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Abstract

Fuel cost reduction in the rubber sheets production of the rubber cooperation is
essential because the price trend of rubber wood is increasing. In the rubber sheet
smoking process, major of the hot gas has been drained out of the rubber smoke room
by an 8-inch-diameters tube. This is to avoid the excessive exposure of the rubber
sheets to the smoke, which in turn, darken the color of the rubber sheets. Improvement
of rubber smoke room by hot gas filtration and using all the hot gas is a way for the
rubber cooperation to reduce fuel cost. Rubber smoke room model 1994 has been
chosen for this study. Methodology for this investigation includes, 1) studying of
particle size distribution of smoke from rubber wood burning 2) designing and testing
of appropriate smoke particles collection device 3) studying of temperature distribution
in an empty rubber smoke room by the computational fluid dynamics (CFD) technique
4) Implementation of the rubber smoke room using the results of CFD studying and
installing the collection device 5) Testing of the rubber smoking process in the
modified room and comparing results with the unmodified room. Results from
experiment result show that particle size distribution of smoke from rubber wood
burning has average have mass median acrodynamic diameter (MMAD) of 0.95
micron and geometric standard deviation (GSD) of 2.51. The designed clectrostatic
precipitator (ESP) has efficiency about 80% it decreases according to collecting time.

Study the temperature distribution in the rubber smoke room show that adding a buffer
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room on top of the roof and increasing number of ventilating lid can be used to let all
the hot gas flow in the smoke room. The result shows the color of the rubber sheets
produced in a room equipped with ESP is clearly improved. The rubber wood
consumption is reduced by 31.5% for the modified room while the smoking; time
consumption is reduced by 7.0% while keeping the product quality unaltered.
Presently, using the modified room without ESP result in a satisfied quality of the
product in which the color is slightly darker than the unmodified room and it is
recommended for rubber cooperatives. In the future, if color of the rubber sheet is

more critical, ESP may be an interesting tool for smoke particles reduction.

(6)




oy =Y
nnanssulszme

o

L ] A ¢ A § ¢ oA o

HUAURURUNTERM FA.AT ATV Hlaana welwlsed ASTed uas

a A £ o o e o w
A3, 3905 Hwana Fuiludsenunssumsndinywozanenssunisaugay

ci 3o o o ~ r'd 13 =5 Y =
Al suzidr lumstiInednus sy laenisassgsuuazud lunisey

ar

a A s a a ¢ & o ﬁ R A
ANYIHHUST IUIMNUTUAUTRUBUEUTMA UL UIITA l']ﬂ']ﬂﬂ qjﬂ‘ﬂﬂl]wﬁgﬂm

Q

Het.as.Useny gymavt Hldduuziuas Wanueywasisiiuniesdioluas

0 A a o v 2 ) 9t 3/ ~ a =N P
NTINITUNUTD T7U lﬂﬂ\? 1@%?8@13')@?"@1]“@3“1‘] l‘Uﬂ']ﬁ'LeUUu']TlU'iuwuﬁ

]
i )

] Ve a & 9} A
ypuouNsTAM se.as.idan gae Alddwusirlunisidenldauiuveunios
anagnowid IWihaia s lddsldgreasnasunazud lumsdondneniinug
yavounszqn sa.dma Usziiddegs fldsreasrraevuazud lunsdeu
Ineniinus VBUDUNTUR Y Professor Dr. Yoshio Otani 91 Kanazawa University
szmadis]u uay weas.gnsut frzaivdna Aldswusiuazfanueyaneyd
= A IS 0o _A ~ o I'4 d aw -
dumTosiialunisiiinariinus veveunssgu o191sdiemend Suns @

o

~ o - a = e 4 q 4 -4 ]
HALINAG 81UV 5.5 YT 1Ar218Na naidy Adant uazviuduy Fe'lild

] g o 1 = Iy = o o r:?o = 19 '
ﬂﬁ'l')u'lll‘ﬂcl'ﬁ'ﬂTIiJ‘]J"Jﬂ!“r"iﬁ'f]‘i]u')ﬂﬂ'!uwuﬁﬂﬂﬂuﬁ'lﬁﬂﬁﬂ 1151 mﬂ%ﬂﬂﬂﬂlﬂ'}\iﬁﬁﬂﬁﬂl

ABIUALATIZYMIThaIues thunuesth $1fa avnTelnesnuans1zH i

t o w td ° LY
g Thuye I $10a uasannseinesuaunsizimsiaines hufouu

1
s ~

o i of Ao a
$1ie fildnnueyanigddoruilunisiiudeyaite veveugunianinis

o

IFINTTUATOING ABLIAINTIUAENT VW IINO1A0AVAIUATUNS tazduinaty

ar e Ay vq as Y = g 3/ lﬂy
neaUaduayun1siIde nldldlemauazaiuayutuyuide Megail

] ] o o o W 9 o o
YBVDUWILAUANND fauiuazveugauney o Miluidilalrnuduss

%5 mana

(D




ey J L] =) =Y 48
HAITHANVWIHULUWIDININENHWHEY

Wachara Kalasee, Surajit Tekasakul, Piroj Kirirat and Perapong Tekasakul. 2003.

“Particle Size Distribution of Smoke from Rubberwood Burning”, The 1" PSU
Symposium on Graduate Research, March 12, 2003., Songkhla, Thailand.

Wachara Kalasee, Yuttapoom Pongpariyawatee, Wachirapan Tantaprapa, Suthirat

Suwanjarat, Pairoj Kirirat and Perapong Tekasakul. 2003. “Fuel Efficiency

Enhancement in The Rubber Smoking Process of The Rubber Cooperatives” The 17"

Conference on Mechanical Engineering Network of Thailand, October 15-17, 2003.,

Prachinburi, Thailand.
Wachara Kalasee, Surajit Tekasakul, Yoshio Otani and Perapong Tekasakul.

2003,  “Characteristics _of  Soot  Particles  Produced  from __ Rubberwood

Combustion”, The 2™ Asian Particle Technology Symposium (APT 2003),
Volume II, December 17-19, 2003., Penang, Malaysia.

Wachara Kalasee, Surajit Tekasakul, Piroj Kirirat and Perapong Tekasakul.

2004. “Improvement of Rubber Smoking Room for Rubber Cooperative in Southern
Thailand”, The 2™ PSU Symposium on Graduate Research, March 12, 2004.,

Songkhla, Thailand.

o = . o
Hyznad Haana, 293 Mand uag g5ias Nadna. 2547. “pisyUulganis

L4 4 g =
Inaluteesuersvesavnssinesuaiuerasuil 2537 ieaamsldseimas”,

= = = or P=N o
UD. 1¥INT, 14-21 F9NIAN 2547 U 1INGTRYAIVATUATUNT, D391, ‘l_l‘iﬁmﬁtl‘i’lﬂ.

®)




ATVIRY

1
1UNAAED (3)
Abstract (5)
ananssulsEne (7
= -y s ] o = o’dy
HATUANUHILWT 910NN UNU T (8)
215U €)
F1UNTTATT 1S (15)
s18n13Ansneu (19)
fdounsdayanyal (30)
YN
1 umi 1
¢ 9 :f'i
1.1 ymiiees 1
1.2 flywveseymaminiy 3
1.3 Yavewdadoula nadviossu 4
1.4 Yoy lumsandasaurusuaiuveslsenalng 4
1.5 AUUAITHARO 1Y TUAIY 5
=y g _— = [
1.5.1 YSinamsdemas W uazszazna lumssaasesuain - 5
1.5.2 5amezaaminvessrasusun duiinga 1a 6
o A 4 y 9
1.5.3 wwa Tdumsinduyesm I uem 6
as 'd
1.6 Jogilyzean vi
1.7 UPLHANUDINITINE 7
1.8 UszTominaaineg 1851 8
2 NGHY 9
2.1 AFTUIT UM TTUSTILHY 9
2.2 HoasuAu 10
b4
2.3 MU TMHUTURIY 12

)




MY (M19)

2.4 9YMAYIAIY
2.5 MIANTUBYAN
2.5.1 M3nT.d (Filtration)
2.5.2 mIanaznouFe IWfhate (Electrostatic precipitation)
2.6 mMsfnyr s Iumansznguugiiveaunaiounely
Hesruala TnglddimsfunauFimamansvediva
2.6.1 ﬁums@'imﬁm (Continuity Equation)
2.6.2 aumsudes-aland (Navier-Stokes Equations)
2.6.3 AUMINAIU (Energy Equation)
2.6.4 aumy W lud 1agu (Finite Volume Equations)
2.7 unagil
3 MINTTAWUUINYBIBUYN ALY TY
3.1 galnsal lumsdnm
3.2 SuaeUMINAABY
3.3 HANIANHINITNIZIEVUIAYDIBYNIAUIINTY
3.4 navesntuduFarauas el iluiiide
YNNI
3.5 unasyl
4 MIANILBYAIN
4.1 THMIANIUOUNIA
4.1.1 m3lgmaheauniad (mesh #200)
4.12 m3linSosanaznowd lWfhada

¥
42 TURBUNMSNATDY

13
15
18
21

28
30
30
31
32
34
35
35
37
42

44
46
47
47
47
49
51

(10)




a5y (D)

4.2.1 dauveanmsmanuduiuirznieanddndilowda
AusanueneindyAogil
4.2.2 dauveamImanuduiuisendnmanuandndileudh
fuanszue Iihlalsun
423 dauveamsmsnadenlsyAninmvsuniennaznon
Falvhata
4.3 unagy
5 m3fauu [umsasznegungineludessunlaiedimsdn
Wenarnaasveslua
5.1 gilnsaif ddnun
5.2 daumriamanszngaungiusunaiounieluiossuala

U1l 2537
] o b ¢ aﬂ' 9/
5.3 thumssaestessulaniiefnyuui Wumsnszne
~ o o
gamgiivewndiou
5.3.1 TwazPvaveseesddi I lumsinr Ty
nMsnIzegaMgiivewiasou
E
5.3.2 TUABUNISANYI
5.4 grumsassaniumssiin Idumsnsznsguvgives
uhafouvewnadounieluiessunla
1 ar o (74 ]
5.5 daumsiamsnszngungivesufadounieluiessunla
nasnnmalsualya
) Y 1
5.6 Wansnsznogrgiivewnaisumeluiesuenniou
wagnaansTnlya

5.7 unaql

51

53

55
63

64
64

64

68

69
70

73

75

77

78

(11)




15118y (12)

wih
6 m3lfulgeRessuerumemnagoy 79
6.1 myilfnlgartossuens 79
6.2 msnagenlFananis iy i 82
6.2.1 Hoasuit Wildmmediudys 82
6.2.2 Hoesufimhmal$ulys 85
63 my3visainaii ldeinRessunounazndimayiuilys 87
6.4 mnfpufeuSinsuasgominvessiarisuauil ldein
ms19uas Wil esnnazneuds Infhaialutessu
ffurgafudosumunidy 91
6.5 MINATILHTUATUAAT 94
6.6 unayil 97
7 unagl 99
7.1 ﬁnmmsﬂizmﬂﬂmaumﬂwzhﬂ"i’uﬁ‘lé{mnﬂmW1‘lwﬁ’;5§mwﬁa
1aws 99
7.2 MIANHN Lﬁammz'nﬂﬁﬂnﬁaﬁﬂ%’ueummmﬂmi’mﬁa‘l%’qm
luvteasy 100
7.2.1 pranaaou lagldiin19nses (Filtation) 100
72.2 msnageuTnslfinTosanazneude lWiheda Blectrostatic
precipitator) 101
7.3 myanmuur IWumsasznegunghvewnadeunaly
Hossulah TasldismsdnnaFawamansveslua 101
7.4 mydlSuilgedecsuy 102
7.5 MINANDUTUINIIT 103
7.6 unailsau 104

(12)




AN (Ad)

Wi
7.7 Vorerupnuz 105
UFTAUYNTY 106
MANLIN N HAMTANEINITNIZIWUUIAYBIBYNIALYLIATI
wazsaua Ifufvmsnasou 114
MARLIN U HAMETNATEUMANIARANGS HRUTUmATLAang
naopiivewndouilasIifusegs 141
MARWIN A samsnadeinlsz@niamuouniemnnzneudeWfhade
Tae 1% Andersen air sampler ' 143
NARUIN 9 Hams“ﬂﬂﬁﬂ'uﬂszf?ﬂ%'mwma\im?mﬂﬂm:;ﬂam%q‘lﬂﬁmﬁﬁ
Tag 14 Filter holder 162
MARUIn 3 wamsnszigunginielutessunlaneumsdiuilg 167
mAnuan a duneumsldauTdsunsy FLOVENT 176
MANUIN ¥ fi%’mmazafumﬂumsmiﬁnmumiﬁumsﬂszmﬂqmﬂQﬁ
yoaufafoumaluiessunlar dredtmsdulsudnamand
yo4lvaTisunsy FLOVENT 191
maemn @ saodeuuediiunwdad i 198
MARUIA o mamsnsyegamgivewdadoumslutessunuldiion
gazndsmslSuilgemnmsanmdeitmsdunaudamans
404 va 111Ny FLOVENT 200
maAnuIn g wanmsnsznegamgiinteludessunlamasmsilsnlg 213
AN g wamsnsznegumgineluiessuewnounstiuls 21
MANLIN g wamsnsyoegavgineluiessueamdaimaliuil 228
maruan g Jlaaznnavsaniswnaznowds lnthada 244
MARUIN N NURUIIATUTINResuAoutayHaInInThms Sl 249

(13)




@158y (¢18)

Hi

MaRun @ jdtazanavesiesurwisunylSullys 255
MauIn o ailsuEzvnavestessurardams il 264
271

sz iadide

(14)




FEUNTIMNTN

31 HWin
2.1 MasadumasinsIn iy 12
2.2 ‘i’faﬁ!.mz%'aLﬁﬂmmm?mﬁ'ﬂ%’nﬂumﬂwﬁﬂmqq 16
3.1 HANSANYINITNTZIBYUINVBID YN IALIATY 44
3.2 namsanmaududuFanaitaemanui iy 45

4.1 waminageutlss@ninmmsdniuveuniewmnanoudeihedn 57
6.1 USuams ¥ ldrunazSinaeweviessudiedunoumsdiuilg
Tuszrhadeuiigueu B9 woaSnou 2547 (Huan) 83
6.2 USnams1Fldvuaz Fnaesrestessudadatounsislge
Tusgnhudoungaimeu 2547 i unsinw 2548 (lailikuan) 84
6.3 WSinams ¢ Il unazaSumsveaiessudiedandsnn
msyUSulgluszuhaudeudiguisu De ngadnenu 2547 (Huan) 85
6.4 USinams 15l uuazalSunasavestessudedandannmsilurgs
lusgrhaufeungaSmey 2547 ta unsiau 2548 (laididuan) 86

6.5 aunulumsifulzatessudede (nsdilild19inTemnaznou

e Tdhade) 95
6.6 Aunulumslfulgedossudertes (nsdi lfinsesnnasneu

134 I#hata) 95
6.7 yaduulumsrliudyatessuna 7 Hes (damssdn s00 el o7

M1 HanIsAnEINIINIZIRIUIReYMIAveuvIa iUl v nmsm lul

8 1
yaaiu 1T asad 1 115
= v v Ay 9 w oo
HA.2 HANTANEINITNIZVITUUIRDUNINUBUVUIATURA 1ADINN15IM 11

_ 24
o e asan 2 118

A3 HAMSANEIMINTENevIaaynaueavin Tuh Idenmw Tusd

D 1
vaaru'lonavs asan 3 121

(15)




J
FEMINTN (D)

. Y
A15199 Wi
ar L v -ﬂ’.’ W v o o 3 -
w4 fredmanuruvediy [fnansfimsnageu ass 3 124
MA.5 HaMsANEIMINTENBIUIAeY MYl U I nnisw Tnd
¥ r
vaaduIdeans afed 4 125
@ 4 £ Ao 34
w6 Aasnaanuauvresiu lfoemriinmanaaey aded 4 128
Mn.7 wamsanyIMInTzNevinasymavesushaiui ldonnism lnd
¥ g
yaafulfienanist i 5 129
o t [l df y e A o q’: pu|
H1.8 faedea1a U s fiiinsnagey afed 5 132

HN.9 HamsANEIMIATENenInasymavsauiin i Idonmsen Tnd

n &
veafudmens aied 6 133
ar ] ) l—'ﬁ’ { -] 3 {
#.10 Aresneaanuduvesiy lfoemnfinmsnadou afeh 6 136
HN.11 HamsAnEIMsnIzevnaeymnussiin i ldvinasm lusf
¥y
vosu Idoamis adan 7 137
ar ] 1 d? I & o o’: Pr|
1012 A nuduaesiu lsemnndmsnageu afdn 7 140
tv.1 mamsanmsiAanszua Wi Inlsundianudeindaeg 142
kY o 3 ¥
AR ﬂ1%3'111ﬁ'ﬂmmﬂumﬂwmmuimmazw (mavua) asan 1 (1) 144
o L ]
an.2 AniwmiinveseynnihaTuluusazdu (nsdignaniudisnes
3 ¥
anaznowd IWihada) s 1 (O 145
HA.3 Hamsnageulssaninmvaunsewnnasnatds Wfhade
Ed ]
ATIn 1 (D) 146
L P e - 24
pifl.4 mumuﬂ‘umaumﬁmjmmu“luuﬁas‘uu (Navua) ATaN 1 (2) 147

