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Abstract This paper presents a numerical simulation of double diffusive convection in a rectangular enclousre during
physical vapor transport of Hg,Cl,. The flow characteristics are numerically investigated as a function of the partial
pressure of Br, at 10 Torr and 200 Torr at a temperature difference of 10°C (290°C — 280°C) between the source and
crystal regions, and the velocity vectors, streamlines, isotherms, and isomass concentration contours are presented. In
addition, both the average Nusselt number and the average Sherwood number decrease linearly and exponentially,
respectively, with increasing a partial pressure of Br,. For pressures of Br, for 10 Torr and 200 Torr, the average Nusselt
number in the crystal region is larger than in the crystal region, and conversely, the average Sherwood number in the
crystal region is three times larger than in the source region.
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Fig. 1. System schematic and coordinates for numerical simula-
tion of PVT crystal growth square cavity of Hg,CL(A)-Br,(B).
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Table 1

Physico-chemical properties of Hg,CL,(A)-Br,(B) (M, = 472.086, M, = 159.83) at the conditions of AT = 10°C, aspect ratio = 1 with the

length of 5 cm, the width of 5 cm

Parameter P, =10 Torr P, =200 Torr
Kinematic viscosity 0.4 cm’/sec 0.18 cm?/sec
Thermal diffusivity 0.0096 cm’/sec’ 0.0017 cm’/sec’
Binary diffusivity 0.6 cm’/sec’ 1.14 cm*/sec’
CoefTicient of thermal volume expansion 0.0017 (1/°C) 0.0017 (1/°C)
Density of mixture 0.00067 g/en’ 0.0015 g/em’
Prandtl number 41 106
Lewis number 0.01 0.01
Peclet number 1.19 0.17
Concentration number 1.43 6.23
Thermal Grashof number 1.35 < 10" 6.36 x 10"
Solutal Grashof number 1.65 x 10° 341 % 10°
80 Table 2
B Average Nusselt number, Nu Summary of average Nusselt number, Nu and average Sherwood
70 _-\'1‘1 ® Average Sherwood number. Sh number, Sh at crystal region, based on the conditions of AT =
T~ — 10°C, aspect ratio = 1 with the length of 5 cm, the width of 5 cm
2 T Average Nusselt Average Sherwood
g T Tt Py (Torr) numbegr, Nu numbegr, Sh
Sl 10 74.1 426
E 20 72.8 30.0
2oLt 30 718 244
z 40 70.8 21.1
g?,o AN 50 69.9 19.0
Z 100 65.6 14.4
) . 150 62.2 12.9
g0 %, 200 59.7 12.3
N — ., . 250 57.7 11.9
K %0 100 150 200 250 300 = 3HZAE AT = 10°C, Ar(aspect ratio) = 1, Ao] =
Partial pressure, Pg (Torr) 5

Fig. 2. Effects of partial pressure, Py (Torr) on average Nusselt

number, Nu and average Sherwood number, Sh for 10 < Py

(Torr) < 200 at crystal region, based on the conditions of AT =

10°C, aspect ratio = 1 with the length of 5 ¢cm, the width of
5cm.

= 472.086 g/gmol)2] EA=E, Bry(M, = 159.83 g/gmol).

Figure 22 10 < Py(Torr) < 200, 24w Et
P.o] W3l wle} e Nusselt <=, Nuel H<t Sherwood
T, St o9A Wslsle AE yeplaL Stk 8

Table 3

Torre] W3}ol|A], E Nusselt
2 7aska 9o, Hi Sherwwod = 10 < Py

(Torr) < 502 FFoME A

cm, &% = 5 cm. Figure 2= Py = 10 Torroll4] 200T
.~

SE B Pyt HBHS

2~ o) =]
TR gk 9o

™, 100 < Py(Torr) < 250, M3} A9 gle Aoz
ERAL QIT}. Table 2= Fig. 20l 3l93dh= %+ Nusselt

2} Hit Sherwood TE
P, = 100 Torrol|l A,
P, = 250 Torrol| A,

TE Q9

H+ Sherwood =, Sh = 12.90]1,
B4+ Sherwood <=, Sh = 11.9°]t}.

gelste] vehdZelt

W Nusselt = Py = 10 Torr, 74.1°]9H, P, = 250 Torr

Summary of average Nusselt number, Nu and average Sherwood number, Sh for P, = 10 Torr, 200 Torr, at crystal and source region,
based on the conditions of AT = 10°C, aspect ratio = 1 with the length of 5 ¢cm, the width of 5 cm

Py =10 Torr P, =200 Torr

Source Crystal Source Crystal
Average Nusselt number, Nu 459 x107 74.1 11.2 59.7
Average Sherwood number, Sh 37.2 42.6 11.6 12.3
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Fig. 4. (a) velocity vector, (b) streamline, (c) temperature, (d) mass concentration profile. Py = 10 Torr, thermal Grashof number (Gr,) =
135 x 10%, solutal Grashof number (Gr,) = 1.65 x 10°, Prandtl number (Pr) = 41.5, Lewis number (Le) = 0.01, Peclet number (Pe) =
1.19, concentration parameter (C,) = 1.43, |U|. = 9.09 cm/sec. Ar = 1 and AT = 10°C (290°C — 280°C) are fixed.
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Fig. 6. (a) velocity vector, (b) streamline, (c) temperature, (d) mass concentration profile, based on Py = 200 Torr, thermal Grashof
number (Gr,) = 6.36 x 10", solutal Grashof number (Gr,) = 3.41 x 10°, Prandtl number (Pr) = 106, Lewis number (Le) = 0.01, Peclet
number (Pe) = 0.17, concentration parameter (C,) = 6.23, |U],... = 4.56 cm/sec. Ar = 1 and AT = 10°C (290°C — 280°C) are fixed.
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