ISSN 1738-8716(Print)

ISSN 2287-8130(0Online)

Particle and Aerosol Research

Par. Aerosol Res. Vol. 21, No. 4: December 2025 pp. 105-119
http://dx.doi.org/10.11629/jpaar.2025.21.4.105

ngl-?.” . QIHEU . _Ic_>|_7|%‘._41) . 70}‘3_}()'2) . %pg_g_ﬂ*
VMt 7] A g e
VAR A F2E AR&ATEGFD QEAEEEAY

(T 2025¢ 39 149, 4 20259 89 18Y, AAEA 20259 129 8Y)

Development and Performance Evaluation of a Dilution
Device for Particle Concentration Measurement in Advanced
Electronics Manufacturing

Jiwoo Jung”, Jaeho Oh", Gihyeon Yu", Hani Kang?, Jungho Hwang""
!Department of Mechanical Engineering, Yonsei University, Seoul 03722, Korea
?Infra Quality Analysis Team, Global Manufacturing & Infra Technology, SAMSUNG ELECTRONICS
Co.Ltd., Pyveongtaek, 17786, Korea

(Received March 14 2025; Revised August 18 2025; Accepted December 8 2025)

Abstract

In advanced electronics manufacturing, including semiconductor and display production, generation of particles
during manufacturing process has been occured. Consequently, the monitoring of particle concentrations in pipelines
prior to air emission is essential for efficient particle removal. To accurately measure high particle concentrations,
dilution devices have been developed to control the particle concentrations to the detection range of measurement
instruments. In this study, the development of the dilution device was optimized via computational fluid dynamics
(CFD) simulations using both Eulerian and Lagrangian methods. The experiment results demonstrated that the dilution
device exhibited an error of 18% between the experimental and theoretical values at a maximum dilution ratio of
35 for nano-sized polystyrene latex particles. Additionally, the experiments with SiO. particles validated the dilution
efficiency of device, showing an error of 12% between the experimental and theoretical values. This study validated
the performance of the developed dilution device for accurately measuring high particle concentrations before the
removal of particles. The device demonstrates considerable potential for real-time particle monitoring, thereby enhancing

the operational stability, efficiency, and maintenance of particle removal systems.

Keywords: Aerosol, Nano particle, Dilution device, Dilution ratio, Electronics industry, Exhaust

* Corresponding author.
Tel : +82-2-2123-2821
E-mail : hwangjh@yonsei.ac.kr



106 3AS - 24T - 4718 - Z%te] - GA=

1. M2

—

S 9 fqAZE o] Adat F2 HAd AX A
oME tFet Az T8 F oY YR FAEER
SIS Huang et al., 2005). °]&et dAE= F2
71AE vtE Ei= 315 ghgo] sl /4= (Choi
et al., 2015a; Chang and Chang, 2006), &3] s}
s} 7|4 &ZHChemical Vapor Deposition, CVD)
4 2]ZKEtching, ETCH) F7ollA YA EAjo] Hilx
1! ItHAbreu et al., 1994; Hammond, 1991; Moriya
et al.,, 2005; Ito et al., 2008)

CVD 342 vtA ¥ fAZH o] AxoA L4H
9l gtk 22 7]%=Z(Forsyth and Liu, 2002; Kim
et al., 2023), A4A(precursor)®t ¥H-&714 719] &
Z4ukS(homogeneous reaction) ¥ O]EHRS
(heterogeneous reaction)a &-&sto] 7|@ HHI
Hhakg PAgoke WAlolth(Carlsson
2010). 22 o] oA G (nucleation), &3
4Kdiffusion) 59 HAE AA vl
A A&7 B (Okuyama et al., 1990). o]+= g
4o] A& AAA AF BEFES V7= F8
8R10 7 2-g67] wjige, FARE PR = Hi7] AA"
= &3 A& AlAsioF dk(Nagai, 2007).

SeA Az FHAE ohFet ATt AREEY
(Gilles and Loehr, 1994), 4o AFEE EX719
ghgo g BAREo] WAE 4 Slth(Lee and Hong.,
2022). °& E°l, CVD 34% Mk 34olA HH
4 #AGE 6 AHE AR o, 37 5 SiH
HzOA 7heEs 9HeE Bl Si0; YAE FAER

Y= (Choi et al., 2015b). o|AH AT t=Fe)
FAaE2 w7l A2"EE B APEHT, A
(scrubber), A7138%17] 59 A% ZAE o]&5tq A
A=t (Lieberman, 1996; Peng et al., 2025 ; Lee
2015: Oviroh et al., 2019; Kim et al.,

and Martin.,

(coagulation),

et al,
2010).