3 3 1
ma.5 anhiminveseynamiiniulundazdu (nsdigndndudlenes
¥
AnAzNRUTY IWThada) afad 1 Q) 148
oo d-'l = =y
HA.6 HamInageavlszaninmusunisinnazneuds IWfheatn

o v
A397 1 (2) 149

(16)




SUMNITN (D)

ai 9
M519N i
r ¥ o _ - S 4 .
we.7 Anlmvdnveseymiarina iy luudazdu (lanue) avan 2 (1) 150
L] ) 14 ]
nA.8 Andminveseynnmiiadululdazdu (nsdlgndnfumianios
¥ [
anaznow@a ihata) afefi 2 ) 151
HA.9 HanTnaasulszanTnmusunsosanaznawde Idihade
b1 N
a¥ah 2 (1) 152
y T . P w . 3 2 A
HR.10 Aniinvoseynaina i luuaazdu (M) AN 2 (2) 153
3 o ¥
wA. 11 snhwinveseymaminiuluudazdu (nsdignandudiomio
8 ¥
anaznauda Iifhate) aseh 2 ) 154
w12 pamIsnaaeulszansnmreunsosanaznewd i ada
¥ 1
A5 2 (2) 155
N s L2 2 2 4
wA. 13 Al minveseymawinn iy luuaaz s (avue) A5 3 (1) 156
¥ ¥ §
wA. 14 anininvessymamhniulusdazdu (nsdignandudiemios
Y 1
anaznowFe 1T adn) asai 3 () 157
.15 HanmsnaaeulssanimuasaunisiananznouFs Iivhane
y ]
ATIN 3 (1) 158
P d | s S A
wA.16 Andminveseymamin Ty lumdaz s (anua) agen 3 2) 159

) - ]
wA.17 Anhminveseoyninadinduluudasdu (nsdignaniudanmies
& 1
anaznaud IWihadn) aded 3 2) 160
Y t'.,l o Y =
#n.18 wamsnadeuilizaninmusuniennaznewds lwihata
L
ATIN 3 (2) 161
oA A S a A 3
1a.1 wallseAnaMveunIeInnaznode Infataivawateie
]
A5IN 1 163
1a.2 UTinaeynnveuiinniu FgndndudienTesanaznoud luih

] 5 r
ADANTIVIAWIG AT 1 164

(17)




T
TENTATIE (M)

= 3
MINaN TN

#4.3 HalszaninmusunTesnnasneude Idfhatafigrwanigg

afait 2 165
w4 USinaeynnveashnu degndniudaoniesmnagaewdslnih

afafigIamee A%t 2 166
wo.1 guvgiineludessualaineumsilsuilye A%aft 1 168
me.2 guugineludessunldineumsd§uly A%af 2 170
#9.3 guugimeludessualdneumst§uly Asef 3 172
r9.4 gaungimeluessunldneumsdiuly A¥aft 4 174
Y. 1 VHIALAZAIUHUSUDIT LA 9 YBIH BT 194
M. 2§17 grid AWM  vearToasy 194
s 1 shasfeuvedlftumudad iy 199
iy, 1 gagfimehitesrunldmdamalfulge e 1 214
ney.2 gaingiinie ludessunlamdansdfulg A%t 2 217
pey.3 gamgiineluvessulamdamsd ol A%t 3 219
ng.1 gaingiineludessusneunisiliinlg adeft 1 222
ng).2 guugiimeludessusaneunisiliuly a%aft 2 224
193 gangiimeludessueneunsdsulye adait 3 226
rg).1 gangiimeludessuganaamsyiuilye Adaft 1 229
wg).2 gaurglimeludessugeandemslilse At 2 232
ng).3 gaingiineludessugandemsyilse aeft 3 235
ng).4 gamgiimeludessugandinsdiuyye adedt 4 239
pion.1 szozmisileviedaufiadorunig 4 i Ao

. Aumsdeaen (710 mot. 6) luszndemsmadeusueng

ludessunmdsnnmtiuly 270

(18)




smsmnszneu

amalszneui i
1.1 upuiamsyuvestesuesvotannsainoauaesgull 2537 3
1.2 unuiemsiauvessyuudnaufeunndessuguil 2537 3
2.1 dnyoosuesussannsainouaIuedl 2537 11
2.2 destdesunadounazddessrinoufadoumeluiossuendd 2537 11

2.3 Msageddesunadeutazddesssunounadeunielutossue

1 2538 12
2.4 msﬁ'ﬂ%'vmgmmmuﬁﬁ’ﬂf?u (interception) 19
2.5 MIFNTUOYMAULUMINTZNUA LI UADY (inertial impaction) 20
2.6 MIANTUBYMAUVUMITUNT (diffusion) 20
2.7 ndnmsiaveunsswnasnowdeliiada 22

2.8 AnvaIBUnTownaznoud IMThadauuuduaiauazils
NIINTTUBN (wire-cylinder) 24

2.9 urufsmavhnuvsessusnvesanasainesyUaILeN

fazl$unlys 29
2.10 wadnanudmsy i ludTagu 1 1A 33
3.1 #eM1INTLIeUBUHIABUe 15 lauinuod Andersen air sampler 36
3.2 uHUMBMINAaeuNUi0130ynn Iauld Andersen air sampler 38

3.3 newamuduiussnheamudarausurnaduiuguinas
YNA 41
3.4 anuduutsydnadadau Taswatuavesnadurigud
natveseymaniue Is lauilnd 43
3.5 aTmduiusseninaesidudanuiaranvesoymaudasdas

w ot 4 S IA
fumvesrmnadurugudnaasseyniamaue 15 launind 43

(19)




i
AT EEER I B oo P TR eyl A
P Pl e TR AN B RN E R i V:’i(l?
%

siamsmwnilseneu (Ao)

mwilszneui #il
3.6 anuduiui sz nudududanaveseynawiiniudy
a . A
PSnamanuduves 19HY 45

Y 1 o & o o e w W
4.1 ﬂ'J'liJﬁﬁJ'i‘iu‘ﬁ"Sﬁﬂ’JNﬂ'ﬂﬂJﬁ’J‘llﬂqllﬂﬂﬂﬁﬂizﬁﬂﬁﬂﬁ‘ﬂﬂ'ﬁﬂﬂil‘lJBHﬂ'Eﬂ 48

42 anuduiufsenhanuiwewhatuanuiugde 49
43 2997 WihweunSesanaznous Wi adan lnaen 50
4.4 19505t veanTBsnnaznowEe InThadafildnaney 50
4.5 19095 W7l maaeoy 52

4.6 anuduiusseninmarwadndtoudrfumanuddndyfogld 53
47 anudiusseninmassua Wi In lsufuaenudedndilowdn 54
4.8 MANUAFindnAegifia lde1n Oscilloscope 54
¥ 3
4.9 gaminenediatlsz@ninmvsuniosmnaznewd Ithadtadiosduy
Taeld Andersen sampler 55
a a0 o/ A - I oy
4.10 gamsnaaedinlszdninmlasswvsuniowmnaznouds iihade
AUy 58
@ o 1 oo & Y =
4.11 AlguRussenIelseans mvarounsotnnaznowd lniada
fiLnan 60
r P o~ 4 a o 4
4.12 eymamihaiuiimzdauuiuRanueyninveunisanazne
39 W ane 61
¥ 5"
4.13 anuduiutssnhalsnaveseymaignandu Houdaninves
d‘i o Y = oar
nyosannznowd lWihatatuna 61
s [ o ] o s £'."{ = ~ qr
4.14 anuduRut sz Malseansnmvouniesanaznowda i adaiy
g q) I ¥ o 9
nagaAududuvsteymaasns lums Inavenadou
(wiouaynIa) uazia 62

5.1 uneimsTagavgii ludessanlan 66

(20)




Hamsmwlsznou (o)

mwilszneud Wi
5.2 yainguugii 66
5.3 ganglvownadeuiidumiaineg 68
o LY & o 3/
54 dnyuziessuenFuiluiewnd 69
' 1 [ 1 L o
5.5 Yeatldesufadounazilaetssnouiaioumeludodsues 70

5.6 mMuiraesdudravnaieesular neuihmsislede Tdsunsy
FELOVENT 72
5.7 muirassdiuunvesessualal AeumsiTuilyaiieTilsinsy
FLOVENT 72
5.8 samsnsvnegamgiivewnaeumelutossunlagudl 2537
AsumsiFuilge e liksunsy FLOVENT wffguiisniumsiaose 73
5.9 muiraesiudreesiessula ndwmnmsiliuladae Tusunsy
FLOVENT 74
5.10 MwaesdiuinvesRessunlar vdannmsdiugadieTusunsuy
FLOVENT 74
5.11 ansnTzguvgiivewnafeuneluiessunlagudl 2537
waanmsLsuilge Aaelilsinsy FLOVENT afSsufisufi
1153A954 76
5.12 narundsvesgamaiveaufafeumsludessularfuil 2537

PR ¢ 1 ' o ar PR
Fe¥a ldandumnianeg neuuasuasnnmsdiulye fiaanay

9617 (steady state) 76

o o A e
6.1 ROTUINUVITHNIiNBUaINERNITIT 80
6.2 funUsIURRITUehimsUTualgeudy 80

9 - o oy ¥ o 1
6.3 mmuﬂaammwmmsﬂsuﬂ;qummmﬂumuqmmzmﬂ

9
AINTY 81

¥2))




Ml sznol #9)

avilszneud wih
6.4 Farzinauuuny 8@ edueanmain e uiilfulyuds 81
6.5 ramanfoufieninumsfifemassniadesuneteuas
naannmsdimlgalusznhadeudiguiou B noadnew 2547 88
6.6 namsufFeufenlTnaedssniedessuonneuazan
msvFilgsluszniudoudiguisu fe woaSnieu 2547 88
6.7 samsnoudinnSnamslfidemasnhatesunadowias
waannmalfnlgelussuhafeungatnien 2547 B unsian 2548 90

6.8 Han s TeeulSuue 1R T IR BT HE NP ULAZHAIDTN

msdfnlpluszuhadsungeatnen 2547 da unaian 2548 90
6.9 w5oannaznowFa Iithatefildmlutessues 92
6.10 Slide Regulator naedlandeuwlautaziesusad 92

6.11 msdaruniosmnaznoudeitfhadamenaaeumsidauly
HoITNON 92
6.12 mwdunuveadumemsiumeiafiouveansoanazneud
Nfhadameluludossuens 93
6.13 Svpsenaususuaiusi 3 Andaldvntecsui qumdy)
weoesulul (dmnmailfuilye) FelailgRadundomnaznon
@ lWdhada (ESP) war IdRadundeannazneudelifhada (asp)
AR 94
M1 mmﬁ’uﬁ’uﬁszwjnf“r'ﬂ'chmaqﬁmﬁnaqmﬂiuuﬁazé”u (Mass
fraction) fruanadurhugudnatmiwe Is lawniinveseynn

Fd I
(Aerodynamic diameter) 91115NAADIATIN 1 116

(22)




namamwilsznen (me)

awlszneud

w02 s szauvenimiinoynn (Cumulative
oversize) MImnaFuriuguinarmuels lawniinvessyms
(Aerodynamic diameter) mnmiﬂﬂaaaﬂ%ﬁ 1

WN.3 ﬂfsmﬁ’nﬁuﬁizﬁ'jwﬁ’ﬂfhu‘uaqﬁmﬂ’ﬂaumﬂ‘luuﬁa:%u (Mass
fraction) fiuamadurgudnatanaue Is laulinveseyma
(Aerodynamic diameter) ‘ﬂ'lﬂﬂ'li‘i’lﬁaﬂdﬂg\iﬁ 2

#n.4 mmﬁ’uﬁuﬁ'szﬂdNﬂ'sm?;ﬁxﬁmaﬂfmﬁﬂaumﬂ (Cumulative
oversize) fruaduriugudnatanae Is launiinvesoynia
(Aerodynamic diameter) 919113 ﬂﬂamﬂgdﬁ' 2

W5 mmﬁnﬁuﬁsmdwﬁﬂff'mﬂmmf’mﬁnmgn"miumiax%u (Mass
fraction) fiuadurugudnaranane Is lawniinvessynin
(Aerodynamic diameter) ‘i]'lﬂﬂ’li‘iflﬁailx‘lﬂg \‘!"?’; 3

HA.G mmﬁ’nﬁuﬁszw:i'mmm%xaumm%wﬂ’naqam (Cumulative
oversize) fuvnaidurhugudnatimate Is launfinvotoynia
(Aerodynamic diameter) ‘il“lﬂﬂ”li‘lflﬂm)x‘lﬂg Qﬁ 3

HR.7 mmﬁnﬁuﬁiz‘n'inﬁ'ﬂfhummai’mﬂﬂﬂuﬂ'lﬂﬂlumiavf?u (Mass
fraction) fivinadurugudnatmue I laniinveoyma
(Aerodynamic diameter) %mmsmnmﬂ%ﬁ 4

HR.8 mmﬁ'nﬁuﬁizW:inmmﬁﬁsﬁmamfmﬁﬂaumﬂ (Cumulative
oversize) fruvnaduriugudnatamate Is lnuniinveseynia
(Aerodynamic diameter) %mmsmﬂmmf? ﬁ'lE 4

HR.9 mmé‘fuﬁuﬁ’sswiwﬁ’mhumamfmﬂ’ﬂﬂumﬂ‘lmwiazgu (Mass
fraction) AuvtAFUrgudnaanueIs laufinueseyain

¥ ]
(Aerodynamic diameter) NNTNATOIATIN S

117

119

120

122

123

126

127

130

(23)




sramsmnilszneu (9o)

swilszneui

HA.10 ﬂthﬁ’uﬁu‘ﬁi::m'J'Nﬂ'nu?;azammmi’mﬁnaumﬂ (Cumulative
oversize) TR U UgUIna e Is lawniinveseymia
(Aerodynamic diameter) NAMINABBIATIH 5

W11 mmﬁ’uﬁuﬁswﬁuﬁﬂﬁ’mmmifmﬁﬂﬂuﬂm‘luuﬁiax‘f?u (Mass
fraction) fiuvinadurmugudnatemane Is laniinveseynin
(Aerodynamic diameter) %Tﬂﬂ’lﬁﬂﬂaﬂﬁﬂgﬁ‘ﬁ 6

W12 ﬂ'mJﬁ'nﬁuﬁsw*jqqmm?iﬁsﬁmmfmﬁﬂmgmﬂ (Cumulative
oversize) MA@ TUgUdna1amane 1 laulinveseynia
(Aerodynamic diameter) 310717 ‘i’iﬂaﬂx‘lﬂ%’\iﬁ 6

An.13 mmé‘f'uﬁuﬁssﬁ’.iNﬁ'ﬂfhu‘umﬁymﬁnauﬂ'mclumiaz‘ffs”u (Mass
fraction) funadurhugudnatimae Is lawndinveseynin
(Aerodynamic diameter) 911019 mamﬂ? x‘}ﬁ 7

Wn.14 ﬂfmlﬁ’uﬁuﬁssﬁ'i'mmm?;ﬁzammﬁvmﬁﬂaumﬂ (Cumulative
oversize) mfuummumuﬁuﬂﬂmqmquﬂs lﬂu'mﬂ"dﬂ\‘iﬂlgﬂ’lﬂ
(Aerodynamic diameter) 9INMINADDIAT w 7

p9. 1 gamaindurilediequestessuuldineumsdiualye ﬂ‘N‘YIl

ll-

b
D
D._

e

w9, 2 gamgiidumisdreaesiessunlaneunisilfulye Asaft 2

Y=

#9. 3 gamgiidumisdierestessunlaneunisilfulye a%aft 3
#e. 4 gamgifid v rosiessunldineaumalfulys A%t 4
we. 1 urudadasmsimuaveuwafisziimsfing

pR. 2 unuduaasnmsad et

an. 3 uruiEaamsaduiesduiadon

-4
MR, 4 1HY ﬁ’ummmia%’wmmu%%’au‘lumummﬁuL’é’muazwumﬁa\i

Y ¥ Y
ATHYNVBIH D

131

134

135

138

139
169
171
173
175
177
178
179

180

(24)




s anlseney (o)

mwilsznevn #i
or -1 o k) 9/
W S LHUASLEAINTaTIeTeas 11l 181
Y] q) tf A 4-‘.; [=1 q)
WAL 6 LHUALLEAINMTA IR LD IUM UL UYBURT 182
AR 7 UHURINMSHTUAT19azBenves Model 183
B, 8 HAHUAINSAIMHARAT 1Y Control YD45SUY 184
W, 9 LHUAINTURINaNDUNS N 188
m. 10 BHEAINISHERINaLULNIARaY 117 189
v, 1 HoesuenfinagaaTisinsy Flovent 195
¥
#%. 2 TunoumsIFau Tl sunswy 197

war 1 uuusiaesdessunldwesannssiaaues Uil 2537 neushms

diulga 201
HAL.2 Nm}mqquﬁmmﬁmsmﬂfhriaumsﬂ%’uﬂgaﬁszum Y =197

i1 Z = 0.75 IAT 18 1.65 AT AUAIAY 202
HAL3 wamaqqmﬁgﬁmmﬁmimﬂmﬁﬂuﬂmJ%’uﬂ;qﬁizum Y = 114019,

3 AT 1AZ 4.8 WAT MURIAY MU Z = 1.25 1IAT 202
Hol.4 Havesgmngiivestessunlaneumslfulyeiissuny v = 3 was

Ay 4.8 WAT AUAAU MU Z=0.75 (9T Lag 1.65 waT audwy 203
HOLS wafumqamgﬁsuaq?’1"@<1smﬂic'i'afiauﬂﬁﬂ%’uﬂ;aﬁszum

