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A COMPUTATIONAL ANALYSIS FOR OUTLET SHAPE DESIGN
TO SUPPRESS FLOW RECIRCULATION IN A ROTATING-DISK CVD REACTOR

JJ. Park, K. Kim and H.S. Kwak”
Dept. of Mechanical System Engineering, Kumoh National Institute of Technology

A numerical design analysis is conducted to search for an optimal shape of outlet in a rotating-disk CVD
reactor. The goal is to suppress flow recirculation that has been found in a reactor having a sudden expansion of
flow passage outside of the rotating disk. In order to streamline gas flow, the sidewall at which the flow in the
Ekman layer is impinged, is tilted. The axisymmetric laminar flow and heat transfer in the reactor are simulated
using the incompressible ideal gas model. For the conventional vertical sidewall, the flow recirculation forming in
the corner region could be expanded into the interior to distort the upstream flow. The numerical results show that
this unfavorable phenomenon inducing back flow could be dramatically suppressed by tilting the sidewall at a
certain range of angle. The assessment of deviation in deposition rate based on the characteristic isotherm illustrates
that the sidewall tilting may expand the domain of stable plug-like flow regime toward higher pressure. A physical
interpretation is attempted to explain the mechanism to suppress flow recirculation.
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Fig. 1 Schematic view of flow configuration in a rotating disc
CVD reactor of concern
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Fig. 2 Effects of outlet angle on boundary layer thickness
evaluated by the 600°C isotherm. The operating
pressure is (a) 140 torr; (b) 160 torr; and (c) 190 torr
and the rotation rate is 2 = 1000 rpm
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A eloF stttk 1efut Fig. 3()lM & ¢
A O] AX 0= 30°7F H9, A o gHe] Aledh
frEo] AR AvlEs Zlo] abdEe] Aedt e E
o mEa RERO SANQl AR A HyH
=291 50| A9t Fig 3(d)9 Fig. 3(e)= oWt 4%
7b 2 0= 45, 57199 freds Hojal Sl whg oFd
¥ Y7 frsol FAHI Qivk ey S¥AEAR ] =
58°% AXH 3R o] Aed Joo] A sk
o] f5o] BeHaHS Fig. 3(old & & 9tk 4= A
sk SHAAR o] 9 M9 YelXE fsol Hgshe 1
Aol AAY W 5 23]8 EQyaikitth oleet
A= Table 100 AR oA FEAL grollx s ERlgh
T Stk

Fig. 2= 2FstEo] 160 torro 2 453k 7-9-9] 600°C
e TE2E BT vk SHAAPL Sl 71 A
o] A9 BE 0= 15, 30° AFolw T4 #AET}
obste|oles WA = Qv olgfst Ayk= {4

400 500 600 70O 800 900 1000 1100 1200 1300
temperature

Fig. 5 Legends are the same as in Fig. 3 except for the operating
pressure is 190 torr

X2 TS Fig. 404 Bt gebAl ERlEnh Fig. 4(a)9t
Fig. 3@% vlasird 140 torr?] ¢Exels sdds
ool =3 Al=gk o] o] 160 torE
b Sl Ao Urdor AEE e 2 B
F Qltk o3t 5] FHl= 71E AellA] ) AuljAQl
FEgolN AR A4 E9MY fE3t fARICH1Z)
Fig. 4(b)$} Fig. 405 ¥ &Eo] 140 torrQl 7359} »kxlr}
A2 FWAA o] 9= 151 FAo|M= A fsol W
7] UF- AAHoE IA FEHL 0= 30°= FHAA}
7to] AR Aot Aed feol avoR gAHA
oxth o] A= qhgo] S7kskd S AulA f52] B9
ol Atk 7€ A7) s Aska JIrH10-13].
T S0l B AR vl frse] ke Atk
Fig. 4(d)9} Fig. 4()= 0= 45°, 57.9°¢1 Aol £de &
Az E o] 3] Hde Z21 5ol FAEaL 52
HojF=a1 Qlrk Table 1o st Ao SRS Hug=
o] F 7A$-9] k= 1% ko R 93k SRF AT} A




