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Numerical Study of Particle Motion and Particle Beam Formation
Through a Critical Orifice

Jin-Hong Ahn and Kang-Ho Ahn

Beam(Y A} %), Compressible Flow(+#4 #%), Stokes Number(Z=%2 &)
Abstract

Particle motion through a disk type critical orifice placed in a 3.0cm diameter chamber has been
studied numerically. In the simulation, the velocity field is solved using Pantankar's SIMPLER
algorithm for the compressible flow and convergerce of the computation is confirmed if the mass
source at each control volume is smaller than 10”. The particle motion in the flow field is solved in
Lagrangian method. The particle trajectories showed that the particles injected away from the center
line are expanded rapidly. At lower pressures, this expension phenomena are more dominant. At lower
pressures, the clear difference in particle and air speed is showed all the way down to the exit plan, It
was found that particles with Stokes number of ca.2.5 tend to focus close to the center line very well
except the particles travelling near the wall. However, particles with Stokes number greater than ca.2.5
show a tendency to cross the center line.
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a0 T T T T T T T
18 Injoction positien

10
18F
1.8
[ X}
0.0
H8E
-1.0
-8 E
20F
A8 E

3.0 . . IYVURT PIVUT FUTIT PEVIT PRPIN FOTY T 2 "
00 08 10 10 R0 28 3.0 38 40 48 KO &5 80 08

Stokes number

Fig. 8 Particle contraction ratio as a function of
stokes number.

i) () o

Conatractioa ratio, li=r‘1l’r4

A71A, 818 A} 0= 718 #h(reference value)®]th.

Fig. 7% A9 489 48o] tj7]gola #n
B89 st¥ol zHz 2000Pa, 200Pad W AMA
b oF 2591 Aol it Yxe HAH& el
9 Aolth, ad 1)l H B 7 ARl gAY
27197 10md A48 Al9dld dA =



1246 W EF-LHFE

7] A Ao A@gol YAt BF & SHE
AFHIL Aad # F A

Fig. 82 Q&9 4R ¢4€o] 171¢eln 2
gna  HARE g¥e] WY AL YA
contraction ¥] & YERA 3 olt}h Contraction H]<

AYE YA 9 #Xo| g By RolA

o gAe] HFHA] BEH g A (14 &
c},

R'=r, /| 7 (14)

ago)a )x2) Stokes 7+ < 2.5 AE- &
o] Ao e AR H F 0.o0, Stokes T
7} ¢F 30| M= & JtRAEE P& e
Wed, ol 4 Z3 AT o Aol
o}, zavd B hEol 2000Paql A4 A
9] 2719 H Stokes o] A@ele) Y A
o YFHA e AgE ¥ F AN

Fig. 9 ¥¥ AR &9 ¥se} 429 £4
H Ao Y contractionH] 2] HY& 27} HE A
o2 y/Re AWWA tig g FYHA
§# Faue Aotk Fig ey ¥ A
o] ¢¥ol 10°pa, B} hFHo] 200Pa 1 S
o™, Fig. 9y LM 2 AFe o] 10°Pa,
8159 gtdo] 200Paq] A$-2 AR ¢ HA
7} el 7179 A% contraction B|7} F7HEE
A% Jein ok ol AL Ydate] FY #HA
7t W NN ATR fFY S22 AR B
o oldte #FAFHI o]E A#d YAV T
3 Jh&E R RIAAGL olg YAE M
® 39y o 34 & 2E7kA 2asiA R
=)o] contraction B|7} Z7MEHE AR Mol O
A= a8 32X th E£8 Stokes T 4¥
B QA 27 F9 gFolER, Ay hEg 1
FAA7 2 ealw 2o ARe ¢g& di7|gh o8
9 o2 WA HA AW 279 YA
sl Stokes 45 =VbEA ®oh oA YA
9] contraction H| = ® &4 g}