X = 0.95 (491, 3.35 1UAT UAE 4.8 AT AWAIRAY AL Y = 1 1103 203
HILE r»maumqmﬂ@,ﬁmﬂqﬁ’msmﬂdwﬁaumﬂJ%'quaﬁszmu X =2 1409

AU Y = 11089, 3 AT LAY 4.8 LIAT ATUAIAL 204
WAL wammqmwgﬁmmﬁmsmﬂd'ﬁaumﬁﬂﬁ’uﬂ‘;aﬁixum X =303

AU Y = 1105, 3 1WAT 1ag 4.8 LT ATUE1AL 204
HELL8 ﬂaﬁjeqQmﬁgﬁmmﬁ’mimﬂﬁ’[ﬁﬂumsﬂ%’uﬂqaﬁiizmu

X =45 05 1 Y = 1103, 3 AT 12 4.8 a5 audia 205

(25)




s1emsnnilszneu (Ae)

mwisznoudi !
= 9o Pt ot o
KoL.9 Havesgarpivesiessulmneumsdfmlyeiiszuny
X =5.8 M U Y = 1 A9, 3 1UAT 1182 4.8 AT MUAaL 205
Mot 10 Havesgavgiinessuldneums Usulgaiiseny X = 1 was,
3 UAY 1A 5 AT AN AU Z = 1.25 (08 206
mal.11 navedgamgiivessunldneumsiSulgenssun X = 1 as,
3 AT AL 5 AT MUEIRU (U Z = 0.5 (AT 18T 2 AT MUGIAY 206
Agt.12 uuudiaesiosrulaivesaunsaiaauen 1 2537 ndaninms
Fulge 207
] 9 1 g Qs o
Kal.13 Havetgurgiivedressulamdsnamsdivlgeiseuy
Y = 1103 /1 Z =0.75 A5 4ag 1.65 as gua1ay 208
~ ¥ 3 @ cu |
Hol. 14 Havsdgaugiiuesressuamdmnmsdivalgeszuny
Y =199, 3 AT Hag 4.8 LIAT 38101 AU Z = 1.25 AT 208
Fol.15 Havesguuglveutessuamdsmnmsysudganssuny
Y =3 a3 uag 4.8 as o iy Ml Z=0.75 Was uay
1.65 AT AUA1NY 209
- EY 3 as ar |
wal.16 Havedgamgivesressulamdennmelivlgsiissuny
X =0.95 (14915, 3.35 (AT LA 4.8 AT MUENY N Y =1 a3 209
= 9/ 1 (3 ar A~
HaL17 Havesgvgivosdessunamamnmsdivlyfissuny
X =2 a5 11 Y = 11007, 3 (AT 182 4.8 Ia7 WieY 210
KoL 18 waupsguingiiveutessuilamdsminmydinlgsssuny
X =3 a3 1 Y = 11003, 3 a7 1ag 4.8 a3 ud1ay 210
KoL.19 Havesgugiventessulamdwinmadiulgen sy

X =4.51WAT 01U Y = 110097, 3 A5 LA 4.8 UAT AMUANY 211

(26)




siwmsmwnilszneu (de)

awlsznoudi i
HBI.20 mwmqmﬂqﬁmmﬁaqsmﬂﬁmﬁaﬂmmsﬂﬁ’uﬂgqﬁswm
X = 5.8 1165 01U Y = 1 MR, 3 (MAT UAT 4.8 AT AN 211
Wal.21 Havedgangivestesuldmasninmsyiul sz
X = 1 1915, 3 (NAT LLAT 5 9aT AIUaE19Y N Z = 1.25 lUag 212
FRL22 wammqmﬂQﬁ*umﬁ’aﬁmﬂfcimé’amﬂmsﬂ%’uﬂqaﬁszum
X =1 1009, 3 AT ULag 5 AT AWa1Y N Z = 0.5 as
1ae 2 AT MUGIAL 212

b4
o

ad o 1 1 st 1 ot ot P
Moy, 1 gaivgiindwnilseguesiesimmdimsdivdse asan 1

o k) LY

ARDAAMNITNARDY 215

v E4
ol o a

Hey. 2 guugiindwlsingvesdesrulamaims§ulie afe 1

1 <3 s 3 c{
°1u‘1n\3msmamﬂumﬁnnzmm ATV 1 216
qd' 1 1 gt 1 o/ a 3 )
HEY. 3 gy 6 "Iuﬁu\‘iﬂ’ld‘]%Bﬂﬁﬂﬁiﬂhﬂmﬁadﬂ'l‘I‘lli‘lJ‘lJ%;ﬂ ATIN 2 218
] ¢
Hey. 4 gaingiindwmisievesiessunldmdimsiliuilye asen 3 220

MRy, 5 Standard deviation ﬁjmﬂmﬂﬂﬁﬁﬁumuwm‘wammimﬂﬁ'l

Aeuaznaemsliuilys 220
Hg). 1 gaungindiumisiegvosesrumanoumslinlze A 223
ng). 2 gaingifidumisgvestosrunateumsiliulye a%eft 2 225
#g). 3 gaungiiidumisingvesiessumanoumsilinly A%af 3 227
Hg). 1 gaungiindumisdgvesiessuandimsyiulye afaft 1 231
Hg). 2 gungiindumisi g vosesruandimsliulye afaft 2 234
Hg). 3 gaungiindumisdngvesesrurandimaliuilye Aaft 3 238
Hg). 4 gangiindumisd g vostessumdimsyiulze nfaft 4 243
uy.1 Luuveunsasnnaznowde lithada 245
#y.2 LUDRUILYBUATseanaznoue Iifhada G 246

@n




semImulszneu (719)

mwilsznevd

Hg.3 munveuniowmnaznewdenfhada @snans)

HY.4 LUDRNIMYBAS osanasneie Iiihada @udi)

A, 1 oruriusununniessunoumsdiulyauagnasniniims
Jurl5e ez 1 1815inS eennnzned thadadnsuoynn
wahn$u aded 1

K. 2 graurusua T uInesuioumy Sl aas ndaniniims
l3lge uae 1l 1R19inS vennaznerds Inthadadniuoymn
wihadu adedl 2

a. 3 Pususuaiunndessuneumsifunlyuasudanniims
furlya ezl 1819inS vennnznerds Inthadadnsuoymn
e s i 3

M. 4 graurusIAiuTInfessunsun1lilyaasndindiims
Yutge uazIdinTeswmnasnouds thadaduddniveyan
i Adedt 1

wn. 5 nauEusyaTuTIniessutsumsUSul ez ndsaining
Y3url3e ez idinTosmnnzaouda Iihadaiiuddniuoymn
iha$u adei 2

A, 6 andusuaiunvessuneumslsulgaazudnniims
Yurlge wasldinTosmnaznewic Infhadadiuddniueyma
e ada 3

M. 7 naurusuaiuIndessuteumslfulluesdsnniims
Y¥uilge Tunsdilildias 19inTeannaznomda Inihadadniy

¥
aymMaIATY AFIH 1

3/
B
247
248

250

250

251

251

252

252

253

(28)




s1wmMsmnsznen (ne)

mwtszoouii “in
wen. 8 g suaTunatessunaumslilyueyndsainiims
Wy nsdlhilduazlfindosnnaznoude nfhadadny
YMANIAIY adait 2 253
M. 9 eaususuaTuniessuneum sl uaznasentiims

or r A L) =y ar or
5udge lunsdlhilduay 14in5esmnaznends I dthatndniy

aumawInTY asef 1 254
HALL HUUYeIRBITHNFUT 2537 256
HEH.2 LULYBIH B NeN ULl 2537 257
H@L3 MTHRIBVITBYTNEgU) 2537 258
AALA HULVBUNYBIR D5 YU 2537 259
FALS HUUYDUA1YDIRBIS NIl 2537 260
HAL6 MTWAULLYBIR BT HeeguTl 2537 261
nel7 mwdunivestessugeguil 2537 262
HalL8 MuAnveunaziesdinuieuvestossueaguil 2537 263
Mey.1 HULUBIRDeTEInaIM Tl 265
HEL.2 meJ'mszmtfﬂ'Jm%uﬂjmﬁaqsnmwﬁ’amsﬂ%’uﬂ;q 266
L3 UUVVRUMYBIR BT UENnAIMs LTl 267
HOL4 LULYBIVAIRTBeH BT HE A s 5 268
w15 ingosanazneude lfhatameluieesunamdimsyfudge 269
el 6 szozmslaviedufadorvinn 4 i1 Ao 270

29)




ESP
GSD
MMAD
PSL
RSS

Mpgp

My, zsp

Qs

fdeuasfeydnyal

= InTeannazned IWihate
= AudlgunuNINTgIU
= yupveseymamuiniuaulug

= o o
= Tnames daunsie Inad lasau
= Ribbed Smoked Sheet
= fefiveuduaralnlsun (was)
= SeillUeq01nIn (Un3)

1 ] 3 3 o
= 5282 NTEr119d Ia Isunuazduny (uay)
9} t '3 d' d' d'

= [uruguinaneymaiinNudazauN 15.9%

P o i P ~
Lf‘l'uF‘l'luﬂuElﬂﬁ?\?ﬂ'!—éﬂ'lﬂﬂﬂ'ﬂllﬂﬁgﬁlm 50%

It

b1 1 o o o =
=m’umug}uﬂﬂmaaumawmmmamuw 84.1%

= Divergence term

1
~

= Anduriugudnarveteynianiue Is lmning
UTTANTNIN 50% (Cut size)

= Gradient term

maudszdnsmsinnuiou

14
mrinves Plate ndwwnlddndusynin (nfu)

c? ar 1 Yo e as
1M1inued Plate nou lsandusynia (n5y)

e

ar I

= iimtinveseymamahaiundenndnaasosmn
aznoude lihada (n5)

= 15111ﬁﬂmmaumﬂwﬂm’j’uﬁamhmﬂ‘%"wemmﬂﬂu
@ vihada (nfu)

= 1lszqueenin (gasui)

= 528¥5Al (UA9)

= a1 Ou)

(30)




qr 1 QW d 1
faauazdyanyal (Av)

u = nmeinu

u = anmuS lufiame x

y = anui lufiama ¥

W = anusalufiens z

W = anuSiduinisenihufadueynia (wasde
)

A _ fufifvestaiu @saams)

A, _ fdinthdalufiem x @samwes)

C, = urmesUSuuAvesiuilaen (1.00+0.16x107/D)

C, = amugaadoufinnudunsd

D, = YA urUgHENa VBN jet (FURNAT)

E = s Ilih (havidemas)

E@) = anuusvesany IWih (haddenms)

F, = usamaua 15 laudln (a6

F, = wraiieamnavu th @)

K, ~ fhnsfluesaums Andersen i)

M, = ma%awumﬂﬁ%u Jj(3%)

M, = ma%mwnm%&wm (n5)

N = $1Iuvesiafg

P = anwdu @hama)

0 = 1f5inasms lua (gauisdauasasuii)

0 - Anshveasasins Inafifmueues Andersen air
sampler (28.3 any eiam'ﬁ)

Sy = Momentum source

T = gaungil (tnada)

€3]




ar 7 s 4 d 1
Altaiasayan (s1@)

14 = yeend I (Tad)
2y o
V, = S sveuwad (QNUIFNIAT)
I oy 3 s
Vo = 15uasvonananua (i)
s a =4
n = sz anFnmnn
P = anuruiu (@ TanSudognuianuns)
2, = AT HULYBOYAIR (1 n%’ne’ia@,ﬂmﬂﬁmm)
A = The second viscosity
= | oy Qs ] =Y P= |
= aurHa (0 lansunamasiui)
p = sgRaNurilavesniafidimuayed Andersen
Qs ] o a
air sampler (1.84x10™ nFugiognLNANINAS-IUIN)
w = d1lsznouBunASY (Impaction parameter) 91NAT
DOALILY
1 -C; d‘i —y =3 =y ar P~ |
Weo = a1ndfl (0.14 Wedszdninmduunwaduiing 50%)
b4
b = WHATINNINUA
(0 = Dissipation function

(32)




UNd 1
YN
o 9 A
1.1 UNAUSDe

nasnndseme Inodszavilgmimassugioludl 2540 nvasguludeieg
I ar 3 = = o
ldanasuazoanssdusuuin f1491An15H8a NI5UTAIT Lazn15Us Inn
a o =N
melutlszmea fligaamnssuvuaandostaioms b Tasnwizgaannssy
& =0 Y 1 & Ty A vy
NUMSINYAs Fesavesduiidaulvggadmuanndui InanTedssmagi
= P = o 9 1 d_v 1 A 3f =y
dudgrMzir Itgagmassumariiegsen Aenmsaadununisndn Tagmnng
) g w o g o s o Ad o 9
Aununnaundsay wasnuildlugemnssumsnaaiinaiudinienn
1 1 Ay g 1 Ae e at =
anszmatazuedud lannunasiiognie vl seina wisnumyuieuy
&£ g o { 14 o = < Qs 3
FuHundenuh i funuamusuianisdgnnaunuudninduu 1slng 14
yy :’ Y] ~t A o a ar A 3}«5
19U ugauaa ay 11 LazndanuFIIa Fullundsnunniaguas 19Manna
o or { a =y
mstnrasiuazmaeaa1rns sy Slundseuinisinnfisisanuaz Idaneaule
[~ =Y
sy
1 o o = J Y ) 3 ar
grans suguiusuadWilugaannssudndsannuilahiins lsndeanu
= =1 o & L =t Pu | 9 1 w Y
Fanaudruiuan Fendnudiuran s lugaamnssugaususuadu laun
W Ao Y o 4 A
Huldoramsiivur Tunauaauuaslinnigayulusiunaa tiewwinns
w3y Invesgaamnssuuilsgl liuazlosined wildiinwdewns1d
F4 1 [
Iforawiswndu srarssuranalaniiuinnil 70%  Andawi1nnniolse
rJuoonAgld FINTTIIUMINEAIETTNMAGINITONER MavanedT dmfy
= ' o 3 EY a »yy 1 a 9
mynangtausyaTuiulsama Inomunsonda ldeg luseduuuamiiveslan
Tasgmnsonan ladszia 1.0 A ududed [ao1iuidsnns nsudvimsinuas,
~ \ a )
2545] gamuassuMINangurusuaiuvesymalne ldliannsalarunaiiu

¥ [ ¥
gruvanlumsnde ndean lddadedulugadl 2537 fa 2538 Mavialszmand




) t ) 2] =Y o’ év o= =Y
700 159 TasnsuduaSuannsal Feimsdutiuamlaeiurhenauonauifouda
L) o '
i lthalsgalidhuenausiv
¢ 1 1 '3 1 ;
Tsasugnevesanasoialuediulngidsednieninldes 1y liseamns
[~ g ~, =y P a H
dhavemdanasiitFinams ¥ ldlugann Fwounedunnlddusnni
o
geliunIn@n 020 wmaed landuludl 2538 [NTENTIUNHATUALANNTDL, 2538]
o 1 = Y 1 o o
i 0.60 B4 0.80 ymden TansunTeinnnd1 Wil 2546 [AninauneIuaunTIZ
aQ 1 .ci, n s ]
mMsmEIden, 2547] wisizaannmsudsde ldoewin lunaiasdnguusiues
o a 4 1
gadmnssumsulsgliduazivesines Taudiedl 2541  szmalnedsen
1 3
Ienersuites 74,110 gmnadwas was lddiudusdiasiadavuiu 2,836,536
5
grunaniuas il 2545 [dnfnanursugiomainuas, 2546] wieunadiuua Ty
A 2z T et o a VY P ' @ -1
ugiuyntl Aremgraiitaihldduyumssdanaiusuafuvesannseigeiu
1 as 1 ar o s)df aoou o i i 19 L
10 udlumssuaunudunminaunduldiFemas lddueda luduar denms
§1529v09nuz1n 388 [ANSIAINTTUMARAT NHIINISIRUAIUATUNST, 2545)
' ot 1 o Y q o o g 9y [y
wunlumssuaduerduniine ld1d35szansunadon mieundu) 9nms
,3’ Y qy b o < 1 () {
wn'lnfigremdeieenn lilusnfessumarieadiidiudiuing fwaaslugaly
L1 uag 30 12 WlffSnavewnadou mFeunin) diddngiessuiifies
g ¥ A o o 1A S A o5 ya @ 9
dndeuiiofeuiudiunssieie Fahltbamsgy@ondnuanuisunnoms
v y.ﬁ’ = | oy ¥ ) 3 g
w lnfidemdsgann aungdhumszutadon limanse luadigiesrulasase
H A o & 9 v Y v & '
vavua lesnnmnldunadouamnsa luadigiessu Tasaseafianum uiueaz
] [] 3
Fufaduafununduufadounn suih ldanmeni ldeenuneziigadindins
a S IR 0 q 7y
sugnuuudnd Senaniunisaiiauiiusuiide llawgildneannseines
3
Usgauanrrzvianu dafumsaaduyuasaiasrardusuniuvesannsal

o o) ] 1A a o
aensddinnusuihuiiued g luansssygivluilegiv




Smoke exhairst
P

A RA

/&&\
-~

room
Draf fuba
LT for ADS
prochction

Hot gas {vd smoka)
gas {vd 9 g}“

for RSS P vahe

N
—%

»,
—d-
Homass oven ——

U7 1.1 usufamsinnvesiessuenvesannsalneauaaueeiull 2537

9 12 wwufamsdaivesssunldanudeuundessugul 2537
1.2 igymveseymashniu

3
5 Idudadeu Ivarunnuee Insasaazaanislassficlainig

1 ) 'd g} df = 9k 1 [ [ o
neadnazansaanns I Fomas Idiu 18 udquamvesnaurusiniueiaeg

