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ABSTRACT

This research activity involves the construction of the combustion chamber and a
laboratory-scale pulverized biomass burner. Experiments were carried out aiming to
assess the performance of a burner in terms of combustion efficiency, turn up/turn down
range and it emissions. In addition, it included an investigation on the reliability of
computational fluids dynamic program, when applied for mathematical modeling on
combustion of biomass pulverized fuel, the model will be validated with the
experimental results. It was found that pre-chamber burner with 90 degrees of outlet wall
angle could provide stable combustion. The production of a prototype burner and
supporting system for a pulverized biomass burner was then carried out. Experimental
study on the influence of operating conditions on performance of the burner was
performed. It was found that the particle of the fuel that passed through a grinder screen
size of 0.5 mm yielded satisfactory result as far as combustion stability was concerned.
This was carried out with an angle of the swirl blades at 100 degrees, where the
secondary air flow was able to induce the recirculation within the pre-chamber thus
enabling the combustion stability and complete char burnout within the furnace. It was
found that the prototype of pulverized biomass burner with pre-chamber could maintain
combustion stability at 300kW to 500kw. This could be used for small food processing
industry by producing steam up to 0.5 tons per hour at 10 bar gauge approximately. The
numerical simulation of pulverized biomass combustion has been demonstrated to
examine the effect of swirl number on combustion characteristics. From the results, swirl
number had important role in the combustion by improving the mixing of fuel and air
stream and inducing the reverse flow. Therefore, the result of this study is a useful
guideline for swirl burner design and operating condition of the furnace. When considering
carbon monoxide and NOx emissions, swirl number 1.1 is recommended for further

improvement of combustion performance.

Keywords: Burner; Combustion; Biomass fuels
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unasidun LazyAvadBUALTINLEvaRTIN L awE g deuanddunnd 2.7 uagwuinioasn
difflannens 3 wesiiaumuanduiumswnlndidomddamaiisivuetosnd 500
Tulasims
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AW 2.6 ANYULYDIYANAABUNSIHNLMIIYE M. M. Kamal [10] (1) Needle valve; (2) hopper;
(3) lead screw; (4) variable speed motor; (5) air delivery tube; (6) air delivery
nozzle; (7) pressure transducer; (8) orifice plate; (9) pressure transducer; (10)
manometer tapings; (11) ball valve; (12) ball valve; (13) blower; (14) ball valve;
(15) fuel nozzle; (16) orifice arrangement; (17) curved end; (18) combustion
chamber; (19) mixture ports; (20) perforated plate; (21) porous plates; (22)
nozzle; (23) burner end; (24) delivery tube; (25) coal delivery chamber.



11

Cyclone

Fuel Gas Cooler Stack

Hopper

e
Q--
Wend Powder

and Primary Air
@. Fuel Feeder

FD F:\n S — e

Gas Analyzer
GLNOLO

Secondiry Air
Teniary Air

Air Preheater

Data Logger
LP Gas Cylinder

AR 2.7 yemageumsnindifemasTaniansues Akio Nishiyama [11]

MNVayalagsIu19ENa N mmwmwmwa'[fuaa’Lui‘meum‘Lummuaunums
Lmlwm‘umwawama Lummnmulwmummsﬂsuanm‘lﬂjmmemwaqmwuuﬂ%wnu
Womdeiiuna seslafian sufng Andiased [12] Jaduvidlufindse WWwuimslduuusans
sl species transport wuudtassmsthiliy k—e Standard laefinmsiiuApsiivessas
mmws’aan%tmumﬂluﬁuﬂaaun'}ﬂ‘m% uagdnaaumansveInIainUfnsenvesnslusnidy
2.5 WhuasRusy LLaJIﬂJLLuumaaamimmmmLUUau (random walk) Tinan13sn1s91aenIsim
Indfidonasmuiiung wumflaflnaLﬂmnwauawlmmnmsmaaqamamwa‘la KAYILUUTIADY
denanagnienyssgndldfumanindifomasiamnans itevnissiasimsunludidoinaadi
wansdmsuRuninfoantwitag (pre-chamber) 2w1n 1 MW fivinnisesnuuu uasimun
qun (dimension) 1luidesdy wuiwhinulindeannludtiefilyuniuinameeeniiriu 90
2977 m’l,maumaLﬂuﬂjaqaummJmsﬁaﬂi“mawmnmuma’twmLm‘l‘muma denalvioynia
awnsavhufiSenlsethsieies Sahlugnafisturesssssaalunisning Feaelifanns
asnad s wlun sl TagliRausingnisalithsu (blow off)
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3.1. nqufiwarransvadiva [13]
aunmsmuaunsivavesasivanuuialndoudaly

18 P, div(pi) =0 (3.1)
ot
Tutuusy x @ +div(putl) = —g% +div(u grad u)+S,, (3.2)
0 - %) :
Tutuudiy y % + div(pvii) = —55 +div(p gradv)+S,, (3.3)
Ty z @ +div(pwii) = —g—}; +div(u grad w)+S,,, (3.4)
anaans 6(7512+div(piﬁ)= —pdivi+div(k gradT)+ @ +S, (3.5)
= plp,T )andi=ip,T
guNsanIUY p=ploT)andi=ilp.T) (3.6)

p=pRTandi=C,T

3.2 nefnsinanvutiulay

3.2.1 Bviswavesmmtuthuluaunisuiesaland
mmLanA1esEnisnisivatuusussuiumslrauuuiiuthuide finisiva
Jutuasifamansuaiulnesivunafiunnsaiy TumsfiRdussnavauladiadoves
Anan e vesvedlva Wy enudueds amnuduiedy amuduieds Wudy

Vortex  Vortex
roll-up  pairing

Fully
turbulent
flow

d i 1 [ ) y 1
NINN 3.1 msmun’mﬂﬁaumummmmﬂwa‘lﬂqmmﬂumu
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nnguidlednslvanseoninviesiuazadrnsumunismuiuiuseuqdins
na mnuuﬂﬂvmmliﬁﬂgmszunwuma*’ummmimmu Tngifonauwnmiulugeginiulasiinnu
WSHINTY Luammmmahlmwmwmmmil,aaiﬂmaammfaumﬂmqLLaUaﬂwmvmaamLmuuuﬂ“
dunmiulfendy nanﬂamﬂwmu%LmnaanummﬂmimmuLaﬂqmumnmamlmmmmi
Wummudutluiign

Tuaunseeleuveslumudy navinansdvswavesauiudoud gnifieuegly
sUmspaifuresnuduuls Fsdimuminadunnedeuteviemeloviumsuduismn
anusauuystiy Tnevhluisasdnngunadiliduemnuesaums Weflazasoulfiugaunum
vesmatiiliudumudusuionnanarudulay

a—U+div(UU)=—ia—P+udivgradU+ A (3.7)
ot p Ox Ox oy Oz '
IT A2 AT
%+div(VU)= —ia—P+udivgradV+ i Ry (3.8)
’ ! I ’ _12
L +div(wU) = LAEH +vdivgrad ¥ +| - FETER) B (3.9)
ot p oz GO 62

° v Sy v o v = v vy &
Mn1snssaewmevianilimiuieliTaey F9UsENoUMANANRIRTN 3 INBLLAINENTDY
MR 3 WP

o € 1q¢ 4 (3.10)
T, =T, =—puv 1 =1, =—puWw T =1_=—-pvw

v w oA y f P )
wanraImuAudutissnanAuduthususendn Reynolds stress n1sivia
y [} 3 1 1Y 5 & 7 7 7 I ¢ L]

wuulutiutdy AvesrnuAussainde - pu'? - pv'? uae — pw'? agliilugud Wesandu
Wudeniideassvesaruiunds Arvespnuidudon — pu'y' - pu'w uag — pv'w e
d' o/ U a U U L3 d 1 a u 3 1 b2
mm%’aqn‘uawauwué‘ummm’mmuLms‘uaqamﬂ‘;zna‘ummL%wmawﬂmqnuuu WY 817N
aruAuLUs v’ AU v ladfienuduiudiuesduidad gauvingnuIAvemagm u v e
wirfugug ImamlﬂuummmmuauLuaammnmmﬂuﬂfmmuummmqmmLﬂul,uaamnmm
MUG\‘UEN‘UENI%@‘EJEJ’NNW

d‘ a d 1% =Y 1 L4 } 4

WeRansanaunisnisiadeudreusinaemnaans @ laq vsswesivaneldnig

y 1 } 7Y nde} LY LY q! = ¥ c’l’

Tawvuduliu saganunsondasaunisidsmedsnadetunmsulataunsiumudy Fadeuldssd
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oo .. - ou'p' Ve owe
—+div(®OU) =div{[ ,grad @ )+ | - - - +S
o iv(oU) lV( »gra ) [ . } ® (3.11)

-3

Tumsimnssusdngldnuaulafuanedevesnmuauisneg vesnisivanazvedva ogalss
ausvgnuInAndnUstaduaiaieniSenia Reynolds Stress %aﬁaeﬂiﬁ”’wm 6 \ay luvazil
luaumsmsdeuieuiinaainadifiade fasfndudstusn 3 mesluusasSunuanasii
it tife u'e, Vo' way W o' uagieanududeuvasninudutiusegliwuaunisegidne
lunseBureusingnisaifendn sefudonmanlunsaiuuuiassmmiiutndaiedes
iy msﬁ'&umﬂssmui%"lumiﬁﬂmzuLﬁa‘lﬁﬁmmgﬂéfm’[,ma:ﬁuﬁLﬁmwauazﬁmwmamqu

Pymanuduthulaeilule

3.2.2 Wuudtasswesmtiutiy

wuiassenaiuthuiuduaumsmeedamansiinlfifugussuvannsiy
afuemslva el uauaunisidusiuausuds Tusumaimnssudusiineglalgainy
auleswaziBonvesnnutiutiy wiszlimuaulefunawastuiensenanisinandn wuneay
TUIWRIN1TANNTTUBAT Reynolds  Stress Ausngluauns uaskavesnsindoudiouina
awnaaiMAnsuieamanarudutiuiy wwusasiaiuiuasasdeddidlugnumses
nslvadivarnvans femausiudy fesensliuasysevdoninensildlunssnn wuusass
finulaevhly amnsadnngulfidosumlilitnened

3.2.2.1 Wwwusasnsivauuutiutay
wuuiaesdnuaiily sguufiugiuvesdunisisdluadiade
® Zero equation model- Mixing length model
® two-equation model k-E model
® Reynolds stress equation model
® Algebraic stress model
® Non-linear k-€ model

® Large Eddy Simulation aQuuﬁugﬁu‘u'eNauﬂ1sﬁﬁmiﬁ’ﬂniawmm‘ummsmmu
wwuraedludnvagiluduagiioglulusunsudmnded luvaed
Large Eddy Simulation Juuuusrasseututuiitutuig Tasfinszuanisinandnuaznis
muazgnAnlnenss lueaefimsmumunadnasgnunudeilsiduiitmuetu 3deld
niwenstunsiannn gialsluneazBenaunsomeuliain Abbott and Basco (1989)

Mixing length model uas k-8 model tufunuusrassiléduns
AsIRdaUR NN UUNsIMadnYaIEAe u:umsaaqgnv‘v’suuﬁuimaﬁauuagm'jwwmmm
Reynolds stress islsianisenelenluuusilunsivandetussadefumudusuiioman
aramiln Suneriaedifuunngegidmmmwesaunisluausy lunsdfiveduaduwuuioin
Weuaglein
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ox, ok,

J i

ou, Ou,
Ty =He; = —+—= (3.12)

] a‘ o U1 ° ) o J 1 . . =
wensaglidelunsimuadionns isdwua 1, 2, 3 luwdagaves i | 39
X, y Wag z ANEIRUAITY

FRANIMILLUILNY

(3.13)

Iumsmaaaﬁfuﬁ]“‘W'U'jﬁmmﬂuﬂauﬁmsamaﬁﬂﬂmnl:u'ﬁumaau WAEWUIIAITS Reynolds
stress azifintudlosnsndeureanisiuainty Boussinesq, 1877 Ieawalidn Usingnsal
fenanunegilanudenlesiudedulssaniami foif

N W= an +6Uj

(3.14)

J i

Ing g, Send1 eddy viscosity usnaniimsiafouteusinadnaaiduiasanamududud
ansnasunelaludnunsindendaiufe

Fol)
~pug = F( o J (3.15)

A =g U Q) = Q‘ 1 y 1 QI)
o T, Aervesdudssavdnisunsvesmnututautiues

LLauIﬂemmsmaaumau';a AN oY wasluuusy muumﬂmﬁuumnnalﬂmmnuﬂamwumu
i’jumu LST\Nﬂ']ﬂLﬂ’llﬂ’)’]ﬂ’l‘ZJENﬁu‘Uiufﬁ/lﬁﬂ’l’5LLW§LLUUﬁuU’Juu%3Nﬂ'ﬂﬂaLﬂﬂ\‘iﬂ‘U ANAIUNLA
f]umu LSIIMIAMRUAAT Prandtl/Schmidt number mmwummu

De

0, == (3.16)

galumveassitugiuasnuirdialndiAes 1
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3.2.2.2 WUUT1a09 k-
) o ) wa ) y | Iy
LIENIATNENNSTIAR U8 YRR nAN TR R AU uUlA

usinszaia @'J”m'lmsqtyama‘uaqwé’amuﬁ]aﬂ{juﬂau, € (Bradshaw et. al., 1981) MALAINEUNS
nsiedoudie vee € ﬁasﬁuagﬁ’uﬁaLLUslaJ'VIiwmﬁi"]mumn waglianaunsadnanls wuudiass k-
€ UUuNnIg1U (Laundar and Spalding, 1974) aeduuusiassnisindoudevasnisiimes 2 69
A9 k uay € %ﬁﬁmm mmn*ﬁumumm%ﬁLﬁaﬁaaﬁunsumumsﬁﬁﬂﬁiﬁmmqmﬂﬁauuﬂaa‘uaa

Wﬁ’mmaimmuuutaﬂ L'iﬂ,‘ljm k Wag € AU ﬂ']Gl”J‘IJ\‘ﬁJL‘U\‘]ﬂ’J’mL’i'J LLaumuwwx‘mu'\ﬂ"uaa
Turbulent eddies ¢ g mu

3/2
9=k o= — (3.17)
e

mamamamqmmmmlsuwwsmLma314L1Jumwnamwmsamamasuaawawului ZAUNITNYY
qu‘wLanwaﬂuuﬂiﬂumsmmmwuwwmﬂmaamﬂwammc’ﬂ.wmlﬂaEmIS m‘lunnﬂwawumlﬁa
Iuamumuaiwaquu asmmsaﬂ‘wauwamumnm%@mwumumum‘lwmuua}vLmﬂ‘uam'}mi
gaaateveIwdesuaatdudiu LuawwnuJumsmaIauwaqmumwumaqmwmmui ¥AU
e gmsviuanluseiuidngn tiuies wieldudnuesnsadraunenuns Turbulent Viscosity
971 Mixing Length model 1#Wa1sun 1519%18

2
=Cp8l=pC, ¥ ¢ (3.18)
g

]
aaaf

A I J s
Tae#l A1 Cﬂ L‘ﬂUﬂW)’JLL‘U'ﬂiﬂJWU\‘iLUUﬁ']ﬂ\W]

dgmiunuuiaes k-€ 1nsgu agldaunsmatelouseluiidmu k uae €

3pk) + div(pkU) = div[ﬁ & adk} +2u, By - By —pe (3.19)
ot Oy
2
_6{;8) +div(peU) = a’iv{h gr adg} +Ce '18;2“1Eij By - CZEP% (3.20)
0-8

' < .5:”

luauniseziianpaio: gNediu 5 M Faaunsausuanielildldtusnunenisivaiivainuangls
Ml €, =009; ©6,=100; o0,=130 C,=144 C, =192

L

TunsmA Reynolds Stress Lsnanansamudiiusyes Bossinesq snld lﬁmﬁ

~ (au, oU,\ 2 2
—pu iU, =p,| — 2, ?j —Ekaij =24, E; —Epkﬁ,-j (3.21)

i
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= 1

4 o a & | o I3 v P ] =
RIBINMINITANANNTU IWUNURIUGAMEVIL AT 5 B8N Kronecker delta (&; = 1 1ilp

i=j way &, = 0 e i) wadlawhidurndevesaunisunuaumvanegves Normal Reynolds

Stress e 7, =—pu',7, =~pv'* 7, =—pw' s i=j

Lﬁu‘lﬁ%’mdﬂumﬂwahjfiwwL‘fJugULLUUIﬂ wfeele nasIuves Normal

Reynolds stress — p(z?+ v

+w'?) lumAnauaeavinivesdnd s uaadtiutus ey fad
wihedundsurouSunes (-2 ok ) asfumsuTuAvignaaddu@anenmisihnsavresnnile

| a | = o 1 & | ' v v o
Tuauvesidiing1iosn Feazvindutiufdeile weudredudumenyes Normal Stress nnsluadl

- , 2 & a Vo ) o &
ﬂﬁTJﬂQUL"LJUﬂ']‘Sl‘VIﬁ LUy Isotroplc ‘ZNLUUﬂNHWEWU‘m"U'ﬁWMiULL‘U‘UQ']@@\?U

3.2.2.3 WaulvAveu
o ) ° . =
aun1smsinfioudeved k uas ¢ Wuaunsswan elliptic waswnann
BNBNATBINBUNSUNS FevilTiausuluidesrvunteuludaeu daib

o o %
A199% 3.1 dUNITNITAARUE8UDY k ag &

vt ANBY k UWag € avdaediunli
NDBNRAZUIIULAURININS Ok/on=0uaz 0/0n=0
nslvadesy k= 0 ugz £=0
PSRRIE msrmua Fuselfua Reynolds number.