HEHE 9AY 542 34 f3° w2t g2A
yetdth Lu 5(Lu et al., 2023)2 373 ZHlolA &
Bt B 1%k o WL g3 AaHW A
olF 4& F=F Z74st7] s ETCH, CVD 343
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ZH e AT o)A woja g2 A FhA
AolE AWEHE o8l YA AF EEE FFsHqrh
ETCH 3% =9t 49 Burn-wet A3 ¥ ot
oAxE AF 594 AZF(Mass Meadian Diameter;
MMD) 140 nm, % ZF &x(Total Suspended
Particles; TSP) 18.3 mg/m>7} £3% 23, ETCH
37 Aue} JAE Plasma-wet AW FrlofA

£ MMD 270 nm, TSP 2.5 mg/m*7} &3=9loH
CVD 3% dwel A4H Thermal-wet A3 FHH &
ollAl= MMD 170 nm, TSP 42.8 mg/m37]- =45
Ack. T2tA, 38 SRS A3 SR T viE
He 9AY 27+ BEXEE 100 ~ 300 nme] F=F
Y 94 #= AT 2xdi F He AR A7
T ED, A3FY SRS 9] wet 25 ~
42.8 mg/m’2 % OO}J— Re= A 5= qick R
A wi7] F80lAE 378 FAREC] H YR F
A, ZAFo] g 1 9 o0 9 HUQlo] HI®
Stck(Baek et al., 2024; Li et al.,, 2021) ©]of we}
AT BUEY AAEE 58 A7) o fAEST
Zasit.

qAagg o] AR FHANAE thFet 315F Edo] A}
&g wet FAEo] WAt (Park et al., 2019).
f2AZH 0|9 Y EMAAE(Thin Film Transistor,
TFDE TEx g0 Sz, A7, ZEHAAE, 4
7k 59 oy FANA WSt 2ATA E AR =

AL, G, §71E SO HRER BRsle] AU A
% ZJ 22 %5} HelBrkWei et al., 2018). 918 &

AEE AFWE B9 AA=L,
%7] = —#%‘55\_% A2 (Regenerative Thermal
RTO)E &3l A=t Choi S5(Choi
and An, 2016) LED AX FHolA B4H 44 2

JIE 715k HR% dAE SAst 4519, A
AR} Aolek #7382 47 oF 500 ~ 2000 nm %
30 ~ 50 nm¥YE 5}t T AHE Ffutsto]
HE 1A 9 AT HAE ols fAESs F 534 ‘?J
] FEE 0.09 ~ 1.9 pg/m’ 2 =} E3,
< dagyo] oid, vieA &A1 A & e
AR ArGollA AMEEE YRS SF(Atomic Layer
Deposition, ALD) T3 600417t 94 &4 &

Oxidizer,
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Figure 1. Schematic of exhaust duct in semiconductor manufacturing facility

¢ - Alojo] A FAES ZAHs SEE
e AXJsto] ALD F7golA Yok FAES 24
St FAHEO] F 520g0] ZAHo] B®uH v Qlt}
(Lee et al., 2024).

I9 12 AzAduet dZ49 J& 7] fgeolth
Ut @ fgAE o] AR FAF0A wiEEE w717t
25 Aot {8 =4 7] AA"E AFESITHYeh
et al., 2024). 3T A|ARL thofgt vi7] o E4o]
23E 239t 7tAE AEs] Yo AF gn 3Ho|
238Y 59 14 APZAE AL, Az HH|9
Hi7] AA"] ZH dZEo] AHHr 74 AR AH|
oA wiEH Hi7|7tAE 12F A= o] #]l HE(Main
Duct)Z HA=HY, HF A FAE AX A A
st wiEdth. HE AR AAY FFRE= FY A
A2, AIEE, A7 "3 5ol Z}EHPeng et
al., 2025). ol={gt oA Hi7] AARE F5f f3 <
A9 7tAE afFoR JT 4 glow, AR T4
o] eHda &Y &9 S SEE 4 St