HE:Y A'{ 1 a cil A PN ~ 1 3 1
ana ldlipsnnraveseymaaiuit 1a llmsaauuiivsusnsanneuLas
sendrumasuaiu TnsAeumssuersaziioynamwiinfunzegisnn Il luas

< N 1 a v u s s o q ¥ 1w

Tasananuuiuen Suilothoaududu ldwauusm g ez ldeymarina i

YhipeRauuioveseiaudy [ANLIFINTTUAIAAT VHIINIISsAVAIUATUNT,




2545) dawlusgnihamssseneymamihadui lnasnduudadouss lumgdauy

YOUVOULAUIINUUTIINIAUALATUUH UGN [Prasertsan, 1993 (lag 139091
T L B

A ATTUMTU TILNENAINULYA, 2545] M ldTanadwn suneldlusiand

‘: e ] ~ ar r=Y & |2 =1 VI A7)

duiu 1l wwReatumsinyireagnsgll wadlseni uag 2WWswug damzlszan

[2545] 1 lAAnyImansznuvossymmviInTuRlaoownusundu 1ol

T ¥
utaZoulvarmuudue Ingasudindy IasldisnsdlaveadWyidmsuilase

o g ad 0 v P v = ' ' w e
UAFTOUNNINDEHUIVDITHINAS Y4 U999 GI01NNTITANHIWLIE TN UIUAIUN

a4

=4

A Yy o ado o 1 . @ Al Y o .
Haf lﬂﬂ']ﬂ’J'ﬁu‘l'lgﬁjffcﬂﬂ']ﬂa1ﬂ31ﬂTQLlHu5Uﬂ?uﬂ lﬂﬂ’]ﬂﬂ'ﬁﬁ'ﬂﬂﬁluiﬂﬂﬂﬂﬁ

13 tymveafaionlilnadhviosss

4
=

o 93 v 3 A Lo ' ¥ b1 ) [
ufafeuninmaen ndidomas idusssreldurdusnudwas gn wivnuda

i ¥

fou'li Inarthwtessunse Inadleaiulil iesnimiBaanuduguydouazms
¥ []
anaaveasas s us medesifavestiufitmanuiou [ausdainssuaiaas
=Y o = r'd [~ o gt ] =y 3 o 39 =i
U INedgdraIuasuns, 25451 nvei iudusafanrdu vaziilddeude

aldteuazszesna lunszuaunmssundulvy

14 flgsrlumssdaenandusuniuvesilszmalne

4y o a oW I'4 o'v/ 1 4
Tssnugamnnssunimsudsglnullunaadugionsduge v 819508uA
i
uazgaitenaiuddiinnudeslulsymelne SehlHlszneInsdonnnindudi
[} o o ] 1 v Y A q t o

Tugrvesenwdusuaiudiuaiulug udlullsgiulszmaidudhenariusun iy
¥ ' a a Ny o 3 3 1 o A 1ot
010 lne 1w ansyewsa ldaamsiudion lne mazerusuaiuiideesn L

I ¥
dadethann tazlinmgandenurusunivveou latbidsnaniganwagai

[ -

[aaiuiveens, 2543] Feilgnumailazihlimanansgnudegamvns sueusy
suafuved inelueuing Tas mwizavnsalavosiidugiumsniandnues

o q’: P =) o o ] a t:iﬁi gt = 1 as
szima aAuiudalinnudwilvedgfineaanuuniTHangBHLTIAIY




1.5 AunUMIHaneHEsHRTY

3
&’uﬂummaﬂtmuwusnmuﬁ’wmﬁﬂﬂiﬂfﬁ'suaml,aﬂswauqmmﬂﬁ';u

[ ] ¥ 1 ar oy g _y 3 ar F=1
dauIngaziuegiuiSinamsdidremas iy sseznamasuaiu UTinauwas
AanmvessaudusyaTuiinga 18 mldesiusuaSuvesavnsaaaueiaingn
fvuasiannlsaugamunssy suavnseidaveenssauanzunanu id

s
W 9

=, 1 v 4 @ a Ao d 2!
fuiumsandununtndagaurusuaduTutudadiiuty lasmmeaunuves

-

|fuiifiqede 1.20 1 deorsudusuadu 1 Alanfu [Aazdansusdas

wiinedoaavaiunsung, 25451 nselszinadesas 40 veedununisnds
3 [l 5

gaurusuaiuianya Tagfidunumsntaudusualuimyaiianlszuna 2.60

4 2.90 11 AvUALSUATY 1 A Taniu [aadulteeg, 2544]
‘g = =y Qs
151 Y3mnamslireamasldduazssasnalumsnaneesun iy

ar o = { |
griumaesnaseiaausadilnants isemas L ugads 1200 84 2000
=y at ] ar o ar o o Qé
fAlansudeduensgn uagiszoznamssuniu 4 f4 7 Ju forud vsednd, 25411
ar a e 1 = 8 d‘i’ a4 9 ~ 1
TasiledondniinaderTinumsldema lifuuas sseznarlumsndneauniu
- | P! [ 3 ¥ o
sundu Aremagadondenuanudeumeludesy amsfiamms ldndauly
= 1 as = ar s d o w | 1 -
gaamMAsTURAREUTIATUYBS TN ilaus fuwed $1da Aldoraurudy
) & W a as 1A o 5/ ¥ 9/ dal’ =
amnutuiidagdulumssuaiu nuhindsuanudeunnmasn lulivemas
¥ 1
Iudte 31% mimiudgaminnidlunssues Tag 57% gapdeldiunmsoem
arwdousannuntianes uay 12% gadodumssziigeIniAeenNIewedsy

[Prasertsan, 1994]




152  iBunsmezguamvessaususunduningala

1 ar ci o S s!g a Ao e
grauAusuaTuinsannsalaueanda laudaidSuauazguaivly
' 2 o A e 9/ a 9
wiwey Fuilumguaniildganasiananmelsanugaamnssy Iasdnaual
malsanugldnmoarusunduiinga ldnnaunsdlaauesgegaiisan sy
E 9 [] r [
suATUFU 3 FuTumaiugaa s surusuaiuvesannsaiotvdiudenly
o ¢l Y 1y < = r
suiluTuilegin uadmeannsalannsenruguysunauasgannoseautiy
o A A g 3 9 Ad e - =y o
suafuiinin ldudozassldnsnneslinadedunumndauaznsdimuanganin

masgulueieg
153 wnldumsfivtuvesna lamuenann

Tueams luilegiu ldfisiargends 0.60 wmsei lansy uazliuua Tdud
A z:? 1 d”d L) LY é'i Qs a: a Qs [=3 d'i
wwmudugenionluewaa i ldinamsaudinasihwdanusiiaduumauny
Wun1s IENEILLae1nad 1an19esnuUURoITNATUNTUAITUNAIU
a e I 9/ - u 9 Ty o 9 A e 97
wanetiad laaudhawdioon uazlimum Lidusgiundsiounadnuinsls
ar a d o o 9} J a ) ¥

wasuueaefindnmaunaufumssuaiulaoldiyemas 1%y [Breymayer
ot al., 1993] HamsnaaeUny MIsuaTuen lnsldwdinuuaofnduaunaiu
funs 19 IS uauisoantSuans 19 M ua 1d1lszana 500 flanfudesnaui

1
1 5]

1 fu nntnAdedintogn 1000 891500 Alaniy wenvnHTMTEE@UENUHNS

a
]

penuUL T UM uugefiadn i lunszuaunsHang 1Y 1#e

3
= 3 Y ] ﬂ'i a T
naunuilFneldfuRiavua [Pratoto et al., 1997] usiiiesninninidvesneedly
t = 9 :‘ g 1 t = <4 =4
waduangnuazsruraInersnin lnieneglugiggeludinianiiaves
£ ¥
srzramsnantianua safumstimaseuaerindunldlunsyuaunmsnia
1 1 g 1 ar 4 I (L
gawruen limngay Suruims lsudwnunn@emas I uldquanieg

4 i [ ] 1 4 [} ﬂ?
wyzaundl 1935 dudafou lnaruusueeTnsnse tioaansUasena bl




=

. ‘ 1 1 ‘ﬁl a ]
narieadiiyimiluitnilfivzaams 1Femae I untiuun Tumsvauaauly
aUIAN

=X = oy u’dy a ar 9 o
audteludniinutisedimsAneuazdfulyafessuvesannsaiaaueng
4 ~x J =y r
rteandTurans MiFemas i unazssoznalunmssuaiu Tasnauqguld
o 1 o A a ot a o 1 s o
WSmaazganvvessaurusuaTuiinga lddenaudn (uonudusuniudu 3)
iioandununiskaagurusuniuvesannselaauets uazdh iimeanasal

awnsoudatulunaiald

ot <
1.6 Jagilszaan

¥ 3
o A

= ~A o o d!
msAnunfaiiliingilszasdio
b
-aalSamsldidemad v lums suesvesannsalaanea

- AT LELI81 AT SN NN T IUIN
17 Uauuamsany

- Anuavdlinlgafessunalaglddeasuguil 2537

- fnvuua lumsnsznegamglvesudadoumeludesulaidaedsang
frnandanasaniveslvallsunsy FLOVENT

- sonuvuLasnagenlsz@ninmmsdniveymaveanisannaznould
Tvihaia

- Jnlyatessunnlasldindosanaznoud ihatia nazimsnageyld
ﬂ?mmuazamﬂwwmemmimuﬂi’uﬁw%m‘lﬁ’dmiw@é’amzﬁm (B19LHUTUATU

o
%4 3)




1.8 Uselowninmaiiezldsy

- 2 o
- gunsoaadSuams1FFemas iy lunmssuensvesannyaiaruendld
-gseniidszezinarlunissuevotannsal g He190AAI1NNTT Y
a v
yuuay 1A

- gaunsoanduuMsHARIUELsIATUYs el a8




UNT 2

nqug)

Sy 1+ = . PR P A 9
Tuunil ldnandangul aums vasguaznssuaumsinuNeanduny
= T o rd as
mspdngaurusuauvesarnsalaauessnislfulgaiessuens Tasmanses
oy 1 Bl 1 ] é 4
upadounould lnasduuiuen laense $alsznoudionsfAnyIn1INTLLIUINA
1 a . . . g =
aymAIR U (Size distribution) 91nMsien Iudidemds 19y nsfinut iBenuas
nageLfiadniveymmway myAnyuu Idumsnszosgaugiivewnaiou

¥ v ¢ e o <1 o 1§
melufessudardred T msfulasanamansved lva
2.1 NFIATIUNMITUENIEY

- t o o o’;’ o :'
TunisHaneesuAns U uYRta N ol 1595Ne19H nsannselazsuiieson
P A ~ oA 1 Y 4 o o bl st Y=t
AT AN UHORANIUHUAYN B UUAI M INITTUAIU IH a1 Tunssuasnms
s
sundutiuntannsal 1935015 [unasounnnsw ndt I u lvaddudadu
] ) t t!"l o [} ar =9
wrinene M ldnurhuwiuezgn e fnugunmvsswsunaztlosiumaias
E
Taomsuisvesnaududuna lfsinnis ldddmquif luilosrausiu panniid
T =N - § A 1 (%3 c;:cl = cg ) 1 l.:{c;
noqaiselna, 25411 Feaunusuaiunlganwaluliosariuee lildanisn
ET
nageso1ns UndlumssuaTuassannsalaivuesunazassldanlssui 4

Q" ¥ 3
84 7 Ju [evud a5507dnd, 25411 uadmniilgwidessumamsgaydenaudon

d A -g 3/ 4 aciq 3 o =
um 3 znm‘lumssuaazmmuma Cﬁﬂﬂqﬂ!’ﬁ{]ﬂﬂi‘h’iuﬂ'li‘i'ﬂdﬂ’lufﬂg;’ﬁﬂ”lﬂﬂ

L)

1 = = ar = < =

£11314 49 14 63 esrurarFen Tagluduisnessuoniigangiitszina 49 89 52

1 A ¥ 4 t = o oo a
peraided tagozAvuRN T mszduseguugl luTuusngaduiaziie
cg [} = Y ar t gt =y 4 elg =1 = ¥
ganesiu wuReatuluuderminldguugiiganimhinuanizifiaoes]d

& Y 2 - ' L ) o o 1
Famssgamgideuinedndny Tasmsld dHuedatiuaue 2 193 ¥ lusde

=%

& A Y g @ o = - o
REN] LWﬂﬂQHﬂn(lﬂﬂﬂ\iﬁJﬂ'luqumﬂQNﬂﬁﬁiﬂﬂ! 50 09 70 99FANHRLYHY Qmﬁﬂﬂ

a4




10

X 1= = 3 o 1]
qegadesningu et lifiu 70 osruaafen Uasiuseilioudumaanazing

a el

. b4
dada dmfuonaududuitianumun 3 Tadwas arsauqugangivedsy Al

a9

[Prasertsan, 1993]

i 1 gaingdl 49-52 of AT
fufi 2 guing 52-57 BIAUNAITYA
$uil 3 guvgd 57-60 BAFEANTYE
$uil 4 qungd 60-63 BIFUTALTYA

q'} a [ g y ar

Tagiia lilmssunduvesavnsaivzngaldiemas liluluugaie uasdes

A oy (=) ol
suazilgungiianaunieilszua 50 eeruwaioa

3¢ 3 3r
e 1 Y = L) at d‘i ar ]

mssuaTueauduiuzde Misema IdMumniu diseninluadu i

saNLBAN (phenolic acid) fivg liinAeuuruoeannsoilostunisniaduTaveq
3 v 3 )

wosld Taenialunmannsslez 1iFomGann lorams leesinn 1wy
Rosdunazdunuligain pazdmnssumand yminedsasvaruniung,

2545]
d o
2.2 AU

4§ 4 - L] oA gt as 1 & 9/ ~
Hossuvesavnsalneuaideniiod 2 unldiuuwivane fe Heesdl 2537
Futluieavu1a 2.5 x 6.0 x 3.5 AT UTIPPNIA 3 Fouvad nieilyzanal 1200-
1 § o
1500 wriu azveesul 2538 FuiluReswuin 5.0 x 6.0 x 3.5 13A5 V5598114 6 30
(I M5B 2400-3000 LAY Hossuugazuliveaunaduriugudna
5 ]
g fiaduau 1 e WdmiulduAadou lvarmuesiiuveszineniulunsdiney
4 4 =) ! o i = '3 @ o o
g9Haue #i0ens ADS vieadusenaniindaulla - a1 & dwsuaruqums
o df 3 A o 9 = 1 [} b A gt
szeau Huressuiitimsnseneunadoufiuanaiaiune desuil 2537 19vie
L4 1
durhugudnans 4 fnsznieannieu 12 dumisdodesregli 2.1 uaz 2.2 ud
Weesudl 2538 I¥msnszneufafouruseuiiafineegmunnuyrives 2 seddo

9 w A ] af ~ df g ] e
ol ﬂ\‘lgﬂ‘ﬂ 2.3 AMUNATUHADITUNFIIITSUWANUFUNDIAL 2 93 BIAIVAUNTT

b Y




11

P=Y A ASJ or 9 F=Y =3} a  ar d? ar
ala — o Taaenidundatosusnaeus Ade lTIAULINSZIRNUTY A9

s 2.1
AN
o \ \
) <— tisadn :j j E i
isgien T T Pl s 1: i T E onnam
aia P - oy madati
Sl X P !
?T T ---------- ‘F L _.1‘.-.__~ -*.___1
i1 | {1 ]
#e
K Saiton ronssnrafadon l
‘ l ] — i
~ iy € B
o] @ 9 C4 =1
317 2.1 dnyaResNERYBIAUNT NI UAIUINT] 2537
@4"
P
wi: [T F 0 0 0 O GT
fumth g

5_3) O O @l

s 2.2 foilaeufaseuuazidesssineunadounteluiossuesil 2537




N

2T QO I LT

£L

12

A
s

711 2.3 nwdageldeoniasounazildesszursunafouneluiessuesd 2538

2.3 MFIATHENWHHTNAIU

¥
ﬂ'!’i'%ﬂ‘]?’uﬂ”[\umuﬁ'ﬂﬂ"fuﬁ'm'lSﬂ‘i]ﬂLL?J\M']lJ"fIJ’EJﬁ'muﬂ‘ﬂf]ﬂﬁﬂ'l‘lju’l’ﬂEIEJ'N 1ERY

~ o S ~ Ve ciy
AFINISIAYAT [FD1HUIYIN DTNV INTINYAT, 2545] lﬂﬂﬂu

T v
ﬁ’!i'N"?l 2.1 MIMAFUINUAUTUAIU

¥
<

T4 m3ytuHe

sniiterasyiy

AEIEIRIEY

v

T 1 Hsry nsazhoudnaliitist ua

(NO.1 RSS XL) | vagdamovoyna il
3 o o 9
sutsn@niosuy
P P
findeufidafunriugi

vo'ld

T
#odlutionafiseoindidy
a9 niothuous Tt
HousnFourady Lifions
3 red 1 =)
aousy Tuiloaunsy it

oragjuily Taifienalnd

ufiusradeuieaiin
agmaunzquiansinany
Ussrindedniilag du
18uA delaeulasdory
31N 81INeY Aunde
n3w Awnlsnoruous

aynaliiivlodeinin

d vy

vnadmedyld
A a o o P o a & o ¢ o o
$u1 vileuti 1 ey wilouts 1 Hisy Mila Ut 1 fiFy d199uf
(NO.1RSS) sy ldldmiiniaon 1l

