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Abstract—When a crystal layer grows from the cooling boundary, the solid-liquid interface moves and
the concentration profile evolves with time. In this Stefan-type solidification problem, convective instabilities
of the melt were analysed numerically by using the propagation theory. It was found that the onset time
of compositional convection increased with increasing the non-dimensional growth rate A which is an important
factor governing the instabilities of the melt during solidification. The local critical Rayleigh number R, having
the length scale of the concentration boundary-layer thickness decreased with increasing A. For small values
of A, R. was strongly dependent upon A, while for large values of A, its effect was not significant. The present
theoretical results were compared favorably with existing experimental results of aqueous ammonium chloride

solution.
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Fig. 1. Schematic diagram of directional solidification sys-
tem.
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Fig. 2. Neutral stability curve for Sc=100, A=0.
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Fig. 3. Effect of Schmidt number for A=3.
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Fig. 4. Critical Rayleigh number vs. non-dimensional grow-
th rate A for Sc=100.
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Fig. 5. Critical wave number vs. non-dimensional growth
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Fig. 7. Local critical Rayleigh number vs. non-dimensional
growth rate A for Sc=100.
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a :dimensionless horizontal wave number [-]

a* :modified dimensionless horizontal wave number
(-]

C :concentration [wt%]

: dimensionless concentration [-]

: differential operator [=d/dn]

: solute diffusivity [m?/s]

: gravitational acceleration constant [m/s?]

: position of the solidification front [m]

: length scale [m]

: pressure [N/m?]

: dimensionless pressure [-]

: local Rayleigh number, gBACLS/(D.v)

: Rayleigh number, R&®

: Schmidt number, v/D;

: temperature [K]

: time [s]

: velocity vector [m/s]

: solidification velocity [m/s]

: vertical velocity [m/s]

: dimensionless vertical velocity [-]

: vertical coordinate [m]

: dimensionless vertical coordinate [-]

NNEE<aT SR RT TSR OO0

agj0jA 22Xt

B :solute expansion coefficient [wt% ']
8 :dimensionless penetration depth [-]
n :similarity variable [-]

A :non-dimensional growth rate [-]

u :viscosity [kg/(m-s)]

v :kinematic viscosity [(m®/s]

s181 28 32 MSE 19944 108

g5 - A4

p :density [kg/m®]
v :dimensionless time [-]

YK}

*» :amplitude function for perturbation quantity
S X}
¢ :critical state

r :reference state
0 :basic state

1 :perturbed state
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