Tumsudalaemiluudiacdder k waz € vasmadilldannuasnuiifiuivesinise enel
< : & a o 4 a oA A ° o
nMsfinymanssnurasAaiinensiaiuiuiieusyduannindeioveswanisiiaedile

uoNNITIEWINUTENINNITAT k- way € 819As1 W Anaudiduretautiudiy
(Turbulence Intensity) T; bazAMUR@sIUIa L vastesmsiva Tnsmnuduiusselui

3/2
k= %(Urefo)z ; g=CY kT; £=0.07L (3.22)

P! & o P Y] P LYY & ° [ 1
gasltlazinendiesiugnsves Mixing length Tuvinde 3.5.1 Tuies dmdu A 989 k was €
Uiallnantds aunsamwinilalaeusnduasnsd fail

n3diin1 1sdluadtinues g9 Fadmun ey 30( ¥2¢500 laglviunu y i

AEeiaRInaInrluaziuv y , Aesumisdifinnsan ues y;, fi® Dimensionless distance
MnadAeusInssMeiLuvasnnaTuiuTEEEN1e ¥ Sasinisteffiandsnuaaituty

I e

whudnsIMIgaatey aelan

Lol 8
w

Uu 1 ] _ . =2t
u+ = Z = T{-ln(Ey; ), k= '\/a; €= Ky (223)

141533
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A U d 1 QU Q U L7 1 L
lneA1AsTIved Von Karman wihiu 0.41 wag Wall roughness factor, E dusuniiaseu Wity
9.8 ‘Iuﬂizﬁmawﬁwjms \51EsaMIARINg1eaIn Schlichting, 1979 dwSunisaneinalnu
Sousels

T-T, )C, pu
7+ o (T=T,)Cppu, —op | u*+ P 2TL (3.24)
qw GT"

]
LB
Tp g YN m ATNUL Y,

Ty A PUNHUVINUY

d

q., 8 WandanuSouiins

G, fia ApugANSeusImsvetadiva
o7, AB 1 Turbulent Prandtl Number

o= £ | arminar Prantl numer

T
’ Qs a Q‘ o . .
I, fie dulsednsnisihanuseu (Thermal conductivity)

P Wuileridumsudrngsduiudnsiaiusening Laminar Prandtl number & Turbulent Prantdtt
number

nsdl 2_isfluadifnuesohg auntsmsanelon k waz & 9si wall
damping function ui&3u Aell (Patel et. al., 1985)
k2
B, =pC, fi— (3.25)
€
% +div(pkU) = div[(u + ﬁ] grad kJ +2u,E; - E; —pe (3.26)
Oy

)
+div(peU ) = divl:(p +ﬂj grad 8:| +C f]— 2p,EU - C,_sfzp— (3.27)

€

d(pe)
or

[ V]

wiiud fudseAvsarumile ldannsofadisld uag Wall-damping function Wudsil (Lam and
Bremhorst, 1981)

3
20.5 0.05
fu = [l—exp(— 0.0165 Rey)]2[1+ e J; f =[1+-f—] ; (3.28)

t m

5 =1—exp(—Re,2); Re, =k'?y/v; Re, =89l/v="k*/ev
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< L7 [ Qs a 1 ) 17 IR 3 o  as (K7 [} 1 v
fauiuuudass k-€ aglasuanuilsusgraunnlunisinluld wififivedniineglaitos dnanali
Toe&aulunsnetnegnsil

A15197 3.2 WSsuWigudentordeuniuuuinasy k-

Jof 1. 1Wusuudrasslidudeu desnsiiesioulvaveu wag/vide SeuluiSudy wint
v o ) =
2. Winansdhassdlunslvanaie qdnvasivuiulugaainnssy
o M Yo ) o =
3. LﬂuLmeaaaﬁlmUmimwaa'un'umﬂuawmnwquﬂ

Toids | Tdniwensuinnd wuusiaes Mixing Length model
Tkansdassiilifludnvasmsinagsell
msailiiveuwnutusuunauuy

mslnafifinnueSeagaunng (Gudafafidamaldunng mslmadunder)
MslvauuumyIY
mﬂwaﬁﬁmﬁﬁ’mmashaauuvsmﬂluviaﬁﬁwﬂﬂﬁﬂlﬁLﬂuaqnau

3.3 NS IvsiaznisnauanwannIs lng

3.3.1 N5 budiiuy Non-Premixed
1um'i|,mlumwu non-premixed 14 LmaL‘wmLLauaanm”meamﬂﬂaumrma
madweundsiiuenansu Aeuunsingunahuinsen Iﬂﬂlumuuammmanu ALl
wuy premixed FeivigRsenldnauilussiuluananeuivswlvsl fegredmiunsunlusd
WU non-premixed saxdisiasnivefatuiiune mswnlndvesiosrlndluniossusiwauazly
g3l msflﬁamuﬁ%ﬁuﬁwﬁm%’uﬁnwmsmiwauﬁ’umaqﬁ”wuwﬁuﬂau ﬁ'ﬂﬁ'susiawaaﬁwwau

annsafnaldnmsiiiesiis fufle Mixture faction Jsuniusedaydnue] fansfinesi
gnileinfudndiudunaventomas wuasﬂuaﬂﬂmmqquaunuaa‘lwaamﬂwu visonaalng

Sntfonileléin [ Aedadudunavossgludamdsiinsiuaslallvg (adueu, lelasiou “a°)
Tuaddionun (CO, H,0, O, 7a) LWﬁvmavmammsmlmﬂausnw‘lf’a‘luﬂgnsmmm i
aunsmuaumsiemazhifivadveanasinga venand Jamnmsenindildgnuedfiduns
vuiReneesinga (fast kinetic) Weifleuiudnsmananfuvesnseuanyuauiiudoy dafy
mdudoudeanannsdilndsnsuiizowuulidaduaghivinga uiisewesasad
annsadaeadunvuannalddouuusassaunaiail (Chemical equilibrium) 1y wuUsaes
wWadlWsuideunsd visuansldnnaunaiafilduvusmenvatiisudevling

wuudnaes Non-premixed voanisiwnlnsianuiiu agiinnssrasinisnszaned
789 mixture fraction ffusunureadomdsassia fe arsszine (Volatile) way dmnd ms
nszeidmiualddineeshignduinuensonain Mixture fraction usazidupiiduiusiu
Mixture fraction naAeANNtNtuvealTdezldiuainnisuuasAwes Mixture fraction Tneil
AnaduiuSIEie Mixture fraction wae aUfdmequivey Ufduiusvesnuiutiuuee
Ujifiteaiazgninaniiansan tegldiladdurumuuiueessauiesdu (PDF)
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3.3.2 nMsnafinuazn1san NOx

Tuwanlrianfunsuasfiszduluananisluuarlwiitiutau nsnefinves NOx
annsoutadu 4 Sumsumaniiidaieu Idun nmsreiin thermal NOx n1sriaLAn prompt NOx
n1snewin fuel NOx uag N,O ﬁLﬁmﬂﬁuizijﬂgjﬁ%m Wsni3u Thermal NOx riefalasn1seend
wiueslulasiauluussennlunaenivgl Prompt NOx Lﬁﬂimanwsﬁm@ﬁ%mﬁﬁmmsmL%'n“fl'
Uinamihialy v fuel NOx \inlngeendiatuvadlulasiauiilegludoinds fisesuaiudui
geluuazanz waaﬂmwmm NOx 8193¢ nammmmrﬂuLanamaaluimmu (Np) 61y
intermedieate N,0 il nsuwludisuaznszuaunts SNCR szdawannisiawin NOx Hammald
lngnsduaufisenves NO fulslasaisusuuasuenludonudidiu

AU IAIUANEINIUNTSENEM NOX
auN1SMIABMNIATDATUTA NO- Hdauves nmaiawt A1sianszane
miwamaumwﬂmmm NO uazaUTdiifetos i‘LJLL‘UUﬂ&JmiuLU‘ui‘ULLUUﬂﬂJﬂ’IiVI’ﬂ"dlﬂu’lmﬂ
vianmswumumaamiausnwma wansku‘uaqnm‘luminsvmunﬁl,ﬂm NOx Tunsausneds
Lagrangian "Lmgnﬂuﬁ‘luwwmaqmswﬂuaum%muaumag‘lunsaumam Eulerian  dwsu
N38UIU thermal NOx 4a¢ prompt NOx thiagiaieaumsmewueal@d NO wihthudiiunld

0 /
-a—t( PYy0)+ V(PP ) = V.(pPDVYy5 )+ Sy, (3.29)

N3EUIUNISLAR fuel NOx Hs1eazidendnuin a819lsin nnsAneualTdNdaTusewinenisyia

Ujiseidilulasiaueguuiamuddy duuiuudaesszdnsmwaludiunisiemvealid

a6

HCN, NH; 58 N,O ueniniieanaldd NO

%(pYHCN)+V.(p§YHCN)=V.(p'DVYHCN)+SHCN (3.30)
g( Py, )+ VPP, ) =V PDV Yy )48, (3.31)
-g;( PV, )+ v.(p%Y,,)=V.(pDVY,,)+5,, (3.32)

% Yuen, Yvug, Yoo wos Yyo Wudadrmuidanadmiu HON, NH; , N,O uae NO Tu
anusufauas D (Huduusednd  waruvasiudn S SNH., SN, o Wz S
auzufiauay D WududseBvsussmsuns woduwaainin Syen, Swa,, Sh,o 498 Syo
< o .5 o d. J U d! A ! dy QU 1 L
gnimuadmSunseuunIsia NOx fiuandaeiy Fefinanunidifunisendregndlaedaviyes

dd o =% = a A’ < [} Ql o
nsaungufMmundne3delunuided seazBoavesuuuiiassamisansivdouLiuiulaly
LONANS919D9 [3] wag [14]



uni 4
N1SAMUIN UATNITORNUUUYANAFDU

'[uﬁ'a%’aﬁ%ﬁ']Lauaﬁmaamﬁaﬂmsﬁwmmiﬂaé'ﬂaﬁwqwﬁsmf| Toun nsunlndiaimds
uds aumsmswnivl namanseedlva wdnnsvudetan waznistomanudeu Wy eld
WWndayemeaeunisilvdifoinasiamnans Swenmionniimifenasdunaiduidendn
voseifoudr mefiiideasdesnanuuusruutoudoinds Feawlns STUUANYMNYE Uay

suutialode  lesnsesiunmsmaasunisunlufidemasiama daguuuuresyanaasy
fananuaniisnIni 4.1

- va. — )

A9 4.1 gavaasunsnlndideiwasiinaans (1) ssuuun wagtoudowasdnnans, (2) W
WA TLE, (3) visawlvll, (@) sruutitalaids wet scrubber, (5) szuutou
8117, (6) WaangnoIne Uazdaesn i, (7) Usnnnznau uasssuumyuiom

4.1 aun1snsien g

Tunsesnuuugunsniiefeafumsinindiy dIvuAImIuinuaulives
Lﬂamaamﬂumsmﬂm Welanusotinsevaumsmiswilvg waglildindssnsdiuetnia
Fana amsmwm%ummeuwaumlwmw (pre-chamber) nnaammumuwa’twumw
WNEaN UG T 10aR u,mvmmamsumuammuuﬁ]umm’lmma LPG Lﬂuwamaﬂumsau'lw
ndanSeu wammmaawuaLmaamwammmmmmlw'uamamawamam wdudemasiana
mmnnﬂau‘lmﬂﬂmnm“lmﬁ‘lut,mmalﬂ muumaL‘waw%mmm‘h‘flumsmaauma wid LPG
Lavlamastmans maumsnmmlvmmL‘umwaamaawumﬂumu

4.1.1 aumsnswluddvsudamaaia LPG
wid LPG  fduusznaunanae Insinu (CHg) Ussanas 70%  wasiiiamu
(CHyo) Uszanad 30% TaaUsunns feanunsaldiesuaunisniseningiladu
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[0.7C, H, +0.3C,H,, |+ 5.45(0, +3.76N,) - 3.3C0O, +43H,0+20.49N,  (a.1)

MnaunIaaiiagladn
Ysuaudamdantdlumswnlniivindy (0.70x44)+(0.30x58) = 48.20 kg
USinauomedililunisunlviiviity 5.45x[32+(3.76x28)] = 748.18 kg

INTIEIDINARBLYBINGS (4 / F) =
mfuel

My, |_748.18 _ 15.52 kg .. @.2)
48.20 kS i

4.1.2 aunsnswninddniudamddnans
L%aLwﬁﬁ'smamﬁgnﬂmﬂ%’ﬂumaaanLLUUﬁ"sLmﬁa neuues (Napier grass)
Fam3a7l 4.1 uansfednsznevueadamdmguled Sensdlfnuiasimsdieneinsen
wdfflane stoichiometry Tnemsiwssdannsnsilndiveadomsanitanwilasy i

q' ] dy o U = (%3 1 b 73 =iy s
15199 4.1 memuﬂisnawamaLwaacgu‘mmaamLmamnmumumm

AsaudR anwitldy VANDIIB I
N1 IZlABUTELIM (proximate analysis)
AT, 9% 4.57 b
A1558418,% 66.91 70.11
A1UAI,% 20.22 21.19
161,% 8.30 8.70
MTIATIEMLUULENG10 (ultimate analysis)
lalasLau,% 6.58 6.36
AISUDY,% 45.92 48.12
Tulpsiau,% 0.00 0.00
DONYAU,% 39.09 36.71
Hanes,% 0.11 0.11
ANANLTUGY, keal/kg 4,120 4,320
AAadaum, kcalke 3,790 3,970

3 antdTeInemans waswaluladuausemalne (37.)

v ¥ o L
4.1.2.1  anALASU (MNLTU 4.57 %) Nan1g stoichiometry
4 =Y L4 d‘l’ a L] 1 A:i ¥ :J
WA eMdawmas s @nimthaenunuanalinan1snan 4.1 agaunse
Weuaun s ndusadoiwande Tasad
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[0.2803 14C+0.482003H + 0.000252S + 0.1 789660] +[0.03 8977H+0.0194890]

4.3
+a(0, +3.76N,) — bCO, +cH,0+dSO0, +N, +g0, (@3)

nsaunaaun1sagleaunIn s vdianae stoichiometry fadl

[0.280314C+0.482003H +0.000252S +0.1789660]
+[0.038977H+0.0194890]+0.311583(0, +3.76N,) (4.9)
— 0.280314C0, +0.26049012H,0+0.00025250, +1.171553889N,

PNNFIATIBIAUNITNS R I REYN A LA TRI1duD N/ DINEY (AF

0 ‘dl . . d! ) dy o 1 (-] A
ratio) v1d@n1IE Stoichiometry Usguand 5.572 ke, /kgrel smmLa‘uu%mlﬂqmimmmwa
gaNUWUURIHABLU

M9l 4.2 uansUSinalediedl 100 % Stoichiometry

asusenou dadulnelua dndulnguna
CO, 0.129 0.197
H,O 0.120 0.074
SO, 0.000116 0.000257
N, 0.705 0.680
0O, 0.043 0.048
HATINYRLAUNENINETUSENOY 2.158
waluanavetlawdy = 29.041 kgay/kmoliggy