WA 34 viETolA doe AA f2 <F 500

m’/min® ¥ AF FFS Holi QU v Y

o

%2 5 ~ 15 m/s $&°]tHChein et al., 2005;
Shiu et al., 2003). E3t, o|g7 Hi&=e 71AE &
57| Yl AFEEE Burn-wet scrubber®] 79
2K= 700C o 7HA] ZHEEAR, F4 AqEY b
Y2t RAE A AL 27 YAEtHWang et
al., 2025). WEhA ATy o]$9 HiEEE 7hA9}
WA= A2, Y AdHolt(Tsai et al., 2004). ] =}
oA e Tt 2 YR DeEE 26,
=2 55 & 2 Adlete 7 27004 o5t
ok olgg 24 F =7l v W AR =S
At ASsHd Wi A-otF 5% AolE B9l ¥
A 2R AlFS d&skal Ao AAIZE X
BE&S B/ 4 QIoEE ol =T oty 4
I+ A GFA(AF Y )Y HFH A AAA
o7 £393517] Y5 Aotk Park et al., 2025).
e 52 gAY 55 54 90 == &
A, 14 A7 FAR Qs YA7F dF A=
232 Ae P-S(PE Pump, SE Scrubberg 9
e, A3 ST S-D(SE  Scrubber, DE
Main DuctE Ui =02 JA9] H=7F =4 U
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Figure 2. Schematic of a dilution device

epdch AgeE FooA9] =7t Hd 50 mg/m’
FE08 Ushal Qitt. ol A3EHY J8o| oF
90%2tal FZ o, AW HAdoAY ski= 108
4221 9F 500 mg/m’o.& ERItk. ESF o]t 7
I URY Ik YR SFoR Qs 7|E9] A8 AR
S A8 &85 L3 70 ofE AV EA
gict, 7|29 ZFHE A5 Al7to] Altjde® Ay |
B WAE /& 57| g vi7|# i FRoks Ui
7] PR FEE AAZIeZ ZHsh= Ao] oYt
wEba], AgEstal AAIZE tigo] 7kttt $4 7ol &
TH S A AR S e A S8 5
T AE 7ML JloH, dRACE Uk ARE 57
oF= AH]Ql Condensation particle counter (model
3775, TSI, USA)Q] Z%ol= 107 7H/cm®2] A}
4 =74 AR, 100 nm YA 71E 12 mg/m’S] HeF
e S HE A A4S ¢ = Uk g, 4EY
H JR9] =7 57 Y] FAXE Aol AE
IAE Bl 8 2US 2GsoF AARRE BUEF]
7hsstet.
£ dqe Ik 7 $A0A 71E 4 &4
o] A8 FAE sfactaA gt ol fls A8 o
A7 €83l 300 nm ©ofst Ui YAFe] AAJZE
7FssHA sk 314 AAE gtk AE
HE gk 34 A o Ao TE 34 e
A3 A 9sHComputational Fluid Dynamics, CFD)
Hlwsto] M FA& EEotal, AE FA4%A
9] 3|MulE AFH o R AFSI olE ol Tyt

0.

—~

= 242
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WA s "olA 34 52 e, A A
Aof| 2 g5 Aol Blwsk] Yol PSL(Polystyrene
Latex) Y79} Si0, YAFE ol 8sto] AL HPslsict.

2. 51 FE| M%: CFD A

2.1 3N HX| $HF
9 2L 314 Ax9 HerE HolEr) 343

L g7 sNTL] 2YE Qxt 2E 34 9z}
EY EY Hﬂﬂi A =oj9tt 29 19 S-D #j=
oA /;134% o2& 19 29 Aerosol Inleto
2 g Olﬂﬂ FF2, Quronr (L/min) ©1T 47
BEE G, (mg/m’) olth. FYE o2& 3|4
3719 2tEdh ol 34 F719 RS Quiion
(L/min) ole}. o]242 A8l = v 22 Ao7

Aot (Lipsky et al., 2004)

_ Qaerosol + lelul,ion

Qaeroso] (1)

314 3719t A oolZEe 2™ 29 Aerosol

outlet &l A& FHZE ¢, 9 52 SHH
web el ke Aoz ojd 4 gl
C
Al =1 A3 _ inlet
A B4 = S o)

wiop ooz &3} 814 F7]9] Bgol & olzolct
H@K= A0 FYA FAT AR A] Fol v
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Table 1. Three dilution ducts

|

®

w

Duct Size|mm]|
40mmx40mm 40(H) x40(W)x600(L)
80mmx §0mm S0(H)Yx80(W)x600(L)
100(D) x600(L)

100mm diameter

19 3 JARAI9ehE 9ls) AHEE 3D CAD &
9 ARE] g HojEth A 34F7]= 34
7] FYRE A=Y, B Aghs H|wsh] 9
3|47 FARE Aot YW AAE 4Y &
07 A olE Bl TS Fadlol= B

