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Fig.1-2 Capillary force.
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Fig.2-1 Flow chart of experimental setup.
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Fig.2-2 Details of test duct. .
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Table 2-1 Experimental conditions.

- {Coated plate (DC plate)
Uncoated plate
Stainless wire (d,=120gm)
Particle material Polystyrene latex (PSL)
Particle diameter d, [pm] 5.4, 3.3, 1.1

Average air velocity
as y u [m/s] : 0~200

Surface material

in test duct

20~25 (Air in test duct)

Relative humidit
lve humidity (%] 50~60 (Surrounding air)
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Fig.2-3 Number of particles remained on observed
area as a function of elapsed time after

exposure to airflow.
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Fig.2-4 Relationship between total removal

efficiency and average alr velocity.
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Fig.2-5 Total removal efficiency as a function of
eclapsed time after exposure of particles

to airflow.
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Fig.2-6 Relationship between total removal efficiency

of single particles and average air velocity.
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Fig.2-7 Relationship between total removal efficiency of

. aggregated particles and average air velocity.
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Fig.2-8 Deformation of aggregated particles.
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Fig.2-9 Particle reentrainment from a wire
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Fig.2-10 Relationship between total removal
efficiency of single particles on

a wire and average air velocity.

Fig.2-1 0 B W T RBHEAIAB O A (key: B EICE ., K
EAKREVWEFEE, RBUABCUEDIHRES I TMRBKXOEAL
ﬁk'ﬁ_‘kéﬁ.&‘.o TWwWa, KiK., BXARKMADIOnin) B L 60mnind



36

BErhBT oL, FRECHELEANTFOBACRL-3-2TRA
RELIIEC, FEABRHMOBEVK I TMBRLZTHhEILEHELR
EFABohhdorzolEeN LT, T4 —LoBHE&IC 3. 3m
BLUTLlmoBFLd, BEABMANL0ninA S 60ninic & 5 &
MBELEEFLLLHEMWMULU, 3.3mO N FREEI0On/s, 1.1gnd N
%Liﬁﬁlsom/szfc:ciz/\,zmﬁz%fﬁﬂn&brmé 5.4am
DN FILDWTHREOERIDTFHEH N D AR IR E % 60min
;U%ébnﬁ<7n@\7@muth4mﬂ&mﬂ%f&n
HEOLKBERETRLAYORNFARKTZ20TCEER wH LB
bhd, -, ARTERWCEIDEI I L ETER Do E
A, I I 7o vNTAIAEEHLECHE LTI AT, B
WMAETERBAA T A EN TORBUIPEIDS>OTRER VD EF
B A SN D, |
WFhICULA, Atk A4 Y —LiICfBFLERNTOIR
B LT, IARBEOEBEMNXRELBAbhhEDE., T4V —
AEHORMVWANEL T AHEBMICE TRERLTWBEDTH
5&EHFAB OB,

2-3-6 RBLAEEHEZEXEHEAONT ORI

[RAEODBRBLEEEAINTFORBCRETHELZARND
i, BEANVTZHBAT 2 LICL > THRBEICH D —E0H
BEX 2 MPARAECHETERE2TF >R, £, COELEBRTREHA
DHBAEFO>MK, ¥47 PRHICHE200n/s0 E W KK & B
WAL THFERBEE, EWHTRDBI T LRENE
PRORBRLTIDS ., BRAVTEHMMT 2 L0 &Y B
iﬁﬁ§%0ﬂbmwmi?£méﬁrmmmkm BL
Z, ZTHOLTCHS>OAERBREZBEA LV IToOMBEKCRLT
TOy PLEDS D HFig.2-11R"Y, COoOREZRELZ L, Wt h
DHEOHEEHDBEANVTONBERLE LD ICRBEKRI LR L
THBY, EHEHTEMBLL WE T To AWK AMSE EEED

?T



37

BHNERBKT B EHYD 5,

IOO key dp[pm] ~— T T T T T T
o |54 DC plate
80 g ?? ~ 0=200 mss 0
1 0
, o
E 60 """ o~ -
= 40+ -
20 4 —
O e/l 1 1 l 1 L ] 1 -

| 2 5 j0 2 5 100 2 3 1000

Number ot valve operations (open-close)