LY &l a o
4.2 N1999ALUUNRANILUYDENAIYINAANS

4.2.1 wnAnlunseanuy

fouflasvinisesnuuutanlemasdamatiy asiivssinsaneand el
anuieades iesianseununAalifimudaeulau mnmsdsismiddedulngfildnaly
Tuundl 2 253nssudinssey sewuiwhunidnsinavsualsveserna (swil) vhliAans
ﬂismEJﬁwaaqmmﬁﬁamﬂwﬁﬁmmxau [3] deradsenssurunisnsninfuendemaed
auysel waelivssBvdmaunlndiigetu (7] vonnifailimAdeunsduatuayuiviuaiFonds
guiuty ansashunldfudamddanaunasdenld uddloneaeuiianiismsviauiety
WU Wanlwiinonnswnlndidemddnassiinuenunniudariuiiidaananswnlud
iy 9] fewandlunwd 25 lssnidemddunaludewdiifidianudou (heating
value)  fireudssuflafieufuaiufiu wnagvhniswalngdiididsanudeuiioaty ndves
Fomdsanadosoudemas wazernaluusinaiiinnnitauiiu Sdmwalddasiviliiesn
nswnludidamasdanatiinueniuinnit wasdledunausiatmilunsdlvosnisulngd
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\Womasdana senuiisseggiuvendmlv (flame (ift off distance) Teidousenvinaninifaun
wazdunaiuuinalndfiainisnszeivequugiasAsudeduiaifsufunsdai
iesanlunsdivesnisunlwdideinddunassiimsfamivesnasinmbudhgionsilnily
Uinaiireutgs stegnatlunmsiinufifenssninifed Womddana Wuidomddides
91fszesIalunszuIung Heat and Dry firsuthaunudlefisufunszuiunisuanudesans
sewe (Devolatilization) Fevilyiuinadndiniigamniifie Tnsdnuasiuiiasdmadorons
Snwnafesnmveauanly

masnlndifondeiunafuiudemdsifidmudouiidoutred mssnen
iefesamgruvealarlviafudesdifianuddyedets fafuneiiuideTasvhnisesnuuuia
wlvitdnuazifuieusnindtnefiusznevlufeluln (swirl pre-chamber) Tagfaarnlvsiae
whwmthiduiesivhmihiisnviafissnmgiuveadadli ilevaweuasennswnlviiiiatu
st wazvaweszuzguvenUadly (lame lift off distance) azidoussnvineainiaiun
Twagiluinazdusitielfiinemalusnumsmuniadrgionslviidnn wasmieniliin
AsTUaVIINUIOA IRZ fuandlunmd 2.3 Welvnsiavesufadouinnsmemanudeulsiy
aymeveadomdsiidngrioanlu uasifaniswludedheroies

s nlunsosnuuy LasiaWAIA (burnen) ﬁ”’uﬁﬁ;mgwmaﬁm%’umsﬁﬂﬂ
Ussgndldfundierthutiavialuuunsueu (horizontal fire tube boiler) maunutasnidoinds
wite visovuamintum Fuduiuniiaunsonouaussiomsuuivdsuidinuteuldags
s et oimasinnansiateslngivae (pre-chamber) NV UANEINING VDY
Wnlnlagerdumsuaniufsuemuioulasnsminuidou (convection heat transfer) sewing
nszuayUIveLiatey uasayniavedliBmacuiing IRZ fuandlunnil 2.3 Seausonsu
TandluSesvasmsnevauswisnisuiudsugunsinulfegemnida omnnssuanyuau
vowfadeuneludesunlndeifiniufideudsge Sadamaliinisdramauieudasnism
mm%amﬁm%ﬂué’mwﬁqa Tuwagineludeamlvdtrsasiinnavesennmmiulnaiiieg
nasanan gavnineludeanlnivieligunnin Shamsusfidanuioudafatuluysinae
dlaifiguiumsmanudou @nsnsusddanuieunlsifumuiddvesgungd) swfeiaasn
Tndfdedudosnlvdifidvundn §nsmsgadernudeuiesainnsunsdaudeuning
wWenvesosnlnitieTadeutratien Welileufureamnlviivuelng andeyadreduri il
feaguveanseanuuuiandsil

1. anuuumalvivossnndig (pre-chamber) Jafiufesfivnglunisinm
iwesnnguvesUadin

2. wsenmiemonidu 3 dau fei

o oinaduiivie (primery air) L‘f!ummﬂﬁﬂ']L??@Lwﬁuﬁngﬁaumlwﬁ

o a1niAdIuiians (secondary  air) Wuerniandnildluniswalug Jaes
ponuuulomelnasiniluda (swirl blades) dwmaliorniaduiidhgionn
seludnunediiinisvyuans

o omadufiany (tertiary  air) i findaduioswilnditng waswalud
\Fowmddimaonnnswilwilutesunlndide
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4.2.2 MIAUIUNDNITOBNLUY
v v o [ L4 <2 [ 1 1 dy a o &/
NN ULl Iuas Sesidausinianaisiwdanlalunisalng
WaIndadiuia wasdoaguresnuifnluniseoniuuiiimn WeRaswnini 4.2 dusaulunis
° P ) & a o A o v ' 1 & a
AU NEDBNL UKL DINETINE WUIBWINTIRBINIIUAD AAuSaurauliainds (LHY)
Y 3 dy a P e/ e ] ] 1 o Ty o v
wadnsndinerniAemas duzlududsisilygnmsdunamuinaeinafidesnisidly
nswlugd auluisnsiuimmuinvesdulssnauatequesiir dwiunmsarwialuidesdiu
eldrnuTouraadianidlunsnd 4.1 wasldidnsrdiuanadomdfisualaan
o P4 o & a o < Yo w o/ o 1 °
aunsi 4.4 Fansrbrdiiomdstunaelilamasuioun 1 MW agldnamsAuan
QU A A o = o -] QU d” a o
a8NULUUAINTIN 4.3 Taghuuudnassfendamansd miunsmilvdiwemdng asgniun
Usggnaldlunismuune wasUsunnuasisarnindeiefiianumunzas

Thermal Throughput (kW)
LHV (kJ/ke) >
X
Fuel mass flow rate (kg/s)
A/F ratio q
Air mass flow rate (kg/s)
v 3 v
Primary air Secondary air Tertiary air
Pri-air mass flow rate (109) Sec-air mass flow rate (65%) Ter-air mass flow rate (25%)
port. g port. port.
h 3
(m) Primary air (m) Secondary air () Tertiary air
axial velocity (m/s) axial velocity (m/s) axial velocity (m/s)
Y A
Primary air axial Secondary air axial Tertiary air axial
momentum (kg-m/sz) momentum (kg-m/sz) Swirl momentum (kg-m/sz)
Swirl ]
vane
number A '
Secondary air angular an‘g =
momentum (kg-m/sz)
3
Secondary air angular
velocity {m/s)

d' 5 o d' LY A’ a «
AH 4.2 TupenlunIsAUIALNEEBNLUUTIWLTBINE I8
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AT 4.3 FagTemastiulansviavisasnluddie [15]

d o L% L% =3
A15149 4.3 NaNIATUINNTEDNLUUMIINITUIA 1 MW aneladgniisennieiu 20%

Fuel mass flow rate, kg/sec 0.06

Air flow rate, kg/sec 0.46

Air volume flow, m3/sec 0.40

firsandl Primary Air | Pri. air volume flow, m /sec 0.04
Pri, air port, m’ 9.40x10"

Pri. Air axial Velocity, m/sec 42.63

Pri. Air axial momentum, kg—m/s.2 1.94

fivrsandl Secondary Air | Sec. air volume flow, m’/sec 0.267

Sec. air port, m’ 0.011

Sec. Air axial Velocity, m/sec 23.77

Sec. air axial momentum, kg—m/s2 7.04

Sec. air Angular momentum, kg-m/s2 7.26

Sec. air Angular velocity, m/sec 24.48

Swirl vane angle 50.8°

frsend Tertiary Air | Ter. air volume flow, m3/sec 0.10

Ter. air port, m’ 0.025

Ter. air axial Velocity, m/sec 3.92

Ter. air axial momentum, kg—m/s2 0.45

4.23 masasamsuindidemdsTanans [12]
wdnildvimssanifiesenuuumimnaiinfeantiviivae (pre-chamber)
wlddoyaniseenuuvluifesdiufiuanslunised 43 dwmfumdedagduausionini
wusassdendnmanfdmsunsunivdidomduds svihnedwanundulldlunsmrlnd
wazsngnisaifaeiiatunielufesnlvsidag avdwalildundewun (dimension) veeiian
wazoamnlvgl sailueandudsiagiinsiluidflunmsssnuuugunsaldudusoly
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dmsumsdaedludosiuldfuarusiufionn suind Snfased 121 Jadu

yilduiide Wihuvusasadindamanslunismilvll fiunssesufeudosiummningg

\oumdsduitunsnuszgndldtumsassmanlniiforndsdunans dwukurvdadionn

Iy (pre-chamben) a1 MW TngldvinnisiuTouiisuimnithunimseoniiuananeiu
gwina 135 aer Fusm 90 o3 dauandlunmil 4.4 SelswasiBended

AT 81,

Rafragtory pall \:' \

e ECI
Primary * PF
LR S M A

Secondary,

H
H

-

o
P
H
i
ra
bs
£
!

U 35 %
262,89

108,

835

A

Tartiary .

427.5%

Rufrastory ¥oil \

30 197,434

408
3

IAB.R3E

BTN
468
5E0

Tectiary | 3 o A
() |,

o W v a 1 e b ) ol LY
Al 4.4 Snvgvosiuneinvieasntunddng (unit in mm.) @) Fsndiyuedimeeen 135
8971 Uag (b) WikAifiyuniineesn 90 e

‘J [} t 4 cg a A
4.2.3.1 Woulvlunsdrassm s lvilidemastanans [12]

0 v & a o o ° ° - ) oy € wa

dwsulgamdstinangniunldlunsdasshengiulvs auauldd
yasunguuesuanililuasen 4.1 Felaunanmsimsiziowdalag Thailand Institute of

. « . o L7 A -] U & -] v
Scientific and Technological Research dwiiuideululunissiass laua mslwasualiidy
aa . . o Qs o

WUUENLIASSBULLILAY 2 TIR (2D Axis Symmetric) idnnigAsAa (Steady State) WUUTIABINTS
w1l Species Transport waguwuudnaen1stutiu k—e  Standard laedinisiiumineives
é’mswmmwiaan%mumaluﬁuﬁ’;mgmﬂ"m% (C) Ltasé‘mwaumam%mmnmﬁmﬂﬁﬁ%awam%

‘QI dv ] U Ql o a ] A
(G,) WinAu 2.5 whanAwsusy waglduuudrasinsianiuuuuds (Random Walk) luvaisi
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WNAVDBYNIA (Particle Size Distribution) uag Kinetic Parameters lagnrimualvldludnung
a (v [ < 1 a [ al d' [ [¥] d' A v o s
WetuAUNSEa1LAY ALandlunns1en 4.4 WA 4.6 aua1eu Iegkaulanlddmsunis

aewsimrninidamdstunagnasuliluased 4.5

719197 4.4 AauanTAvesaIuniY [12]

Particle Size Distribution (um) (% Tneniwin)
0-10 15.0
10-25 ~25.0
25-40 20.0
40-75 20.0
>75 20.0

a15197 4.5 [oulunisinassdmsumienvaidiaimndsdinuaa [12]

Primary pipe: Air flow rate (kg/s) 6.613 x 10”
Swirl number -
gaunndl (K) 308
Sarmsteudomnasina (kg/s) 5.807 x 10°
Secondary pipe: | Air flow rate (kg/s) 2,645 x 10"
Swirl number 1.03
gaudl (K) 308
Tertiary pipe: Air flow rate (kg/s) 1102 x 10
Swirl number -
gadngil (K) 308
amediulunswalng (%) 30

d . . ;] L7 0 1 =Y
A1519% 4.6 Kinetic Parameters @MSUkUUT1a09n 5w msanuiiu (12]

Kinetic parameters :
Devolatilization, E,,, (J/kg-mol) 7.40 x 10
5
Pre-Exponential Factor 3.82x 10
Char reaction, E (J/kg-mol) 7.90 x 10

4.2.3.3 dnwazsiniadiltlunisdnass
Funsuninfldlunisdnanatu azilauazidenuseunn 45,000 wasdl
avazeaunidufimwfiviioasiome  ilssnuinaiilugaiinindnsfianisiuaguudag
AuauTRveswedbnaludnsgendiuiiondug duandunind 4.5 Fsilavanuagidendnan
' a ° o v a da ac 1 v & v w
weRun1sigalleevitnslSeuliisuiunianiinnuasidenyseanm 250,000 Aeuntiiluaa e
wanslunnd 4.6 Tnglinavesnissassitlduanaeduninin JdldldnsandanuaziBeawindu
° o o °
45,000 Tun1s31aeq iefinzanszezailun A
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d e a g L 4 ﬂv a
210N 4.5 anwmwaansm?ﬂ*z’ﬂumsmammim'ﬂwm‘uame%ama

2500

2000 4

e

3
o 1500 4 " 45,000 Mesh
2 80,000 Mesh
%i s e 250,000 Mesh

1000
9

500

O L] L] L]
0 1 2 3 4

Axial Distance [m]

o a o a o a U g a
NN 4.6 ﬂ’ﬁ’)Lﬂi’]&a’%ﬂ’]ﬂ’mﬂﬁﬂ‘wLﬂl]’]:!?llﬂﬂ&l‘ﬂ’\)ﬁmﬂaﬂ‘l‘)ilwﬂ’]'iﬂi%]']EJC‘]’J‘UE]QQQJMQNW]NLLU'J
Axial UBIAILH

4.2.3.4 nanssaesvesiiyurTIUInaMIeen 135 wag 90 83
NNANNT$1ABIVBITILN pre-chamber Milyuvaaniiauiinamieeen
135 93 wuinliannsaasmuaissnelumswludilily SeiliAaduusngnsaii
Fondinsiadiu ilesanszeznainsinlgl uagnsilinszaeveseyananmeluvieanning
onartioniiuly duandlunmil 4.7 Suildeynadoindmanasoonaindaiitinssaunany
fusgniesmswinlegnsia Wuawmspilildansnsadnugumgiyaia (gnition) tealile
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AT 4.7 IdumMaAuveseyMATuanisdnd LT unaTeeynIaes (untls 135°); (a) aynn
AEN 10 - 30, (b) na13-40 - 70 uae (c) vy 80 - 100 lumseou

winimnuisavessingmasimatidu alsdvinisuiuden
suvasriausameeembu 90 o lnguivitzfunsiiunisfianssaigvesoynia uaz
sswvnattunisin vl Ganaiusinginfawngrilsiananannsoinwauiaiiosnwluns
wimiBlileglifinmaiissingniseiniswdu dlevihnswSeudisunng 4.7 funmd 4.8
nanudUNA YD BYMIATIARITIdadUI T anaTetaYAAYIS TR Tl M UL
oo ifiuuueantiauinnmisesn 135 way 90 ssmmudiiy Tneftasdunadiuiniades
JUlimansgatefiveseynIAIIN. IRZ way ERZ meluvisawnivel udgsnudwde 90 ey
Wumvnetulisynavunslugiinisfsnssarsnslumanninnsdiunids 135 o 3
aonAdoeiun Nl 4.9 FauananisiuIeuiiisuisnianseanediesmaudutuuesaududau
wuiwearnlufidiefiindimisesn 90 ssmeziinadituvssmiutiuduginitegaiuld
Faau

o
o
®
e B G B i o i G B i i P P S B

N
SAB B e £ N Ch SRR S OB h O
e
b d

e
L 4

o v a o & @ ] a [ LY (o]
AR 4.8 WumaiiureseynAuanstiadndudunavedoyuniars (yunds 90); (a) aynn
AN 10 - 30, (b) nans 40 - 70 uag (c) nay 80 - 100 luAseu
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o1 LUHTINN98eN 135 B9AN

gecol LUKTaN1908n 90 BIFN

§.00e+00

P~ = P = Y v v VI
AN 4.9 NMSUTEUNBUIINISNIEAEFA VIRV VUTDIANNTUUIU

° | [ @ = L4 v 1 da
4.2.4 MITN@WIUNIVINNLVEINNITUADAKTIMIIYIE (pre-chamber) NTiyy
HIeUINNNNgeN 90 89FN

4.2.4.1 HAN1TIIAE NI TINNIUTOIRIN

Pnuanssiaasluiidaiiiunlimsuifasnearilnditae suin
1 MW fiflganifsuamiseen 90 | aarn ansadneiiatesamuaeniselmflile Tagl
Aeusngnisaiwasy Aiuluideisadunmssiaouiewgumavhaudfirummnzauiui
wsanan laglddoulunssaosnmsunlwsiemainnanseilanaliluade 4.2.3.1 Swe
Ymssraesfinrhdemanusausinnisinilnslugag 250 kW audls 1.25 MW

NN 6.10 - 412 LARENENILNNINTEBMTRIGUNYI MINTEIY
Fr09m LT UTB I aNBITY LaLNNINITALHIVDIAITIENEATLULILAUYORA WA LAY T
MngUsamardanafiunginssunswiduaongy nauusnifuniswnlvilueag 450 kw
fla 1 MW waznguitaadlumag 250 kW fis 400 kW

1500 4

Temperatuie (K|

———— 50K

i
50 }

3

z b4 2 3

"

&zl Dstrce (.