Wed 3
uazoeenid laamion




[3 F
AT 2.1 MIVATUIWAUTUAIU (89)

13

U msfure ainiaonlu AaiATaLHY

4 Ed E ol

U2 sygnaldfinaiiunie | mloudu 1 Vs nae o | miloudu |

(NO.2 RSS) sudaIq i 5% 1

Fd ¥ » ¥ Ed

WU 3 oyamldiisraiivude | miloudu 1 Fry Fu 1 | milousu 1 fsy 9y 1

¥ ¥
(NO.3 RSS) s 18 Ty 10% uazd 2 wazdu 2 udtnvenlivn
1) w1 :5’

uriug'lidesazerain
=
ey

& Yt P a & a & z a o )

i 4 oynaldisrativndo | milousu 1 e $1 1 Fu | miloudu 3 uazoygn i

¥

(NO.4 RSS) sunta 18 hiifu 20% 2 nzdu 3 fidrvil (du (lfen'ld
vlosonia Fuderlulalsa
uauuiloninies onaun
suld

¥

or oy 1 l:! 1 =y

s sy iiinaiiuuie | sedealilloanilsesInd | sraududoantaniin

(NO.5 RSS) st i@y 20% (ugaq wiedluneug hi | eygnaliiidwiinldenlsy

»
finsdoonTovigy il
g1 Indl sygialdiions
sousylddnilou oyapia

Tinaunsylddmisy

b ERRTINT U'NﬂfN‘lig{

o
iniey

1 3/ ]
pilaluilopiiumannsaigaesamisondaerususuaiuiui 3 14 uas

8
| - 2 4
Tulasensf ldaulomuizmsaalSuams demas idunagssoznarlums

o 1
sugnaviniu Tasfdsuauazguaivvesgnaurusualudnuay @uiusua iy

%1 3)

2.4 oymadniy

o ]

[ 9 oA 1 o o !
symaaaiuiannisen ludd ldauysel Tasflvuradndaus 200

lulnswas 81 0.1 lulaswas [Hinds, 1999] nietlesnn (1 lulnswes widuy

0.001 Hagwas) famvessymamiiniu Asmsuviuasseglueinia dildifa




14

Qs 1 o 1 o Ay yado :’ ! c\wo’:dd s a
Suansreuyrduazenusy Ty iun lasddndndnlnd dniuddianuduiiuly
msdnuenoymawihniusennnnszuavewiasounou st Iva lidudafuusiy
£ g d’.’\ k4 A A o W 1 o A
819 e luadeil 1dfnwmaznade e n13Tmadniveyaavinaiui
mnzdudemsdanlunssuumsninnaurusuafuvonguarnsaiaiues
AouMsAnYE 1Benuaznadaul sz NS nAIANTIOYNIAWIIAILRINNIG
W g ¥ o o 9 A 4
i Indvesiiu ldorews Sulludeamsrumsnssagvesvinaeymalagmas &
nnasanyds bineh ImsAnmdsmsnszneresvinaeymawiiaiuiifiann
! =L o
msten nsdveiin 1o Tas Ndiema et al.{1998] ldnarufisanis 1 ldHuily
Af (=) o Y o 1 o A 15 sicil- ]
wernas Tz ifinailywiveseyniaiindu desonnisw luidi b
o 1 ¥ < ar
auysol Hedberg et al[2002] ldagilfamaninmisfnygudnyasnisnizang
& o
oymamstszaeuniunil F1idvnnsen lnd¥u 1555y Birch wood) Tumumn
WUIMINTEsYRIeNInliTIsvIaegssnde 3 i luwas 89920 W1 Twmas
o
Taswadulngfiviig 500 wTuwas wiounsdsIdeued laTaau (Cyclone)
mingdwmumsdniveynniflvinalugind 2.5 Tulasims Nacher et al.[2000]
uy i Y- RN N . wA aygw
Iafnmuunavessymai lnamnfuafuiifasinnsm ndidemas ldusne
' ¥ g oa <A\ o e & ooy Y A
Upenns nuhanudnduduaaveteynah Inamduafunndemas lovud
1 ¥ a1 o 1 3/ v
a1 528 lulasnfudegninsimas ludwinadesnii 25 Tulnswas (M 2.5)
et 1 a l4 1 9t T [}
uazdia 836 luTnsnfuregnuiadiwas Tugisumnatdesna 10 lulasiuasg
(PM 10) Osan et al. [2002] léAnuifenadnyazveteymatiininnise Ind
£§} =y 1 r L) 1 =y oy C§
wowda iy Taglaildnateiuiiulfvilalavemde lorhwuia 400 kw ¥a91n
r A a [} 9 |} ar o ~i
MIANMIWLN VHIRvsteynIniiiannmsw nduas Inaunduunaieuiiving
¥ [] .
auwidnunn (deendt 1 lulaswas) sunseiadlvunalugun @s lulasams)
A 1 1 v LY e o Y ) &
Taveynmatvalugindt 10 lulaswes lagnaniuaie e lnau Fusneynin
9 g P =1 d a 3 g A o o =
Tagldndnveusulowniigud dutuiadianudululumsdaydimanszag
1 @ A a 1 9/ uw v A [ 9
yunvesaymainTuiitiaonmse nddu s tetludeyalu
AL = o o @ 1 o A d o or
m3finy denuaznageuilss@ninmdlansueymawihaiuiitiunalandnly

) =Y (dy 1
NuInsnuTiae
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2.5 msandueyMa

T

g1 umsdndunieusneyaneanvinuianaisnuy uanieuld
3

o ef o A A
AUUN UATU 71D

)

115105904 (Filtration)

msanaznode IWHhede (Blectrostatic precipitation)

N

3. mMyanazneudense 1172929 (Gravitational settling)

s .
MuoARBI I Tigusna1a (Centrifugal separation)

R

msldnFesdudauuuilon (Wet scrubbers separation)

s

Ed 3
ar

Tasmsidomasosflemsdniunieusneyninsonninufaiuiuegfiy

oaflsznoudad] e

1. 1ls5AnBnmn13fndu (Collection efficiency) idoants cm%?uafj B[R
fseuldeslioymnuiamssengmouenld

2. MygaudenudY (Pressure loss) Taemsgaydondiuduszdodluige
w1y

3, guuaniRvewdafidoyaauaams wu wila Sasmslua guvgd
Wludh

4. poantAveseynaulams Wy dnvae ATdudy MInsEaIguIa
wazrimin dhudy

5. myvhan msdeafiuazmueunieaiiote

L T 1
Juusnveamsideniniesiledniveynnfiinuizauszfesiinisandeya

1. aamiduduvesoymamamslunssuauna (gas stream) Adoan13
ANUTL1A

2. ﬂ']i'ﬂSw'il'!ﬂeliU’lﬂ‘UfNﬂHﬂ'lﬂiJ’mﬁﬁﬁ BINTTLENDBN
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- |} &Y
3. 9MT1019 lvaveauna

4. dasrigenldeslfoyninuamreendmouenid

o t Ao qw A ' 4 Y
nndeyama i i NI n@ensTIUaNY 4E1TIUENDYNIANIAETT 14

1 = s e d'BJ ] = =1 - 11 9/ 9/
g919illse AN nneuidasns neuazrinnsannlSeudsunineasie msleau
' g 1 a Ao uvd o 9 J U
paza1ldanelunmsdinuvesszuuiida iluduneuganie uenaniidall
o saa A t @ A A gy 1 o A o
aamilsznaunsninademsiiniuveunsoie laun aruduigaudelugingal
fdanuiideanisuazlSinnveunarndeens (nsd l¥szuududaunuidlon)
o g/ & =Y A YY) Ad A Ad v - 9 A
dhudu FeriianTosdndueynma vumeymandniiganiny la Ussantnim ved
9 d'i Q@ o ' &y - o A d
uazdeidevauniesdniueyninusazyia taeslumsedn 2.2 [waius dulaild

fazamy, 2529]

e Y a o/ A o w a
AT NN 2.2 ﬂﬂﬂllﬁ?x‘ﬂﬂiﬁﬂ%ﬂQ!ﬂiﬂﬁﬁﬂ%ﬂﬂﬁﬂ’iﬂ%ﬂﬂﬂ’lﬂ"]

mosiiodndy | vinaeyma | Yss@nnm @) {oid Joiity
fidntiqa
(lumsen)
inSosannzney >50 <50 1. Mg 1. foamifoitinn
AouseTiudae 2. dwasnwesnuuumazmsiige | 2. Ysz@ndamnmsiftuh
i
TxTnau 525 50-90 1. fwdomreanuuuiasmsthgs | 1. deansithegann
$om 2. UszRniamnisiiy
2. deamsiniiiion oymAnIAdngh

T . A

3. nsiauiidy Il lleda | 3. Tademsilaoudiine
. A 3
sotifearaziiununnta wsinniuazea na
4. avwRugudoiivinadfahy
nan
5. dnoymavuialngld
6. S mawsmniiugs

ol o -
7. hidvfugumgi




ci - | 9 A a o = 1 ]
A19190 2.2 UDRLASUDIHIVDIUATINANIUDUNAFUANI (AD)
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wieadiodnty | vimeyma | ilscAngam (o) o doidt
fdniiqa
(lunsow)

ansuniey 1. pasgaFuufiquaznisuun | Liflymmsdansen

(Hun oymadadundouf 2. ifing i sdmiums

- voftaih >10 <80 2 ammsahnznaasshid | v nfonarnisia

- I Tnan 2.5 <80 Wiaiigumgfiguazduiuas | nduniddn

- Suiudnnnd 2.5 <80 3. aunsafufunasi i | 3. msdueymavinade

- 1uys nataranufien uazfiazonsiifa | flszdniamh

>0.5 <99 niou 4. nszudi lasoness

4, anmstisadensuannszots | vounaadnonn’hiday
LRy Foshndaniouton
s aunsamlnlizAniamld

mde >1 95-99 1. dseAnnmigedia 99% 1. e uduge

AnASnDU 2. fnoymaviiadnnng 14 2. hdomsuiannlum

Faltheia 3. §noymaldtanufonung | ussyndunazsaslua
s 3. anud i ime
4, Arwduggisuazidenudl | vesmsunsdahilimg
Foamitouitodfiaufumivaity | iy'bitsenia
nuduitidszaniamgs 4. $uiludesiivainis
s, prthgedmunusssusndu | favannudacaduein
wildfuanidensoundoniia | Ilfhusage
6. Tdndandtindeuiitfonnn 5. lsz@nsnmmsiuen
7, Smigungigald (oo s | ounwdiu
400 BFIsaIBLw)
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Ay Yy A4 o w a 1
1IN 2.2 ‘UﬂﬂuagsﬂﬂfsafﬁlEQLﬂﬁﬂQﬂﬂﬂﬂ@Hﬂ']ﬂ‘]fuﬂﬂ%iq (9‘]3)

winailofniu | vuneymn | AseAnBnin (%) dod doidu
A o A
fitdndiqa
Clunsow)
upuidulonsoq <1 >99 1, ;ednduuuniald 1. tennuiavoans
4 o .
2. iledsg@miammaim nNIoY
+ 1] A
anaadainn 184 2. uiaiifipuunaiige
d s 8 e 5 o &
3. flueymannadnid pzdoe Mifibuaanie
4. lszinEnmge 100 £14 456 par o

3. amussudiniTinade
NN
4. 1ifuluprgnansiniina

nsoU

é “a ol y é ~y ar o [ ] ar H
FaluamAeilaAny ez nagouien3smsaniueyniamiin Fuiineuun

ar o 3 1 1 0 1 ] w A t oy
funfafounnaaduneu 1 lvaruuiuerslagase Tegna lnfivgnaauasfioryan
a - 4 . . = o
Wi neiinusil Aonsnses (Riltration)  HazMIannznowd IWihada

. 4 ) a o o

(Electrostatic  precipitation) 1ﬁ‘ENil‘Iﬂﬁﬂ3$?f°ﬂﬁﬂ’mﬂ’]iﬁﬂﬁmﬂumﬂﬂlulﬂmﬂq\‘i
mdanamNumMInszarsvinavedeyainetniuisgna luuni 4) luiilym

[ ] ycg A & n’.: g d! ~ Y 3 1 ~ w t;’
msfanseuuazldiuf lumsfadaios FeseazBoavoina lnwa 2 naln finil
2.5.1 M9n9049 (Filtration)

or g o 1 { " 1

msvueyninlagnisnyeuiiudimstiwigalumsqudled e lsyen uay
g ey A VP 1 g/ ° o A o
Wudgnsnl¥diuediandsvanslumsiomaliageia esninmsnseuiu
ol P =1 o 9 o & Qs ~
SEmanazadn sz lemindwviaazlsenda Fansdveynmnlaemanseadl

El

na'lalumsdndveg 3 35ms Ale mednduluaiaiy (interception) MTATENU
A8UTAUNDY (inertial impaction) UATATUNT (diffusion) [Hinds, 1999 (o Reist,

1993]
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of 3
MsAnSuIULafatY (Interception) 1nATUF T VIYNIATYUIATEHIG
’ . A ' 1
0.2-0.5 luTnsiuns [Hinds, 1999] ooy nIAMABUTALNTZUAVBULAT (gas
F 1
streamline) ud2nnnsznufuduls dber) Tno'lildruniudageduly degaln
2.4 iilpaneymafivinafitiusulignanudd eynianasuRAUATIUEYEY
-4
; k o @ ar . o
Ui (streamline) fissadaen Tasna lnasdnduuudian (interception) 11w
0o d qomy A d o r
nalnedhudniioyniali ldindeuhesnvinnssuavewnaay wyniniign

v w Acsc? I a A P e 1 9}
ﬂﬂﬁ]‘Uﬂ'3EI’)‘E'L!"i)%llluﬂTgﬂ'Iﬂ‘V]lﬂ’ﬂﬂuﬂiﬂllﬂﬁlﬂ‘i:ﬁl!ﬁﬂﬂﬁ%ﬂﬂ%ﬂ'N‘H'l\ﬁ]'lﬂlﬁuiﬂ

™

s

3
liiifusailvesoyniniiue [Yeh and Liu, 1974]

Streamlines

fiber
cross section

[] ¥
5171 2.4 mydnFueyMANUTAnANY (interception)

MININLEBUURADE (Inertial impaction) Lﬁﬂﬁuﬁm%aumﬂﬁﬁwm
Faue 0.5 1y Tnsiuns [Hinds, 1999] 1W51$®1§ﬂ1ﬂﬁﬂ’2’!311$08 Lﬁﬂﬁ‘iﬂﬂﬂuﬂmﬁ
v Ingi i liaunsatfuilidedmdefinmuganeflazGoufiamaen
assuavsialdesiaiuiiiile dodhlnduSnaduls (fibe) inldeynin

masussnnuuInsiaazsuiudulodinses Asguh 2.5
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Streamlines

Particle =
trajectory fiber
cross section

P v a £ A . .y .
7111 2.5 MIANVVIYNIAUVUNITAIENUAVUITUNBY (inertial impaction)
PISUNS (Diffusion) ¥IoN1TAABUNUDUUI1UTOY (Brownian motion)
3 1 ]
Aadudmiveymaifivuiadesndt 0.2 lulaswnas [Hinds, 1999] tifea1n
- g & o A dda yy oo o 8
synnfivinaiaasdimamdeuiiduuun1sedioy andom) nsznufumdul
o 1§ & P n’J’ =) =)
(fiber) gnin13 TaunisiafeuhveseynniinazfinnnBninavesmMsnIaL

A e e = o =]
{HuInITILLaEn1sIas ULy l’i‘i%tﬂﬂﬂﬂﬂﬂuﬂﬂtmﬁﬂi&’uﬂ ﬂ\‘il!ﬁﬂﬂugﬂ'ﬂ 2.6

Streamlines

\
c-wc_(;’ .

fiber
Cross section

5111 2.6 MsAnTusYMALLDMSUNS (diffusion)
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¥
Tasluaideil 181435 mansesimnadeumsaniveynin Tasldusy

mauaaaetnadoaiisniidugudaziiedenmsldau
252  mIanaznente i atn (Blectrostatic precipitation)

ms4insennngnowde dihadaiidununoudiegs uadiimsi ly1d
ANYLDYNIANUBENUNINANY ﬁqmﬂ@uazamﬁmﬁumﬁmﬁ’u‘lw [n3eeding uaz
UIBDUSA, 2533] wﬂm%’umamw‘%‘ [Otani, et al., 1993] uazajuvinvieudalade
NATIEUA [Kubo, et al, 2000] Sludu anmsfnwun A5 09nRATADILTY
Wihadammnzanizdniueynafidvinadind s lulnsuas Kubo et al,
20001 uazlumsnageudniueymaiiil vunaegserin ol fa2.0 Tulaswns
Taoldusedu Wt e nhaduatauazurusiy @Plae) s dlaliad nyzud Wi
Talsunlszana 1-4 TuTasueuwls wudhifldsz@ninmgeds  80-90% uaid
¥ uesefeeiialssAninmanaundetszin 50% tesnnlSiauea
ﬂgmﬂﬁnmzﬁﬂuuﬁfmmﬁmﬁnﬁsﬁnﬁu mitnsandueyniniisianad [Laskin

and Cowin, 2002]

