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Abstract In this study, as the expectation ratio Ar increases, the internal convective velocity |Ujmax decreases sharply due
to the expansion of wall frictional resistance. This lowers the heat and mass transfer efficiency (Nu, Sh) at the crystal
growth interface to its lowest level, ultimately causing an exponential decrease in the single-crystal growth rate of
mercury(I) bromide (Hg,Br,). To efficiently manufacture high-speed and high-quality mercury(I) bromide crystals, it is
essential to design low expectation ratio Ar ampoules and optimize the process to ensure appropriate convective intensity
within a range that does not induce convective instability. The results of this study are expected to serve as important basic
computational data for designing constricted diffusion systems under microgravity or terrestrial conditions, such as in future
Korean Spaceflight.
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Fig. 1. Schematic descriptions and coordinates of the system

for two-dimensional numerical simulations of of major compo-

nent Hg,Br,(A) and minor component Hg(B) during physical
vapor transport on earth ground.
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Fig. 2. The growth rate of Hg,Br, as a function of the horizon-

tal temperature difference between two side walls, AT(K), for

10 K < AT, <50 K, Ar=4,L =8 cm, H=2 cm, and
T, = 350°C.
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Growth Rate of Hg,Br,(cm/day)

Aspect Ratio, Ar (L/H)

Fig. 4. The growth rate of Hg,Br, as a function of the aspect
ratio, Ar (L/H), 1 < Ar < 5 and T, = 350°C.
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B Average Sherwood Number at crystal region
® Average Nusselt Number at crystal region
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Fig. 6. Dimensionless parameters as a function of the aspect

ratio, Ar (L/H), 1 < Ar < 5 and T, = 350°C: the average Nus-

selt number, Nu and the average Sherwood number, Sh at the
crystal region.
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Fig. 7. (a) velocity vector, (b) streamline (AY = 0.7), (c) temperature (AT* = 0.2), (d) mass concentration (Aa)A* = 0.025) profile,
based on P, = 100 Torr, thermal Rayleigh number (Ra,) = 1.0 x 10°, solutal Rayleigh number (Ra,) = 6.87 x 10°, Prandtl number
(Pr) = 0.79, Lewis number (Le) = 0.86, Peclet number (Pe) = 2.2 concentration parameter (Cv) = 1.12, AT = 60 K (290°C — 350°C).
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