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Abstract A laboratory experiment was made of critical transition flow modes in Czochralski
convection. Numerical computation was also made to delineate the dynamic transition. The peri-
od of temperature oscillation (t,) and the interval of temperature oscillation (4f) were scruti-
nized to capture the critical transition regime. The mixed convection parameter was varied in
the range of 0.134< Ra/PrReé*< 3.804. The data from calculation were in good agreement with
ones from experiment. The influence of the Prandtl number on the transition was examined for
Pr=910, 4445 and 8889. To understand the transition mechanism, the detailed temperature
oscillation modes, the isolines of meridional temperature and the axial velocity profiles were in-

vestigated.



ZaE A7)

.M 2

2382 7] (Czochralski) ¥ o) o) 4§
AHERE RARe At TR WS
¥ Atz 7| A8 (wafer) 52 A
of gk H3A wlFoll AbdAN Al F ¢
A o] AHgEeAx Qi) 53, of wiy
FE2 A 2z} 2ols FAE H
P oA Ao de oA Qo 2
227 THAAE AYEH} = 3
A, =7HY oM 54 EHE A5
7] A% 7, AA $59Y BAAHNA §
DR B AAH/EE AAEY A4 4
At FAH24E Avz 1]

o g

b9 oue] 2xito] o7 2}

oy
ol
w4,
1
N
£
o,
R
2,
2
1o
o
N
N,

449 ATe F2 88858 L5l
s FADeH2]. ol AR AAY F
Aol APAA G 7AA B2, AR
Aol wel A% WHE zdsA =
[3]. 222 & dTelde #4459 Y
A EAE B4 g AAP AT
& S8 5 U ALARS A o

A-4F Tz} Holabel s A}

s 37 ek

238,27 &9 =X FEAJ H#I
B2 <A77t A= sioh. Whiffing[4]2
€% bismuth silicon oxide®] T oA 2] 3F
A4E B4 HE ATE SAst] HA%
So BB FETZY AolHYe Ryl

t}. Jones[5]& AT A7) WA &%
ZEo disl AASA ZAFSEgeh. Muna-
kata®} Tanasawal[6]= 23 "d A7) B39

TAAA Y Aol S 109

A AF RA REel s A 2 X3
wg &8l Atk 53] AFEHEY
THAlol g =2E 4(Prandtlnumber; Pr=
v/a)ek doldle]l 4(Rayleighnumber,; Ra= Bg
ATH/va) 8] A3 s zAbstgict. 22
of Sung5[7]& 23FAI] By 7
T3] FEol ds) AAAA AFE FH3}
dct. EFHF LRI 0.225< Ra/PrRe’<
0.929¢] oA L=zFFo] Ai= A

AFHEl 2aL2T] dFHEA
99l % 5A4YE w3z, oAl

22 e AA34
Ozoe (8]

i -
4>
2L
° O

off
=N
N,

o L 8 o
"
>4

()

k
2 Lo
=
rg_ll
o,
&
()
i)
F[F

w
o
i
i)

(A
H
i
s
o
2

o
)
o
o £
- o
Shd
ot Lo
r
2
et

2
2

X 2o
: o
S

ot (U

ox Mt >

ofo

oo

S

offl

2
LIS

2 o XY

£ 02

N
L
2
it

, 2
2
Mo d o nf

o Jf

do e
ot L
k)
oL
ojr

2
Lo
=
2
2=
=
i,

i
23
2
|o
l
]
1,

As Kobayas}u«] 03 74]&]—
[9]. o] HeladdAtel] dhsl
A=A 2H5,7-10], 3

n

2
= o
o o

owg K
w8
OR.&_E:L
I

4o
_?"_,

n

ZHoﬂ *4
A Fok 7 Xﬂtﬁvﬂ- Abe g
T2 Ao AIRF7(1), &EA
ZAbslgeh. =% Pry(Pr=
910, 4445, 8889)2] oo wig JFL &
g 722 (Ra/PrRe?) ol wa} ZAbshgdch.

oft v o

e
W
g
[>
Ny
:E
ttlo
I

A8 e 49g



110 Ay, 434

219 WY RY¥E = Fig. 13 ZHoh. 1%
JARZA7E Ao, 2 F8 84
HAZ|AEHR AofrlEeltt. AL
0.7% ¢ AL=E 7HAx ik HAF =
AL EH FAWEE AFL Aosr] 9
A2 wolel(angularroll bearing) A3
7b AHEEGY. A ey AAJIS P4-
Class)el 23t n&34& A7 S8 7
A28 el gt SEA s
2 E3 Ao A3 AC A B =& (Nikki
Denso Co., 7.5 kW, NA 20-370F)7} 3¢
grole2 A AHg-HA 44 AR (rota-
ry encoder)’} HAZAEET o] ALY oA
AAE Hs AF A

Fig. 1] vepd ZXE mrhdel ZA o
i By &7]Ee] o ol IHAA A
Ztzd -2Ee] gt =il E §F 2 2%
& JAs7] $ls] F3 Pyrex glass(A 7
143 mmet F74 35 mm)E, ZARYPL A

d
=
=2

¢ e o a9

P
pump
o 5
| ™ 17
| 1
]
| Constant femperature bath
@Twmocoupls  © — —P—
- 1 pump
N
7
U =0 ® /
® \Gamsall | [=]

d
Constant temperature bath

Fig. 1. Schematic diagram of apparatus for
Czochralski growth : (1) silicon oil (2)
heated water (3) cooled water (4) thermo-
couple (5) rotating frame of model crystal
(6) rotating frame of crucible (7) constant
temperature bath(cold) (8) constant tem-
perature bath(hot) (9) crucible (10)

aluminum disk plate.
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Fig. 2. Model of Czochralski growth.
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Fig. 3. The characteristics of temperature
oscillation for Pr=4445. (a) Time period (%,),
(b) Interval (AS).
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Table 1

Properties of the fluid

Propeties Pr=810 4445 8889

Kinematic viscosity (v, m?/s) 1.0x107¢ 5.0x10°* 1.0x10°3

Volumetric coefficient (8 K') 9.5x10™* 9.5x1074 94x10°*

Thermal diffusivity (@, m?/s) 1.1x1077 1.1x1077 1.1x1077
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Fig. 4. The characteristics of temperature

oscillation for Pr=910, 4445 and 8889 (a)
Time period(1,), (b) Interval(46)
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Fig. 5. Features of temperature oscillation

for several Ra/PrRe?.
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Fig. 6. Contou plots of isotherms (&) in the

meridional plane for Pr=4445(a) Ra/PrRé
=0.195, (b) Ra/PrRe*=0.488, (¢) Ra/PrR

e?=1.223.
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Fig. 7. Axial velocity profiles at »=0 for Pr

=4445 (a) Ra/PrRe*=0.195,(b) Ra/PrRé&

=0.488 and (¢) Ra/PrRe*=1.223.
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