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Abstract— Thermal instability during solidification of a pure melt cooled from above was investigated under a lincar sta-
bility theory by using the propagation theory. The linearized disturbance equations were transformed similarly by using the
thermal boundary-layer thickness as the length scaling factor. The onset conditions of buoyancy-driven convection of the
melt with temperature-dependent viscosity were obtained numerically. The results showed that the critical thermal Rayleigh
number increases with increasing the dimensionless phase-change rate of a solid-liquid interface. while it decreases with in-
creasing the Prandtl number and Stefan number. Also, it was found that the effect of variable viscosity makes the system
more stable and a stagnant layer forms beneath the interface at the onset of convection.
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from above.
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Fig. 2. Marginal stability curve with A=3 and Pr=100.
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Table 1. Predicted values of R, and a, for various values of di-
mensionless phase-change rate A with Pr=100
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Fig. 4. Effect of Prandtl number Pr on modified critical thermal
Rayleigh number R;c for various values of A.
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a : dimensionless horizontal wave number, (a,’+a,’)"” [-]

a’ : modified dimensionless horizontal wave number [-]

C : constant in Eq. (6) [-]

C,  :specific heat per unit volume of liquid [H(m*- K)]

D : differential operator [=d/dn]

e : unit vector in vertical direction [-]

g : gravitational acceleration constant [m/s’]

H : position of solid-liquid interface [m]

i : imaginary number [-]

k : thermal conductivity [J/(s- K- m)]

k, s ratio of thermal conductivities [-]

L : length scale {m]

La  :latent heat per unit volume of solid [J/m’]

P : pressure [N/m’]

R,” :modified thermal Rayleigh number, R &' [-]

R;  :thermal Rayleigh number, goATLY (V) [+]

T : temperature [K]

t : time [s]

U : velocity vector [m/s]

W :vertical velocity {m/s]

w : dimensionless vertical velocity [-]

Z : vertical coordinate [m]

X, y. z: dimensionless coordinate [-]

2(0|a 22Xt

o - thermal expansion coefficient [K ']

AT :temperature difference [K]

) : dimensionless thermal boundary-layer thickness [-}

n - similarity variable [-]

0 : dimensionless temperature [-]

0.  :parameter in Eq. (10), (T~ Tp)/(Ty — Ta) [-]

K  thermal diffusivity [m/s]

K, s ratio of thermal diffusivities, ky'x; [-]

A : dimensionless phase-change rate [-]

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

i, : parameter in Eq. (26), In(pa/L.) [-]

u : dimensionless viscosity [-]

v - kinematic viscosity [m®s]

5128 H34AH H5E 19963 108

= 3

Exia
p - density [kg/m®)
T : dimensionless time [-]
AAXL
T : transpose of matrix
* : amplitude function for perturbation quantity
sH&x}
c : critical state
S : solid state
L : liquid state
0 : basic state
1 : perturbed state
oo : initial state or bulk state
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