK—l:'
Diffusivity [m?~!] — 1.8x10°°
Viscosity [kgm™is™!] — 1.3x107°
Latent heat [Jkg™'] 3.138 x10°

Thermal expansion coefficient 3.8321x107*
[K7]

Solutal expansion coefficient 0.25679
Eutectic temperature{K] 257.75
Eutectic concentration of H,0 0.803

Equilibrium partition coefficient %, 0.0
Permeability coefficient K, 5.556X1072
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