4. # 2
X 4 PEE o8, 4% Navier-Stokes

WA g AR A AEFE ez Y4A
9] %% Lagrangian HEZ GO RN ¢

[ 1] 01 [5} 03 04 s [ 1] or os [2] 1.0
Particl batial radial distance, 1,/ R,

(a) Pyg = 1x 10° Pa, P, = 200 Pa

Y PP 1 2 . faaast . ) L
g0 ¢t 02 03 04 o3 08 OY 08 OF% 19
Particls initial radial distancs, 1 /R,

(b) Pyg = 1x 10* Pa, P, = 200 Pa

Fig. 9 Particle contraction ratio as a function of

particle initial radial distance.

A Ldd2g ¥ o U FHA
At o g& BEE Ik

(1) L3n2g By Fo xS A{EF
P Wy ¥ ¢Ho] F&5R v Yol
o},

(2) Stokes 7} ¢F 259 W, YA} ¥ A
A fYdd AR Adsy egjn s Ba X Y
Bel 24 o FFHoAe A%& ERAR
th
(3) Stokes =7} 2 2.501 4 4¥ A ¥ Y= P
o] 4 Ag JlzA2e AHR Uehnch

(4) L A28 FH & gHol ¥ A+ 4R
W el o & He A€ & ¢ AUCh

% 7|

2 d3e FAATAFAA =Y 2FA o] 7]
w=d 7ol o8 Aol YA AHSL



A7 cEvAR BN UAks) EEAYL U WA FY FAAH 4T 1247

ADE#

(1) Kinney, P.D., Bae, GN,, Pui, D.Y.H,, and Liu,
B.Y.H., 1996, "Particle Behavior in Vacuum
Systems," Journal of the Institute of Environmental
Science, Nov./Dec., pp. 40~45.

(2) Bae, G.N,, Kinney, P.D., Liu, B.Y.H.,.and Pui,
D.Y.H., 1998, "Investigation of Aecrosol Spatial
Distributions Downstream of a Critical Orifice at
Low Pressure,” Aerosol Science and Technology,
Vol. 28, No. 6, pp. 479488,

@3) HA, 1998, “AtAEA F198%E d=
& o|#% In-Situ Particle Monitor®] A %#4 4l
W ogr Ay AR =EN B, pp
894~899
(4) Liw, P., Ziemann, Paul J., Kittelson, David B.
and McMurry, Peter H.,, 1995, "Generating Particle
Beams of Controlled Dimensions and Divergence :
I. Theory of Particle Motion in Aerodynamic
Lenses and Nozzle Expansions,” Aerosol sclence
and Technology, Vol. 22, pp. 293~313.

(%) Liu, Peng, Ziemann, J., Kittelson, David B.,

and McMurry, Peter H., 1995, "Generating Particle
Beams of Controlied Dimensions and Divergence :
O. "Experimental Evaluation of Particle Motion in
Acrodynamic  Lenses and Nozzle Expansions,"
Aerosol science and Technology, Vol. 22, pp. 314—
324.

(6) Schreiner J, Voigt C., Mauersberger K,
McMurry P.,, and Ziemann P., 1998, "Aerodynamic
Lens System for Producing Particle Beams at
Stratospheric Pressures,” Aerosol Sclence and
Technology, Vol. 29, pp. 50~ 56.

(7) Patankar, S. V., 1980, Numerical Heat Transfer
and Fluid Flow, McGraw-Hill

(8) Serra, Reymond A. 1972, "Determination of
Internal Gas Flows by a Transient Numerical
Technique," AIAA Jouwrnal, Vol. 10, No. 5. pp.
603 ~611.

(9) Henderson, Charles B., 1976, "Drag Coefficients
of Spheres in Continuum and Rarefied Flows,"
AIAA Journal, Vol. 14, No. 6. pp. 707~708.

(10) Reist, Parker C., 1993, Aerosol Science and
Technology, 2nd Ed., McGraw-Hill



