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Abstract Mercury bromide (Hg,Br,) was selected as the crystal material for the basic applied model research of Korean
spaceflight. In a vertical sealed container with an aspect ratio (length/width) of 4, computational simulations of the
transport phenomena of a mixture of mercurous bromide (Hg,Br,) and mercury (Hg) in the source and crystal regions were
performed to investigate the relationships between the crystal growth rate and the maximum rate constant w1th respect to
changes in temperature difference. It was found that both changed linearly, and in the range of 4.78 x 10" < Ra < 10 x
10* corresponding to 0K < AT < 60K, the dimensionless Sherwood number in the source region was approximately 5
times larger than the dimensionless Nusselt number. The results showed that the local Nusselt number (Nuy*) and the local
Sherwood number (Shy.) for the dimensionless coordinate y* in the y-axis direction in the source region are greater for
AT =10K (350°C — 340°C) than for 60 K (350°C — 290°C) over the range of 0 < y* < 1.
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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, aspect ratio (length-to-width) = 4.
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Table 1

Thermo-physical properties of mercury (Hg) and mercurous bromide (Hg,Br,) at mean temperature of 320°C between 290°C and 350°C
Gas Hg(g) Hg,Br(g)
Vapor pressure (Torr) (350°C) 673.5 430.06
Molar Heat Capacity (Cp) 20.79 61.15

(I mol™'K™

Molecular weight (g/mol) 200.59 560.988
Boiling point (°C) 356.7 340~392.5
Lennard-Jones (6-12) potential 2.969 5.080
parameter: collision diameter, & (A)

Lennard-Jones (6-12) potential parameter: 750 686.2

&
energy parameter, — (K)
K

Collision intergral, 2

Partial pressure (Torr) at source region (350°C)  122.50
Mass Fraction at source region (350°C) 0.3576
Partial pressure (Torr) at crystal region (290°C) ~ 224.64
Mass Fraction at crystal region (290°C) 0.8354
Total operating pressure, Py 530.06 Torr
Partial pressure of component B, P, 100 Torr
Lewis number, Le 0.86
Prandtl number, Pr 0.79
Schmidt nuber, Sc 0.68
Peclet number, Pe 22
Concentration parameter, C, 1.1
Thermal Rayleigh number, Ra 1.0 x 10°
Solutal Rayleigh number, Ra, 6.8 % 10°

1.8019 (viscosity and thermal conductivity)
1.6224 (diffusivity)

1.7371 (viscosity and thermal conductivity)
1.5647 (diffusivity)

122.50

0.923

20.36

0.303

A} b= normal boiling point(K)elx, £9] @)= K
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Fig. 2. The growth rate of Hg,Br, as a function of the tempera-

ture difference between the source and the crystal region, AT(K),

for I0 K<AT <60 K, Ar=4,L=8cm, H=8 cm, and T, =
350°C.
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Fig. 4. Dimensionless average Nusselt number, Nu at the source
region as a function of dimensionless Rayleigh number between
the source and the crystal region, AT(K), corresponding to Fig. 2.
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Fig. 6. Dimensionless average Nusselt number, NVu at the source
region as a function of dimensionless Rayleigh number between
the source and the crystal region, AT(K), corresponding to Fig. 4.
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