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Abstract A laboratory experiment was made of a control of temperature oscillation in
Czochralski convection. Numerical computation was also made to delineate the control of
temperature oscillation. The suppression of temperature oscillation was achieved by varying
the rotation rate of crystal rod(Q = Q.1+ Asin 27/¢/t,)), where A denotes the amplitude
of rotation rate and f the frequency factor. Based on the inherent dimesionless time period
of temperature oscillation (¢,), the suppression rate of temperature oscillation was charac-
terized by the mixed convection parameter 0.217<Ra/PrRe?<1.658. The optimal values of
A and f were also scrutinized. To understand the suppression mechanism of temperature

oscillation, the contours of isotherm(#) and equi— vorticity(w) were investigated.
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Fig. 1. Schematic diagram of apparatus:
(1) silicon oil (2) heated water (3)
cooled water (4) thermocouple (5) rotat-
ing frame of model crystal (6) rotating
frame of crucible (7) constant tempera-
ture bath (cold) (8) constant temperature
bath (hot) (9) crucible (10) aluminum

disk plate.
Table 1
Properties of fiuid
Properties Silicon oil
Kinematic viscosity(v, m?/s) 5.0x10°¢
Thermal diffusivity(a, m?/s) 1.1x1077

Volumetric coefficient(8, K') 9.4x10™*
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Fig. 2. Model of Czochralski growth.
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Fig. 3. The time period (¢,) of tempera-

ture oscillation for Pr=4445, Ra/PrRe’=

4.83%x10° Solid circles represents the ob-
serving points of ACRT.
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Fig. 4. The effect of ACRT on tempera-
ture oscillation at (7,z)=1(0.0,0.7) for Ra/
PrRe?=1.658 (a) experiment (b) computa-

tion.
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Fig. 5. The effect of  ACRT on tempera-
ture oscillation at (7,2)=(0.0,0.7) for Ra/
PrRe*=0.652(a) experiment (b) computa-

tion.
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o] 4] t}A] rotation vorticity7} &}, o]
A3 g Ao o8] &EFFTF HFlA
o] LxAFL wAsHA "ot

ACRTe FHAz7A (A=025 f=10)<
Aol ts) L= 2 SHEXTE Fig 120
Uehiadeh. =02 ®, Fig. 13(b)elld 2%
o], AA ¥ HAALE7} old B} &
Aejolng AA I dF F7ist
of, interactive vorticity] =7|7} Z7} =}
1/6t,<t<4/6t 0 e HAREE7L F7}HE
F7+o 24 interactive vorticity?] = 7]
oF3} |0y, rotation vorticity & ZAE B
4 ©7h Hdez ACRTE 437
olMyct tlg HeuA Lo 222 ZA
AAR obele] d5Fe] fale AokAN, &
o Hugre FastA "ok 4/66,<i<i)
o) /)= interactive vorticity?} FA4F ¥
02 ol¥go wat x7t WeiztA =
o] 7% ACRTE A&old Xt AL E
7b Bade] AAdFe TS AR
Z7}A) A interactive vorticityg Z7H*7] L,
rotation vorticity & =3} 4] 21t}
ey HALET s AdHez FUt
2 A F Aol FAE £ T HAHE
rotation vorticity2] °3&g u|efs}r]dFell
ACRTES AH237] Az H4+g rotation
vorticity7} &2 ®c}. 2822 ACRTe] 9
g 5o #Highe Wzt vlagE & T
alch (Fig. 13(b)).
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Fig. 12. Contour plots of isotherms (&)
and equi-vorticity (w) in the meridional
plane for Ra/PrRe*=0.217 A=0.25, f=1.0.
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Fig. 13. The relation between the rotation

rate of crystal rod (Q) and temperature

oscillation (@) for Ra/PrRe’*=0.217 (a) A
=0 (b) A=0.25, f=1.0.
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