Fig.2-11 Effect of number of valve operations

on total removal efficiency.
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2HBEAE0HAICHFBREBLT, NFARUIMORIT BHEEAL N 2 RE
ES0YC BT L AWEE AL R Y, NT - FEE ML
Eg&FT 2 eicEy, NFoMRBEBHBICODOVTHRFLTH L,
B, 2-3-3TCRAELI K, FHLEINSOMF O RK T &,
MrHEDMELTT7 IV NVEREDCTI VPO D% HOE
BEOMBEFELIES L 2N, BEUKSOXICH T 2 6 LSRR
HBEIZBICIR, OB EXMAILHDOLIAL TP IYINERODT — &
EHWBCEKULE, B, REMRD LM BEHOHE RS, 4sn
E3.3pmD P F I DT ITF o =,

FY . NFICEFRATIHAEA L LTR TFTPRFLH o ®Hu, % H
Wbk, NEADORBRIFICHBLSHEERR DI RA LY KE D,

Fe=Cop-(md,?*/4)-(peu,?/2) (2-2)
ST, CodEBHARETHY ., MBREHEOL 4 ) X IWHRe(=

douo /v )0 OREELRE, AL BEBARNIKC L TEHH
BickT LA TE B,

Co= 24/Re Re=< 2 (2-3)
Cr=10/(Re)'”? 2< Re< 500 (2-4)
Ch=0.44 500= Re (2-5)

MFFOF o, X, ATRNAGICS T > HEED
MAZOEEHFRBRICODEHTCEZ2 0L L T, RBEMHESOIICH
IR EISRD D, HELHFAIROBY TH D,




WHERA (y°<5)

ut=y (2-86)
BB (5<y*<30)

u*=5.0-lny*—3.05 (2-7)
s (30<y")

u*=2.5-1ny*} 5.5 (2-8)

ST ULV Yy RBRENEARROEESIUUTEFE D S
OMRTEMTDHY ., ROLIDELERZNDHDTH 5,

{{

u*=u,/u* (2-9)
yr=u'y/v: (2-10)
T BMIETEECEEHRETCLERD LD 72[3&](,%9:356,.
u*=(f/2)'"7*-u (2-11)

TEEFREICOD W T EBlasivsdRZ A w5,

f=0.0791Re"'"" (2-12)

BB, Eq. Q-1 MBERICAVWEYLY P NRTRYIDZ
LMD, ¥V oL HHRAEENEL.,. TEREHERK
2k oz (Fig.2-12). ToOX%EZ R 2 L., Re=3X10"U ETERTF
~ SR (2-1DABANTETLEN, S0, THVIHHA
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Fig.2-12 friction factor as a function of

Reynolds number Re.
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Fig.2-62 5, ZJ7 VU NWVEREDS. 4ank 3. 3pmO KR FIiZTD>20 T
UseZRHB, LT, Bq. (2-11)Duk i W so% . Eq.(2-10)
Dy kd./2% B wvw T, Eq.(2 6)~Eq.(2-12)ic & ¥ u.,’éikls?)'\

-

CODu, % Eq.(2-2)~EBq. (2-5)IERATHZ LK YTF 2FHL
7= . _

RIS, MHFHTF. D W Tikvan der Waals HF. A ZREB T 5
DEFEALBNLDLZNOT, Bq. (I-1)ZHWTHRLE, . HKX
B, Hamaker® H AW Table 2-2 KR U 2% M . 5 MM
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Table 2-3 &, R FSOXIRE O W EH P I F,, van der Waalsh
K EB3MNBFBHNF. B IUVEQ.(I-13)TEHE BB ETND OHEFD
HERKBRZTR Y., CORM»S ., 5.44m3 L UT3.3m R F X £ h
ThtRTAMGENO2.28L 3.6 YT 2HERDELZT =
BICRBETH DM S