A COMPUTATIONAL ANALYSIS FOR OQUTLET SHAPE DESIGN TO--

Vol.18, No.4, 2013. 12/ 79

w3 itk 28 Fig. 4(f)ellA B ool AEsieo] 140
torrQ] A8} IR 6 = 5871 Hd Aled S50 o
As] dstEo] Byt f5do] FAEh

Fig. 20)= Z=E¢dol ¥ Asle] 190 torre! A$-
600°C 249 P& HojFa gty SHAAS 1Hs
A e 7)E AAE BE 0 = 15°, 30°¢) FA oA T2l
FHoE FAHA kal w3o] HEe njd F2E 7
3 ek 6 = 45°, 57.8°1 FAoARE T2 o] £
A5 3 Qck A=A U] A 224S 19 Fig. 5 ©]
get @S Rk HEs] HolErh Fig. 5@)°l UrEM 7)E
Ao W= 54 B, Fig. 4@)0lA 2o =
SR AeE feel ol AXW iR %‘ﬁi B
ARSIt el wet §58 2Pl g AX
Zolt}. Fig. 5(0)-()] a2 B 9kEo] 160 torrl 79

o lo

KeX
L.

o PRI 0 = 15°, 30°Q1 A= o] et Aedt
o] AlojEla %1 otk Fig. 5(d)-(e)elA B nlkgl 2ol
=WzAzto] 9 = 45° 57.9°91 AR o= oFH o] Alsoln

St of @3] =2 A-e AE Ze]1 S0 F
1531 Stk sPAIRE Fig. 5(f)7F Holg= ZAd SHEAY
0 = 58.0%] W 4L ] Bt AAAQ
A= 250l 160 torrdl 7B-9-9F AR fE E)b
4] At v AR ol Table 100 AAE FEE
Aol A gl 4= qlot.
T oldt Ayks ofv] Xl A ] A
OJE[10120.% FH3| AHEH oh=t) 7)E A7t s
= 3 Al fERIN R Aes ) V)e 348
£ gl 3 FEEE A FIE Bo ARlRe)
Hom wARRe #9 wEH) Slolel TR P &
AR7} eifate] vhgRIths Zolth BT Al
22N AEIelo] pobw whgvkAe Bk
28 ol freleht AR fRRe Rl Sl
Rhafg|sto] fHAagitl2). A ow ofl=nt F9 AlFE
o=k o] Aol vl wiell RO Aol
RhlEsle] Foleth fEo] S7kehd e 7Y At
o=t FSlo] Be® ke %‘%@F} e Aaste] 19
wFo] BHEA oo} FEFRTE S 0387}
AT, o] = o] Trﬂo}xl‘ﬂ =
T o] ZAelA Fed oAt FUFES 72?2%1 A5
Sle 2elM felfrael éﬁ%&ﬂﬂ} L
7R frEAol Al W] iR *é’z}f& st frE
o] FHwEH oA FUFEF Bvd wiel 2de

N
=

o

ih)
e
E

=
ot
£

Radla] Velocity (mfs)

@

0.167

0.14 i

0.124 {

— R0.02Zm

'E' 0.1 \ — R 0.05m
—0.08- — R 0.08m
N —R0.11lm

0.06.' — R 0.14m

0.04 |

0.02

Radial Velocity (mfs)

(b)
0.16°
0.14
0.124
—R0.02
= 0.17 —R 0.05$
—0.08- — R 0.08m
N —RO0.1lm
0.06- — R 0.14m
0.04
0.02
0 -E:

Radla] Velocity (mfs)

(c)
0.167
0.14
0.124
— R 0.02m
'E' 0.1 — R 0.05m
—0.08- — R 0.08m
N —RO0.1lm
0.06.' — R 0.14m
0.04
0.02
0_ E

Radla] Velocity (mfs)
(d)

Fig. 6 Vertical profiles of radial velocity component at several
radial positions; for operating pressure is 190 torr and
the disk rotates at 1000 r rpm. The outlet angle is (a) 15.0°%
30.0°% 45.0° and (d) 57.9



80 / J. Comput. Fluids Eng.

