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Abstract — The onset of convection in a mushy layer is analyzed by using linear stability theory in time-dependent
solidification of a binary melt. A simplified model of a near-eutectic mush, in which the mush is assumed to be a porous
block, is used and the propagation theory is applied to determine the critical conditions for the onset of convection. The
present critical Rayleigh number is higher than the existing experimental result and also theoretical results obtained by
considering the mushy layer with an overlying liquid layer. The constant pressure (permeable) condition applied on the
mush-liquid interface produces a lower critical Rayleigh number, which is closer to the experimental results of aqueous
ammonium chloride solution, compared with the impermeable condition.
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Fig. 1. Schematic diagram of solidifying mush confined between two
planar boundaries.
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Table 1. Numerical values of A for St=0.25
0 0.1 0.2 0.4 0.6 0.8 1

©

A 1.121 0.927 0.725 0.608 0.527 0.467
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Fig. 2. Dimensionless basic composition profiles in the mush for
0,=0.1 and 1 when St = 0.25.
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Fig. 3. A comparison of marginal stability curves for 6,=1 and St=
0.25 between the impermeable (Ww*=0) and constant pressure
(Dw* = 0) conditions on the upper boundary of the mush.
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the impermeable (w*=0) and constant pressure (Dw*=0)
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