Table 2-2 Hamaker constants.-

Material A, A [J]
PMMA 6.3x10°2°
PSL 6.5x10"2°

PMMA-PSL 6.4x10°20

Table 2-3 Calculated aerodynamic drag
force and adhesive force.

d, [sm] 5.4 3.3
Uso Lm/s] 110 150
u, [m/s] 6.6 7.0

Fe  [N] 3.92X107° | 3.96x10°°
F.o [N] 1.80x10°7 | 1.10x10°7
oo [-] 0.022 0.036

12T RE LD, Vangle i, TR ECHFLENTF

WERFA»SOWERNEZT TIRBTI IO, oA T &k
B35 EB I E K (rotation) A XEMTDHY . T DF
HBq. (1-23)TC H5E X BN T WD,
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F*=0.8r./R (1-23)

T RNF-FEHRBoOBEMBIERLNFEEOLTSH 5r./R
Ry JEKREBKINIR T LI RROEOBBROEES LT
FHOMFTII N - Lo THREZHL, BHERBATE 5H
MR FICH L THERATEADN B (22 CHce.g.s. BiuK%
BwTwi3),

r./R=1[6n o /(cR)]'/? (2-13)
c=4/[3n (k,+ k.)] (2-14)
o=[oeto,]—[o.s] (2-15)

T kLK BITATAKTLREOBRRMEREREND
LOTHY, F7YVHEFYVYIECEIoTREEND, AW
RTCOMBELEBRICHWEPSL-7700LA0HBAKCDNTIRE
c=3.34Xx10"'"%yn/cm?& WH A B> hE, —FH ., REO MK
IANY KD WTRAMBMIE RS L I EBETH B M., —
WWICo=1~100erg/cn’O BB H>50T., ZOMTHET
=5,

DL DKL T, Egqs(1-23),(2-13)A B RkRDETF L AW RO
ERERPSHELEPZHEBLIH LT Tay b LED D %,
Fig.2-13K R ., BREEAPGAI TRV L L2 H A0 O H TR
DHEBTHIAN, APRTHSQALEFT'BZoHEBKICA>TSE Y,
BMFfoRBEIEEBEEH* S o2& UL TRI S ET %5Hangd E
FHNIKEILLBEELTWB LE XS,
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Fig.2-13 Dimensionless force parameter as

a function of particle diameter.
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valve
Pressure
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A Surface Air regulator
Compressor

Fig.3-1 Flow chart of experimental setup.
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(b) Metal nozzle (Nozzle B)

. Fig.3-2 Schematic diagrams of jet nozzles. . ___._
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HBEHTH B,

Fig.3-22 B 4 H» B3 &EHiC, 2 20 ) ANV EBARHESE
MARKELSRBRLRoTWSE, JXIWAOESE., /7 XIWVIKEYRAFEH
EFERKEEROBB P EEELH, RE5mmoPE2FE > T
MBEFT S LD, SARKNULT ) ANVBOBE SR RMEN
FTCAL—-—XICHH»PrhEHE., EX4.5mm0ERE2H > THE T
52 Lilhd, 2oy PRBHOEHBEOBETF2EFANS L
Wic, Brx A wETEALER 2T o~ ., Fig.3-31c ) XV A %
HBuwrBadodBtEAE(WHEEHE)ZRT. ThHidRe=2220
HObDTH BN, ) XIVEHABEONI B LTG0 DT hH
OBEL ., AHBKBLAL > T —ERKBEELTH 3 0 M4
MB, £, 0=30C0BARABRIIXHCEHERELEE, E &
NETMBIKEN>DTWEDN, 0=06000BFRrXHERICHERL £
#% . FiIoob I BYREALENN>Twd, JXIVBEHWEY
HPbHLIS>OLBBOEFIAIBEBRENE, EEL, BHBHER*%
5 B id Re= 10000~ 400008 ETH Y ., ®BHO Sz v hAH
ODRBEATRILODDLBEBIH L > T DI LHEALNDS,
K, JANVIKMABDEAP. L FORBICHEHT Iy MK
HoEKu, 0 F * Table 3-1 ;- T, ZOu;idRADDHHE
2NBHDTH D,

o> & ot

k ©

=
=

_ 100 Q _
W= (P, +100) A, (3-1)

v .= (ﬁl—)‘d(k-n (3_2)

STV BERERL., kB K, AR I VHERE, QB
JXNWNEALODA— A —EK2O2BLVTHMELEHETH 5.

