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A Study of Heat Transfer and Particle Deposition During Outside
Vapor Deposition Process

Younghuie Song, Mansoo Choi and Shin Hyoung Kang
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Abstract

%), Optical Fiber(#A-), Chemical Vapor

A study of heat transfer and particle deposition has been made numerically for outside vapor

deposition process. Heat conduction through the two layer cylinder which consists of the target
and the deposited layer is included together with heat transfer and gas jet flow onto the cylinder

from the torch. Temperature and flow fields have been obtained by an iterative method and

thermophoretic particle deposition has been studied. Of particlar interests are effects of the

thickness of the deposited layer, the torch speed and the rotation speed of the cylinder on particle

deposition flux and efficiency. Effects of buoyancy, variable properties and tube rotation are
included.
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Fig. 9 Wall temperature distribution with respect to
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speeds of two layered cylinder(U;=2 m/s, T;=
2273 K, Ta=300 K, W=0.015m, h==80 W/m?K,
t=0.01m, V=0.001 m/s, S/R,=3.33, ¢=0.85,
Ro=0.015m)

%—7}‘%4—% A =7} doijxlm dFuse s

5 TLE F2E 2oln Yo} 2=60rpm¥Y 7
—roﬂi Hu =9k HA 2x9 A7 <o 100K
A=4de & 4 Uvh Fig 102 AL2AE Jo
RlAE AR AR dge s ABA
°l—’§-—€—°l BAE A7t A3 ASn gz

Holedl ot Qs 2z Rage
A 2oke) FHLES} YRo] 3R
b 2 T2 49454z} Folx)
°oleh. Fig. 11l Yrehugle stz g
A e ALur gAHgs Ao =5}
Q=60rpm3} Q=120rpme] EEL A9 2
& 4+ girh

O o oi
F‘F

0.06

0.05

0.04

I 00

0.02

0.01 .f

@ (degree)

Fig. 10 Distribution of deposition rate with respect to
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Fig. 11 Efficiency of deposition with different rotatio-
nal speeds for two layered cylinder(U;=2 m/s,
T;=2273 K, T,=300K, W=0.015m, h=80 W/
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AFF2AOVD)FH el e dADH ¢l J¢ A7 201

4. 24 B

A EF AT A g AL YAFF FE
AL sHA2 Y3, YxFzez 9l
o PAE JdALAF U EXolfo] 4
¢ 2dg Agdden xRS T4, EA

olg&x, 89 HALEsL YAt =A= o
o] T3 [AAln b L AERE FF
Hd 4+ A=t

(1) 4ALRZY FA7 Folste o549 A
el AANE 2719 AL YRAEAZ FAY Fo}
o olF¥ FHIs) FaFe e dAdreR
gt ZFtshd ol=AE ojiel FAl Frloe
o] F%-2 ALFo] FIsld TP LEr}t s
He FAAAcY F4E dA5E5EE P4eHd,
wahA] A QJAAE JE F4asA HA
o {489 FhAo Hojulng B HAEL =
Exdaiiss

(2) ERolgExe ZFrle o|FE FWlzd
ZHaAF dAsEEY FUME shAw aef g
AR Fo] AA JALATEE FHA A,

(3) %o A v A2t A A9
YAFAEELE o %A= Frlder Q=6
rpm3 9=120rpme 5 A Lo YA EXE§
79| e,

S =

rlo

z 7

B AT wHe z2dg dFA A dTEe
W92 wialA Z4AE =)
iAnes

(1) Nage, S. R., MacChesney, J. B. and Walker K.
L., 1982, “An Overview of Modified Chemical
Vapor Deposition Process and Performance,”
IEEE ]. Quantum Electronics, Vol. QE-18, No. 4,
pp. 459~476.

(2) Vandewoestine, R. V. and Morrow, A. J., 1986,
“Developments in Optical Waveguide Fabrica-
tion by the Qutside Vapor Deposition Proess,” J.
of Lighwave Technology Vol. LT-4 No. 8, pp.
1020~1025.

(3) Blankenship, M. G. and Deneka, C. W., 1982,
“The Outside Vapor Deposition Method of Fa-
bricating Optical Waveguide Fibers,” IEEE J. of
Quantum Electronics Vol. QE-18, No. 10, pp. 1418
~1423.

(4) Talbot, L., Cheng, D. K., Schefer, R. W. and
Willis, D. R., 1980, “Thermophoresis of Particles
in a Heated Boundary Layer,” J. of Fluid
Mechanics, Vol. 101 pp. 737~758.

(5) Homsy, G. M., Geyling, F. T. and Walker, K.
L., 1981, “Blasius Series for Thermophoretic
Deposition of Small Particles,” J. of Colloid and
Interface Sci., Vol. 83, No. 2, pp. 495~501.

(6) Batchelor, G. K. and Shen, C., 1985, “Thermo-
phoretic Deposition of Particles in Gas Flowing
over Cold Surface,” J. of Colloid and Interface
Sci. Vol. 107, No. 1, pp. 21~37.

(7) Garg, V. K. and Jayaraj, 1990, “Thermophor-
etic Deposition Over a Cylinder,” Int. J. of Eng.
Fluid Mech., Vol. 3, No. 2, pp. 175~196.

(8) Alam, M. K., Graham, G., Janakiaman, V. and
Greaves, J., 1990, “Numerical Analysis of Ther-
mophoretic Transport in the OVD Process,”
HTD-Vol. 130, Numerical
ASME, pp. 67~72.

(9) Bautista, J. R.,, Walker K. L. and Atkins R. M.,
Feb. 1990, “Modeling Heat and Mass Transfer in
Optical Waveguide Manufacture,” J. of Chemi-
cal Engineering Process pp. 47~52.

(10) Graham, G. M. and Alam, M. K. 1991,
“Experimental Study of the Outside Vapor Depo-
sition Process,” J. of Aeroso! Science and Tech-
nology, Vol. 15, pp. 69~76.

(11) Kang, S. H. and Greif, R., 1992, “Flow and
Heat Transfer to a Circular Cylinder with a Hot

Heat Transfer,

Impinging Air Jet,” International J. of Heat and
Mass Transfer, Vol. 35, pp. 2173~2183.

(12) Kang, S. H. and Greif, R,, 1993, Thermophor-
etic Transport in the Qutside Vapor Deposition
Process, International J. of Heat and Mass
Transfer, in press.

(13) Thompson, J. F., Warsi, Z. A. and Mastia C.
W., 1985, “Numerical Grid Generation, Founda-
tions and Applications,” North-Holland, New



202 £33 . 2

York.
(14) Schuh, M. J., 1987, “Numerical Prediction of

Fluid and Particle Motions in Flows Past
Tubes,” Ph. D. Thesis University of California,
Berkely.

(15) Rosner, D. E,, 1986, “Transport Processes in
Chemically Reacting Flow Systems,” Butterwor-
ths, Boston, p. 314.

(16) Progelhof, R. C,, Throne, J. L. and Ruetsch, R.
R., 1976, “ Methods for Predicting the Thermal

Conductivity of Composite Systems ; A Review,”
Polymer Engineering and Science, Vol. 16, pp.
615~625.

(17) Patankar, S. V. 1980, “Numerical Heat
Transfer and Fluid Flow,” Hemisphere Publish-
ing, New York. -

(18) 433, 1993, “Outside Vapor Deposition
Aol Ao Az Aol A AF, " A

den HAeEE,

o

)
o

=



