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Study on the Unsteady Contaminated Particle Transportation in the Flow
Field for the Super Clean Room '

M. D. Oh, H. K. Lim and G. N. Bae

Key Words: Clean Room (Za%, *A4l), Contaminated Particle(9.%39J=}), Recirculation
Zone (A 4= 3ko3 o), Transportation Length(Z 5} 2]), Nondimensionalized Recov-
ery Time (524 3] %4 2})

Abstract

Steady state turbulent airflow and unsteady characteristics of generation, transportation, and
recovery behavior of contaminate particles in the simplified 2 dimensional Vertical Laminar Flow
(VLF) type clean room was numerically simulated using the low Reynolds number k-£ turbulent
model. Characteristics of airflow in VLF type clean room are greatly affected by the recirculation
zone around working surface. The recirculation zone must be considered at the time of clean
room design because the recirculation zone whose area increases with increment of inlet velocity
exerts bad influence upon the performance of clean room in terms of particle contamination. The
location of maximum particle concentration changes from the location of particle source to the
recirculation zone, while averaged particle concentration is reduced exponentially with time.
Recovery time of clean room with spontaneous particle generation source is inversely propor-
tional to inlet velocity. We introudce nondimensionalized recovery time through the dimensional
aﬁalysis, which can indicates the general performance of clean room with design structure change.
It was identified that z is independent of inlet velocity and background concentration. Therefore
7 can be the simple factor to compare the different structure of clean room in terms of dynamic
response to contamination and becomes larger with better structure of clean room.
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Fig. 1 Schematic diagram of vertical larminar flow
(VLF) type clean room
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Fig. 3 (a) Distribution of stream lines in clean room

at V;»=05m/s. (b) Distribution of turbulent
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Table 2 Relation between the inlet velocity and the mean turbulent viscosity in upper region of working table

Inlet velocity (m/s) 0.2

0.3 0.4 0.5 0.6

Mean turbulent viscosity 8.553 %103

(kg/m-s)

1.634X 1072

1.636x107% | 2.561X107% | 2.939Xx1072

Table 3 Relation of the inlet velocity to the pressure difference between inlet and outlet

Inlet velocity (m/s) 0.2 0.3 0.4 0.5 0.6
Pressure difference(Pa) 0.14483 0.32139 0.56233 0.8686 1.2479
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Table 4 Relation between the inlet velocity and the
arrival time to steady state

0.2 03} 04
16.5) 22.5 1 14.0

6.5
17.5

0.6
15.5

Inlet velocity (m/s)

Arrival time (sec)

YAl LY 2E 44
A dch =g 2o £27
FUGES WSS e X““&EW

wte} 4] %‘uim oAl we g

7}D%!
ﬂlxu A%uc
A 7kstet,

4
=
N 3

22 B
oo
)
dz

o ap My
do b

rhe
o jm

wj A
29

to ot
3

o
B

e 2
N 2

A
=
=
2
L

oo

o o N of Hdob o)
o
X,
lo
feu

2
e 2
W,
2 B
-4
i

fo Hu in
N o
Jt
o 1 e
u{ru
2 o
_>z,
rr
Ho
O
a
bt
.,&
z
o
4

o ME o £ o o
Ho
A

My of L
N
o 2 H)’ it

k3

=
L
fo

o] &3t} dA4] 7& o] ol AEHAY
olF s, wEA AAA ASd LB
TS GASR ol AAS AF S el
=qislojol ot
4) & ATeld =9 F

Al 294 oW FAFe
ol AgEsHE B2 5 9
ol 245 24 gAA ] 4%
5 7= ¥ & Yk

o

L

£ 7

2 Qs HarleAolA AdY SAAFAY

i

F -l
Agsl Atad dfoided, WA st
AL A4S £¢ TP,

#3128

(1) Murakami, Kato and Suyama, 1986, “Study on Air
Velocity Distribution in Conventional Flow Type
Clean Room”, The 5th Proceedings of JACA, pp.
2i~32.

(2) Jinno, N., 1986, “Study of Airflow Pattern in Clean
Room for Manufacturing Semiconductors”, The
32nd Proceedings of IES, pp. 556 ~564.

(3) Kuehn, Liu and Shanmugavelu, 1987, “Numerical
Simulation of Flow Fields in Clean Room”, The 33rd
Proceedings of IES, pp. 298~303.

(4) olA¥, o]z, o143, 1986, “zaidlst 9l
AANY FFEAN B AF7, AErA
A, #1049, 63, pp. 852~860,

(5) &9E, o|FA, 1987, “EAFAMY YAA L
% 2 dF FEDC B AF7, 1987 27

23 53ey A dEas 283, pp. 47~54,

(6) Fujii and Hayakawa, 1985, “Theoretical Studies in
Particulate Behavior in Laminar Airflow Room”,
The 3l1st Particulate Behavior in Laminar Ariflow
Room”, 31st Proceedings of IES, pp. 70~73.

(7) Murakami, Kato and Suyama, 1987, “Experimen-
tal and Numerical Analysis of Flow Field and Diffu-
sion Field in Room with Obstacles”, The 6th Pro-
ceedings of JACA, pp. 165~187.

(8) Oh, M.D., Yang, H.C. and Lee, C.S,, 1988, “Numeri-
cal Simulation of Air Flow and Contaminati'on
Diffusion in a Clean Tunnel Type Clean Room”, The
7th Annal Mtg. of American Assosiation for Aerosol
Research, Chapel Hill, North Carolina, Oct. 10~13.

(9) Fujii and Boelman, 1987, “Space Clean-Up Charac-
teristics of a Conventional Airflow Clean Room?”,
The 33rd Proceedings of IES, pp. 331~336.

(10) Soichi, Nobuyuki, Hiroshi and Koji, 1986, “Study
on Clenaliness in Conventional Flow Clean Room
(No.2)”, The 5th Proceedings of JACA, pp. 5~8.

(11) Nobuyuki, Seichi, Hiroshi and Koji, 1987, “Study
on Cleanliness in Conventional Flow Clean Room
(No.3)”, The 6th Proceedings of JACA, pp. 205~ 208.

(12) Launder and Spalding, 1972, “Lectures in Mathe-
matical Models of Turbulence”, Academic Press.

(13) Jones and Launder, 1973, “The Calculation of
Low-Reynolds Number Phenomena with a Two
Eqgution Model of Turbulence”, Int. J. of Heat and

= A
=t



234 ZAEF JRFERHANY 299 viAL AA L B AT 339

Mass Transfer, 16, pp. 1119~1130.

(14) Patel, Rodi and Scheuerer, 1985, “Turbulence
Models for Near-Wall and Low Reynolds Number
Flow: A Review”, AIAA Journal, 23, pp. 1308~1319.

(15) Rodi, W., 1984, “Turbulence Models and their
Application in Hydraulics-a State of the Art
Review”, JAHR-Section.

(16) Patankar, S.V., 1980, “Numerical Heat Transfer

and Fluid Flow”, McGraw Hill.

(17) Oh, M.D,, Lim. HK and Lee. C.S., 1988, “Numeri-
cal Modeling of Air Flow and Contaminated Particle
Diffusion in Clean Room Environments with Internal
Heat Source”, Proceedings of Ist KSME-JSME
Theermal and Fluids Engineering Conference, Seoul,
Korea, Vol. 1, pp. 450~455.