Eq. (3-1) @ Q/A. B IKE ((3100kPa) BB o R GEXxKETH Y, ¥
sy PREASABRELCR> T, VXNV TOEROILS
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(a) 6 =30°

(b) 6 =60"°

Fig.3-3 Visualization of air jet from Nozzle A.
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B (PO TR A5 LB VDT, w;kEL (3-1)0 &
B TCHRHETEDZILICR D, Table 3-1% R 3L, J XIUB
ODBER VT HLhODP.KBWTHhu,BBEFEHICL>D>TWVWSI DI
LT, JXNVAOHBEREREARATDH200n/sUDHTHLR VAN,
Chixg ) XIWAFERCENRENREL RN BHEEZ LT
Wbt EHTH D, | |

Table 3-1 Relationship between air
pressure and jet velocity.

u; [m/s]

P [kPa] Nozzle A Nozzle B
100 124.3 338.9
150 159.8 339.6
200 171.1 333.6
250 184.1 320.1
300 188.3 324.8
350 190.5 325.7
400 194.9 324.5
450 196.5 326.1
500 200.0 316.2

3-1—-3 %H£BRBRFIE

T, RENEETH BV Y N (EET6nm, B X400
pm)D R LI TR 25, fHcEsNTKEPSL
o F (3.3, 2.0, 1.1, 0.55, 0.25p,m)% vk, MToOREH
ERB2EORBEROBEGLALCLT., 3VUVY Y7 b4V —
KEYPSLEMFoOMBREEMRBEL, EFRLULEEHIETF S 72
v aY RS A — kM T oL THKEF LR S, F L
THMNMERE AR "Anb 2 BY I eI TTFHTRERE &
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Fig.3-4 Distribution of total removal efficiency

at various air pressures.
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Fig.3-5 Photographs of wafer surface after cleaning.
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Fig.3-7 Relationship between total removal efficiency

and nozzletip-surface separation.
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Fig.3-8 Relationship between dynamic pressure of

alir jet and nozzletip-surface separation.
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Table 3-2 Experimental conditions.

Surface material Silicon wafer
Particle material Polystyrene latex (PSL)
Particle diameter d, [am] 3.3, 2.0, 1.1, 0.55, 0.25
Air pressure P. [kPa] 100~500

Distance betwee
rstan cLween . {mm] 6(Nozzle A), 3(Nozzle B)
surface and nozzle-tip

Jet impinging angle 6 [deg] 30

Duration of air jet te [s] 1.0
Jet inyerval t; [s] 3.0
Relative humidity %] 20~25
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Fig.3-12 Total removal efficiency as a function

of number of pulse jets (n=0~20).
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Fig.3-14 Change in removal efficiency by a pulse

jet with number of pulses.

FEICHNTFAFFTLTVWEES, NTEHLY OBFKD
HAELPOYBTCFTONBTHACRBBESANH 2 L Bbh
NRVZATzy PCE2THMBELUTULEDRNRNTLEWD OE.
HBFEAF Sy PEAEI I TFCERETHADIY DB AT 0D
b eEZOABOT, 1EBEOAANAY Yy P THREBEL
NEFAGFETIHACBALCINOA VAT 2y bEDH DI K
T THZ NN FRRBLAEVCE T TS L, LALEND ., &
Braxerkdic, Fig.3-14% B3¢, 2RO VAT v
FUBLMBREZ 2 THBY ., LA BERLASTERI T
wWaekahts, ok, 2EHEEBUBEONA VAT Y MR
SHTRBETH RN TFIFEONLAS 2y PERITERIC, B
S —~ERCEIOANAT 2y P EZTHAHERBKT 52 & 2
EREILLDborEdThY, B, NV AEBIKCRHKERS
BERCHATRBABI DT DI enD, TORERED