(4

a

] 9
NN 4.10 anutuy N13INITINYAIVDIYUNNUATURUILNUYBILATLR
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k
= _— I KW
2 U T e 7RG A
- R - ,
& s T T e || mm——— S0 W
< g .
: 1 i T 459 W
- [
ﬁ Y £ AL
5] r 400 KW
= L8 A f _:" N N ]
ﬁ e~
P : o e, g — A
= i:f;.r"\ P 250 O
1 e e o T
35
.00 T y
a 1 2 3 4

Axizt Distance Il

29 4.11 éjﬂ‘lb‘mgﬂ"liﬂi%’mEJG.'IJ’J"UE]\‘iﬂ’J’IiJL‘zJIN‘EJJUﬂENQE]ﬂ%Lﬁ]uﬁ]’]iJLLU’JLLﬂ‘LJ‘UE)\‘iLW]LN'I

i

LAY
f-aR
—————— SO3 W
e s 2
400 R
weemeie 35 KW

. 255

Mass faction of Yo latile
&

2.0

[
2

(3]
A
[:8

29 4.12 é’ﬂwzussmsnsymaﬁwaaﬂmuvﬁu‘ﬁu‘uaamissmammmLmu"uaam%m

ﬂauwuﬂu‘m 450 kW 819 1 MW mwmwamwnmauﬂmlﬂw 1 MW
%ﬁmmwam Iummvwamav 450 kw ﬁ]viwammwmwaﬂlunau maaﬂﬂamnwimmmm
Lsﬁ'mumaaaanmw LAZEITIZINE Luaammummmnmlwummmmmsumen"uu muu
Usmﬁummwmummaan%wuuaumﬁumwamau 1 MW %ammmwamuamaun‘uamauauq
Tungu Luawmsmanwmuminsumammaaammm senuinswndiluniesifint uassdng
mstm‘lwumqu,im]uanuummmﬂmwawmLmlwmw lummumuuwmmamamm
uneugndviwavetenainyumanlssluruiuntswesionuivitag uasiwuiua
panld a'wa‘i,ﬁaumﬂdauﬁ"ﬁqhﬂﬁ%’umsm'ﬂwmu‘mﬁqna'n Tudrurasnsunlugdivaeiiansas
mmu’lumnzumumu*uawalvﬂm maumﬂwaLwawmaamnmiLm‘Lm'ﬂmeLsnaavﬂmm‘qu
Tusinniiounin Fsenndosiumnuiduiuvesassemefianasaumuandeninduusnaiily 3

ﬂalm'anmn'ss:umiLml‘mu‘umﬂquuwumimﬂwuwaugm
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(@)

(0)

(e)

d) 450 kw,

(

1 MW, (b) 750 kW, (c) 500 kW,

)

a

(

K]
)

ARY

CRRITPHIRRRIT

4.13 N33

]
AINN

250 kW

¢ (g

f) 350 kW @

(

)

400 kw

(e)

()

)

750 kW

(Mass Fraction) (a) 1 MW, (b)

400 kW, (f) 350 kW wae (g) 250 kW

JUDDNTLIU

v v

ZYNIVDIAINULVY

o

4.14 n13N9g

o
AN

)

e

(

)

500 kw, (d) 450 kw
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(b)

(@)

2.80e-01
2.69e-01
260e-01
2.52¢-01

)

g

()
(

ZYNIVDIMINULVUVUAITS

gy (Mass Fraction) (a)-1 MW, (b) 750 kW, ()

() 350 kW i@

L

LY

4.15 Nn13ns

o
AINN

9) 250 kW

(

e
v

400 kw,

)

e

(

450 kW,

)

d

(

500 kw,

(Particle Char Fraction) (a) 1

s

VINIQAUDIYNT

a

= o

NANIDIdnaIUL

9

a

()
AUNMAAUYDIBUNA

4.16 |

=
AINN

g) 250 KW

(

f) 350 kW way

(

e) 400 kw,

(

450 kw,

)

d

(

500 kw,

)

C
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(b) 750 kw,

)
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lumwaqwqmﬂiiumil,mlmnawaamuLﬂumm'ﬂ,wmmm'sv 250
kW 3400 kw ‘UGEJELWIJ’]N‘U@ﬂﬂﬁiLNﬂlﬂMﬂ@WU’Nﬂ’]LiJEJLV]EJUﬂUﬂaJJLL'iﬂ dleRansandnuasms
ns¥efivesgumad ﬁ]uwmwmnm‘twmwamuummmﬂawuawaqLm"lmwuwl,wamqme
ama’[maummamaLwaqmnamﬁwamaqmm@muumaLmmlﬂsuunuwua‘uawmLmlwumw
Tailasunisuwnlug JohbilivInumsssmenaanient muumaﬂalm']wqmniimmil,mlm‘uaa
nauuwunmmlmwluauusm

Luawmimmwﬁ 4.16 umaiuveseyniaiiuansiadnaiudanaves
%13 (Particle Char Fraction) wuinfianiag 1 MW, 750 kW, 500 kW uag 450 kW aunawisae
gninlvdaunun Tuvuefianing 400 KW 350 KW uag 250 kw uu%maaaunm‘uﬁmlulmsumi
wlvivasviesgwoaunis smLUuwammﬂaumﬂwmwamaamnawswamm swirl el
ﬂuwuwawaqLml‘wmaL*UuusLamwuammummlulmuﬂmmlvm W,Uummwawaaﬂﬂaaanu
Uinaassameilinaniiludesiy vensndidevinissiaesniswnindianie 125 kw
wudwiwliaunsaasanuatiesaslunisnndfllg mwﬂ,mnﬂLUuUi'mgmimmmth
(Blow-Off) Tusnwugiduduafunsdl vasiunwiavemnlniieifyswestausiamieen
135 aamLuaamnmmmmmmLnulﬂmalwaal,mlwu mm’lwaumm%aLwawaﬂaaaaanmn
UShnaiideansltinsnaunanufuseninnsindaghesind Lﬂuawmmwﬂuammuuuluaw
Inwinsyafn (Ignition) 1ild Fwihldiiadulnngmisaidneaedeng

4.2.4.2 agunamisirassmsniudifeimadaanans

mﬂwamsmammmummewmmﬂwmwuuuwuwmmmaaan
90 89 mmmm”lmncvmﬁﬂsvmamsumaumﬂmnwmaiwaal,mlwmna osannniia
UmmmqaaﬂsuawmLml‘wmnalmﬂum'mLaumqLmumaqaqmﬂlmmamu Jaduanugyili
sumAvsdLiidumafuuuiounduuasiissosarlunisfiunisesoynauintu Saiild
svezaanlunsilvl (residence time) meludosinindinadfiviu duwarlsinsUanddes
msszmgedenmiimeluisinlnitae wasildnisnssaesvenungiigaduluusna
wirilu 1894 K’lumummmnuuummmmmmLanUsn'lwiumiLmlmﬂi‘lﬁﬂaluuﬂ'ﬁmﬂ
Unngmsaimaidiu @evhmsnsuilemeunisihauiivnsaud miuiuniinsdn
mnwamsaﬁamwudﬁﬁaLmﬁﬁshumsﬁmuaa“iiwdw 450 kW fla 1 MW Ssazifugaaiivamn
ansasnvnaiesnmlunsinlnd wagldmswnlvsifianysel Semniuidinudousinms
wligendr 1 MW sifausingmisainsiidy wimnanmdsaanudeuausindy 450 kw i
s lwdifilsianysol denalsifioyninuiuavassemenannde Fefaiiunsionderilugm
sanalUlaglsuselend

Mnesiuldimneiiuiteinsiauninlagliidomas 2
¥l ﬂamwunwmmwm laeldanssraesmsunlvidiiu uasndiudesiifoyanan
[3] muummwummeummsmamu wmmlmumiwaaummmmLmlm'fl,éﬂﬂamaan‘uwaw
I¥nn1ssraemielyl deiastuegiudemasiissihumeasy eluouwrmndesiinisuiulge
ausnaizveafamddunuusoedna udtenildimsmasesss
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4.2.5 swaa%ﬁammuﬁ"anﬁm (Details Drawing) dwSuamidemasdaina
wdenivinisAuaiiessnuuy LLav‘wnmsmaauwamma‘dﬂngmm
wnlfSernudulullumsunindifomdmmoniim siulufsaussous wavgunsyneauis
mumInzautuiamn ldnafimimelauds susieluae ﬂjumawaamsmaul,l,uuei’m%*uﬁ"awﬁmﬁa
wsana Tnefinisdeunuusidudosildiansyuiunsundn ﬁua'summsﬁwu'lummmama'mnssu
o3UsEinA maa‘lmwaumsﬂwmnmaq warANTALAY u,azuanmnﬁ'lumiaamwummaamuam
mmaumn'lumwaums_wumum'm‘]‘uaamLmanma

P~ ] % A’ a a a 44 LN
NN 4.18 ﬁ'J‘UUiZﬂB‘UﬁJa\‘M'JLN'\L‘UE]LWﬁQ‘U’m’Ja‘UUﬂMBQLNﬂV]N‘U?ﬂ

P a a o v LY a !

WBNINTUININT 417 wagnIny 4.18 aﬂ'b‘iuu?JENW)LN']‘UNC’\'I;I’ENLNWIWI‘J"U'JU
(pre{hamber) wuliemdsinariareanlndde Usvnaulﬂmwumwan‘] 8
M GN‘U
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1. Bumner Nozzle Jacket fle Juduilléifusudoudesenineiaen (burner)
nmmtm mmamuuavumwLUumsuumun‘umUumlw WAEABEYILANUATIANIIVBIDINA
muwmmﬂaama

2. Refractory Nozzle Sheet ﬂE) wuudmiumsvasyunulnuiiumieesn
YL Fardamaoen 90 aamaumasnwumuu

3. Burner Main Jacket fip Yeannaiinvasainiadiuiiany fennelussiinduit
L?Juéfﬁuﬁwﬁ’nmaqwmulw wazAREMIUANTIANIINSIainey

4. Main Refractory Wall viwihiidudenvesiosninsivie wasuwuy
dwiunaendayunulv

5. Swirl Box Ae Yewai1veteniadiuiiass fouay Ueuidng Swirl Unit

6. Swirl Unit fieaunsaiiusznaumeunuludn Ltavnalnﬂsuuu‘um’lwﬂ
mensflvva']mﬂmuwaaamﬂmwuumaﬂauwmam,mlwumaJ

7.  EndPlate Aouauln Swirl Box

8. Pulverized Nozzle g ﬁ?ﬁﬂﬁvmwﬁﬁc}u‘dﬁ')ma

Fanrsuendrulsenaurediik i unaisduiiielriesenisadie nsuszneu
wazn15UN393nWN saulﬂmmsﬂsuﬂswumumaqmmumswmaaa’luamﬂm LYY YUN1DBNVDY
M LTETiansaasuldlasnnsyhiudus a2 'lwuuuvdaaulﬂ Wusiy

4.2.6° NMFAIUIANUNUNVBINT VDI LTai9e)

nrlsunulwyssiesmlngdeas suudruiivisifveanudon wasuudadng
sau‘lwnuaumm‘vaLwaamwmwumuﬂwaumivm mmLﬂumma‘lumssnmxaaﬂsmwmu
yaaaa e idae uanmnuwuaﬂuwulvdauﬂsEJULauauLUuamunummsauwwwmLm
Ty T,ﬂamimamuuumﬂmmiwmmuwum1uwu1u1n1.nu1ﬂa~aawa1wmLmuwuwm
Fuueniiundy msazytaammsau’tmwssmmﬂnsa.,umn‘uumulﬂma muumwaawuaﬂu
nulWAsAuInAMvua A mngau Lwamumsaﬂmsamtaammsau wazidunisan
m'l%malumswsﬂwmuanmEJ

ot s o @ EIDUSHON-Chamber — = = i e X
? ———— ST m— B
% - ¢ ;
- ‘ Air Layer 3
+ L >

é v v YV v o
NN 4.19 anwmwauL‘umawuwmmﬂwmw
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dlofinrsannwd 4.19 akudwﬁ’\i‘uaqﬁ’aamlwﬁ‘zhUQULLUaaaanJu 4
(Layer) Uivnaumwumawuwulw refractory wall) Fuvos stainless steel smﬂmaamaaﬂuwu
1w Fuvosemmdud 3 u,awuumaamansmmuwaanuanamawmLmlvrmw Immwm 4.20
LLamaﬁmsﬂ1mzuLwammrmwuwmwuaﬂvuwuiw

SURUNNTAUIN

A

AvuaAT : amwnﬁﬁﬁ%mﬂa T1,T2, T3 uag T4
Thermal Conductlwty of Materlals (k),
mwwmﬂuawuman LLawuu stainless steel
MNUARIAINATINT03TD301NA (£2)
AUgNIBTR LW (L) uassriiveswioawnind (R)

insga : Auvwvesaumulv (t1)
TaeiSu97n t1,=0 m. ; t1,,, = t1,+0.05 m.

Fwan : enwsunumessFousiiiuyunuin Ry
uaentiadh stainless steel (Reyi2)
z»j"mﬁmsfhammm%’auchuwﬁ'ﬁu@mulw Q) 1als
wazkifau stainless steel (Q2)

Q1=Q2

AT unulv = t1

UAANITAUIY

a i 4.20 MIAIMmANUTIINTIuYeipawitae
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o V@ 9 ¥ o R 2
191990 4.7 ﬂWWQLLﬂiﬂ'}UﬂummﬂquqquﬂqquwuqsﬂaﬂNuQMaQLNWI‘WQJ‘UQQ

Parameter Value Units
Chamber Radiance (R) 0.200 m
Air Layer Distance (t,) 0.030 m
Stainless Steel Layer Distance 0.003 m
Steel Layer Distance 0.003 m
Chamber Length (L) 0.460 m
Combustion Temperature (T,) 1500 °C
Outside Brick Temperature (T,) 150 °C
Outside Stainless Steel Layer Temperature (Ts) 146 °C
Outside Steel Layer Temperature (T,) 100 °c
Air Temperature (T,;,) 40 °c
Thermal Conductivity of Refractory Brick @ 1200 °C 1.800 | W/m.°C
Thermal Conductivity of Stainless Steel 15 W/m. °C
Thermal Conductivity of Steel 60 w/m. °C

}74
[

lunsdimidsioamlniieiivarsdu fuauioudwioslnaruingiinedy
mméﬁumumqmm%fauﬁaLﬂumwimwuaqﬂiu 9n71n15018WwANNSaulunFa s TUTD N TR 93t
ANV WovinsAuInaNdunaudInIng 4.21 Tasunuaiaudslunisiedt 4.7 12léuans

ATuEuRail

gwausau (kW)

60 < : § ' TTTQ

—QZ

gu N80
1N
o
#
F§

[

0.00 0.05 0.10 0.15 020
aMuENTaIYuIIlA (m)

AAl 4.21 wansAume MU unulvse e lngiing
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5NN 4.21 manSALIRMAILIYeI e e ae TNUI
mm‘wuwaﬂuwulv)ﬁﬁﬂﬁﬁmwmidwmmm%’aumumﬁi‘iﬂuwulw (Q1) WnfvdnsINsanen
m'm%fauchuwﬂ’a stainless steel (Q2) asfiA1UsEU 1% 0.1 m mmuﬂmwﬂﬁw‘uaqmaaqaumsm
Fafutiues LLmLuammimsawummmsmummawulvxlwmwmaluﬂiummuluwwu'm
mﬂa'n muuﬁmmaammiLaaﬂ‘lmmmmmmwmaswulvxlwummlnaLﬂmnwamimmm‘waﬂ
uuﬂaaﬁmufm 115 mm. HuLeq

Lmammsmmmﬁaaanquﬁ’aLmﬁmwaﬁamawwﬁmﬁaaLmlwﬁﬂha aaulﬁ’fwa
mMsmun uazvnaeiiuiiunnelouds mwumalﬂa].,mamumauﬂﬁwauuwaawam wawds
suusiJmmealﬂ

4.3 n1599NLUUTZUUYBULTDINE
Ay v ') o v ") & a a aw
nfilsinanludneiunds uenwileaniundomdednuands neTeiseniels

]
a

AUTNTBvRIlnAnw Uy ms [16] IzfvsoenLuUsTULatuayunisian vl ieliseuy
annsaviinsvegeula ﬂj\‘li‘ULLUU‘U@Q‘U@‘VI@EIBUGNH&TJLLamﬂ\‘iﬂWWVI 4.1 dnsudetlagnaniia
nseonuuusruLdeuidemds Ssmssenuuussuutiumsagsenuuuliiinnumneanuriaves
\Wonaaialy Gﬁﬂuﬁﬁﬁaﬁamﬁﬁqmam TngwwnAalunsesnuuuazidunisadessuulagld
Mﬂau Seinidomnas (hopper) angdifies uagmsvumesgay NUszgndsamuiuluniseaniuy
adail Lwavnﬂmmmsm']auiuwL‘umwaammmLml‘wmﬂammmuaq 1A8UBULYAVOUNTS
panuuulsEnauluiie

De

&’ a Ve a
1. SxUUﬂ?J'L!L‘U'E]LWﬁ\‘lﬁ]%I‘UﬂU‘U'JQJ'JaLL‘U'UN\?