Ao A=At 314 A Wel FY== 3
A %l FFY oolzE FF2> 68 L/mind 2
L/mino|tt. 4 ZFX]9] A7A] F4dol uhet EEA]=

JN B 9 of o
ol
mi of

(@

U=1.05m/s

U=0.708 m/s U=0.177 m/s

S| F7] 9452 ZZ 0.708 m/s 0.177 m/s,
0.144 m/seltt. FYHE 4A == 1.05 m/s7t
=k

2.2 CFDAHAE: QUX} SE - S SpAF HEXA|
A sE=F Artetr] A8, 48 CFD 34 Z2
o] ANSYS FLUENT 2021 R1& ARE3}9it}. Eulerian

approach® ARESIloH, Xuiy4lE o2} Zoh
(V. v)o=DViC (3)
kTC
3mud,

£ & WEol|1, DE YA 4 Al4=o]W(Hinds
and Zhu, 2022) C= YA sEoltt. A% e
g F(Convection)dS UEIH, 2E%9] g2 3Hib
(Diffusion)¥<& Yehdeh. JR4o] 4t A4 PSLY
X}(300 nm 7]&)°] el 2.3x107 ' m?/s FHE 7HAE
A4S AMFAHHinds and Zhu, 2022). k= Ex4t
/4%4*(Boltzmann constant), T+= FA49] 2%, d,= 9
el AAolt}y, &= "Iy EAAS (Cunningham
correction coefficient)o]1, of#o] 2oz FHT

4> thHinds and Zhu, 2022).

d
C =1+ %[2.34+ 1.05exp(—0.397")] (5)
14

A= 3719 BHF A8 4 (mean free path)°]2l, latm,
293 K 9 w, 0.066 gmZ 7}At}

U=0.144 m/s

Figure 3. Geometry and mesh of dilution duct (a) 40mmx40mm duct; number of mesh is 147,317 (b) 80mmx80mm
duct; number of mesh is 550,373 (c) 100mm diameter duct; number of mesh is 839,823. Blue arrows
indicate the velocity inlet for dilution air, red arrows the velocity inlet for aerosol, and green arrows
the pressure outlet; all remaining surfaces are treated as no—slip walls.
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5\‘5 WE] 1 Navier-Stokes HPg4l3} o4}
< dfiAste] Foklet. A «]H’% ]
Pa—z 7} 4000 o1l EF

% 29 standard k-€ model & /\]-%‘3 A

outlet2 pressure-outlet= 8o}t 3444

9 HE ¥H2 o fgsiA= A

25ttt YAl tigiAE= perfect sink &7 (C=0)

A&kt RS FARAL E 200 2= o] QL
CRE Y 242 107S F85hnt

no-slip &4&

Lo o

Table 2. Boundary condition

Flow rate  Velocity

Case [Limin] [ms] Flow field Eulerian
Dilution air 68 1.05 V = Vit C=constan((‘0°)
Aerosol inlet 2 0.708 V= VT, C—constant(*1”)
40mmx40mm wall : ) ; c=0
outlet % 6£ =0
on In
Dilution air 68 1.05 V = Vinter C=constant(‘0")
Acrosol inlet 2 0.177 V=1, C=constant(‘1°)
80mmx80mm wall - - - c=0
outlet % ac =
an an
Dilution air 68 1.05 V = Vit C=constant(‘0")
Aerosol inlet 2 0.144 V=7 C—constant(‘17)
100mm diameter wall - ~ - c=0
outlet % E =
an on
= 0 H
2.3 CFDAHA: Xt HES YEA
o olz}o W o]x] 2RO A olg
T Ul AR AR A FAE siAsh] 98,

DS

Lagrangian methodS AF&35tth. DPM (Discrete

Phase Model)& AR&stgoH, Aufurg4lS oSt
Zrt
d_7,_F(~77)+;(pp—p) ©
dt P Py
18u
F =
d P,,d,%CL (7)

P, Vi ARl &, £, (V- V)& A w9}
3T, FE T o5 IR X(p, =ppy, = 1050
kg/m)elch. Qo] £EE 7@ Hol, AR AAE

de wAe B AT 4 Ut
n+l—s
wt=as [V = 0) ®)
n

e A7) 912 W, V& dRte] & g, nS

time step®|tt.