S & & W
A S T K

>,
<



65

EbUFREBAFR2BHTodhE, B R8T 65
BLVnIEIBRTVYHLELSDOTHE DI LEELDND, DE Y,
NNWVWATzy PCEoTRZIHAHNTFTOMBAGRIHERHLBRE
EEMAMTWVWBEEAD,
COBKDAENREEIR NT - RAMOMFINCHEAIALEL S
RELULTRANFEDYVOBRERAPXEANOMIC, LT PEXMN
KET2HEOEDDE X$TMOTA, BRABLITVEBELOR
BEhEFFABLHhZIN, ChLooRTECE2ETHHRBL TS
ffHEHONPHRERESRZ LI HEDLH 'Y, DEHY, T4
5ODEFANRNIMAT Yy LI TLEUBIRNFOMEREOE
KO FBLUITHEMATRES ATV IOTEL WA LB D
ho,

ST, ZOINNATELEORBEr N —EFTHDEEXD
L. REORBEr BAKLU r,)0SHEAOME LTARRT
5inh b,

re=r, | (l I‘u)ro—}— (1—> I'o)?‘r(,-}- A (1,_ ro)n—lr
=1- U (3-3)

Bq. (3-NEAXRODELIICLEH L., l-r. &Znic L TH S EE E
oy bULEDH DO EFiIg.3-15C R,

In(l}—r.)=n-1In(l—r,) (3-4)

Fig.3-15% B2 L. WTHORNBESLTCELENES T o Eq. (3-
YOMBEFIRILLTEY ., 2O EIMBINNVADOTRBKXM R
B, Yz PHFEZHFOMBLELTRD I EATEAE,
VAT xy PEHBERCLIDIUTPOBEBKE LA EZTE 5L § A 5,



1 -

— 0.1 =
: - | key |dp [um]|Py[kPa] : i
- L1085 0 4n tl\’\ “
- o} 1.1 O "~

A 0.55
0.01 g— 3 1 7 500 -53
0005 8 1 ] | 1 ] 1 1 1

3 4 5 6 7 8 9 10
Number of pulses [-]

(@
—
(V)

Fig.3-15 Relationship between l1-r, and number -

of pulses.
3 —3 -2 HNIFRBLBEEITRIVNATDzy bOER

NI ATzy bRES>TRFERBELIZESLCS T, N
VWAT 2y bOEDOEL ) BRREHELCIYRBIEIRESTHL TS
MDDV THRELE,

¥, roFto-De LT, KR TE AL D HNELdOR
R FORRFERCHEATIARAMNLBRE Y EZEY Oy PR D
M EF.2Y LFE.

Fa=(rd,2/4)-(pru;2/2) (3-5)
2T, Yy PR OTEE ) KKz y PAREMPAKILEY B

ME O EZREOERAKTHEED, FOEBICBARRTE LS
NLVirial KRB FER(EARE-_HETTCTEMEZHVWE,




67

Pv/R,T=11 B/v (3-6)
ChEUVHBVGODNDERD B LRRADED IR B,

v=RT{1+ (1-+ 4PB/RT)'72}/2P (3-7)
2T, B 2virialffA & TH B, LEN->T., T8 (EK:
N, 80%, 0, 20%: F¥H FH =28.8g/nol)dE 2 virialif
Ba:i AR FNEEQ. (3-THE WK OEBEPBEHTTE, ZTHh &Y
Srxyv PREOEKN ) ERDBD I EDNTEDL, LUTIKZFTODHEHE
HErdR RS,

EBED>TFoBovirialff BB i DWW TEHRAD L D B Pitzer
Curlo it R M H %,

BiiP(:i/RT(:i:F(O) (Tr)+ wiF(x)(Tr) (3—8)
2T, FOI(T ), T (T KR DEq. (3-9)8 & U Eq. (3-10)7T
2o h 5B ARET. (=T/TOORHBAATHY .. £, o: 1k
Bg. (3 1T HEEZNIRFLEETH 5,

FCO(T,)=0.1445—0.330/T1,-0.1385/T.*

—0.0121/T,? (3-9)

FOOY(T.)=0.0731 0.46/T,. 0.50/T.%- 0.097/T.°

~0.0073/T.° (3-10)

o;=— log(Pi*/Pei)rr=0.2—1.00 (3-11)
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Teii=(TeiTay) (3 12)
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J(vei Vv ) (3-13)
vi;=(e; | 0;)/2 (3-14)
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Table 3-3 Critical constants and acentric factors.