FEmsanaznoue il et (Blectrostatic precipitation process) tumsfiida
aumﬂﬂaﬂi]1ﬂﬂ:i::umaﬁ’ﬁiﬁﬂmﬁ’ﬂusaﬁﬁﬂﬁuﬁ’uﬂszq‘lﬂﬂ'mﬁﬂma‘lu
e lwiih Taetiendowel fe anudugudvsaiafisdunzal9ielums
Funtsadinhnssuismymauazoaudaitou Sinssuanmsananeud
Wfhadndseaoudae

1. madulszyldeyme

Aata o

2. mafulszgiiidszy lWufhuuiahilfnd (Potential)

q

{ ar s d
3. MsLgnayIANiuaN AL
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6000V CHARGED
ENTERING /’ COLLECTOR PLATE
RADIOACTIVE e A
_ PARTICULATES . '
T CHARGED PARTICULATE MATTER
nene o e

AIRFLOW COLLECTED AIR FLOW

PARTICULATE

== . MATTER s
AIRFLOW f AIR FLOW
emmls & 6000V wees

DISCHARGE
ELECTRODE
ELECTROSTATIC GROUNDED
FIELD COLLECTOR
FILM

117 2.7 ndamsinuveunsesanaynerde liheda

' , 4 o -
51 2.7 uamamsihauveunsennazneuds infhatauvuduatauas
] kd ]
U1 (wireplate) Taeuieufa lnarmuuarvewruda In# (electrode) Auu1Y
3 1
fu asenaerznnaudud IWfhudazgaeslidualniiius sdu Irdhge drenw
¥
aafindsznhuduaiadionssy (discharging electrode) uaznAmiulszgdanan
] i I e.,: 3 o o
(collection electrode) Hifgane uRaiegsynieds Idfiniuezuanduilessu
g ! r f o { Q at
Gons) udundoud luguriwiu msi TuagavewRmiudwaumaunndadu
v ' 3 A oo q.9a ety = o
lovausgseuq iduadail v ldiindlingmasinGendi Ialsu (corona) FaviHy
¥ [ I T
Judifuseuqiduadna [Chang et al, 1991] lesoudfilssqavszmionilily
g A A o Y o g3 &
udufiy vzinasuii lossusssuiveymaudairldeymanuiyszqay uaz

(T =}

4 1 A 1 d ~
oymavzindeu liguiudundagniaegiudunudiouse Wihatn uasqaioes

a

gnvirldugaeenudavauilifulududy

L] Fd
gy idfveuasesnnazaewdddhatagnadieiu Tasnisld
8
I wssgauuunssuanse C) 1¥Auszuuda 1WA [Schmatloch and  Rauch,
& & 4 A '
2004] Taoszuuda Wil seneudedrdmmilafidinan Ihwnn 1wy duaia

Fudy e ldinaaun ldd i Waduavesdisutnuazhimiiniase Ialsun
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v 3/

kY L 3 v = 9 e o a L [} o e

i dauda lddendunilsoruiumiansenssueniitiununaissiudud
o 1 { al

TaTsun wieondlunruswimvuuiuonmaisaeaduaialalsu Talsn

] ¥ T 1

ffeduludumnu Idfhussgeozdinlszyiidveymn diesymai 15 uilsey

a 1 3 o o a da & v _

Jud Tl Idfhdwiunueynia use IWdhateidedussdmioymn
94w S g A g & ) ' o g a
THudmdauny Fuihdasdiufudl nlsn Tageymauudufuazinzaa

S 3 v v = '
TuAUAou5IMa 1WA 1590 tazisdsgasznd luena
msesananewd Idfhatautsanitmsldilszq ldiugeunnilng fe
& e & A
LULUIRYY (one-stage type) LATUULADIVU (two-stage type) [TA1102 A1 Tons
= o ¢ @ = - IS = 3 = dy
uazI¥eni Aamzvitlana, 25281 Tasnsesanagnewd IMthadauuuiu@end
1 =] H Y] Py 3
m3ldlszelifoynauasmafueynini 145 ulsyyaznsedtrluaunIndhdu
. 3
Ao mSosanaznowdIdhatanuuiiilddusdrnhwnddugammnssy
' & 3 o < s’: A 1 o
e tazdaIn 15w @aduana) Tnezdludramitosninmsidilszgidfueyan
a wa y ¥ s Ad ] 1 A a
Tunmiliiaas ldrnadindnsdifiga Ia Tsuniudauan diumiesannzne il
a 3 1 ] d o
Wihadauuuaesiu msldiszyldeynianazmsinueyainit 1dsulszqey
] 1 1 ¥
sy luau i fnendriieduy Taswa limSeswmnnznowda Idfhadanuil
ti!l -] N 4 o 'd
wiifwafeuihnrnuazene s Gir cleaner) 1WeHIANNAZDINOIMATT
1 ° o o o § [y
synnaziBeanauaglunnududud uazinlddanndudilnlsuuiedoeiu
a ar ' =1
myfaufaduass i ToTan dudu
{ -4 : i) b 3 &
51l 2.8 ugasmshnuvsunsosnnagnewde Mfhafeuuidu@en g

' 4 ‘ ta 1q ve L
Wuarauagveifiuuanareswmuiiuda ldh Wihussgenldldtudauduann

¥ _ ¥ '
@1 Talsu) seneldinaauy Iddhusegauas TnTsundusewduain Inlsuni

3
=l ¢

a 4 o o o ot o
aduilazdi 1 luagaveunaset uanduilulessuuinuazauiiauinn
v A v ¥ u o @ = o EA) o q
losoufifilszgasedudnuivdudualnszgnfegainmiudualntazgnii v
o 1 g ' v pa g & v o @ o I P 1
Hunanednrasy daulsseunllszyunioudududuatnsegniu laludsein
o a 3 oF d'c.’\ 1 ¥ 3 d” o
ayzuauna lWdiassdy lusazhlwiulesowmdiienyutunueynia
Fd v 9 8
i lfeymamariifidsey Idfhadadiu Tasauuldihsenindaigesazadn

7 Yo A g Yh W e o d
ussgasw Idnueymaiifilszq uazdnmieymalilsllddunueyme
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Clean air outiet

Hv DC
Power supply

I
C

Corona discharge
wire
Dust coliection |«

surface  —|

]

Dust-laden alr infet

51071 2.8 an¥sizUoAAToWNALNoWE IWFhadauudualaiaymiie

4

N54N3UDN (wire-cylinder)

-] o | < d'i o3 (=
msiiusazasimualsz@niamusunissanaznewdclddhade
wanniladvndan AedlSinavelszgnldludoynin anuusavesaum IWin

o ! ~
THaveyaauazanuir lumswdsudrevsseynin fFa1loz aunlony uay

-3

=y d o [=3 d! =1 4 ar dy
el damewiilann, 2528] FallswazBoaasil
a Wl Electric  field) Hunund 1y IUnszUIUNTANAZNBUNG1Z

3 ] t
g Iihiinasdems ldlszaldiusynnnasdeussfinssideonai 145

r
Ul oy

A 1 =y 1 ar
lszquda Fanaguszriwanuusaesauns ihludnifansldilszytuaa

o A

L [
ussvesay i Inddufvsndludmismuadss@niamlumaiiueynn lu

¥
ﬂiﬁmaaizuu{l’mmugﬁ'umﬂuaxwﬁ’qmqnszuanﬁﬁumnansaunu AT

yosaru Wvhiiszeeseiilag E¢) awnsofwanldenn
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N
B = el @D

¥ ¥
Tasfi a fie frlveaduadalalsut (uas) b Ao szezvisenindd lalsuos
cj: o a ) i 1
TuRL uas) + Ao szezdadl quas) ¥ ae usadulWihnld (Thad) E() fie
anussvesatny i (haddewns)
1 9/ e A 1 dsli g <& =
msladszgldeyma iWhudeu lviiugrudonilsvesnsyuaunmsanny nowd
3
Wihada Tagnddenmsldlszynaiuluduszninveuusnveuaduias
v o d 4 1 ; 1 a o a
Talsunduduny Faaeludwiloynavzgnyu lag lessudnuummaiiain
é ! o =y 1 <y,
Unngmisal Inlsun Gemsldilszqldtueymadiaiu 3 35de
1. myldiszyTneaunldh (Field charging) thanneymansuilsegiiving
Wuriigudnaialandi 0.5 luTaswes dildifansuls Tnmaniedu Qocal
. ot { ‘a' ar ar A
deformation)  veaau1n Wi ludnyaziaun Idihlsdadueynia iiesnin
kY =) A oy s/ 15 or w =2 9
lpseudunneuiinnduauy lWihesnsznudueymanasgnivdadieusaves
= . A o L} A a gy a d?
ﬂizq%ummw (image charge force) INDIIUIY lﬂaauwﬂizﬂuﬂummﬂ lAtuaY
£ 1 4 EY
Fou yunaldiRenmsdafisrveuduany Wiy difduaunidimail
Vo @ aw e 1w Aq&’cfom L ! o =t
Lidsdanueynmnonas Il aansiifieauiiiiv leesuss lunsenufueymndn
BT a a A & an ) And o
yazay liifamsinyeulsrguuaynindn F35msldisequuniliyesenan
1 A 1 t 14 ar
aganiieh mylddszafivusuaun Wi (field dependent charging)
t ' . R . o iq t
2. myldilszylasmsuns (Diffusion charging) Wuna lnAildiszyldeynn
ol o a 1 & A A A 1 yoa &
Tagmsdudauazmainizanves looou Fuinsinmsnieuiess lulingmnaud
b H
(Fennu¥ou (thermal random motion) Imedmfadudueymaniivinadum
o ' | ' =y Y o ‘
guinaadnnd 0.2 luTaswas demslduszylasmsuwstissvuiuanuusaves
- 4 T T = a
awm1vfhdae msemsnaeu Ivivedlessudeniuiuiws ud Iihatauay
SIUBIMTUNT
¥ F 4 1
3. m3ldilsvy Taovisennu Ifwazmsuns sindadutuoymaifivuadu

1 4 ! ¥ = [}
AUgUE nasendne 0.2 luTases 8205 lulaswas
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o A Y, A - . PR
anutlumsindsuiesyain msndeuiveseynianiilszyly
) -y oy Qf A
au liihesgndmua Tasusaniidfatauazusamaue Islawdindlundn 4

useamd Iifhetaainsad i ldan
F, =gk (2.2)

- 4 o
Taofi £, flo usailesnnaunylwdh @iadu) ¢ e dszqueseynin (asind)
E fio st (aavidenms)
i ) I P o
dauussmansls lawnfinenihusuifaaniuga (drag force) FIeNsofiuIn

Tén
F, =6muwa, (2.3)

Tagit £, Ao usamuelslewndin @y x Ao anumilavewda \lansy
1 = oA = o & 9/ g o o o 1 o
domsindl) w fe anuiilunmamdeoudne (enuSrduinisznhanauag
= =) M e A
aYNIA; WAsABIUIN) o, fe Seliveteyma (was)
: ' 4.4 2 o &
Fausanne Idfnsdddeymaiusifiusudeanusigeganivile Tagh
a ¥ 4 row o ar og
anusai urailesnawn Il (£) ssvifuusanaue s lawndin (F,) dulu

d 1
anuEagaga (w) 714 Ao

w= qE

= 2.4)
67pia,

I @ v P 1 of A g/ . . .
aonald  w gmsﬂnﬂﬂ's‘lmiﬂuﬂmﬂaaumﬂ(mxgrauon velocity) U84

@ A d o a d et & o /1)
ayan tufsnus1duingagaveseymaniilssy ¢ Wemsuiinssuaune
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dseBnEmmvsunssannnznewdAndhata awsanlédnnaunisves
Deutsch 148% Anderson 188 Anderson l@tigusaumsdmiumilszaniainves

Wwiewnaznowd IWihada dail
7 =1—exp(=K 1) (2.5)

H s oA o t i = .
Tagfi 7 Ao dsz@nSammsfiy K, Ao AneAvesauns Andersen (F3UTHY)
¢ Ao nmuRaeglunTesnnaznen Guii)

' ‘. o 1 4 §

Tagdrnet K, sziiludmwizvsunissanaznouuazdon lulunis

o wen { & =y
UFtiAmsild Fademn Deutseh 1 1FeuyRgnde amunduduveseyninluufiadl
' 2 A 4 v oo & 2 Y g A
draiuausnasaRuividavsunTosanazney oyaIAde ldsulseuaun
w Ada o A Ad gy 1a = tw o
Tuuindudunissnnazneuuayoyniniuny d luiimsvgaasenillni daiu

AUNTTYBI Deutsch-Anderson ﬁﬂ

Aw
=1- —— 2.6
n exp( 0 ) (2.6)

A = g o 3 =] = o ! ) o A
e 4 Ae Wuffvesiaunu 3nwas) @ fe 9ans lnarlSinasvewnad
¥y A & 3 A4 @ T
WunaSesmnazneu  w A9 ANUSIVIINIAADUIIIBYNIA (UNTADIUIN) &9
dy\ Vo gq & 3!
AuMTUed Deutsch #1 s umsdszgnaldadianievnelumsesnuuy uaznls
Tnswinsewmnaynowd lWihada
a8 a =1 A a S ¥y b o 1
dsganiamlumsiivvsuniesdnoymn iihadaiiduegiuglsauas
A [ ; ey [53

VIAUBUATEL BATIMT Ina YUIAVDIBYNIA UATAUANTAYBIUNY [Chang and

Bai, 2000 $42¢ Park and Chun, 2002]
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P N
ST
Venliation
% » | Draft wba

Valve

fa
Paiiaty fitered &r'/m
e |
et 24
BMassmm:y

11 2.9 HHUAIM IR BITHINYBIENATBI NBIRUAIUYI

ot

azilfulya

=22 &

= o Py o ¥ Q ma A A o \ 3k o
FmssrrauFanamaasves Inatludinie Fagmirhl s lumsheewy
wagdiasdaniunsalidleg fusdraunsvats Tagnizn1sAnEINITATZIY
Qquﬁmﬂimmwﬁmm [Negro and Franco, 2001] #oensoe1A1s [Choudhary and
Malkawi, 2001] wSemssiaewmeluredimiumsenndadusilulsenu
) T ¥
gaenuassuildude lerhlumsmn Tndl Mares, et al,, 20031 sauliJansdhass
A 1 9 o ] = e.’: I's o oy &
nuuReianziawienislutesnndumisnsaaduuesiaziWesiinesh
- ' . P
(M [Bojic, et al,, 2002] F41AMIANE WY HamInTzerwgamMgiln lden
Fosdadwmaraasvesiva JalndiRssiunisnageueIauin [Choudhary
and Malkawi, 2001 M@g Bartak, et al, 2001] lAfnyINAUEINISAINUANTI
WUMU LTI 82 T04 (Grid) 133 mIsnaFarnamanived lva wud anu
I o @ LAY </ ] =1 b d? A 1
uiuS1vBIHABHEN 1A919NITAIUINILTATNYNABIGRVY IBATIUVU ULV
L ar A . 1 a A
Grid TAUANUY e [Li, et al, 1999] #1111 dNTHAUINIOBNYDIDIMANY U

Hoazinadodnyazvssguums lnanandmiudvesems
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oY) ) =y a 1 n:udt:i Q) o v
SEmsemmaudanasanivecivadudianidlumsdisanins Inaves

ar

voelva Taemsudseuvaumsifeeyiusoey (partial differential equations) A3Y
¥
g/ ar

seflo1a RIS ay Fallaumsineades aefl o Tund wwdrln, 2545 wae

Versteeg and Malalasekera, 1995]

[ ¥
2.6.1 @uNsABIHEY (Continuity Equation) visngnsuratiuaunsadonld

gzl
%§ +div(pu) = 0 Q.7

Tasi

ou

div(u) = — o

ow
—_ 2.8
3 (2.8)

ov
+—+
oy
A - s d A d o A d
(1141’114 i A8 IAMBITANITULNGT u f1® ﬂ')"llllﬁ'.lclu'i"lﬁ‘ﬂ’lx‘l X, v fig ﬂ’nmsﬂu

= o o 1
figny, w Ao anudiluiinmaz uay p Ae avwwuniuvesvedva

262  aumsmdai-alnnd (Navier—Stokes Equations) ¢ Tugumshlddnun

arm§vesvedivariiasada i lduazdiums lvanila annsofouidlugl

AN %

(p “) +div{pun) = -%+ div(u grad )+ S, 2.9

AN y

(gv)+d1v(pvu)——%+dtv(y grad v)+S,, (2.10)
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AN 2

(g)w) +div(pwu) = —%-& div(u grad wy+S,, (2.11)

4:%’ 971 o 1 A A v o =
aunTHaz ¥R LaUMTABLLDY INOMIAIANNAY (p) HAZAINTT

(u,v,w)
2,63 TUMINTINY (Energy Equation) awsariien 1a1ug)

—_a(afl) +div(pin) = —p div u+div(k grad T)+®+8, (2.12)

Tavii
p=p(p7) (2.13)

i=i(p,T) (2.14)

ou ov.,

= 1A () + (— —

2{2( )+(ay) ( )] (i a)
(—a“ ——")2 (5‘ +%’) Y+ A(div u)?

