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Abstract—The onset of thermosolutal convection during upwards solidification of a binary melt is investiga-
ted by using linear stability theory. The present study concerns the stabilizing effect of temperature on
the onset of thermosolutal convection. The results show that the critical solutal Rayleigh number increases
with increasing the thermal Rayleigh number. This reflects the fact that an increase in thermal Rayleigh
number makes the system more stable, while the system becomes more unstable with an increase in Lewis
number or Schmidt number. Multicell convection is exhibited at onset condition and this thermosolutal convec-
tion is confined mainly to the vicinity of the interface. With increasing the thermal Rayleigh number, this
trend becomes more pronounced with multicell patterns more distinguished.
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Fig. 1. Schematic diagram of solidification system.
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Fig. 2. Neutral curves for various thermal Rayleigh num-
bers.
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NOMENCLATURE

- dimensionless horizontal wave number
: concentration [wt%]

: concentration far in the melt [wt%]

: dimensionless concentration

UOS‘)ON

: differential operator with respect to z
D. :solute diffusivity [m*/s]
e; :unit vector in z-direction

G, :gradient of temperature in liquid [K/m]

Gs :gradient of temperature in solid [K/m]

g :gravitational acceleration constant [m/s?]

i :imaginary number

k :segregation coefficient

k. :thermal conductivity of liquid [J/m-K-s]

ks :thermal conductivity of solid [J/m-K-s]

k :ratio of thermal conductivities

L :latent heat per unit volume of solid [J/m®]

Le :Lewis number for liquid, D./x,

Les : Lewis number for solid, D;/ks

P :pressure [N/m?]

p :dimensionless pressure

Rs :solutal Rayleigh number, gﬁ%f%k—k) (%);

Ry :thermal Rayleigh number, go G <&)4
KLV Vo

Sc : Schmidt number, v/D;
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N €

: temperature [K]

: melting temperature [K]

: time [s]

: velocity vector [m/s]

: dimensionless velocity vector

: solidification velocity [m/s]

: dimensionless vertical velocity

: vertical coordinate [m]

: dimensionless vertical coordinate

Greek Letters

a :thermal expansion coefficient [K~]
B :solute expansion coefficient [wt% ']
6 :dimensionless temperature
k :thermal diffusivity [m?%/s]
A :Stefan number, L Vo/G. k,
p  :viscosity [kg/m-s]
p. :liquid density [kg/m®]
o, :dimensionless growth rate of disturbance
o; :dimensionless frequency of disturbance
t :dimensionless time
Superscripts
- :basic state
! : perturbed state
* . amplitude function for perturbation quantity
Subscripts
¢ :critical state
L :liquid phase
S :solid phase
0 :reference state
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