Compound | T. [K] |P. {atm]| v. [cm®/gmol]| o [-]
Nitrogen | 126.2 33.5 89.5 0.040
Oxygen 154.6 49.8 73.4 0.021

0 i 1 1 H
0 100 200 300 400 500

P, (gauge) [kP4]
Fig.3-16 Influence of air pressure on air density.

A0 xy P& L T3.3 ,2.0, 1.1, 0.55pm®d KL F » {¢
FLEYVINKXBDE2EBALEROINIVLAORBEr. 2. T O
ORI HLTTOY PLESBDERT., ML, OF —
BIOWTRZLFLEHLULTEOHEIAZD D L 2H ., BHEN
RBRBLFP. 0B TrAREEZHATVWDELELRIREVWVEL, Z0FKH
ELTR, FL.oH IS8 nwT ) VLMD HETY o NEKT I
BRTHET-HTH2EeHRELEY Yy PRI, EERICRE,
DEaNKHACHRT D ETCOMMICHEENIOAPBEEIANH 5 C

LT'/



70

100 T T T T T T g 7
80 © -
—. 60 F o -
X B |
lo} u] .
= 40 -
(o] A !
S 7 Key jdp [um]
20 F A 4 o 3.3
A 0 2.0
- o A 4 a1 11
0 o i ) i o 0.55
0 1x107  2x107  3x107  4x107
Fn [ N ]

Fig.3-17 Removal efficiency by a pulse jet r,

as a function of kinetic energy F..
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Table 3-4 Comparison between removal efficiency
by pulse air jet and that by air Jet
with gradual velocity increase.

Removal efficiency [¥%]
d, [sm] — ——
Pulse air jet Alir jet
1.1 33.17 17.8
0.55 25.2 9.1
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Table 3-5 Influence of nozzle configuration

on removal efficiency (P.,=500kPa_,

n=10).
Removal efficiency r. [%]
d, [sm]
Nozzle A Nozzle B
1.1 33.17 26.2
0.55 25.2 14.1
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Fig.3-18 Schematic diagrams of jet nozzles.




75

PAMOTRAEER LB LT, BHOR W ()0 ) XUd D
MR ZIAWD2QEEOHN 7y PLREERLIAIEL . BH o KN
DAKREVWEFIBREILAE, COLEO0BERBORDNE
NEOIISLSENFNYORCOEEOFEFEHICLE> TN E D d»IE
WHEMNTEHBOAN, WFhiCcLTH, JINLVOHRBHEHIICD W
TGi&éﬂﬁ@Eé@'ﬁ%%b‘%%f‘&é&b\ﬁZ&?b"%‘iéov
FE.(DDI)XINVERHVEER»S, JINVERBLDETFO
MBICHFICEEBLLEZ EXHDo i,
TOMOEERRHEL LTREBRANL IS VI NETORE
RAFTIALNHRE, SR, BEANT ZHEBRIBE
RELELHhE B AIABHZ LBV RBEICR>T WS
PONEFLWw, F2, KEREETRER I NVE-BLIUTER
NNV TOMAOTETCE N 2500kPall Lic EiFBa 2 M TER
Dok, ThdbnEBE2EHDEAETF T oA ECHIEHOE O
b ExrHOWAEZDBLIEENE ETFD522 L EBETH DB,

ORI AR Ty FERWERTDUDEEERO®SRE
CIHT B EORBBEILD VT THHN, UTICEELR2S O
<O EET DL,

n

(1) Yz PARBELLTHWOITRDHADRLEBRILLS &
2ol 2F LB sRENOFBIL '

