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The objective of this numerical study of turbulence effects on behaviors of
airflow, temperature, humidity and particle in a clean room is to understand the
behavior of environment inside a clean room leading to the suitable environment for
manufacturing that employs a clean room. This will improve the product quality and
decrease the defected product. In this study, the computer program is developed on
Visual C++ and on the basis of the finite volume method. The SIMPLE algorithm
combined with the Rhie and Chow interpolation is used to avoid the decoupling
between the velocity field and the pressure field. For turbulemt flow, the low-
Reynolds-number linear k —g turbulence model of Launder and Sharma is employed.
The developed computer program is tested and validated by comparing the computed
results with the analytical solution, experimental data and acceptable numerical
solution of fundamental flow problems before analyzing the turbulence effects on the

behavior of environment in the clean room.
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Federal Standard 209E Airborne Particulate Cleanliness Classes (1992) t1agd105314 ISO/TC 209
14644-1 Airborne Particulate Cleanliness Classes (1999) A4318a108aNaAd 1UaA13199 2.1 tag

2.2

MTNN 2.1 WA 91U Federal Standard 209E Airborne Particulate Cleanliness Classes

Class Limits
0.1 um 0.2 um 0.3 Um 0.5 um 5 Um
Class name
Volume units Volume units Volume units Volume units Volume units
SI English m’ Ft m’ ft m’ ft m’ £ m’ ft
Ml 350 9.91 75.7 2.14 30.9 0.875 10.0 0.283
M1.5 1 1,240 35.0 265 7.50 106 3.00 353 1.00
M2 3,500 99.1 757 21.4 309 8.75 100 2.83
M2.5 10 12,400 350 2,650 75.0 1,060 30.0 353 10.0
M3 35,000 991 7,570 214 3,090 87.5 1,000 283
M3.5 100 - - 26,500 750 10,600 300 3,530 100
M4 - - 75,000 2,140 30,900 875 10,000 283
M4.5 1,000 - - - - - - 35,300 1,000 247 7.00
M5 - - - - - - 100,000 2,830 618 17.5
M5.5 10,000 - - - - - - 353,000 10,000 2,470 70.0
M6 - - - - - - 1,000,000 28,300 6,180 175
Mé6.5 100,000 - - - - - - 3,530,000 100,000 24,700 700
M7 - - - - - - 10,000,000 283,000 61,800 1,750




AN 2.2 10193 31U ISO/TC 209 14644-1 Airborne Particulate Cleanliness Classes

Concentration Limits (Particles/m3)

0.1 Um 0.2 um 0.3 Um 0.5 Um 1 Um 5 Um
ISO Class 1 10 2
ISO Class 2 100 24 10 4
ISO Class 3 1,000 237 102 35 8
ISO Class 4 10,000 2,370 1,020 352 83
ISO Class 5 100,000 23,700 10,200 3,520 832 29
ISO Class 6 1,000,000 237,000 102,000 35,200 8,320 293
ISO Class 7 352,000 83,200 2,930
ISO Class 8 3,520,000 832,000 29,300
ISO Class 9 35,200,000 8,320,000 293,000
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(3.23)

(3.24)
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(3.26)
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Set
u =u
Vi=v
w=w
o
h =
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8*=8
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¢'=c
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Step 1: Initialize all variables

U*,V*,W*,p*, h*,k*,s*,m*,c*

Step 2: Solve momentum equations

u v w
\

Step 3: Solve pressure correction equation

.

/

Step 4: Correct pressure and velocities

u,v,w,p

Step 5: Solve energy equation

h

/

Step 6: Solve turbulence kinetic energy equation

k
y

Step 7: Solve dissipation rate of turbulence Kinetic energy equation

€
y

Step 8: Solve water vapor mass fraction equation

m
y

Step 9: Solve particle concentration equation

c

Y

Step 10: Calculate fluid and flow properties

i Pik ke, Cpo Ky

No

3

1

=
N

A

Converge ?

k4
3.2 mytszgnd 199unonis SIMPLE Tumsudilyvinis Tna
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3.4.4 e lvveuuanuiudg
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3.5 IANANMINUAT (Block Off Technique)
matamsnuaigniihnIFlumssmualimvesdaunlina lingede P fidned
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3.6 AHANAIN 1A INNUAN (Momentum Source Technique)
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