(2.15)

=

A4 1 e o o 9/ ¥ A ' A
Wil & Ao mduilszdnimahanudeuvesretlna ¢ fAe Aianunilaved

woelna A fie The second viscosity S, f8 momentum source @ 19 dissipation

function

¥
Taglunms anuaseaives A wziianswatesun daiudmsunmsiasanlu

danvpafaasannsotsznalyd 4= —% 4« 1@ (Schlichting, 1979)
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&

aunswasuiasclFuiuaumsuidei-a landuazauntsdesiles iiam
gt w

Avessgamglidunerdesiomsnlfeunlamasauvestsnasalugy (control

volume)
2.6.4 aum‘s‘lﬂ"luﬂ%tju (Finite Volume Equations)

1 =1 H St & gy ) 2
aums W lud guifiuaumsi Il usafion3Tiaadauaviivie Tunism
naseduiledldlumsudaumsiFeoyiusdoy (partial differential equations)
=Y a2 3 = 1 g/ St A oA o
aumsiFeyiuidesis 3 inauwdraunsadsuluglussaumsduiinia
(integral equations) tdauavtiuaumyinlud gy Tnvfinrsannsdidiedaues

kD
a5 lnalu 1 9814 §efl [Flovent V3.2, 2001 Lo Flovent V4.2, 2003]
gumsaatiiealufinmg x fie

op o) _ (2.16)
ot ox

- ¢ o =Y 2
AUMITUINYT-a Iand lUAN1e x A9

opu) (pu*) oP 8, ou’
+ = -t —(u—)+8 2.17
o ox ox o M) @.17)
qumIgangi lufian x e
0 T o\puC. T
loc,T), dlpuc, J_g[wrjzs C.18)
ot ox Ox\ ox

o P 3 gt i ar PR | A ol _—-3 °
Taefl ¢, fle Manuganufouiinnudunti uaz A fe dulsza@nimainau

91 (thermal conductivity)
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'Y I- 1 aa L " 1A a o o
foravesns iralu 1 48 aums W lud lquitnsanidFuasveudad A9

71 2.10

Lx1T* PT" hx

v

Ixf hxf X
5171 2.10 radnanudmsu W ludTogu 1 414

3 [
Pinpsveusaane ¥, =&se danfiudinthidalufiamax  fo

A4 =8z

X

= t A
HATUIFUNITADIUBINNANNT (2.16) ‘ﬂﬁillﬁ

SO P
JIIdedydz = II[(pu s (Pll le}lydz

= (g 35— () 3
= (p“)iuf 4, - (pu)b_cf A,

(2.20)

Ed

UNUAENNT5(2.19) taz (2.20) adluaums (2.16) v ldaumsaniiiesdilne

[p P Pr JV + (o) 4, — (o) 4, =0 (2.21)

ot

Smdunsdiantizaeiiz ldnadisvesuia lvasenuazyra lvad sy

Lo}
e
o
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dmSvaumsguvgiausadou 14 fe
[ | [saxdyaz=s,v, (2.22)
zyx

b4

aumy (2.18) eunsosuliodlugilaums (2.22) 1dasiife

p,CV, A4, A4,
Tp|:'—p é‘tp L4 ppCpuwa - —-5‘;"!' 5 :}
(2.23)

_ ppCprT!
ot

AA AA
+ p Cu A +—1T, +—=1, [=8
[plr Pl x é»x} I Sk hr:|
aunis 221) wag 223) Huaums I ludlgualdlunmsdianaves
] 3
Tal5unsu Flovent o ldmagamgiiuazanusivevediva Tnoluenidsuiild

3
vz umsasznovesgumgiineludessualauviniuy

27 unagy

H s [ [l

Tyunfi 2 flderuengud aumsuaznszurumshdny Falsenevdae

=5 1 [ v El -i’ R B =]
nguimsnsznvesuinasyninwiinfusinmsen nfiyemae iy 33ms
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gndueymamihaiuiwumsnsewazmeanaznoude Iifhada mafnum
9 <) [ s/ 1 9 A o =
sualifumansznvaungiivewnadouneluressuladigdimafiuiauia
wasaasvedlnalusunsu FLOVENT e lddfudjatessuenslasnisnsos
] ' 1 A L) 1 o

ufiafeunould Inarurusn Ingasq ihoandunumsnaneaurusuaTuves

4 é 1 1 ¥
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msﬂizmmmmmaaaqmﬂwﬁm'ﬁ’u

A P o s VW o A o ' o
esnmaangdnusi laniumsidanieaadSunaeymaiiniuan
) 3/ df a8l t b 1 ] 3 A w ~
Mo luidemag A usou 1R lvaruususa lasasaimua fiosnu S
¥ ¥ Fd
uasaannYBeurUsUATuinga 1 Tdnuday (erauiusunTudu 3) daiuds
5 1
ufludesfinungudnvasvetseymamha Tumariineu gudnvusfidiiguay
= A4 4 & ot ' A 9 o
aefnu Il Avvuiavsssyn1Aazn1sNIzee Feesiinadenisiaenldginsal
o o a dy 1 = o 3 o ar
antufmingau Tagluuniiaznaintginsal Tuasunssuaumsive nams
NATBULAZMTINTAURAYINTANYINTATEBVUIAYBOYAIAIULATY (size
T s 1 ]
distribution) 911891001560 IniTiyamaciu ldorans sieviwafila 1141w

M3fnYT [Men sonuuLiEznaTeURwnivoynInde 11
3.1 gunseiflddnmn

msﬁﬂmmsﬂszmammaumﬂmjmﬁ’mfu M ldannsadenitamsaniy
symawaniuldedrannnzay Falumsnaaoaiioz1¥ Andersen air sampler
(Dylec, Model AN-200) c’?}qﬁl%’ﬂﬁ’ﬂm5ﬁ'ﬂ{1’uﬂumﬂuwﬁﬂﬂizw (impaction)
narfeflenszuaufafamsuldoufianems lraedwnziuii eymefifianw
wosnneg WiennsanldsuduTassauduniums lvavewdaldiu Sagndn
fulS mdeadlefannsaueneyminludie 043 fa 11 lulnswas $aeusams
nsznevsenadueTs laudinTuusaz Suveundeq Andersen air sampler A1
msnadeugnuiiaiiugae cut off 1884 8 via Falszneudas ct off fivia 11.0
TuTaswes, 7.0 lnses, 4.7 lulaswes, 3.3 lulnswaes, 21 Tulaswas, 1.1

TuTasms, 0.65 luTaswas uaz 0.43 luTaswasmuddy aumaslugili 3.
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J Airinlet

\\ -
: >3 micron

1.0-11 micron

4.1~-1.emicron

3.3~¢.7 micron

2,3~3.3 micron

1.1~2.1 micron

ess-LInmicron

¢.43-0.4s micron

<643 micron

. 41
;_-m : )
—u”uunn-W Backup filter

717 3.1 Framsnszagvesvaiue 15 launiinues Andersen air sampler

3 14
a8 Andersen air sampler 1 %@ Uszraudistsudndueymadiuiu 8 4u
n5eeinsns1ms Ina (Flow meter) Lazilugany 1 (Linear motor Vacuum pump,
C§ [ =y 3 :)J
Model VP 0935) #alumsmvmuadae 15 launiinluusasdu (Cut size diameter)

1 5
YBUATOY Andersen air sampler 8315af UM IdNInduNIsae 1li

3.1

_ [18uy s NaD,’ 60
70T\ ac.op,

] 3 3 v
e 0 fe sanms lnadmiumsesiiesnuuu 137 28.3 Gasdewnit p, Ao A
wuveseymaaIgIY (1 nfudegnuiadisufing) u fie Anumiinves
- 'd = @ = Qs
9119t (1.84x10” nfusiognuiniisudiuas-1dl) e drdseneuduunady

H ti'.'i =y ~ ar
(Impaction parameter) 9IAMRTODNUUL Tag# w,, = 0.14 WedszAniamdnunady
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fiarso% N fe Swauweaiaila ¢, Ae urimedTundvesiuilwey
(Cunningmam correction factor = 1.00+0.16x10'4) D; ﬁ‘a ﬂjmmﬁ’uﬁhuﬂuﬁnmq
VD4 jet (WUALAT)  dpy, B0 Audurugudnanueseymane Ty laundnd
sz AnSaw 50%

Tums 14 Andersen air sampler tHefn¥IMINTEIIBVOIVINABYMAVINATY
127 18 e adehmiiouuvazdeanailon 4 dumdevesnin  (Denver

1 k- 1
Tnstrument, TC-254) tennimiinveseymawiinuidy 1d luudazvin
3.2 TUNBUMINABBY

F 4
eﬁ’umﬂu‘lumsﬁuﬁmmmmmumeﬂmﬂu 2 @ ABEIUVBINTHIVUIA

" w ' & W dgw
ﬂ']?l'ﬂﬁﬁﬁl’lEf‘“ﬂﬁﬂuﬂ'lﬂl.‘“ll']ﬂqu!lﬂgﬂ']iﬁ'lﬂ'!ﬂ?']u‘]fuqlﬂq lﬁﬁuﬂi‘ﬂ‘nﬂﬁﬂﬂ

14
1. BIUVBIMTMUINAMINTENBVBEYMAUIIATY A nTaulsduney
o A o o’j =l
Tumsautiunussnitlu 4 4uneu Ao
=1 A =} L d o 1
1.1 w3emnTeaiauazalnsel lunisnudiodn
- AahanuaEauHENTE R (Plate) 18 Andersen air sampler
] { =Y o3| o ar
- pULHUNIZANNgaIVgl 250 peruwaien (e 24 FTuauazds
1y 1 ] 3
minves Plate nlmaowit i 1Fan () AranTessuihminuuyasieandilon
4 duMuaueansy: Denver Instrument TC-254
[~ ! o 3’ ar 1 =Y o ¥
- Py Plate AFuihminuda B3 lundedlaainuasiifagganuing
- d o
(silica gel) (T2 24 41 144
o o a 1
1.2 fmstnudiednn lunaauiy

o a n,: 4 o o
- fhmsAndunToailouazgilnsoiaagil 3.2
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Fumace

Valve

4..’_®__

Andersen Sampler Flow meter Vacuum pump

H g o 1
z‘ﬂ‘ﬁ 32 LlNuﬂ‘I‘Wﬂﬁ‘i’lﬂaﬂﬁlﬂﬂ@l’lﬁlﬂwﬂumﬂiﬂﬂi‘]’f’ Andersen air sampler

- u’: A A o o 3 o Y o
- asndeumsAaduniesliouazgilnsal vdeontuiimsaily
3 X T o8 '
gaannn Inodadas1ns lvadl 28.3 Sasdewil wazdunamiEuiduinies
- diensy 10 wWiniimstlailugainiemiaziii Plate 881910 Andersen
o 1 ~ et ar ¥ i
air sampler LAy Plate lundesfiaaiinhiiYagganami (silica gel) toga
A
AMUFUDBNIN Plate
1.3 1hwaf lumnmnszeisveseyntamiia iy
a f ar Y 1 o/ o b2 4
- YIUINUDN Plate wsamuﬂmmm’su‘na\W’tﬂms‘l%ﬂu (m) 79
1 T st ]
m5earaihminuuyazBuansiion 4 Aumiwesniumseudy

3 4
- Wi miinuesoyR AR IUILARZ U (Collected weight) 310

M,=(m,—m) (3.2)




39

3f
- ¥ IMUReYAIRIIAINT N
H
Mtora! = ZM} (3.3)
=1

4 HA &
($3)3} MJ,- ﬁﬂ ma‘ummgmﬂﬁ‘vu J M, ﬁﬂ UIDYBIDUNTIATNH U

¥ b
- mdadimvsnimineynnluunazsu (Mass fraction) 910

M.
Mass  fraction = —= (3.4)

total

- winnuENTuELIa lagsw (Total mass concentration) 911

. M
Total mass concentration = —L (3.5)
total

d = :g i 1 o
dlo v, fie USuesveunananuail IMai1u Andersen sampler AQDANTTIA

ol ] C§ y
#19819 Fan1 189N
Koml = Qt (3.6)

A A o X a ' a A 3 o
e Q0 fig 99113 l'ﬁﬁ (28.3 'ﬁﬂiﬁﬂu’l‘ﬂ) { A9 3L IRVINHUANADANTINU

#2081

daudurhuguinaieenmawamansiisegnudanra (Mass  Median
Aerodynamic Diameter, MMAD) ansowld lasmatideyaiiialdldinsiesd
Tav1¥n57¥ Log-Probability Afifunuvesnnudazauihunasidau Probability

1 1 . o3 '
HAZAAUVDIVIIAUFURIUFUINANYB8YNIA (diameter)  (HUNUIBUDY




40

20NMTHN (Logarithm) NTIHANNEUNUETENINAMYA AL aUUYRINTATEDI0E
. ¥

waeymn luidazsufuvinadusuguinatevetaynin  seidnvuziy

idunss [Hinds, 1999] fe1fi 3.3 Feannsarthlihnduadslasurnveseynia

dnlng18Tny

MMAD =d,, 3.7
A A9 & =i o
W dyy, N9 TUATUTUINA NOYMANAITUDATTY 50%

dmiunutiounnnnasg udusvingin (Geometric Standard Deviation, GSD)

Q4 1 1 C§ ar { ol 1 4 ar
fAedaridussninuuIavenyma Fufuazand 84.1% fuswuieeyan Fuly
AzHUA 50% wIedeNId@ITTHININAATANN 50% fuvadEauR 15.9%

P
[Hinds, 1999] Gaaansoien 1l

GSD o= d84.!% = dSO‘/o — [d84.1% ]112 (38)

50% 15.9% dI 5.9%

] 3
Tagautlsununasg i (GSD) vessandiufiaassviiae lutimitsuazdpadim

VINANMTBNINY 1.0 Laue
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5
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]
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>
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=
g
= / MMAD
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1 1 '\ 10
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Aerodynamic particle diameter {micron}

31 3.3 neaodnfutsenemudazauiunnaduruguinais

aynn
[} : a, 4
1.4 viwad I deszvuezaglea

¥ ¥ A [y aq ¥ A o
2. BAIUVBINSHIAINNNT UV iUl nagey 1loevIndIHIUYDY
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T w Ay y w4 P 1 ' o A

aynniedud Wonmsim lnfyemadinduegiulfinannnusuess

[] ¥
Wundimsnagou AfundnInnsnageURIvLIANITNTLIIBYBI0YNIN

] ar ' 3 o o 9 oy ] ﬁy i 9 9 2
wihadu luudazaie Sudludesmdsuaaianuisuved i ud e delumsm
N T 4 T o 3
USrasanuduves A vawnsouie1Ainly 3 Yuaeu fie
v 1 2 y 9. A o o 1 o .:? t

2.1 guiiediuaey IfHuNHMsnaae il uiHIYI) 31U 5 Fu nou
o Q'J c? @ A )
11 llFaiminGudy

v T 4

22 av'liHudammenldii 105 essraiBoa yazduiningng 3-6
o T 3 ar 1] 9k A
2739 aunmimin ldduazah

° Aysy - ¢ A
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33 HAMIANEIMINIZNYUINAVAIBYNIALLNAIY

4
samsanINIsnsERevIaveseymainuivansarh ldfnuuas
o ar 1 o a9 15 T o) - o -
nageunsziumIdniveymashaiudldaie 9 duaung i ivgan v
] 3/
arAnvBIIRUTIA S UBaawn IRy (urusue Tudu 3) mnesdufadeu
w w4 a v sy v ' ' 4 g & = Y g
vimsien Indidemds I8y narinurunlasess ieaams Iddemas Ty
a é ] 1 s
HazILEZIMITUATY FINMINATBLRDII NITATSVIBVOIBYAIAVLIAIUIL
A1 " g S d, g @ T '
fiod1 Tnua(l mode) miniunnaieiimmanuAledn lasgrtvuiaeynn
L 1
mahnulidaadesndt 043 Tulaswas 8147 lulasnwas degih 3.4 waglu
t o o ” o & £ fd o -

aanKan n aaugii 3.5 Wunsudasnnuduiusszninaulesidudnnud
AZAUVBIDYNIAUABTHI (Cumulative  oversize percentage) NURIYBIVUIA
TR o ¥ ~ . . &4 qy
duruguinanaeeymauelslauniin (Aerodynamic diameter) Hallumsm
; 1 o o a
mti?f’umuﬂuanmqmﬂ1ﬁ?{ﬁﬂ1ﬁﬁ§nﬁﬂ§1uzquaa (Mass Median Aerodynamic
diameter, MMAD) a2 UdouuunsgIiBusvInaia (Geometric Standard

L. Ay ¥ ac yys oy 1 " w
Deviation, GSD) 7l lauaasaunsiuagainmsm ean wudoya1nveuuiniy
s o W v A a y e A9 o s
fAnaninmsen Imiidemasiu aanailsudumuguinaneimanaiang
fregnuFaaamas  095+025 lulaswas uazliduiosuuinasgnods

SRSAmay 2.51+0.51 awdidy daaaslunsed 3.1




5
IR Run #]
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X EEE Run #3
3 Run #4
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2 2 B
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Aerodynamic diameter {um]

71# 3.4 wduiuseninmdadau Tasuatumvesnng

9

1 s d
Wurhugudnatsreteymamaun Is lawniing

- 99.99 TTTH
99.9 l /:
[l
£ ee - 7 all
& P
g i
7...-" 90 s
g 4
g =
L3 //
kS| 50 ol
/4/
§ 30 ; = 7]
S o e P e Run#l | |
2 Pe o Run#?
3 Ve ¥ Run#3
S 1 v Run¥4 [
&} / A  Run#s
A 0O Run#6 [iH
¢ Run#7
01 1111
.001 :
1 1 10

