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Particle Deposition on a Rotating Disk in Application to Vapor
Deposition Process (VAD)
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Abstract

Vapor Axial Depostion (VAD), one of optical fiber preform fabrication processes, is performed
by deposition of submicron-size silica particles that are synthesized by combustion of raw
chemical materials. In this study, flow field is assumed to be a forced uniform flow perpendicular-
ly impinging on a rotating disk. Similarity solutions obtained in our previous study are utilized
to solve the particle transport equation. The particles are approximated to be in a polydisperse
state that satisfies a lognormal size distribution. A moment model is used in order to predict
distributions of particle number density and size simultaneously. Deposition of the particles on the
disk is examined considering convection, Brownian diffusion, thermophoresis, and coagulation
with variations of the forced flow velocity and the disk rotating velocity. The deposition rate and
the efficiency directly increase as the flow velocity increases, resulting from that the increase of
the forced flow velocity causes thinner thermal and diffusion boundary layer thicknesses and thus
causes the increase of thermophoretic drift and Brownian diffusion of the particles toward the
disk. However, the increase of the disk rotating speed does not result in the direct increase of the
deposition rate and the deposition efficiency. Slower flow velocity causes extension of the time
scale for coagulation and thus yields larger mean particle size and its geometric standard
deviation at the deposition surface. In the case of coagulation starting farther from the deposition
surface, coagulation effects increases, resulting in the increase of the particle size and the

decrease of the deposition rate at the surface.
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Fig. 1 Schematic of particle deposition in a VAD
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Table 1 Particle deposition with variation of rotating speed.

Um w s YVpgw md
(cm/s) %: ¢ (rad/s) JaG#/cmisec) G (pem) (g/min) Taw
0 0.000 1.868 < 108 1.2800 0.19954 0.05220 0.0366
0.1 0.333 1.869x108 1.2800 0.19951 0.05221 0.0366
0.2 0.667 1.872x108 1.2800 0.19945 0.05225 0.0367
0.5 1.667 1.896 % 108 1.2799 0.19897 0.05254 0.0369
15 1 3.333 1.977 X108 1.2796 0.19743 0.05352 0.0376
6.667 2.256 %108 1.2786 0.19268 0.05676 0.0398
16.67 3.471x 108 1.2747 0.17851 0.06945 0.0488
10 33.33 5.661%x108 1.2689 (.16466 0.08890 0.0624
0 0.000 4.081 x 108 1.2724 0.17234 0.07348 0.0258
0.1 0.667 4.083x 108 1.2724 0.17232 0.07349 0.0258
0.2 1.333 4.090 % 108 1.2724 0.17227 0.07355 0.0258
0.5 3.333 4.138 <108 1.2722 0.17192 0.07396 0.0260
30 1 6.667 4.301%x10° 1.2718 (0.17075 0.07531 0.0264
13.33 4.859x 108 1.2701 0.16719 0.07988 0.0280
h 33.33 7.246%X 108 1.2640 0.15658 0.09784 0.0343
10 66.67 1.139x10° 1.2555 0.14631 0.12553 0.0440
0 0.000 8.726 X 10* 1.2590 0.15005 0.10370 0.0182
0.1 1.333 8.731 %108 1.2590 0.15003 0.10371 0.0182
0.2 2.667 8.744 % 10° 1.2589 0.15000 0.10381 0.0182
0.5 6.667 8.838 x10% 1.2587 0.14974 0.10438 0.0183
60 1 13.33 9.156 x 10° 1.2580 (.14889 0.10630 0.0187
26.67 1.024%10° 1.2555 0.14631 0.11279 0.0198
66.67 1.473x10° 1.2467 0.13871 0.13829 0.0243
10 133.3 2.219%x10° 1.2353 0.13151 0.17750 0.0312
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Table 2 Particle deposition with variation of forced flow speed.
) a Us , ¥ bswo Wa
rad/s) | @ e I R
0 0 5.157 <107 1.2846 0.25943 0.03167 0.0222
0.1 1.5 5.760 <107 1.2846 0.25371 0.03309 0.0232
0.2 3 6.584 <107 1.2846 0.24626 0.03459 0.0243
0.5 7.5 1.046x 108 1.2832 0.22330 0.04099 0.0288
3.333 1 15 1.977x10° 1.2796 0.19743 0.05352 0.0376
2 30 4.138 X108 1.2722 0.17192 0.07396 0.0519
5 75 1.108x10° 1.2530 0.14387 (0.11603 0.0815
10 150 2.215x10° 1.2286 0.12815 0.16395 0.1151
0 0 9.252x107 1.2836 0.22811 0.03863 0.0136
0.1 3 1.074x10° 1.2831 0.22202 0.04133 0.0145
0.2 6 1.296x 10® 1.2822 0.21417 (0.04478 0.0157
0.5 15 2.256 <108 1.2786 0.19268 0.05676 0.0199
6.667 1 30 4.301x108 1.2718 0.17075 0.07531 0.0264
2 60 8.838x10° 1.2587 0.14974 0.10438 0.0366
5 150 2.218X10° 1.2285 0.12812 0.16405 0.0576
10 300 4.107x10° 1.1962 0.11707 0.23177 0.0813
0 0 1.826 <108 1.2803 0.20155 0.05258 0.0092
0.1 6 2.203x10° 1.2790 0.19439 ().05691 0.01
0.2 12 2.732x10° 1.2771 0.18643 0.06227 0.0109
0.5 30 4.859 %108 1.2701 0.16719 0.07988 0.014
13.33 1 60 9.156 x10° 1.2580 0.14889 0.10630 0.0187
2 120 1.804 % 10° 1.2370 0.13248 0.14756 0.0367
5 300 4.111x10° 1.1961 0.11705 0.23192 0.0407
10 600 7.022x10° 1.1597 0.10988 0.32769 0.0575
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Table 3 Effect of coagulation starting point.

2k Ja(#/cm® sec) Oew s
(pm)
0.5 4.105%x 10° 1.196 0.1171
1.0 3.891x10° 1.204 0.1192
2.0 3.703x10° 1.211 0.1212
4.0 3.534x10° 1.216 0.1231
10.0 3.335x10° 1.222 0.1255
20.0 3.200%10° 1.227 0.1272
40.0 3.076x10° 1.230 (.1289
60.0 3.008 % 10° 0.1299
80.0 2.962x10° 0.
1.00 .o
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Fig. 4 Effect of coagulation starting point on parti-
cle number density.
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