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Abstract During the Hg,Br, physical vapor transport process, with increasing the partial pressure of component B, Pj
from 40 Torr to 200 Torr, a unicellular convective flow structures move from the crystal growth region to the center region
in the vapor phase. The boundary layer flow is dominant for P, =40 Torr, and the core region flow is dominant for P, =
200 Torr. The flow in the vapor phase shows a three-dimensional convective flow structure with a single cell (unicellular)
for Py =40 Torr and 200 Torr, exhibits an asymmetrical flow with respect to the x, y central axis under the horizontally
oriented configuration with an aspect ratio (length-to-width) of 3 and linear conducting walls. The critical temperature difference
between the source and crystal region is about 30 K. The total molar flux of Hg,Br, increases with the temperature difference
until the total molar flux reaches the critical value. At the critical total molar flux, the total molar flux abruptly decreases.
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Fig. 1. Schematics of the problem analyzed: Hg,Br,(A)- H,(B)
PVT growth closed ampoule.
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Fig. 2. The effects of the temperature difference between the
source and the crystal on the crystal growth rates of Hg,Br, for
aspect ratio (L/H) =3 and the linear conducting walls.
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Fig. 3. The |U),.. as the temperature difference between the
source and the crystal for 10 K <AT <50 K, corresponding to
Fig. 2.
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Fig. 4. The effects of partial pressure of component B, Py
(Torr) on the crystal growth rates of Hg,Br, for aspect ratio (L/
H) =3 and the linear conducting walls, for
10 Torr < P, <250 Torr.
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Table 1
Thermo-physical properties used in this study (M, =560.988 g/mole, M;; =2.016 g/mole) for 10 K <AT <50 K with aspect ratio (L/
H) =3 and the linear conducting walls

Total molar flux Kinematic Thermal Binary Total operating
Case T, T, (mole cmsec™) viscosity diﬁ:usivit1y diﬁ:usivitry pressure
(x 107 (cm’sec ) (cm’sec”™) (cm’sec”™) (Torr)
Cl 360°C 350°C 2.33 0.37 0.04 1.75 571
C2 360°C 340°C 2.93 0.44 0.04 1.75 571
C3 360°C 330°C 3.25 0.53 0.05 1.75 571
C4 350°C 310°C 2.90 0.86 0.09 221 440
C5 350°C 300°C 2.88 0.11 0.12 2.21 440
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Fig. 5. (a) velocity vector, (b) streamline, (c) temperature, (d) mass concentration profile for the case of Py =40 Torr, aspect ratio = 3.

Maximum magnitude of velocity vector =0.1948 x 10*, maximum streamline = 0.968 x 10*, minimum streamline = 0.0. Prandtl

number = 9.0, Schmidt number = 0.037, AT = 30 K, Peclet number = 2.44, thermal Grashof number =2.75 x 10*, solutal = Grashof
number =4.7 x 10°, concentration number = 1.09. |U],,.. = 4.25 cm/sec, total molar flux of Hg,Br, (mole cm ™ sec™)=1.29 x 107",



114 Geug Tae Kim and Moo Hyun Kwon

—7}5 o w} Wste] Ao ‘j“ﬂo}x] 2oL A3 A

Hlg g}, whabA, olejg A &5 0] WA
”‘g—c’* A8 SHAAITY] WSkt /‘gﬁ% Ao E A
g At 10K <AT<30K %12 Hejoa Ag
HHE =S Yehlle 220l ek A4 25929 7
<7]% 0.046 mole cmsec 'K 0]t} 30 K <AT <50 K
252k HeA Ay sty 79SS o, =
Tapoll ik AA EEH20 71271=  -0.0185 mole
cm “sec” 'K 'o|t}.

Figure 3 10 K <AT <50 K9] 2=2HAT) HSloIA,
SeulEo] HHA| U, (cm/sec)t SE=ZHAT)] A3
2 v #AES YERA Stk SXEEEY] HiX]
U2l =213 ovl= E8]3 S2PHAA dofju+= o
T A& Helll= Flolth. o71A, AAEE 2
FAF7el FRule Aedo|(L)EH)yS ovlsh, L=

o
u

)
I~

=
_]

b

_4

08 FI °

N

ERSRY
05 FI
.

04

6cm, H=2% %H]—t— 30]
Fo| AAXNE A APEREx71oR 5&‘3]'. A
HeE =5 ‘)rE]WL ZLxtol] gk xhle] LreEE] o)
HARA U], (cmfsec)?] 71&71E 0.0965 cmsec 'K 0]t}
Figure 4= 7484 B9 ¥<}, Pyo] Wslol uzh A
A EEY27E dept Wskehe A& UERAL
Figure 45 XW, 10 Torr <Py <250 Torr®] F$JollA,
A EEae #A84 BY 9 Pyt S71l wt
7elEgdo® A4S & 4 Atk Figure 55 Py =
40 Torr, TH] =34, & ‘?‘JEi A, e, AFEE
ExE Uepfa Stk Hgﬂ65ﬂ*1*H%%‘%@ uj 7}

W) gk TA9) & wEe] Hul=r] =0.1948 x 10,
Farl Ao 547 =0.968 x 10°, T2 HA S47E =

0. Prandtl 4= =9.0, Schmidt <= =0.037, AT=30K,
Peclet & =2.44, €% Grashof & =2.75x 10*, &

RN
e

RS

LA
PN
NN

02 ¢

———

0 2 - 2 1= g = m e g ==

——h et n vt om = -

08

05 F

04

02

05 1

(@) voloé@ vector

© tem%uum

(d) mass concentration

s

Fig. 6. (a) velocity vector, (b) streamline, (c) temperature, (d) mass concentration profile for the case of Py =200 Torr, aspect ratio = 3.
Maximum magnitude of velocity vector =0.125 x 10*, maximum streamline = 0.56 x 10°, minimum streamllne 0.0. Prandtl number =

7.4, Schmidt number =0.059, AT =30 K, Peclet number = 1.45, thermal Grashof number =2.61 x 10

4.4 % 10°, concentration number = 1.30. |U|,,,. =
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