J.J. Park - K. Kim - H.S. Kwak

S F2YE 9 Weko® 0,02, 0.05 0.08, 0.11,
A7l ol wheh WMah= W & ¥E
o[t} Fig. 6(@a)°] YEPt 0= 15°91 Fx|olA wgwdk &1
VYE B oA A

o R o] Fofx| = L ek ZE7t Stk ol vls
o] Fig. 6(c)°l TAIE 9= 45°Q1 ZAM= 3|AAH vz
Fo] ol Ant AAZAMRE WAERTE FAE A 1 Y-
P feol fhe AZZARL oAt AAS fs<
wol1 itk Fig. 6(d)2] 0= 45°¢1 AXoM 9] &%
G5 Kol gt} o] A= AT A
A= 8 ol FAEHL ol Ant
ol o8l ejFow wArtaL
o] of| ANt FYfrERTt T35ttt
ek skre] 718k 4 =
| SAEE oTu 8% = o3
Tl AR IS A FouE o Ant Ff H]
Frgo] Ath= 7do] AdHsAl ket

o] AolXE =8 el AT Al sk A= A
AlEsIGit SRt RN FYEE Al oA
|1Zellx dalgel gJal sjFow FEE=t o]Ao]

ot 1o

a9
O

¢

HooX e
f o

rEm 2 Mo

i offl
S o
< H

o,

=2
o

Nl
_°|_,

o
Hu

ool il
o 2
iy

O o, -z
X
¢
i,
e
rE
5

O
filo o

= A Rl =
o 1%

o

>~

Y

o

ot

)

d

>
>,
r (
5
o jg
Jo
ot

of M ox
ook

o
Kl
z
O
O
-
.

al

[e)

40 M2
Q

2
l %

(
=

O 2 o
[olr o, o
o| ()
B
4
N

o

Hl

olif
e
e
1%
B
%

i

ol
2
oX,
i_‘?
5
(S
0%
_0|L

rE

I sG] wddt212]. meb FAT AP

2 tejo] Zoksp olel uldlslel WA SKS
T AAR ol kRle ) Walsel ZAe el
FAT AFHF 21 ¢

1 2 Wt ke 8
W] wjeete] FolErk

of FHHE ACE Aol o AEE WAl Hol
Fig. 5(a)e} 2= f-&°] Fd¥rt

) o] eAelAsh o] olamt AAFAN BEEE
fAZE FESH el BAde
Aol vlste] 9t A4S £ 9tk ZuAo) e
B, el e 45g Fol
I A

s =
of FEEe] V& R Fedt 4H

o Srgsol ZolEa A B i
SR AL 50| FTR AR ofZlo] 99
gEe] ZuANZ 240] AR H5L oA Z2HQ

w7} ook,

W O 0=57.9Y o] FgHold f5o] 9 =58.0°7}
o) w48 EePdEiAET) sk Aol
i | 1 B i S S i | e S et [ [ == 8= )
ATollA= Fig. 10 TAIE AN WA Fo] RyE AX=
A& SRS 1St AdElelA SHAA x
o} webd 97F AR wxEo] R 91
ZdoiA 34 A} £
o} oAl ] 07F AAE EPEE deke f2e] 7Y 4
7o) o8 Hiztl o]Ao] olant AAFY FARC 2
oA 29 WE A ulEo] vk T VA AdE &
T2 AU Ealal 94 AR HEole s f50] Bt
Astc}, wEba] SR A4 o GeATt o] Hs)
Hrg dkeAx e $AxRAS unHsl] AH SHAAZ
& Agstoiof gt

o] 7k 3 7oA T2 AUEE 7S Table 19]
Avp= A9ke] 34571 1000 ~ 1400 rpme] WY oAE= 9=
45°9} 57.9°91 Aol =& el AE M E A st 5
J5ta gty 1y 0= 57.9°H
A3] BRI EE S8 AL}
He o] 7P & Aow Ik

EN

p

S

J
s 7P e A
o %7t AAAE fe
2 0= 45 ZoA A
1=

ol 7

ol

o] ArellM= AatelldS Sote] 21314 Hkg7IelA o=
BE ARSI EEEE e e SHE VIed AT
el Ui freat Skl viAle e AR
Aol A Agele A wkeT] UFE Aled
&0l A7 Tl A or SHANL Qe FEd
] 71 AA Hup § =t f5o] IAHIT 12y =
Aol ol A% o) AXW fs Aedol jAEo
AA o 5ol sl 25 AATe] YA T3
TA7E FFEUT AT | Y A S Fohs
2] Fol7h Aaste] 7] B Aledo] vl st