A mmmanuuuaswawﬂaumaLwaamL‘znmmLmlwummaiuamwmﬂwavua
maaawﬂsvmm 0.942 - 3.78 kg/min mmam"l,ﬂl,mlwu'»avLVIEJULUun’la\'immsauLan 250 kw
o 1 MW tuias

M\ £ ) & DN 4. .
3. faWniwenas (hopper) MldAUTaWES FeFasanusadiseatamdaisldlunmsnn
o o o ' oA o
vl (rivdsnnuiou 1 Mw) Idetsteliles 30 undl

43.1 mssenuuuimindoinds

Tuniseenuuuisiniliemdsly  fnaredadefidesinisfinnsannourinis
panuuy Litasduusuinsiidesns auURveaian AnuvuILUY WA¥YUNBIVBIIAR Lﬂumu
mmwzjaLwaammamﬁlﬂumsmaauﬂ'mmlwmuum']wmLLuuUsumm 232 ke/m’ wasd
Arruseu (LHY)  Ussan 158 MJ/ke lasanveuiadirvunliludnsdu snsinisusing
L‘ﬁmwéaqaqﬂ%aﬁ 3.78 kg/min uazfesdsaademsdmiummeasuniswindidussovina
athatey 30 ufl HuReasdosdaiuilamdsdiuiy 1134 kg SetfudaRnidomamsdesiiusums
gty 0.489 m’
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Al 4.22 yunesaiian

mmamuanﬂmaanmnm‘nu U339N9Y mﬂmsLaaulwanmamunamammu
5ITUYIG uuwwumwamammumnuwuswmu 138031 3uN83ian (angle of repose) muunaa
'Jamuawmminuaﬂmﬂmauumlumﬂwa‘uamam mmsamhlmuazumﬂsmmwamamwaauu
aﬂnsmmummam LLav’luanmamlﬂanma dloRersanamil 4.22 WEPLUNDIYBINGNAIDE
wmwaammam mmniﬂavwmwnaLwaqmnmwumunawamam (0) awﬂsumm 50 949A"
muuu%muwhﬂﬂumsmmmﬂsmmmwnwamaamalﬂ

(a) (b)
d L L2 L ﬂu - s X o L
MW 4.23 anyagvasniniaings (hopper) ; (a) fuwdsilglumsiuinauin (b) dnvmenis
neswaBmaIAnIvziaduludsin (hopper)

NNNMIA 4.23 fvuslinidinveswommadidudivasuinia svos A uas B
Wiy 1 s wazivuaszeydemngeen a uar b Wvindu 0.2 way 0.12 was audiu 9Nt
'lwanmswumumaLamﬂnm*uaasﬂmawsuumJa'1EJmﬂ'lunwsmmmmmmawmmwnwaLwaa
mmsmmm%aama’[,mNaulwawunawamam LarUTImsTideants (Msiuralnsanden
annsadnwldann unasdnedad [24)) slmmu’mmmwnLmamaamuamﬂummw 4.8 LaznIN
7l4.24
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= ° v o & a
A3 4.8 HANMITAUIUVUINIWNLTBINGS (hopper)

Parameter Value Units
aunfvestosadiveatamas (A) 1,000 mm.
AuETeteNAt e lamnEs (B) 1,000 mm.
auniemIesnTotanas (a) 200 mm.
ANUE1IVBITBWINIBINUBUTBLNES (b) 120 mm.
ATNEIANYIUU (hygp) 400 mm.
AINGINIANYIEN (hpore) 750 mm.
U3nsANNY 0.444 m’

211000 (I/S_FLANGE) 21000 (/S FANGE)

b b b ol el il | K ||

1. %
=

h

:

4
i

yi o —am]|

FRONT VIEN SIDE VIER

AWl 4.24 Auerestinideuas (hopper)
vdnilivhmssnnanuldvnavesdaindemaaiunieudesud ddurely
fovinsiTuuuudwmivdadadaindana TnslunsBeunuudedaty Aosrnilsdedanuuna
wnsgulunangaainnssuveslsena Liieliitedenisdede LLauuanmﬂﬁﬁaﬁaqﬁﬁﬁaﬁa
NIZUIUNTSHAR muu’lummauuwmaﬂmwaaumamwunnmaq LLawvmu a7 4.24 Thauana
anwmmaamwm‘uaLwawmmmau‘uumaiﬂmnmmauuwamm FaswaziBeaveauuy (detail
drawing) 'I,umia\mamuuaﬁmiﬂﬂﬂwﬂmmn [17]

4.3.2 ﬂ']i’e]’e)ﬂLLUUE’{ﬂ?UuﬁWEJL‘?TE]Lwax‘I

anwummamLﬂwuﬂmﬁ‘uun1EnamwlmiummuauaEmmn’[,umﬂammwnﬁu
Luaqmmﬂuivwwummmwu feramstrgeinm aansafmuadnsnisuudiels sudetanls
atasiaiiies way mmsnmlﬂﬂﬁuanmlsﬂmﬂmawmnwmwum m‘luaamwuanwumauu
Fudufomsuientimamenwesianiiviinsvudng Lwauwhﬂ%ﬂuaWLLunUsummamam 1ng
Usumma\naﬂuu%L‘tJumma‘lummamiuﬂ‘uaaaﬂs 'Jawl"tﬂumwuitﬂuaﬂs LLa““‘U'JEJﬂ'WIuﬂG]’J
Lulsmqqﬁmumsmmmsummaqansuum ezmﬁmimmmmaaaﬂLmuani*’uummamuu LERIAY
ﬂ’]‘W‘VI 4.25
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SUAUMSAIIN

fviuee : Useunvvesian
annsnisrusedsug (my)
wedurugudnarvastuang ()
wmdurugudnauanuIwan (d)
sogiind (p), AMuE1IveLAng (L)

<

y
a ' <

LAANAIANVIYBINTTRDNRYY
urnwmasAMULANTIIes (k)
uWnimatvesszesfind (CF1)
winimesziinvaduang (CF2)
wrnmessunluin (CF3)

!

funa | Anudiseutesang (N)

Viunwnidurugudnaneesluang (O)
wazsseehing (p) IWlnnidu

4

wnnimasluang (F,)
uwwnimasluin (F)
wWnima$ian ()

urnipesiasl (Fy)

!

hﬂ i

A1ngy : MAviudmsuervususadoaviny ()
ﬁwﬁﬁuﬁw‘uudw‘?aﬁ] P.)

o w @ o

asdudwmiuenagliuanauuias (P,)

o W as

A83TUTM (P)

:

WnvamaimaItuang (Hp)
Y snanig
waznreIBuIeTnes

v

Auganismuin

d. 5 o A 1 o/
NN 4.25 YURBUNIATUIUNDDBNLUUANFIUAE &)
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A319# 4.9 wamsAIniiesenkuLangYUGe AR

Parameter Symbol Value Unit
A1IATUIUDATINITYUNE
Fuel density r 400.00 kg/m3
Sasnsugedaimen mq 226.59 kg/h
W19 Diameter 199NFLNg D 0.10 m
YUR Diameter YBUNUWAT d 0.034 m
e RATIL p 0.10 m
ﬁuﬁwmmmaﬂuaﬂg A 0.007 m’
winmeIAMILANTI9FE k 0.30
winipesUeIsTEs g CF1 1
winwmesuilavedluang CF2 1
unnmasTuuluin CF3 1
AN5II8UYDSENG LAY N 45.31 rev/min
NIINIAA9TU
AUBNVUENE L 1.50 m
Maedudmsulorvusussdoaniu P 102.65 Watt
uwinimesluang Fe 1
uninasluin F 1.29
uwninasan gA 0.40
efuitlduudetan P 0.48 Watt
unnimesitaady Fo 2
UsganSn1wnnsaenias h 0.50
AU P 412.50 Watt

0.55 Hp

definnsannised 4.9 ﬁ]uwudqmnﬁaw‘hmﬂudwL%mwﬁaﬁwé’mw 226.56
kg/hr szfadlduaimesiifivuin 0.55 Hp \Wuetheos LLavmmLiaiawmaﬂsmaw 45.31 rev/min
Filuiitidenlduowmadaun 1 Hp ’Lumimmwawa\ians memamaﬁﬂamlﬂauummsaiau
1450 rev/min fipaudlifin 50 Hz FefuSdewimamaanuiEiseursnemeiaielnldmmmia
seufifesmsldon eldidenlduamedifessnsmn 110 TauiEsovanaunie 145 rev/min
uihiddBunesinesmunuarmsiseulasandendnads elkireronsuivananusiseu ey
Usinumsldidomaiidoms uiegdlsimuiiaumiuiseuiisunalalunnsed 4.9 tugufiu
\eAUszananswiny Fadasimaveasaitomanuduiusseninsdnsnsuudienenunia
sauTeEnguUTesialy



a5

Pawadrvaaudainis

iaamaaan%auﬂaméa

AT 4.26 e wasiavnanmslvaseadowd swuang sy

NN 4.27 5m«;su3‘uaaan§°uudw WOLNAINYINNS0DNKUY

firnansaugieidemas et LLavaanmmwaLwaqmuansmummuamm
AW 4.26 Imsmanwmimammaaans‘uumau.ammmww 4.27 mm‘dmananmmulmwanwu
maumuﬂsunawmmsnnamﬂsvnaulwmwu Lwa'[,mwamamwaumiq Feanusadne
Measdeaiudulely [17]
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433 pwsnresszuutoudemdsdunans
vdnanilévhniseenuuudan LLaxangwudwL‘?jvat,wauﬂuﬁﬁw%aauﬁa VAT
Wedewhnmsesnuuulassaievesssuy WefivsdnduUseneuiassdiuddaety Tngldsuanu
Susionngusivde S1ued Fadundduiindde lunseenuuu wesdsuwuulnssadafiosesdu
syuuRanaT it 4.28 uansdnunzgateudaimasdunandifadadifulasaig

(@) (b)
< Y & aa
AW 4.28 (a )miﬂi"naumwnwamaaﬂwmanwumawaLwae (b) anvuzynleudamasinma
uafindadUTaseasag

4.3.4 9iEEN LaRARLATIIUMTDINEINS

MNPLNARYEITTULTAY warteudainasiaimualiin Lﬁav'ﬁuamﬁum'q

neifigy (wood pellets) gnualvidundlasiaiosun LLemunﬂaalﬂ'ﬂﬂmu“lummumamaq 13
Lnummwaqluaﬂwmvmﬂumma%aaﬂuumnmamsmmuﬂmmw’uammwaa 1189970
anndeudunalidomadidnwusmanienin LazauantAiudeuly suludnssadiu
'luaﬂw:uvmﬂanummLammamimﬂlwlmawammwaa mawmwaumlmmmsﬂsmﬂaaumi
Jarfiuiionas lwaa’lusﬂLLUUL‘UaLwaqLtmmumammusﬂuwmu Fadusesndudoaiiy
FTUIUNTUA ImammimmmmsawmwaLwamnlﬂ‘usnm'lmmmuwatwaa sananslunnil 4.29
Imaﬁ'lumsl,aanwmauﬂsumwuaamiawmuu siosilaiasuinnuastaniioy

thinua ArwazBunveinsianiifonis was maa‘lumswﬂwaaﬂﬂaaanummmqmﬂums

=1

Uiiﬂﬂk‘ﬁﬂkWﬁG‘UENWJLN'] %QU?”LJW]‘UENLF’]SENUWUENLL‘VIW]?IUIR]&J@\W
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n i 4.29 uassiuniidlunisiasandesun wavyaiamestuindouladosun

1. Hammer mill AoiA3aunkUUADUWIEY fidnwugiuaduifouinaguy
wan v nsznn hlidanuanidutusng Lasiing Lmsmwugmumnsaﬂmmm
un uaianildvuamusisinisdsudeseen

2. Ball mill fie Lﬂ'SEN‘UﬂLL‘U‘UﬁﬂU'e)ﬂ‘l.]‘iuﬂ’e)Uﬂ'JEJﬂWl‘uUUﬂVia\‘mN’z)U(ﬂ ‘VT&JU’EJEJ’N
°U’lﬂIULLu'JUE]‘UﬂWEJIUJJaﬂUﬂVILUUUB@I@‘M“ EJ'WYEJﬂ’ﬁﬂi“LL‘VIﬂ‘ZJENﬁﬂUﬂﬂU')E‘IﬂV]ﬂB\?ﬂ’]SUﬂ

3. Pin mill wanmsvinnufie Tamgnldaswnannuugrassndiuan Imaﬂmﬁnm
gnuade usallesernhuaiviyusgaielusuidunsasdon wassradauasHIuALuNT daud
lummsnmum::LmsaaqlﬂlmmaagnwumalﬂwmwznmaLUuwaLLasmumunsﬂm

M13799 4.10 nmﬂ%amﬁauamauﬁﬁwaqLﬂ%aa‘um [18]

AR50 DIGERN
[
Hammer mill Ball mill ;  Pinmill !
4‘ 1 " I
YUIALATOY Uunang Tngy | Ywnaw !
= = I
AINAZLOUAYDINITUA LA, Uunans | azlden |

MMsUTeuisudinan Judenlfinlosuauszian Pin mill iiesainaun
voudowmdsmeiildlunsunlvsidosiawaiidoudrsasen suilufadesiavosituiilunsings
\A309UN Lﬁaﬁmsmﬁayaﬁuww‘uaaLﬂ‘%awmﬁ'ﬁa BONNY dauanslunisneit 4.11 wuina3osun
U YPT-302 (F/S) fihdsnsndn eglutasfiannsoun wardeudoimdsnadngimnldlusas
56.52-226.8 kg/hr Fanendnrndanuteuld 0.25 kw §a 1 MW
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] ° o a v
1971990 4.11 %a%aﬂquqgmaQLﬂiaQUﬂ 8119 BONNY

u A&INIsHEn* HEIUG seulATa* dadau*
MODEL CAPACITY POWER SPEED DIMENSION
(kg/hr) (hp : kW) (RPM) (WxDxH:cm)
YPS-102 (F/S) 10-50 2:15 6000 95 x 55 x 130
YPT-202 (F/S) 50 150 3:22 5000 115 X 65 x 140
VI YPT302 (/) | 150300 _ | 5:37 | 4000 | _ 115x65x 160 _
75 x 70 x 115
YPK-401 (F/S) 300-500 10:7.5 3500 , ;
(Ladsmuviv)
90 x 80 x 135
YPK-501 (F/S) 500-1000 20¢ 15 3500 , .
(lsisauuviv)

* fiavlneUszunn (Approximately)

AN 4.30 Uanain3asun By BONNY Ju YPT-302 (F/S)

Al 431 uansdnunznigluaiasun Se BONNY U YPT-302 (F/S)
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4.4 N159RNUUUTDUH N
waumlwwanLUuwaaﬁ‘l‘usaaiummma‘uaaLﬂaﬂw'nwaaanmmnmmewaum
Tysieiaey (pre-chamber) TmaaumﬂL‘uamaammlwﬁlwuﬂ warvigaeanuIINBLNlnitIeay
nmmlv]mmma'lwaqLmlvmu mmwaumlwwanfu~maammsaanLLUU'lwummmm.,auﬂu
\Wounaeildlunsmlng finfsinusonsusmzidondvondomas uazdoaisyuussuneidvin
2ONAINLAN

4.4.1 MSAVUAAINEIVDITBIH NG

mmmwmv’faqLmlwﬁﬂy’mﬂuﬁ’aLLUsuﬁ'qﬁﬁaw‘hmsﬁmmuﬁaaanuuu
iesndeunivifiruenitdusuAuly adiduiea: gnial LLa:aumﬂmamamam
¥y mmmﬂuwa‘lwmamﬂmwwaaﬂuwuiﬂauaa waruenniite s lnsifidueivdnaly
UgnsmmsLmluumluauaﬂmalwm FaanSunalifimdusuaandeiivy gUuluiuiinaesidng
veatn wivinde s lusiinnuenafivansuinllenvavdamaliauutesaulsy m:u'lumi
nea¥1s lasfivuin LLa~mmmwawaumluwaﬂuunnaamwulﬂwsamun'ﬁmaauwa

panuuuluded 4.2

.‘mbw:f%vz S B

aaa

nwil 4.32 seegnsAugaufiteanTawall (@) msnssaefivesrnudituasseive (Mass

Fraction) wag (b) LaumﬂLmu‘umaqnmﬁuamﬁqﬁmdw@amamaaaqmﬂm%iwdw
ARFTRIR%)

° o o & a a a v ' ] Vo
‘L'Uﬂqssﬂ']a@\‘lLWG'E]aﬂLL'U'UVI')LNWL%@LWﬁQ’U?N?ﬁNQ‘UNﬂW@QLN']IMﬁ‘U']EJuu lﬂﬂW'VﬁJﬂ

v VIR a4 a o = v a
ﬂ'J']iJEJTJ‘U@QW@QLNWI‘ViNViaﬂl’]VI 3 WUAT LUDNAITUININA 4.32(a) kag(b) TILAAWAUNINAUYDY