() MBLEN TN R ~0BHFOHIES & T RIK
B F o =i

(3) ok ] o &6 i

(DICHEHE LT, APFROBARIIY T Ly -2 OEHBE
GAH - PV TRAYIT LY T4 E—-(GLE. 22, HH S
MERKO.SMm2) L BBEBANLNT 2@ EaKIC ) T BHEHEEH
TWwb A, CNC(Condensation Nucleus Counter)% Hjl T Z



76

OOy PAHORMNFREEMELEZEZ A5P,=400kPaT
0.44cn ™ * T Hhokt, TORTH 74 A —THiBxHLdhoiz
R ORI B2V T4 NVE-LUBEORTFATCRBELLED O
BODMPRBEILPTREODY, T4 VA -2HEICTB2LYHE
FThE, APRECSWTH Sy PABHE2RLECHDILT D
ZLAFETHDIEERERDIS,

Ric(QDKEBLTR, AMRTCRFBFRLETOLKLH L WD 2 &
PEHMELTHREEDLEDOT, HFiothhic &> TRBEL = K
FEBZELEY, RBEETFZENTZER LA E, LD
LA, COMBBEFEIBHEHLII»PCHFELFTRBEL 23 0T,
ChAEEBRT LB LRBRAMATS sy PICED®BHBIICEL > TR
T A RETH L, |

RICHICBELTEB, AR TCOHRBEBROBEICE Y x N E
JXNRWEEHEZL IR ET >N, KBIC—HKoOY =N %
T 2 bE )X NVETINLTAFy YEED8END
W, IR BE—HOY I NOhDERTT OO T BN
AEBELR>TLK 2, oM EEGRTLIERLELTRY
Ty NRWIKEIDENHEDIAUD LW Y 2 TCEBETABRICT S
CERDBBEAADZE, JXNOKTIMENOGMEAELT
INNVA2ADZT 72y PTHHFTELIHBEEMYP T L LTIk
NHBERTH D,



(5)

(2)

(3)

(4)

78

ERATCAACARLEEEH A SR E ., CHHT G IRK
LAWRTTHERBEL, BEoDhZ2ns oG ERELD
BELSHRT O, LEN->T., o MKE K% KEMNC
HEATAEH BN FARET B L 0 HMIEA WS = £ &
TELZEFHIBND,

s

e
{\\

Ke

vy MR EHEHOELAKBFIICDNT

IR VAo Yy PRBICEIZ2N FORBEIEAE 2 EHL
EBEBICEZY, ToZoMBFREICEKELALEEE 22
B un,

AW IC L DR T, MBICIHER WM
Ty P ZHEHFTIHMEIRELS, VAT vy
RomtH *HEY BEEIE0.25eme A U/ X WHRFTH 5L
BB TEBEEMED H B,

RVASzy bOBRYEBELICIZRB® G TR, 1 @IS
WA zy P> TRIZHTFOMB TSIV REZKICHY
HFBR<BERLBEETE?.,. COHAORBARICITH
KPR ERFIETENZDN, 1 NIRRT Lo RMKE R,
WMHE RN BEELLTRDDIZ LN TEHhE, N
vy PMHBRICLII T OBREETFNTE D |
Ty MCIIP2EXAEBICSB VTN FEZMRBEE S
Vv PR EBMBLUERMICEL BTN
"W ED2HRERIAREL, COFENKEDOE S
DHEHIBZH DTy M) ZLOHRBHEHEICE > T
NH, £, JAXNOHBHEBIECOD WTRHLELE D
DEBAMD > T VIO HHFEFEREN O,

x v M4

SRV ANY V3

fe oy GoXE

e

Sz

Y

B R OE >
= 9 HE & M
OIS N I N
ot ¢ U H T
oA
g &

R
Nk 0k




K WF R
= i,
i
2 # A
o i %
v M & YR

T .
W EE S fF R LB
5EBREFTFToEL., L T,
LTkBEHELEYS T

&

77

BEIMSORMFREKCEIRESEHERHT D

voar

/1

ShLF X2 B KT 5K

A —H Rk T & &6HICE U R
CORNTFORBREREMEBEN

Isa VA —-—H—-—RTFoERKE
BIStE 4 =i, EE )