¢
¢

A

S

o R

ok oleldt AL olaw AAFN BEEE fEol 5
5 S 4o 3

B3 FESAA P dYS
ol B 4EAE0R 4YF S ek o] A

o
TGS BYoB=A NkgY] B9 HAEA AeAds Al

7183,



A COMPUTATIONAL ANALYSIS FOR OQUTLET SHAPE DESIGN TO--

Vol.18, No.4, 2013. 12/ 81

[1]

[2]

3]

[4]

3]

[6]

[7]

£ 7]

o] Ay wesdthetal wrdTAlel skl A=l

References

2001, Creighton, J.R. and Ho, P., "Introduction to Chemical
Vapor Desposition,” in Chemical Vapor Deposition (ed. by
Park, JH. and Sudarshan, T.S.), ASM International,
www.asminternational.org.

1979, Schlichting, H., "Flow over a Rotating Disk," in
Boundary Layer Theory, McGraw-Hill.

1997, Nakamura, S., "IlI-V Nitride Based Light Emitting
Devices," Solid State Commun., Vol.102, No.2-3, pp.237-248.
1999, Stringfellow, Organic Vapor-Phase Epitaxy: Theory
and Practice, Academic Press, New York.

2000, Theodoropoulos, C., Mountziaris, T.J., Moffat, H.K.
and Han, J., "Design of Gas Inlets for the Growth of
Gallium Nitride by Metalorganic Vapor Phase Epitaxy," J.
Crystal Growth, Vol.217, pp.65-81.

2005, Sengupta, D., Nazumder, S., Kuykendall, W. and
Lowry, S.A., "Combined ab initio Quantum Chemistry and
Computational Fluid Dynamics Calculations for Predictions
of Gallium Nitride Growth," J. Crystal Growth, Vol.279,
pp.369-382.

1987, Evans, G. and Greif, R., "A Numerical Model of the
Flow and Heat Transfer in a Rotating Disk Chemical Vapor
Decomposition Reactor,” Trans. ASME J. Heat Transfer,

Vol.121, No.4, pp.774-788.

[8] 1989, Patnaik, S, Brown, RA. and Wang, CA,
"Hydrodynamic  Dispersion in  Rotating-Disk OMVPE
Reactors:  Numerical ~ Simulation and  Experimental
Measurements," J. Crystal Growth, Vol.96, No.1, pp.153-174.

[9] 1992, Biber, CR., Wang, CA. and Motakef, J., "Flow
Regime Map and Deposition Rate Uniformity in Vertical
Rotating-Disk OMVPE reactors," J. Crystal Growth, Vol.123,
No.3-4, pp.545-554.

[10] 2006, Mitrovic, B., Gurary, A. and Kadinski, L., "On the
Flow Stability in Vertical Rotating Disc MOCVD Reactors
under a Wide Range of Process Parameters,” J. Crystal
Growth, Vol.287, pp.656-663.

[11] 2007, Mitrovic, B., Gurary, A. and Quinn, W. "Process
Conditions Optimization for the Maximum Deposition Rate
and Uniformity in Vertical Rotating Disc MOCVD Reactors
Based on CFD Modeling,” J. Crystal Growth, Vol.303,
pp.323-329.

[12] 2012, Kwak, H.S., "Computational Assessment of Optimal
Flow Rate for Stable Flow in a Vertical Rotating Disk
Chemical Vapor Deposition Reactor,” J. Comput. Fluids
Eng., Vol.17, pp.86-93.

[13] 2012, Lee, JH., Kim, D. and Kwak, H.S. "Searching for
Optimal Operating Condition in a Rotating Disc CVD
Reactor  Considering  Uniformity of  Deposition,”  Proc.
KSCFE 2012 Autumn Meeting, pp.444-446.

[14] 2013, Park, J.J., Kim, K. and Kwak, H.S., "Optimal Shape
Design for High Deposition Rate in Rotating-Disk CVD
Reactors Using CFD Analysis," Proc. KSCFE 2013 Autumn
Meeting, pp.126-128.