I9 4+ £ dFE 9T AR AF=E vE
W Aot} 34 g F7|17F F437] FURE 3
A0 FJEH 1/4 inch WAL Zt= B89} A4

shde. QR FeRE
3l 84471174 e

= 1/4 inch Y739 =8EE
Azt MES FY5H. 34

ol of

Exhaust

QAerosoI

QSampling EJ

-/ ®

QC}utlet

QDiluv:ion

Exhaust

Figure 4. Schematic diagram of the experimental setup
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A A4 Aol MEHE 94 SE 24 9% JAIA A5 47 111

719} 391 JAY 232 f6l =Y HFS vsEA
ARstgom 3AF7|e 0] FAE ARE =
A7) Qs PR SA R FEAR F9715 HA st
k. 34 e AEL IR E871Y K S
A7, BAE Yol FYEE 371 /EE WA
WA A2 SoA FAE YRE A AR S
FHE AZSIH oldl, AHEE T RFE Qurosars
Quitutions Deamptings  Doutier == 1% 5 o, 7
Z olo|2E Y /%, 34 37 3 7%, A A
571 A 7%, 183 W7|R HiEEe fEE2 9V
gk Hi7lEE fE2 oloRE Y f2 34 T
7] /7Y oA A A5 F) A= A9
sto] A 4= Atk

AR+ LAY7]Z atomizer (model 9302, TSI Inc, USA)
£ ARSI o™, YRt A feol EokA| FA fRFE
Z7kete] A¥A oA & 7Hedt Jd IAuE
7] Qs A R 4R EA F4 §991 2 L/min
oz 1Astgich. A% YA=EE PSL (240 nm)Ht SiO;
powder (300 nm, Sukgyung AT, Korea)E AME5FL
o} PSL A} B TAY719] Hd B2(4.21 mg/m)el
Al °F 0.50 mg/m’ 7HA 02 TAME HaAA 421, 371,
3.21, 2.71, 2.20 mg/m*& AT, A & 1.24
mg/m*E F71ete] F oA AL FAAT Eot
SiO; YARsEE= 1.84, 2.22, 3.00 mg/m’ 22 FA5H3
o} 314 A dAHsEE YA HAY7]01A] 2 L/mino &2
IAE AAE dilutorZ £71% &, AAAS7E 3o
At JA 4o AMEElE 71 clean air supply®
o] &sto] AE5F79 & AEZ AASH, s=H(High
Efficiency Particulate Air, HEPA) "EIE AZ 7jZLst
B719E A olYf F71= WEE /FZ 25}
dow FA4143, TSI, USAE 53 3k A3t
of gAu|of gh= 5] [EHB8 ~ 68 L/minyE 3ot
o} o=, 3NE ME 552 94 AS719 &9 103
L/min)# o1& o= HAE AR5 S, 344 ==
o dilutorg 72 A8} o] dilutors 3)4€
MES] 1Y 73S vent BRICE 3] -Hj&sto] 23}
FEE AAst, &4 alo] BRgt K HFH e
2 ZFotes AAEAY. 181 43 ASA, AS7]
o] neutralizer(Soft X-ray charger 4530, HCT,

Korea)g AZsto] Y= SIAX & ASsHlth A4t
A&712E Y 3719 YAt £4E& 98l, condensation
particle counter (model 3775, TSI, USA, CPC)&
AR&SEGITE CPCO A9 A 74§ S5te AU,
WA = SEAE PR F7], UE 5 IR 94
E40 wet A 5L ArEste] AF 5= 3715191
o S5 AY FEE vl A2 o3 Zoh
AFEE[g/em?] ©)
— ) < AAAH (', g
= 9& A4, p,= A9 dxolth

4. 21t A E9|

4.1 5M Hx| MY

3]41] 359 dfsiA YA F%F 2 L/mindt 34 F
7] %% 68 L/min °©] YER FUEH, 371X HEI]
@A w2t 34 F7] §455 0.708 m/s, 0.177
m/s, 0.144 m/sZ A3t

Velocity
1.50
1.35
1.20
1.05
0.90
0.75
0.60
0.45
0.30
0.15
0.00

[m/s]