<Y

Aeradynamic diameter [pm]

r 1 o s o
svesnnadurhuguinanveseyniamaue 1s lawndnd
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= @ ar ' ' <] i 1 1 Y
51l 3.5 anuduiusseninaulefidudntayauvesoymaudazsaefiu
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6 0.90 2.56
7 0.95 2.74
m’ﬁ{s 0.95 2.51
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220V, 15 kV.
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or
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15197 4.1 HaMsNAageUYszanTnINNITANIUUBUNToINNALNo TS InThada
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2 0.283 0.0451 0.0234 48.12
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VAC (Volt) VDC (Volt) 1(107 A)
S & 4 & 4 o 4 S $ 4
AT L | ATIN2 [ ATIN3 AT f5IN 2 79N 3

20 2200 2000 2500 9 12 14
40 4400 4400 4800 35 35 34
60 7000 6800 7200 63 61 57
80 L 2000 3000 9200 104 98 90
106 11200 11000 11600 147 138 128
120 13000 13500 14000 251 247 223
125 14500 14500 14500 282 275 248
130 15000 15000 15000 305 311 272
135 - - - - 331 295
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t{s) EP upstream (g) EP downstream {g} E[%]
MF,,,(®) | MFo,(® | AM, (@ | MF, (@ | MF,,@ [ AM, @
30 0.1255 0.3271 0.2016 0.1241 0.1698 0.0457 71.33
60 0.1274 0.3892 0.2618 0.1275 0.1912 0.0637 75.67
90 0.1255 0.2747 0.1492 0.1297 0.1795 0.0498 60.62
120 0.128 0.2638 0.1358 0.126 0.1769 0.0509 62.52
150 0.1281 0.3494 0.2213 0.1296 0.2314 0.1018 54,00
180 0.1276 0.2829 0.1553 0.1256 0.1975 0.0719 53.70
210 0.1406 0.3875 0.2469 0.1389 0.2135 0.0746 5294
240 0.1358 0.3668 0.2310 0.1372 0.2512 0.1146 50.65
270 0.1375 0.3441 0.20606 0.1309 (0.2421 0.1112 46.18
300 0.1257 0.388 0.2623 0.1232 0.2716 0.1484 4342
330 0.1343 03272 0.1929 0.1315 0.2403 0.1088 43.60
360 0.1381 0.2747 0.1366 0.1303 0.2106 0.0803 41.22
396 0.1389 0.3098 0.1709 0.1302 0.2326 0.1024 40.08
420 0.1299 0.2993 0.1694 0.1293 02327 0.1034 38.96
450 0.1279 03137 0.1858 0.1241 0.2426 0.1185 36.22
480 0.13 0.253 0.1230 0.1296 0.2135 0.0839 31.99
510 0.1381 0.307 0.1689 |  0.1316 0.2502 0.1186 29.78
540 0.132 0.3577 0.2257 0.1332 0.3123 0.1791 20.65
570 0.1302 0.3262 0.1960 0.1373 0.2995 0.1622 17.24
600 0.1332 0.3082 0.1750 0.1294 0.2752 0.1458 16.69
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t(s) MEP,_.. () MEP, , () MM, (@
30 1574.98 1579.32 434
60 1579.32 1582.92 3.60
90 1582.92 1586.35 3.43
120 158635 1589.66 3.31
150 1589.66 1592.49 2.83
180 1592.49 1595.44 2.95
210 1595.44 1598.26 2,82
240 1598.26 1600.94 2.68
270 1600.94 1603.58 2,64
300 1603.58 1606.01 243
330 1606.01 1608.75 2.74
360 1608.75 1611.23 2.48
390 1611.23 1613.28 2.05
420 1613.28 1615.14 1.86
450 1615.14 1617.06 1.92
480 1617.06 1618.84 1.78
510 1618.84 1620.11 1.27
540 1620.11 1621.25 1.14
570 1621.25 1622.23 0.98
600 1622.23 1622.68 045
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N3N 2
t{s) EP upstream (g) EP downstream (g) E [%]
MF,,.,(®) | MFou(® | AM, () | MR, @ | MF,.@) | AM (@)

60 0.1265 0.2638 0.1373 0.1333 0.1754 0.0421 69.34
120 0.1256 0.2449 0.1193 0.1243 0.1720 0.0477 60.02
180 0.1243 0.2657 0.1414 0.1249 0.1821 0.0572 59.55
240 0.1332 0.2188 0.0856 0.1274 0.1709 0.0435 49.18
300 0.1259 0.3974 0.2715 0.1372 0.2836 0.1464 46.08
360 0.1247 0.3176 0.1929 0.1246 0.2322 0.1076 44,22
420 0.1382 0.2952 0.1570 0.1282 0.2285 0.1003 36.11
480 0.1211 0.2549 0.1338 0.1218 0.2099 0.0881 34.16
540 0.1237 0.3208 0.1971 0.1219 0.2702 0.1483 24.76
600 0.1272 0.3399 0.2127 0.1292 0.3005 0.1713 19.46
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t(s) MEP,., (&) MEP,_, (g) AM,, @
60 1567.73 1572.93 5.20
120 1572.93 1577.12 4.19
186 1577.12 1581.04 3.92
240 1581.04 1584.57 3.53
300 1584.57 1586.,84 2217
360 1586.84 1588.77 1,93
420 1588.77 1590.79 2.02
480 15%0.79 1592.32 1.53
540 1592.32 1593.38 1.06
600 1593.38 1594.21 0.83
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3) Solution Type: Steady State

4) Store Mean Radiant Temperature

2.ﬂ1§ﬁ1ﬂﬂﬂ51ﬂﬁ$!§ﬂﬂﬂlﬂq Turbulence 'ﬂi%ﬂ'ﬂll?al"lﬂ

1) Turbulent : LVEL K-Epsilon

2) KE Model : Stratification
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1)

2)

MSeIMUATIEaZISsaUDd Overall Solution Control

1.1) Solver Option: Segregated Conjugate Residual
1.2) Outer Iteration: 500
1.3) Fan Relaxation: 0.7

1.4) E Estimate Free Convection Velocity: 2 m/s
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ﬂ']'iﬂ']ﬁi-!ﬁi']ﬂﬁmﬁ gAUDe Variable Solution Control mNnJu 5 ﬁ'}!uﬁﬂ

2.1) ANUAU (Pressurc) fmuasieazBuadail
2.1.1) Variable: Pressure
2.1.2) False Time Step: Automatic
2.1.3) Termination Residuals: Automatic
2.1.4) Inner Iterations: 100
2.2) aniFalufiemie X (XVelocity) ﬁmuﬂswamﬁﬂﬂﬁqﬁy
2.2.1) Variable: XVelocity
2.2.2) False Time Step: Automatic
2.2.3) Termination Residuals: Automatic
2.2.4) Inner Tterations: 5
2.3) a2 lufism1e Y (YVelocity) ﬁmumwam’é’aﬂﬁqf;
2.3.1) Variable: YVelocity
2.3.2) False Time Step: Automatic
2.3.3) Termination Residuals: Automatic
2.3.4) Inner Tterations: 5
2.4) a5 ludianis Z (Zvelocity) ﬁmumwamﬁaﬂﬁqﬁ
2.4.1) Variable: ZVelocity
2.4.2) False Time Step: Automatic
2.4.3) Termination Residuals: Automatic

2.4.4) Inner Iterations: 5
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2.5) geungil (Temperature) fmuasenzPeadail
2.5.1) Variable: Temperature
2.5.2) False Time Step: Automatic
2.5.3) Termination Residuals: Automatic
2.5.4) Inner Iterations; 110
3) AMIMNUATIWAzIDUAYBdAdditional Solver Control wdadhy 5 daudadl
3.1) ANYAU (Pressure) fmuasoaziBeadil
3.1.1) Variable: Pressure
3.1.2) Any Variable: Linear Relaxation: 1
3.1.3) Dependent Variables Only:
Error Compute Frequency: 100
Successive Over-relaxation: 1.2
3.2) anuEa lufians X (Xvelocity) f‘imuﬂswam’é‘ﬂﬂﬁqﬁ
3.2.1) Variable: XVelocity
3.2.2) Any Variable: Linear Relaxation: 1
3.2.3) Dependent Variables Only:
Error Compute Frequency: 5
Successive Over-relaxation: 1.2
3.3) anuiFa lufiene Y (Y Velocity) f‘i*mumwazt‘é‘ﬂﬂﬁ’af:
3.3.1) Variable: YVelocity
3.3.2) Any Variable: Linear Relaxation: 1
3.3.3) Dependent Variables Only:
Error Compute Frequency: 5

Successive Over-relaxation: 1.2
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3.4) anuSalufiemna Z (Zvelocity) f‘i'muﬂ'i'mam%'ﬂﬂmﬁ
3.4.1) Variable: ZVelocity
3.4.2) Any Variable: Linear Relaxation: 1
3.4.3) Dependent Variables Only:
Error Compute Frequency: 5
Successive Over-relaxation: 1.2
3.5) goungil (Temperature) AMUATIAZLE gadail
3.5.1) Variable: Temperature
3.5.2) Any Variable: Linear Relaxation: 1
3.5.3) Dependent Variables Only:

Error Compute Frequency: 110

Successive Over-relaxation: 1.2
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Profile
X
Edit
Y
New
X A A A
Residual & Iteration Monitor point & Result & Distance
A J \ 4 A
fMuuaswazdn Snuasasioon MMuaswazitea

54/l wa. 9 unufaMTIETAIHALULAT IV

. . 4 w va A
1. MTLAAINaUULNT I Residual & Iteration 921/51ng ¥ Tagda Tiiduledl
T F e
msfuTilsunsudalutianusushunezadretiumnlmi
. . . 4 o wa
2. MSUEAINALULN3 1 Monitor point & Iteration 95151054 Invdn Tuild
dofimsTuTsunssuRerfuns 1 Residual & Iteration tAns1Wlazls1ngh
aethiaiinigld Monitor point Tunssun1Tad1al Root Assembly IHeiinsda
P A ' = o A ar o 9
Arfideenisiu gaungll anusa nieanudu dluau
3
o o
3. psuaaInaLLUns W Result & Distance M3uaaswanvyilaziiiuniia

1 o Ry = 1
ﬂ'lﬂ’lll.‘ljﬁ‘l’lﬂﬂﬁﬂ'li‘i’ii']ﬂ‘i’ii%ﬂ?dﬂ']\'l@]'lﬂ 9
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osj : 3 ~ 3/ 3 =~ ar t:ls.‘l
sﬂuﬁﬂuﬂ’liﬂ’lﬂuﬂi‘]ﬂﬁxlﬂﬂﬂcluﬂ’ﬁﬁi’l\iﬂﬁ‘]ﬂﬂ\i 3 HYUUad

3.1 Variables : aondadsnfoamsniivan

. o o 1oAY ot oW REY
3.2 End points : ﬂ"l‘l*‘mﬂﬂ']LL‘I”TuQWﬂ’E}\‘lﬂ'Iﬁ")ﬂﬂ']ﬂ’JLL‘llSﬂﬂﬂﬁ 17

1 3
4.2 MILTAY F*mlE‘lJ'iJﬂ'l‘i’iiﬂﬁﬂu‘lﬂ')ﬁ‘ﬁ,uﬂﬂHﬁqu'ﬂ'ﬂ QCINLLNHNQ%'IH&N

Flomotion
¥ " L 4
Plot Editor Animation Legend Editor
Y h A A
fMuaI ez Mruaiwazsn fruas ez

3117 wm. 10 usufasUAAINALUYA AR 11D

1. 019 ﬁmumwam’é yaAUaY Plot Editor ﬂi%ﬂ'ﬂ‘ﬂﬁﬂ]ﬂ

1.1 Plot Type : Plane and Iso Surface

1.2 Vector : Velocity

1.3 Scalars : Temperature

1.4 Clip/Wireframe Geometry
Above : Wireframe

Below : Wireframe




2. ﬂ'ﬁﬁ']‘l”iuﬂ‘ﬂﬂﬁmgﬂﬂﬁiﬂ\i Animation ﬂ3$ﬂﬂﬂi§]}38
2.1 Frame speed : 30
2.2 Step (% of domain length) : 1
2.3 Range : MHUATNVOIQUNYI]
High : fvungumgiqagaiideams
Low : fimuagaingiidigaiieams
Select loop or swing
3.M3MMUATIVAZOEAYES Legend Bditor Usznouady
3.1 Scalar Field : Temperature
3.2 Scale Type :
3.3 Range : User

Max : S1MUaA1guMglgIga

a
3

Min : fvuamigungildiga
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d‘i H ::id - ar 1 dydw dy
Gouluvsuwavesszuuiany luauiIdeaauil el
1. omanieueniessueraligungl 30 seruaaiion fnnudu 1
UFTEOF
2 anuFivese Ay 1 wesaeduf
E-r 1 1 ] C§
3 Sawmsvsarselasouiadeunazilaesssuisufadou Fudouly
a d t { H -Qy Qy o o
Tilsunsuiignuaztiugsoadmasuvun 4 x 4 19 4ag 8 x 8 Uimuaay
=aq ¢

gaeruiifvesdagiililumsiraesioasung

q

ey ar ! o é H
uauiAvesTaqildlumsinesfessuealuldsunsy Fuilusri

ar
dviunl3 Taelalsunyadiagl

4
]

st o ¥ d’(’ I A & oA ar
LmanuesidnensiisauruB sudaiinuauiinne
amsihenuseu  0.056 W/mK
3

ATUHUUUY 380 kg/m

manufeuiume 1000 JkgK

by

a9 o = = Pr sy o
2. WilsaeiAedgnIUASsugaiga auTiAnll
amsihanudeu 062 WmK
ANUHUIY 1700 kg/m’

amudeudumy 800  IkgK
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3 dszaios dewldosuiadou uazddssszineufadousindaaman
amﬁnﬁ’é’iﬁ’qﬁ’
amahanufen 63 WmK
AIUHUIUY 7860 kg/m’
manufeudume 420 JTkeK
s futouihimounindeiiguantaded
amythanuier 1.1 W/mK
ANURUWUY 2100 kg/m’
marudoudumz 837 JkeK
5ﬁusfﬁ'mma‘luﬁmdmﬁ’ﬁ%’wﬁﬁaﬂnsmc‘ﬁqﬁﬂmﬁuﬁ“ﬁqﬁ
ammahanudeu 036  W/mK
ATIUHUWUY 1840 kg/m’

Manudousuwiy 840 JkgK
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1. "U‘Ll’]ﬂ!1’;139?)'",&‘}11&@ﬂﬂﬂﬁﬂﬁiﬂﬂ?\‘illﬂﬂﬂﬁﬂﬂ']ﬂ\‘]ﬁ HY. 1

Q15T HY. 1 YHIALETA W UUO9EIUAT 9 VBIHDITHEN

YHIA (m) AU (m)
X y z X y Z
Houssgen 6 |35 ] 25| 0 |13} 0
Hosdaudaiou 59 {12 25101} 0 0
R AT 2 1.2 1 -2 0 | 08

9. mIfHuamsuASadanuieu
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Mitmuanisundednnudoutivualy Radiation  Attribute

v
ar A

AUAD

Surface : Sub-divided Radiating

Subdivided Surface Tolerance : 0.4 m

Minimum Area Considered : 0,2 m

3. msdmua gid lugumiaia 9 vesiessududadlunisned

HY. 2

Q19197 W, 2 914U grid 7

o

FURUIN 9 VBT OITH
AurULY04 grid 1 grid
WoauTIQenausy 20
Foalaosunaiou 5
R — T 10
grasfuiannuiou 20

0 o A a 9 o a v
4, ﬂ'liﬂ'l'ﬁuﬂ'Jﬂ'ﬂllﬁgwuN'J‘IJENTﬂi'\‘!f’fi'l\ﬂ!ﬂ\‘lﬁﬂ\‘iﬁﬁﬁl']ﬁﬂﬁi'l\ﬂu

Talsunsa (unudredaay 1-5) e lduaasdegyfl war. 1
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9 v = ~ X A v &4 2 g
‘Hﬂ\‘li'ﬂlﬂﬁ'l HaYANHURAWIEATUNTT l'ﬁﬁﬂ\'l‘ﬂ (Steady ﬂow) MUY *-‘N‘lu‘tluﬂaum::

] 44 9 o o we R T o
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TamsAnydatinee1meaiigamgll 30 edr e AITNAU 1 UTTOINF
=1 < 1 e =
1. o neiina1u5) 2 wasde U

o d at
2. gﬂzmmmmsmNamaﬂmﬂumﬂmmuaﬂnzmm (steady state)
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3 Swuansvaveaves Inadiuuuums luailuilau (turbulence)
4, ﬁ’l“r‘iuﬁﬁT Fan Relaxation 1N 0.7 114 Overall Selution Control

5. ﬁl‘ﬂuﬂ?h Successive Over-relaxation 190 1.2 1% Solver Control
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a - 3 9 1] 8/ o 1 g
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(% FIUUTIY) (A Tagaden laniy)
11.1 16240
17.6 15200
25.0 14140
33.3 13100
42.8 12050
53.8 11000
66.6 9960
81.8 8910
100.0 7870
1222 6450
150 5360
185.7 4270
233.3 3180
300 2090
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a7 gl e drmiaseg muluiessuea (°¢) ¥y (pn.)
)1 2 3 4 5 6 7 8 9 10 U 12 13
o |31 31 31 32 32 32 32 32 32 32 31 32 32| 350
10 |33 32 31 32 33 33 34 34 33 32 32 31 32
20 [35 32 33 32 33 33 34 35 35 33 33 32 32
30 |38 36 36 37 37 38 38 40 40 34 35 33 34
40 |39 35 35 38 36 37 38 43 4 35 35 34 35
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