GJ = @ 1 a L2 1 4 (% v v

E]‘Uﬂ'TFW]Ltﬂﬂ\‘]ﬂﬂaﬂa?uwﬂu'}aﬂ@ﬂQUﬂWﬂ‘quiuWQWQﬂqiLNWIWN EENIINITINYANIVDIAINULYUYU
ﬂ"li'iuWiUGl'llla']ﬂU ﬁ]uW‘U')']ﬂ']'ii“LViEJQ”?luaﬂU{]ﬂiEJ']ﬂ']iLN']l‘WJJ@EJ‘Vﬁ%U Useund 0.6 LUng
mﬂ'luwa\‘ll,mlﬂuwaﬂ ‘U\‘]ﬂﬂﬂﬂaﬂ\?ﬂUﬂ']WVl 4.11 ‘Vlﬂ']”lllLﬂﬂﬂumaﬂaqiiuLﬂﬂﬂoﬂﬂmq‘lﬁuﬂuvmﬂlﬂ
fisvogUszana 1.4 was (mtma'n 0.786 Lun3) ’lumuvwaumﬂ‘mm"auamﬂgnsmnmm"lwuw
JPULUTTUINU 1.25 LUnS Lu@ﬂﬂqﬂQUﬂqﬂﬁﬁimaﬂﬂqiiu L')ﬂ']‘hJﬂWikﬂﬂﬂgﬂiﬂqﬂﬂqﬂﬂjqﬂqﬁizWIEJ
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o v a aaa o v Y o= o Y a
Jwpddszerlumaiaujieriunnnit duhlafmusmnusnvesiensniiaesidaninsees

Tumaijiseveseynieus Fegeanuuulivosmlmifanueausvana 1.5 wns

4.4.2 MIANUIUAMUNUIVDINT I IH LAY

mummu

v

dmTunismuinaunuIveswisie s lniiy ssldwdnnisideatutunig
funaduiden 4.2.6 msmaumunvemaonslnitog Futuneuluniseuimausati
Sﬁnwsoﬁ’amwﬁ 4.19 uUsy sJn@ﬂmmmyua'ume‘uawuwaqmluuwﬂiunauma‘duﬁawu‘wulw
LLau%umamimﬂ Irwes dauandlunmi 4.33 Tnsunurduusiumsed 4.12 szja'«aulmwanﬁs

o Y L4 L4
AN 433 NWULUDULYNVBINUIVD 960N LAl

= (P — nhll/o v Y 4
M1319% 4.12 ﬂﬂﬂ’lLLUiﬂ’)‘UQNV] YATUIUNIA UYWL DN b3l

Parameter Value Units
Chamber Radiance (R) 0.50 m
Ceramic Fiber Layer Distance 0.05 m
Chamber Length (L) 1.50 m
Thermal Conductivity-of Refractory Brick @ 1200 >~ 1.50 W/m.K
Thermal Conductivity of Ceramic Fiber @ 1000 °C 0.30 W/m.K
Combustion Temperature (T1) 1300.00 °C
Outside Brick Temperature (T2) 600.00 °c
Outside Stainless Ceramic Fiber Temp. (T3) 120.00 s
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2AINTINYINAIUIOUY
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AMUUUIYDIYUVILIN [m]

2N 4.34 HanIsAuIMANI T unulrve s e

HIFUNINT 434 HANISAUIUIAII UMY IR et Lng 9snudraany
wuwawuwulvmmlwammmsmammwmaumuwuaﬂuwulw Q1) WU INITANENAINY
saumuwuwu’lwu (Q2) agAUszana 0.27 m saaLﬂmmwnsww‘uaamamaumsmmnuuutaa

4.4.3 uazBauuudmandmsUtewnlug
Wevhnsinmuilessnuuusessnlul suldtanisfao tat TR RREL
imelouda mﬂuma"l,m“Lmawmaumswauuuumwam u.avawuiwaumlwu Toeldsuanu
oA INNAMS YT I1usd Fudunilsluiinide 'Lummammuaﬂm uaLBsuwU U sl
yuilufamseeniuulnstasisvosiaanlnieag aﬂwmu‘uawmm‘lmwaLwaqmmam ARG
Al 4.35

= \ ) v & a o
AINN 4.35 aﬂl‘}mg'UEN‘Via\iLNWIMNL%@LWﬂQ‘U?ﬁJ?a
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wieliheienstugUiumu nsaenUsynay asvaeyuvilv sauludemsene
aruemvesiunlwilueuian fldeenuuuliieumimianinsanenusvnauldiluvieuq e
avvieuvriidnvasifimuamnstiu Slefosannmit 436 uansdnvuraelutenydenties
wlvsl azmuTianusoudsesntiifiu 3 vieu vieuay 0.5 wns Fuaveseswilnsiasiives
dmiussusdmindigangszursidmin lusasiiandlureavionteunimiagimsiden
et il fiusmBayumiln Ssuudmantavaudoavesoanalng wasangsgureLiuin
annsadnwisinldaan (17]
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4.5 n1seanuuusTuuUIUnlaide
ﬁmi”ussuvﬁ%aanLL‘UUI@EWTWMis’smsuuamqquﬁlmﬁa tfufie evaporative
cooling uazszuumIneu wet scrubber 1 likeiy Weswndesinludusulssann uasiiui
Tunshnsarseadng FauwnAsluniseenuuutussdeseenuuutesnisivaveuialeds Tufadl
sepzaegluriestivaunudign Lﬁ'a’l,ﬁ‘laLﬁaé’uﬁaﬁ’uasamﬁﬂﬁmnﬁqﬂ Fednwagszuutiva
lodouansfanmil 4.38 uasfiemnensivavesufadounielusonitnuansenng 4.39

I
Part3 I

I
Partt |  Part2

2N 4.39 Fiananisivavesufaseunieluiestitnlede
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sanuuufaialaidend sudusewinisindaidn suwwnunaumﬁ‘lmmmumumlataa
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Wmmslvia‘uaaLmasaunwlwaamumlmaalmmazyanmeauamaaa Fanelurieasdalode
ggnuusoanilu 3 dauldun il 1 (part 1) LUumu'uaomss"maunwaaﬂamwnmmuna‘ta
|y uwvanaLUsé‘luanwwwuJumucnqmnnuwﬂmamslwamamnalmaa ANLTBUITYNENEING
iiteldlumssameduls gumgilvesufialeideisanas luvneiidiud 2 waz3 (part 2 was3) 9y
Wuvinawesmsdnduidase Imammmiamsau'ﬂuanwmzwwTamnnumﬂwa‘uaumalmaa
Luatmaamm%ﬂumumauaqwa’tuumun‘uaamen‘uu LLauasmnaaauawnmmum Falums
wmsa.nLaanmaﬂmmuamsamumuu maawmsmmamwmmsnaLﬂsamuuﬂmsamau
Muimihmesdaaleds
L:JaLmaaaﬂﬂmumﬂn'lmnaaauawnmmumm mmummnﬂﬂlﬂgquamnmvnau
Wevhnismnazneuvendn lngae mmsvmunaumnaumaLUssﬂ.ummumanﬂsa Fadstale
Laawnnmwum’lﬂﬂﬂummmu 2 1A384 {]ummsaqLLsnaummmaummmnmawsmmma'lﬂu
msawsdidrgaui 1 vesestva LuaamnummmﬂanmmnnwﬂmvwwuJula vl
nrnoUiaUyY LuamsumauJulaummaawa’[,wsmmaumﬂ’luuﬂalmamwumnmu FONIINS
1wa'umu'1muﬂuLﬂiaou,sml.fuuaanummmmscﬂunwmaww-mmaumamnaﬂ,ataa Tuduves
{]umwaaamﬂmmmﬂuamnmvnamwammami&ﬂ.umuw 2 uay 3 vewiesUnledusely
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satiulunsivuaUSunsveslannaznouisinileielsunmnisitiinvesaaluadiud 2 uag 3
:14:‘4' ¥ o 2 al & 3 7] %’ ] o 'o’ QU d' ]
Taglundlamuvualviannasnoudusuns 2.5 m u,asam5'1mi"l:wamaqmmu‘ﬂummwaawzag

o 3
N2m/hr
<L%m€fumiﬁ1mm>

NUAAT : IRTINTUILNATOINGS, m 1

IRT1E@IUDINA-LTDINES, A/F ratio
9INAAIULNY, Excess air
ANNBULULYasLRalede

Anna : Yinueiniailtluniswnlng, m
Vanauidlewdy, m,

air

= & o oo a 2/
Usunsvesufidledengumgiunlng, Q,

davuael : Ysuanhaldlunsadsd, m

Specific Volume of Water

water

fund - USnasloun, myesn
USumslavdesiu

< fugansAua )

A9 4.41 FumsulunsmuinySinesveasdlede

Tunsidendeinaudmivgalede (1D fan) Wu dududeansuaisunsveste
U [ < 5 7 ==’ d! a A } 2 o
Wenau lagnsAuiamnusuinsvedadetiunansianing 4.41 feUsunssauiildannnisaiuam

Y a o ¥ v o w o P o 9 o]
UY QgLﬂu"diu']mimi?l]ﬂ'lii::’LVfEl?J@\'ibLau’]ﬂqEJELUQ\TU']UW‘LBL?‘EJLﬂu%LiﬂUﬁaﬂLLa? M99 4.13
LL’dﬂ\‘iNaﬂ']iﬁ']U'JmmU%mﬁﬁ’m‘UaﬂaL?IEJ
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19199 4.13  wansnsenunUSunadadeiiinannniswa gl

Parameter Value Unit
Burner capacity 1000 kW
859845.23 kcal/hr
AuUTInauialode
Fuel heating value 3970 kcal/kg
Fuel consumption 216.59 ke/hr
A/F ratio 5.60
Excess air 30 %
Air for combustion 1576.74 ke/hr
Total flue gas @ 25 °C 1793.33 kg/hr
Flue gas density 1.32 kg/Nm3
Flue gas volume flow rate @ 25 °C 1358.58 Nm3/hr
Flue gas density 200 °c
Flue gas volume flow rate @ 800 PQ 2156.41 m3/hr
1269.21 cfm
Uinaniign 1000 kg/hr
Specific volume 2.17 m3/kg
Vumslerh 2172.49 m’/hr
1278.60 cfm
Usmmsvedladesiu 4328.90 m’/hr
2547.90 cfm
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dnfuunilazthiaueiisnstuguragunsainageunsiudidemasdauans 9n
wuudawdndiiunisduamesnuuuluunnountih venanignanesasdenieaiu
wnseaflefililunistuiindoya wasiaiesiotnrneg sauhedsn1smaasiitonaaeum
aussouzvasszuudoulomas wariundeiwdedaunanuinvounnlniide (pre-

chamber) 1Wusiy

5.1 n1stugUyngunsainaseunisludifeimasiaanans
wdsniivhmsiaa uazesnuuuyagUnsainaaeumsilvsidomasiuna
w3 auldvunadisesnsdwsudsunuudmdouds shdeilvninauefmadnsvosnsduuy
dudnlvitudFummiternastuguaagunsaisng Sauanddunmit 4.1 fegrasy ¥
WeindsTana feindomas SEUVaNzUnNe wasviounivel 1usu

5.1.1 Wwemasdanansstiniounlviivag (pre-chamber)

=1

wWolvidagsianstugy nsusenev uagnsteniigs Fmdaimasiunada
gneenwuuliUsEnauMmetiudaundng 9 Ju saudnslunani 4.17

@ (®)
o & o o & a a a v v
AN 5.1 LLaﬂQ?juaqu‘Waﬂma\ﬁwqLN']L‘UaLWﬁQ‘U'nJ'JaNQGZJUWMENLN'ﬂWQJ?an
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A 5.1 Luam“?i"udawﬁnmmﬁvLmLﬂi‘YaLwﬁa%amamwﬁmﬁmnmlwﬁmEJ
waamnmumsmusﬂmuwLsausaauaa Tneswasdenvorastuduanslurden 4.25 3
naumvmmsﬂsunawumuw1manu mmmmmwaaﬂuwulvﬂwumuwmaqauwan‘uulm
W thufotudumneay 2 wazvnelas 4 mmaavmam‘lumswaaUuwulw LAY RS
Uivnaummaﬂmmﬂﬂmuwumulmmn (19] Luavuwmsﬂivﬂmmnmuaaummanu%vlmmtm
Womasaunans sauandunmi 5.2 wasawil 5.3

AT 5.3 G aNATnantavaan Insiie (Fund)
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5.1.2 szuutleudomdsinumans
dmsugamaaeumsunvsidendsianans ssuutleudemasiodussuy
nilafifiaudrdgyduagaeuin waziluszuuiivsenousiegunsnidosnaidiu 3
pUsznavtesvessTuLlaulomAsTunans uansfn il 5.4

Hopper

Screw Feeder

Air Compressor Pressure

tra tter

Throttle
valve

Burner

Blower

=] s | & a a
AINN 5.4 LLNUﬂWWﬂQﬂUﬁEﬂaUEJQEJ"Uﬂﬁit’UUﬂaUL‘UaLwaﬁﬂnﬂJ?aNﬁ [18]

v
a v v w

i [ v W &’ a o a o v
A 5.5 dnvazdainigeiwdslianans (hopper) wazanzandeanAnnLniulAsIEsna
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= o a & a a
AN 5.6 FTUUAUASATDLNAIVINIANS

dmsuiainidonas LLa.,ansmLamwmwawamam fwanslunnil 5.5
uag 5. 6 uuanaswwummmummamﬁlwmmmlﬂumﬂaw 4.3 mmmﬂmmmmwsvmm
0.5m mmsaﬁﬂiaﬂL‘umwaq‘mmammmumsvnﬂaaum‘sLmlwuwmaammsau 1 MW gt
ULGIqn 45 i uanmnuummwuqmumwaamwnmmwaﬂmnnmmaﬂnimasw
LLieauavmaumaamumm“ venulaense (impact Hammer) Iﬂﬂl‘uaumnmsmammmﬂ
fiausy 4 bar, iWelinislwaveadeindineludainfndusgareiiios uavannsingng
youdamdsludain f‘éaé'nwmsmsﬁmﬁgaqﬂnsnivﬁwﬁuﬁa'ﬁﬂL"i';mwaa WARFININT 5.7

o ¢ v ) P v o v
AINN 5.7 LL?WNQUﬂimasfl\uﬁqauﬁgl,ﬂaugﬂqUaNV]La@ﬂ‘L‘U
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cl' s (3 v W | o P~ " >
A 5.9 Tuaies wazndsusasinisivaemadiuiviie (primary air)

L“gaLwﬁa%"smawwsgnmuaué’mwmwudwéfmmmL%sawaqangw
fine LLé’ﬁ%ﬂﬂdoLﬁﬂdﬁaLmﬁaa%%mwumaﬁaaau AMA 59 wansdnunzvesduaed
(blower) @ wm¥usinimaIuTings szLﬂummmwm‘wu’mmwmwau‘mawamﬂwu way
anwmu‘uamwmﬂrmLaa‘vﬂ%mmumUv-mamswmilwamaqmmmwa'lmnmmwmmuau
mmunmmlmﬂumumw mawaLwamnmtammuansmmmuam ANAYGENABINEY
(mixing box) Fadunapsfiintinaueinia uasiienaans [eiwasiinnasinainuinesan
g‘uumawgmmﬂmumm’lwwamgmmﬂm TnednunzyIndoIHaLLARIF NN 5.10
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A 5.10 gunsaidwiududsatiomds uazernemdrgiamn (18]

uanmﬁamnaUnmﬁViuam’lumwﬁ 5.4 Ua7 s“wﬂawﬁamﬁa%’;mamﬁa
Usznaulussgunsaidnuilies sfie iniseusdemasdiia m‘umﬂsaaumummmmm
ﬂuiﬂsaaswuaamwmﬂjamaa waraggndusisnames e 5 usah auiildse yliludaya
FunzvanAsasun muam‘lumsww 411 mmmawmwlmﬂmnwwammmmmuum
L‘uaLwaﬂéﬂ,uamswmwamwswl‘ﬂwauamL‘wwv svum’]auwamaw yansaasunis
'«mmuL*uamaa‘l,ma"lusmwmm (pellet)  Aoudzitiadasun udraudweanilnildogn
soleslimdsmnniou 1 MW wrogelsfinnasestessinImnaeusas s Ut S ile
MNNISUAT BINE T INASAUYS iWeusuidufisdnunmuanniasuadie dan1meaeuie
mMNANTeNAIeIUnIznantsluiater 5.3.1.3