Figure 5. Contours of velocity with change of dilution
duct (a) 40mmx40mm duct (b) 80mmx80mm
duct (c) 100mm diameter duct
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I 5% 37FA] 9E FAoA x-z HHo| HEk &
BxE &340 8 HaoZrh (a)= 40mm x40mm
duct H ¥ EX, (b)= 80mmx80mm duct W
& BEX (0)& 100mm diameter duct W #& £
HoZoh A7FA 4 2% 47 Y 452 2
H, 1.05 m/s& FY== A7 4 f&3 v
&0] JAZ A= £EE /AL Qlth FYEE
U7} FHOA ThFSE {4 BVt Holal YR} FYF
E Ad = AT 4452 & 5 AUk 40mmx40mm
ductE 1 m/s, 80mmx80mm duct®} 100mm
diameter duct= 0.15 m/s ZEUS AT 4= U
o ol= 9 #5% I4 f50] 4 o]F <HAH
27 fAERL & 5 Ao /5% 22 29
ARt FUR FHS Y, 37HA] Y 2R AR £
F FHAA 0] 0.1 m/s2 gt o] A=
40mmx40mm duct9] ¢ GHHo] 71 Zol A
Ao g wE 9E W {4(1 m/s)T} Hwsto] &
F82 FHY {439 Fo|7t 7MY & HoFH,
80mm x80mm duct®} 100mm diameter duct+ 3§
E Y 0.15 m/s 53 2 Aol7F gl & & Utk
a9 62 37H 9E 349 x-z ¥} aerosol
outlet?] & P7} YA|8t x-y HHO|A Eulerian 4
OoF A3 YA L ERXE HoEh oldf YA} 5
TE Oo2E F9 FEE U FAYS ° Bko
ot 39 69 (a)= 40mmx40mm duct®] T
gt Z3toltt. 40mmx40mm duct®] 34 37
f%0] 0.7 m/s FEE A7 34 F 7P wHE
ok olo] me}, 34 F7] fHo] YR 0¥ £
He A7 39 BFoR HAX Zota AriEe
2 f&o] 19l HEY R E FE g ARV &
9E Aoz JFH= AAE HoEt. 19 69
B (09 F$ 80mmx80mm duct?t 100mm
diameter duct® ©HE HojFErh. 80mm x80mm
duct®} 100mm diameter duct= 40mm x40mm
duct®th 48 A= =7 oW {&S 79 FYH
= YA Fdsks HFeE \A Hi £ 34 F7)
£ et FR 580 e, SY2E YA 35S
o&tt. 80mmx80mm ductErh %ol =3
100mm diameter duct= HE F& THo|A9] ¢

1B

T

i)

=
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Particle
concentration  {l}

0.30
. 0.27
1024
1021
0.18

‘ [0.15
\ 0.12
0.09

0.06
I 0.03
0.00

Figure 6. Numerical results of particle concentration
on Eulerian approach (a) 40mmx40mm
duct (b) 80mmx80mm duct (c) 100mm
diameter duct

A et wae 4 SUth

H 3= 9E S 4A SFR(AH" 6 PRA)7H 91
g oA PR Hitwk, REHEAS} AHEEH
ZHRelative Standard Deviation: RSD)E Ho<t}.
RSD&= B# X9t 2] Ato]9] Apol& HojFe= Ak
£, gE 3o d¥ HolA JRY] BTt FAdRAE
HojZ= ghog AREE RSD #ol 2245 4%
7V 12A AATE & £ Atk 4 £XEL o

2o 2oz A4E

Area-weighted Average Mass Concentration

1 1 n
IUZZ‘/IdAZEZIHAil (10)

i=1

Standard Deviation

n

E (@ —,)?
o= an

n



AT A% Aol MEHE 974 BE 282 9% 48R A% A7 113

Relative Standard Deviation (RSD)

RsD=-2"x100 (12)

Ty
e WE 40049 AF Hx, o= WIS oFE
CellAY % &, 2,= 29 B, nS & WY A

ojth. o] TEE JAL AA A f0] afHE
sgsto], Fkgro]l MA ool vAE F A
2 A&Ech

Table 3. Numerical results of average particle
concentration, standard deviation, and RSD in
a cross section at the back end of the dilution
device

40mmX40mm  80mmX80mm 100mm diameter

Average concentration

(kg/m®) 0.0293 0.0192 0.0195
Standard deviation 0.0409 0.0401 0.0388
RSD (%) 1.397 2.086 1.990

40mm x 40mm ‘?’_}‘?‘ioﬂ/ﬂ 349 I k=
0.0293 kg/m’2 =EHIL, ol tE AAE
o =2 @2 KR 7;1%% Aottt E3E, 40mm x
40mm T RSD 2 1.40%= o2 F2E| H|
o 7P @2 e ®Et} o] 59, 40mmx40mm
@Ho] OhE dHERT IR BEF Fdst JAe
Ao FEs Eeldh AT, £t st
A= SHE T A 2AHR(IY6 PA)E B =
FAR olFoHA "ot wEhA, AR SHFEIT Yot
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