XA HhZI7 P
BE T, RFRIEKCRET

TR - BERERICODOVWVTRFLE., LTI, & hE=a

)

RN B,

R LPFEMNEFRNFORBICDODNT

(1) #nd

(2)

(3)

(4)

Ay
T 554

BEHICHELEMNFAA-EHEORAFTIC LY IRK

RN o

RIS 2RFIE LA

S EHLME O FIREAK <

AN — 2 MPEEOERKIC

bh b,

T F AN ABKTH

54

T OB L RE

MEOFANFIRBCEET

— i,

BERBL T 13 B — B T
Lads, BMEoOKNTFH»5 R 5
TEHEXRNTFA AL ETAERLEMLILENRLT DL
B

— BT N T RIS

20,

RTLET, BDVEELE
ETHhdHN, AN -—-EILh

o RN TR
EEYT 28 hictsb 0L R

570U NERECHBEL T

SUbETORBMESIC L2
WENRE W,
KHENTRELP® T ., LA
BRETFTR., 0 % HR
NN

ETRBLTLED 2 LR

BH oMok CAKREOLBORNE R R T B
CHBLER TR, EHL

'C;Lsa.“#l”g

4
DMBEOLEALFKRE .

BEE LS PR L R R F I S



A

D

=3
"

~number of particles reentrained _ _

Nomenclature

Hamaker constant

cross section area of nozzle

second virial coefficient

drag coefficient

measure of mechanical properties of
particle-surface systen

fiber diameter

particle diameter

diameter of nozzle

adhesion force

capillary force

critical external force

adhesion force due to electrostatic
external force

aerodynamic drag force

image force

force caused by surface¢ tension
kinetic energy

forcé caused by capillary pressure
adhesion force due to van der Waals
dimensionless force parameter
friction factor

ratio of specific heats

mechanical constant of particle

mechanical constant of surface

distance between surface and nozzle-

ratio of particle diameter

the
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(J]
(m2]
(-]
[-]

[(N/m?]
[m]
[m]
[m]
(N]
[N]
[N]

effect [N].

force

tip

(N]
(N]
[N]
[§]
(8]
[N]
(vl
(-]
(-]
(-]
[m2/¥]
[m?2/N]
[m]
-1
(-1



No
N.

n(t)

B

initial number of particles
number of particles remained
number of pulse Jets

number concentration of particles
rcentrained

pressure

critical pressure

dynamic pressure of air jet

vapor pressure

air pressure at nozzle

volumetric flow rate

particle charge

universal gas constant

Reynolds number

radius of particle

radius of contact area

removal efficiency of by a pulse jets
total removal efficiency

absolute temperature

critical temperature

decay constant

reduced temperature

exposure time

duration of air jet

Jet interval

average air velocity in test duct
average air velocity in test duct at
removal efficiency of 50%

jJet velocity

approach air velocity to center of

~particle
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[m~*]
[Pa]
[Pa]
[Pa]
[Pa]
[Pa]
[m®/s]
[c]
[J/Kmole]
(]
[m]
(]
£%1]
[%]
(k]
[K]
(-1
[-]
[s]
[s]
[s]

[m/s]

[m/s]
[m/s]

{m/s]



min

PSS,

friction velocity

contact potential difference
volume

critical volume

width of observed area
distance from stagnation point
moler fraction

height from surface

separation distance

deformation

harf central angle of liquid bridge
critical pressure ratio
surface tention of liquid
contact angle

dielectric constant
permittivity of free spacc

jJet impinging angle

force angle

static coefficient of friction
kinematic viscosity of air

density of air
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[m/s]

[v]

(m?]
[m*/mole]
(m]

[m]

(-]

[m]

[m]

[-]
[deg]
[-]
[N/n]
[deg]
-1
[F/m]
[deg]
[deg]
[ ]
(m%/s]
[kg/n®]

adhesion energy per unit interface area [J/m?%]

position angle

acentric factor

subscripts

minimum

particle

_particle-surface system

[deg]
(-]



surface
compound i

compound ]
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