Al 5.11 ndesuni@andsiignindatussuuoudomds

5.1.3 seunluwsidemnastuma
mmuaﬂﬂsmmummmawmmaaumnmluummwawamam CRRIOR
wlvliomasdaua mwaamlwmaLwaammauuﬁ)wsuﬂaumaaauﬂsvﬂawanq 4
dnloun sieanlnl Tassairedossnivl daeinidmin wasyaangseuradmiin Wusu &
wanslunnil 4.36
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AMWN 5.12 anualeawia s v omna Wasnans

wdmnivhnistuguasnveseumilminuuudmanduiiouiosud
adusieluazilunsruiunising waemlsunuli uagmsUszneuusagviaudndeiu 3
uonwilesnmstugy uazUssnewosnvsiudaerfieniimstugulnssaths uassyuuang
seunewi dsanansarnwisifsldann (20
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AN 5.15 uamesANgIEUB N

5.1.4 swuutiinlede

dmiuundntunmsesnuuussuutinledetugnnanliluite 45 3
ﬁ'ﬂwaaswuﬁ'uagjﬁﬁaaﬂwﬁw%aL"ﬂumiiam:wamqmvxgﬁlmﬁa (evaporative cooling)
uazszuuidnduuuuen (wet scrubber) Whlisheiu fawandlunind 4.37 dwiuideil
wfunsdsuuudsmandanansluniauuan ns 'Lﬁﬁ'ué’%’umamﬁav‘hn'ﬁ%ugﬂ'?;udau A9
5.16 uanwipwtalederinastugy uesussnaunuudaaia uavuenmiionndatala
meiidfedeoninnnsiadaidninah sruumioni sullUfamsinpeipaunauiale
o uazUdedladis Wusu Fednsarlumsdnnsiunisuesssuutidaladeuansianmd
4.39

e

b

AA 5.16 faUnlelde (evaporative scrubber)
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AN 5.17 dnwasvasnuidmsuanidnase

d . " { X = z & d
NINN 5.18 vUannpznay LLﬂ%WﬂaNQﬂ‘L@LﬁU

5.2 aunsalin AauRu waztuiinka

5.2.1 sguutausne

Orifice plate and pressure transmitter

<100
Tertiary air
Butterfly valve 03
Blower 03 -
< 100}
Secondary air
Butterfly valve 02
Blower 02
—— Biomass
< [ee)
Primary air L Pulverizer Burner
Butterfly valve 01
Blower 01

A 5.19 S2UUTBUDINIAAIAS UMW W DINAITINIAKNS
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szuulauamadmiviiwomdsdanans gnesnuuulioiniauds
senluaudiumumifivesnisvhan laun

] o o , : v o [ a Y Vo
L ewmeduvils (primery air) lddmsugaiiniann wazesnwuulilidu
o0 & a o v v v
omAndudewdsdunanatngioanild

'
=2

2. 9 MAduNass  (secondary air) Wusniemdnaildluniswnlng Jeaz
sonuuuliemelvarululn (swirl blades) feudngnn dawalkernimduilidrgies
wlvsludnuaeniinismyuni

3. emAdunaly (tertiary air) vinwinfiviasiduvieannlugivng waziwnlvg
Wamaamdoannisuningdlueusnlusiang. (pre-chamber)

diefansannmi 5.19 sgwuingunsainsaiuauetneUszneuluse Wa
4] o L o‘/’ ] & = < d.l’ .
au (blower) kAT MIVDINAIANEIU MAUNHLED (butterfly valve) orifice plate
wae pressure transmitter (Humu

Al 5.20 datinfide (butterfly valve)

Pressure Transmitter
ot 5

L D
4

¥N15AARY Orifice plate Wag Pressure Transmitter

'.

i s
AINN 5.21 anwuu
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5.2.2 S¥UUMAAULAE LPG

MaAuvieuia LPG ﬁﬂﬁutﬁa'l‘ﬁumimmum’sqmizLﬁmaaﬁumt%mwﬁa
Fanans WeRarsanamit 5.22 widazgndeeinuangl Header Tnedl Ball valve 1Tudh
AauAuiiiela-Unufaliuluss Rota meter titTnsnsinisivavesuia uasinusssulag
Pressure gauge riouid1gunsal Temperature sensor 1nHuRBUETMIEIioN BAY
uhid 2 M3 Ao maRld Solenoid valve Faaeldlnflunsdainsdealaings wasnneitld
Needle valve Tun1silia-Unufadsannsamunuldaeiio fefvasmsiimadiuuia 2 ma
Aeifteazmanlunssentnge 1y min Solenoid valve §itlgmlsiinaziiiosnlnigy vie
M Solenoid valve (@uRdsannsald Needle valve Tunisvirauseluly uazoudwmn
&Rada Pressure gauge LﬁafmusaﬁuﬁawﬁﬁﬁuLw1Snﬂ%u’aLﬁaqﬂﬁt}wmmﬁu‘nmLLﬁadauﬁ%
dWisndulumuiigonis

Line Pilot

Ballvaive Solenoid vaive

Needlzvalve
Ballvalve

d (-] = 1 o 1 L) ¥ -
AN 5.22  LHUAINNNSVIN UYL AL BL AN DU L L BN AT LAk

AW 5.23 wismuauLid LPG neudisniiomdsdnans
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gunsall#lunismunuuiia LPG.

Header @anansaiuusesiuleigaan 10 bars

Pressure gauge fvi Nuovafima 2.5 %294n15%1974 0-4 bars

Rota meter &¥e Nitto u K200 Model 2013 ¥39n15¥amu 1-10 Umin
Temperature sensor type K

Needle valve Ju SINV3-F-4N-SS

A B R e

5.2.3 gunsainiaingamgl
lumstufinFngamgiiasifiutuiindenun 10 fuwmimussesununuves
ganaaeuntswlusivauandunini 5.24 Tasuvaduiivdnarmmnidemasdanasiui 5
Aurus vshavisarvg 3 sl Unamstessesnuialelds uavvdedladousiou
az 1 fumis dalumsmsantavialagld thermocouple type K iWousafuniiouaniua
YOKOGAWA §u XL100 waziiiutudinnalienisinlvsidngangasii

g g——
-

NNNY F /727

o L T o e ol G e

—F

=
o

i
i
1
i
i
1
1
i
i
T

w
-
=4
™
_‘
-
-
"
-

Al 5.25 thermocouple type K wagvmiisuanina YOKOGAWA XL 100
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5.2.4 gunsalnsaviaufialods

fumisiiszyhnisaneiaufaledefousnutemiseonveauialeds 3
Dusumiaderfuiusumisingumai T, fuandunmil 5.24 Tagazvhnisnsiata ua
Uudinnalesidudeandiaundaniswmnivg Usunumsusuneuenles wazaisuszneu
lulssiaueenled gunsalililunismsiatalduniniesinufia Testo Ju 350 XL uriilosdae
Mumiafiagyinsialededing Wuvinuiiufaledeligumaiifireudnags (900-1000 °C)
Juonihnsgauialedveenuninniouen duiudddiiugunsaiiaslunisiadn 16ud vaen
Wn wazangamaiileids uaztiuagameduandunmi 5.27

(@ (b)
o € v e o o a o &
i 5.27 gunsalhslunsindwuialelds (a) waeain wavangamgiilewds way (b) Uu
aguaunnel (Vacuum Pump)
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5.2.5 gunsalin uavAmiuRudug

5.2.5.1 UNIAiMUANAIULEITOUTDINEINDS
dmiuyanaasunisk IndiWondsdianianty  ssuuniay
mLUumaqmmimummmmiaumvﬂsvnaUMmaaﬂs‘uumawamm wagfinaugauiale

\de mmaaas"wmanmmummLiasaumaaunasmaiwLLammm‘wm 5.28 uay 5.29
AUAIRY

)

Al 5.29 Buesine (inverter) 8v Winner 34 WIN-V63

5.2.5.2 1AT9InAIMNS90v

AWl 530 1A3esinAIEaTeU (tachometer) e Digicon qu DT-245P



il

dmIVEIUNITVINNU (ranges)  ANAIINLNUGN (accuracy)  WAEAIAIN
a N A A U @ o
azldun (resolution) VouATRIANIlUNITNAADIALNTONTIdULARIMIS9N 5.1

A15199 5.1 ANANATLDEA WaANNLNUEIUDUATDIIDTR

. g1UN15YINNY ANMNLAIUEN | AIANaLLIDYA
bl
(Ranges) (Accuracy) (Resolution)
Pressure gauge 8¥® Nuova fima 0-4 bar +1.6% 0.1 bar
Rota meter §%® Nitto Ju K200 0-10 Umin +£5.0 % 0.2 Vmin
Data logger YOKOGAWA 5u XL100 5 5
) - +1°C 01°¢C

+ thermocouple type K
Difference pressure transmitter
e . 0-10 mbar +15% 0.01 mbar
gy KIMO qu CP 112
Difference pressure transmitter
ds . 0-2000 mbar +15% 1 mbar
#e KIMO U CP 115
Gas analyzer Testo 350 XL 0, ; 0-25 Vol.% +0.8 % 0.1 Vol.%

CO; 0-10000 ppm +50 % 1 ppm

NO ; 0-3000 ppm 5.0 % 1 ppm
Inverter 810 Schneider ju ATV312 0-50 Hz. +0.2% 0.1 Hz.
Inverter 8%p Winner i"u WIN-V63 0-50 Hz. +50% 0.01 Hz.
Tachometer 819 Digicon DT=245P 5-99,999 RPM £0.05 % 0.1 RPM

5.2.6 Yannad Sieve analysis
dmivganadou sieve -analysis - 9Usznavlumeinioungfnvunn 91
WAYAINTONMZUATIUDITHAO, #50, #60, #100, #140 WAL#200 ANEIRU

] .
AN 5.31 Yanaday sieve anal

ysis
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=

5.3 Rouly uaziSnsvnass

dmfuitetiosinaueiadeuls LLau'*uumaulumsmaauamsau“‘uawﬂ
gunsaiveaeumaeninifemddaina fuandunmi 4.1 fessiuiinmadevanssaus
vosszvuioudemasdauna wasindemdedunariafoantlundg (pre-chamber)
Hundn ’mezﬁizwﬂﬁﬂ’ﬂlaLﬁaﬁv’ugﬂaanLLUU wazad1unitelianunsaldauldidy

nan lnendadladinsvegaudsanssaugnisynay

5.3.1 MsvadevaNsIausssuUTautamainans
iv‘uuﬁauwaLwaw’smamnaLUusuuwmwummmﬂmmammmawmi
wlunshJuegeunn LuaqmnLUusuwmaqmamaammuvmsmlwmaqmLmimm'sq o
iuw{]aumaLwaammaammmmmmstaLwam‘mquaumlwmmammaLuaq WAZENTTO
mauauawiamim?iaué’mﬁmsﬂaulﬁaemsml,%q dmIumInedavaNssauzvesseuutau
\ToindeTamatuay Lsmumummimmmauwuﬁiumwmmmiawaaanimamsﬂium
nszualwivesawmed Shomsuuaiedemds uassrsnsudaTiuiaswenaiecun Wudy

5.3.1.1 mampgssnenuduiusseninanuiiseuvesanguuaeiy
mmmmnsuLLﬂlWWmﬁauLmauamai (RPM - Hz)
LuaamnmmLsaiawaaanwumauu WYNAMUANMEN1TUTY
mm’ma‘uaqnivLLﬁlWﬁmﬁaumamaLmaimaﬂmamﬂmaunasmas (inverter) fiauii1ae
NUBATMA UavAnTsougeanvewalnediies wiieldiinauusduglunmaassly
aviudnly Fadfeainmveasiiomauduiusassinudssanan

faulummenss
fauusiy : mnufivesnssugliiinitioudhduaines (RPM)
Mnusa « puTITeuTesanguay
mudsruau : sundslunsinanniiseu

IBNINARDS

1. iU switch woinasvesanjuuae Lasdulieiines

2. l99utiesines (inverter) UsummmamiuLLﬁlWWmﬁaumauamasani Tng
Euduft 1 Hz

3. ldinTesTnA25258U (tachometer) fnAnu§aseuliunuina Nnaen 3
a%s wpsmAnadstuiindadunisg

4. vmsvaasstnudedl 35 Tnsuuiinanuivesnseudlniinduiias 5 He
UDY 50 Hz

5.3.1.2 msmammé”mﬁmiﬁuudwL%Lwaﬁama
dlefansanaunsit 3.4 mimmmamsnmims‘uumamquvg
wnuIdaasdiulsiidemanosnsn1svudie Aomunu LU LT E Inas (p,) wazuun

'
U

nasAANTINYes Tag (k) TuRedwudiinsldssuvanguudeyaifioatu udilevhnis
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Wasudewdsdnsinsyusefasasuly ﬁqﬁuﬁa%’aﬁ%mﬂumimaaqLﬁammmé’uﬁué
ivquamwmimuma (kg/s) ﬂUmmmmniuLLaIWW'mﬂauvmauamai (Hz) veudeawnds
awilafifianuuansneiu I $wetu Didesunazien wastidessnus ema:mlﬂgms
asAuduRS mammLﬁuauimisqumangauamwlﬂmmsaammu fudeiwausiay
Usean

L%ulfumsmmaaa
Fulseu : ailavoadiowas LLauﬂ’J’]ﬂJmJ’eNﬂiuLLaIWWWVIﬂBULﬂJWaNBLGIBi (RPM)
FLUIenu ; mwuﬂﬁummamaamnﬂauam‘nuumia (kg)
fulsmugu : naﬂumswumawal,waw 1w

IBNINna8d

1. Uiim%aLwaqaﬂuﬁwﬁ’mﬁal,wﬁa (hopper)

2, U'iummmmniuLLaIWWm{]aumauamaiani Fansveasasduduit 1 Hz

3, dhnugiiunsfabmtnEudy msmi‘uL°vaLwawmmmeaaﬂ‘uaqmaﬂs

4. \Un switch uewmaivasanjvueie wazduesines Lwa‘lmwal,wamﬂmaaana
Muzsasduiiwiedld lneduian 1 il LLa’JUﬂmi‘\]"lﬂﬂiuLLﬂVIEJUL’JaiLG]’e]i

5. thideudsiilaludainn nessdn 3 afs wastufinAnadumseduiinnans
RGBS

6. mawg']mu*’ﬁaﬁ 2-5 IngUsuifinanudvesnseualniihiuiias 1 Hz s 5 Hz

7. Luammimamﬂsmm Wihauasenanguude wasvniswisusiages
o udvhnvnaestaude 1-6

5.3.1.3 NM3nasumainIskaneaesasun

in3esuainsindadrfussuuloudamdedmnansty 18y
LfﬁawmﬁwL%ﬁ]ﬂ']wﬁléf%’ummnmaé'wam LLa::Lﬁaﬁmimﬁ%’agaﬁwwamaal,ﬂ%‘awﬂﬁu,am’[,u
15997 4.11 swui'lﬁwé’amsmﬁ@ﬁlﬁiuul"ﬂumiwﬁ%nivumnﬂmmﬁ'ﬁ%ﬂum
TneUszane mmqmwamlulmvuhmLﬂumwmmnmiwmaawmamum‘lm v3glignzuns
Yuails muummmmm'iwcﬂaa'umaamimamwLﬂiawﬂmmsamlmwﬂuwatwaqmu
thumaaeutiufedidessauis ilofunisussdiuieanssourreaaiasun uazuuimshy
nvaaedluasudalusme

waulunisneasy

fuusu : 911AYRIgALUNTATEIUA 0.5 mm 1.0 mm wag 1.5 mm. Ay

FuUTOY : SRsInsUATaINES (kg/min)

fuUsaun : varlumsuiedewdsd 1 il
Fomddnasauanntides st

W/MINAALY
dy d o 1 v ag’ =
1. us5qRianedaumis (pellet) adhudainigowmda (hopper)
2. Ysumuibwasnssudliiidoudrguemesang lneduduil 0.5 Hz
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3. \Un switch wawmesvesanjautie uazdunedines Lwaiﬁmat,wamnﬂaulﬂm
\w3etun uddannssenssuanisunesines

4. hnruzansasiuidemasiieananniaiesun ﬁi%’mmmiq“ﬁ UM 0.5 mm
Tnedunan 1 uil wdlanssenszuaiidunesines

5. danddlalutaiwmen naassn 3 as manade wazvuinAmadlumisng

6. naasstnated 2-5 lnsuSuifummiavesnssudlnihiufiay 0.5 auils 5 He

7. veasetinudedt 2-6 Iﬂaw?{aummmmﬂu"uumg 1 mm. uag 1.5 mm.
AUARU

5.3.1.4 NSVAFEULNAYDIA BINETEINNTUA
nénandildnsuindinisnangeaniiedosuaaunsaild uasld
vamimaaumsLmlm’ﬂUuﬁﬁulﬁaaﬁu ﬁa‘t’faﬁauLf]umiﬁw&f'sashwau%al,wﬁaﬁumhu
EwnIeTiTivum 0.5 mm. QJ'WI'mﬁ’JLﬂi']u‘ViLLEJﬂ“ZJu’]WU’eNE]UﬂWﬂL‘UEJLWEN Farndnduvos
wuwmaumﬂmamawlmmuuﬂ anuﬂﬂimﬂumLLUsmUﬂulumiwwmqumaawua
afineansdmsunslndidomasdamansoly

Revlunsnnans
FAUTAY : MNLAYLDYATDINLLNTS
s ; et oadinndnsuunziunss (ke)
Fuyseuny : thindedhadeimdadui 100 n
nalun1sass 10 Wi
%amamﬂ‘?JngaUlﬂﬂﬁﬁWﬁiﬂﬁumciwugmsLmiaﬂumﬂ 0.5 mm.

ABMINAABY

1. YMANAZDIANEUNT LLﬁ?ﬁﬁﬂ?i‘ﬁ;\iﬁ’iﬂﬁﬂ‘U@ﬁﬂ%LLﬂNLW}'auLUa%ﬂJuﬁﬂm

2. dezunssnsesdeuny Taeliae Lmiwumlwmawuuuam Feaunge
Liaqmmu‘lmmu #40 #50, #60, #100, #140 waz#200

3. thidowasinegswhmtinussana 100 3y ’I,alﬂlum%miwuwaﬂ Unelli
LLuu wdndnaIenagldinadlunisievssna 10w Lmem%mmma“au"LU‘uq
thwin ﬁ]zlmmviuﬂmgLmiaiwn‘uwamewmqaguumsumq anUuiingn

4. yharmazeansunssliizeudosneuiissyhnsveassa ey

5. ¥msveaasnte 2-4

5.3.2 Msneasunsn lriidenaediuans

lunrsmageuniswnladiionianssaus wazg1un1s¥naIuveIRILmn
Wamasdiunansiavsunlngdtg (pre-chamber) MldvinseenuuuTuuiiiu dosving
naaeuiludiiudu loun mameaevaussouzressruutouands n1snndouTLIAYeq

du a d:jd a o a .

DUNATBIWEINRANUMINEAN Wazn1snagaudviswavesadaluln (swirler blade) ilusiuy
o ° 4 v &) LY Y o o & a o
wetwaasUanmsneasaiullldiuiulsmuauveinisveassduduinly Fadewndsdh
wangnihinldlunisneaeufensideslfisnmim
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5.3.2.1 Wns3aszln wagn1sgumam

euflagynismaaesnsurndidemasdimany oy maammsau
mtmuavwaumlvm Lwa'lwammuma'lwaaLml‘wwm (pre-chamber) awuwnsum
wamawamamwﬂaumammemsmmmmumlwumammlm mvxsumsf\m wALN15gU
vwludesuegldidemanta LPG Femsvnaouuiing LPG wmmuaunumsaumnm
annsadnwiudislaann [26] LmLuaamﬂ‘waaLml‘wuL'umwawamamu'm‘lmymn'lmma
LPG Lﬂuwatwaﬂumsaumeamamm mmaﬂ‘mma LPG 'luUsmzuwﬂawNaq Foulugae
msaummemaﬂm‘naLwaammamsmma smmsaul,mumﬂwumaumu

NISVARILN

1. Wandemadiuiiassii 30% sasnsvaianawintu 0.057 ke/s

2. Uanduia vsumdnimsivauialaeld needle valve wmmmasnuum
munuuiia LPG fawaastunmii 5.23 Tauususnsinisivadt 1 Lmin

3. insUngunsaiugeussiu it iiveliAnyszmenuinadeagn

B

- JNI-S00TYPE

d L3 L o e
AN 532 gunsalvgnsussiulnidwmiugaussnmelv

MU

d‘ ) a o & (-3 o o i3 v ) n'

Wevhmsyalwnimuia LPG  iuiisusesudlasyinisiiiu
M51N5Maved LPG Wi 5 L/min v'hmiLmluﬁaEhwimﬁawuamwnﬁmsfluﬁaumlwﬁvfh
ganneawi amwnuaaamiL'J:uununa'wmm’flwumﬂﬂsvmm 400 500 °C mm'l*mm
Ussanas 10 it 91ntuasyinstloudemasdamnans gIMAdIUTIvE wazgenadIuTianu
Whgvisaunlndvay «mamﬁms{]auwaLwaammaa'msuqumwaxmamwmmw'IIMW
o w v ° v oA - v v v
A89AN5U 300 kW mmsu,mlvmammmuawuqquuma'lwammlwmmgamwm
L a a v v |el (o) = 1 o
M guiigegausiaununatsieasninitisazegiusyanm 800 °C Jmyavaseuiia LPG
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5.3.2.2 n'ﬁﬂﬂmawﬁwamawmmaumﬂvuaLwawawqmﬂsiummﬂm
dusuideiay LUumimmaLwawamammmmmaqaumﬂ
Lmﬂmaﬂuﬂauamm LLammaaummmmm‘lumimﬂvxmmL%Lwaq LWEJW]‘UU’W]EJUﬂ'lﬂ
L‘uamawmmvaummumLmLﬁvaLwa\i‘zrmaamwuwaaLm"l:mm8 Fansvnassiasiddiu
%umaumuauwmaumiqumLm meLmasmmiﬂiuLUaaumu'}mmwmﬂ Lazanniag
Aausaulumswalyiaavias 100 kw

Reulynsvages
fuusiy : vneveadedeiugazunsueion 0.5, 1.0 uay 1.5 mm.
fudsey : Snvazvsaladlwanmssnindoymademas
MuUsAauAY : uaRaRes1ei 5.2

dl A Qs d‘ =1 a o ay a
131940 5.2 L\?E]U‘L‘UIUﬂ"I‘iVIﬂa@Q (WJLLUiﬂ'J'UF’]‘ﬂJ) LWE]ﬂﬂ't'}']EJVISWﬁ‘U'eN"Uu'Tﬂ?]Hﬂ']ﬂL‘U?JLWﬁ\‘I

dnsnsivavusniia LPG, L/min 5.00
Sarmstieudomndsina, ke/min (Hz) 0.38 (0.30)
9 MdauTnils (primary air) TWemafinetuialaeiniowus
mAduTians (secondary air), kg/s (%valve) 0.055 (30)
WinaugAenae, Hz 30
ABn13vnany

1. Uisa;L??aLwﬁalﬁequﬁé"ﬂLwiam’[.uﬁ’qﬁ'm%aL‘wﬁa (hopper)

2. ATINABUALUNIVBNATBIUA ImaL‘%'wmamﬁ'summgmzLmiawhﬁu 1.5 mm.

3. Usumnuiesnssudlsiihitteudgueinesangaudremuidoulamsmaaes

4. Wn switch WaauenIFdILTides wasufundmudoulunimaass

5. ¥in13all wasguiimMmeuid LPG

6. [Un switch uoinasvaENIYULE UasduBsines Lwaimsumwamnml,amlﬂ

famdosun u,auaumnmiawmwﬂumaqLmamemLﬁmamLm

7. ‘Uu‘wﬂmwaﬂwﬁuwamﬂaﬂwmmumﬂmiLmlm

8. vaasstinuded 2.7 Tnswdeuldouazazunss 1 mm. uaz 05 mm.
ANAIAY

5.3.2.3 mifinwdvinavesesaluianowginssuniswlg
dwsuhdeiezlunsnadevaussousvedudnlunsadianseud
oNATiNa N gvyuARgrenludiang Imsmvmnmﬂiaumwwqmn'ﬁiumsmﬂww
Wntunglufoasnlsitag maaﬂwaﬂwmmmnmqnummumﬂauu 100 84f1 85 B9
Lag60 a1 muddu Fudugunsuduesemitludnazannsovinle anwaglun1saedayy
wansfan1nd 5.33 Tnsaghnmsvegeunsilwliidenndeu 300 kw deulunisvaass
WARIRIINGT 5.3
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= o v & a o
MN19190 5.3 LQ@U‘L"Uﬂqimﬂaa\‘iﬂqilﬂ'ﬂa'ﬁl}lﬂ@Lwa\ﬁﬁflﬂqa

AuUsAIuAN 200 kw 300 kW 400 kw 500 kW
, 0.0127 0.0189 0.0251 0.0314
Biomass Fuel, kg/s (Hz)
(1) (1.45) (1.95) (2.40)
o it ke/s (G6valvel) 0.0089 0.0134 0.0178 0.0223
rnma IT, S vailve
YA SR (25) (31) (36) (43)
' 0.0580 0.0869 0.1159 0.1449
Secondary Air, kg/s (%valve2)
(30) (38) (46) (54)
Tertiary Alr. ke/s (Gbvalve3) 0.0223 0.0334 0.0446 0.0557
ir, bvalve
YRS (25) (30) (40) (50)

**Operate at 30 Hz ID Fan

**Excess air = 15 %

nwil 5,33 dnuaiznsensdayuvaduin

=
NHaulunsveany
FaUsAu : aeraadluln (swirl blades) 7 100, 85 wag 60 9477 ANEIPU
fuUseny : dnuyaizuesadtn waswgAnssunsuninsinngluiaien
</ d’llﬂy A 1
fuusmunu : Fananntidesliorsmsifiuasiiugneunsasuia 0.5 mm.
u .&' a o .2 ﬁla‘ [
gns1nslousnia wasieindsdmsunisenlingd 300 kw. a9

o
waAalUMAI5197 5.3

/N15vnad
1. Uiiﬁ;v‘&uaLwﬁqs‘z‘nmamaﬂuﬁaﬁnL%@Lwﬁa (hopper)
2. Ysuasrnvedludalufidumism 100 s,
3. U%’Umm?{maqﬂisLLa"LWW'lViﬂauL"ﬁ']ajuaLma%ﬂng‘uumamuL‘élau”lmmsmaaa
4. \Jn switch inauenadiufiaes wazuiundmuideulunismaaes
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5. ¥M3galu wavguiiineufa LPG

6. \Un switch uamasmmaﬂwuma uazduIoIINeS Lwa'lwwal,wamnmtamlﬂ
danaoInay LLﬁ"auQ’mLﬂiENUﬂﬁ]uLUUWJZ“I\?L‘UEJLWNNGUU’]?IWJLN”I

7. mawaLwawamammsnLmlvmmamLaqlﬂamamamaa TivihnsUsuia LPG
Lﬁaqqumaqmsmﬂwumm Tivihnsduiindgaumgll wasdufinamansugveavarl
meluiearnlvsieng

8. inmsUuiinanlede

9. vnasstadieft 2-8 Tnewasuesmvadlunluiisumism 85 pewn.uaz 60
DA MINEGIU

5.3.2.4 msfinwmginssunaswnvineluieswnlndiang
& ) =3 a @
maveassiasiunmaasaiiaAnufmgAnssunisnsyanesives
gaunninnelueswsnlvdiang mams‘uuwnmmaqamwnuma’[waamﬂwumammu 20

v

AU ‘Ui"ﬂa'un'Uﬂﬁ‘u‘lmﬂm‘waﬂwmwuadL‘Ua'ﬂ‘/\l‘ﬂLﬂﬂ‘UumEJ'luMaQLN’ﬂMu‘U’JEJ ‘UQW"ILLVH.N

IUﬂqi')ﬂaqquuLLaﬂQﬂ\?ﬂqu 5.34 Iﬂﬂﬁ]zw']ﬂqSV]ﬁﬂaUﬂqilﬂ'ﬂV‘N'ﬂﬂqa\jﬂ?"miau 400 kw
- o v o = [y o

WSBUEUNUN 500 KW L\?E]Ul‘ﬂﬂqiﬂﬂaaqLl.aﬂ\’iﬂ\’m"l'i'NW 5.6

r/D=0.00

Xt X2 X3 X4 XS
8.2 18.2 28.2 38.2 48.2 (cm)

o o ' L ! a v v
n i 5.34. duislunisduiindngamaglinagluieaminidgy

Revlumsneass
Mg : Smsmsteudemasdmsunsinlvsid 400 uag 500 kw
MuUsa - msnseeivesgamgiinieluiaumn (°C)
fuvsmugy : Funasndidesliivmnsiuakiugasunseeun 0.5 mm.
yuesenludail 100 oeen
dndiuvedonia enadIuil 1 10%
2MAFIUT 2 65%
9 MAdIT 3 25%
9MAANUAUT 15 % Fawansluansneit 5.3
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phiaariiahnN

1. ‘Uiiﬁ;LGTTEJLwﬁﬁqmamaa’luﬁ’qﬁmﬁ'jy@l,waa (hopper)

2. Usuasrnvasludalufidumbss 100 asen.

3, U%’Ummf‘ifuaaﬂsaLLﬂlWﬁﬁﬁﬁam’hajmaLmaéaﬂgmudwamuLfi'aulmmimmam

4. Un switch nauenaduiiaes wazufundmuieulumsvnass

5. ¥msalv wazguiimmeuia LPG

6. tUn switch waimesvasangvuey uasdulesines Lwa’[,m‘uat,wamﬂml,aaqlﬂ
ISGRNAGH LLauaumﬂm'smwmmmumaqL%Lwaammaml,m

7. LuaL%LwaammammmLmlvmmamLmlﬂammmuaa TwvihnsUaufia LPG
Lﬁaqmwgmmmﬂmlmmw Iwwﬂmwummqmwgum 20 fwnis uaztudinnménuaey
vasalwnreluieannlngdeqe

8. inn1stuiinanlade

9. vegasswted 2-8 Tneuiingnsnislvareseinia wazdomaslud 500 kw

5.3.2.5 MSANWIEILNTIUTBS I BINET 1 a R
TunsAnewufiomgumsinuvesiiendemasdmansiy 1w
gndriansvageusieladeluvaney du 1wy aruansalunisualeinaaweaiesun
mmmmaﬂuanai (blower) Kasdinnua1u13aveegngUnTainaaauntsHn lniviinag
poniULTY 1Tudy ma‘uamﬂmmna'nmimmmiﬂnqumnsmmﬂm‘lmﬂumq 200 kw
fia 500 kw Tneldosaludngl 100 sern wasl¥idoulunisvaassdauansiunsief 5.3

fouluntavaans
Faudsdu : Snsimnstiousimea uaziiamdsfuandunnsed 5.3
fuUsnm : msnssnesivesgamglanuuwnny (0
AUUIAIUAY : %amamn%l,ﬁyaalﬁsmwwﬂﬁumhugmsLmiaﬁumﬂ 0.5 mm.
wueserludndt 100 e
dndauvetenie oIMAdIuT 1 10%
oM AF LT 2 65%
91NedIuT 3 25%
omeELAuR 15 % Fauandlunsed 5.3

amimﬁmimaaquummmumsmuau’tummawmum WALV
ﬂ"li‘U'NVlﬂﬂ’]EJm‘VmﬂJLQ‘W'Wu‘UiL'JilJLLﬂUﬂaN“UENWJLN’] LLﬁuM@\‘ILNWIMNVNVI@J@ 10 FUNUL B9
W]Lm‘H\ﬂ‘UﬂTﬁ‘UUVIﬂqmﬁﬂuNLLﬁﬂ\‘iﬂ\‘iﬂ’]Wﬂ 5.24
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NANITVAADY KAZN15BAUIIBNANITVIAADY

Pnunitthusnis dmsuimdnnislumsesnuuuganaaeunsunivdidemdsdauans
sulUdAsnsmageumshanuresanadeu waridoulunismagoumswiiniivesindonas
Fanaduiidousesudr dmsvunitadumsiiauenanmeass warnisefunesadildainns
vaase Fazthlugdoagumaiuassaurmsihnuvesssuusneg salufisassour uavguns
yhaweshamasinnaniaiouimitviesely

6.1 wanmasauszuuilaudamdsdamanns
seuutloudomasiunaniadussuuniliifianud dyreyamaaeunisisninidy
o140 (esnndusruuiidemalaenssioaussougmawiinmivosiamn mndemasgnioud
dwnludnuaritliseides enazdmalinswnlwiiiaruliseles Anusunsenginssunisin
ndaneluimwasulvesnngiuiy Seorsasilugusingnisaidaduld dafuszuuteu
\Wemdsiifrasannsadudsadomasdigressiudlifosnsrades uasaunsonouausinis
Wasudnsimsteulsegnsmnda

6,11 Anudunus sewinmuIsevangrmeiupNtvanszualni
< ) ' v v o
Wasaanlunisvedes aunsoviuamiiiseuresangvuaslamenisuiv
' o o v Ya ¢ P v & = v '
Armudvesnszualiimleuirguamesinunsldtunesines (inverter) fuiawamsu
g [ ! o le A “a ' © o !
ANuANTUSIEMIILUSVIIER ivelviRamumiud lumsanuaugns N s evesans

(RPM)
8

v

N =2.988f + 0.431
Rz= 1.000

AUEITOUVDIENTVUEY

Qe e e ,
0 10 20 30 a0 50

anudvasnszualnin (Hz)

o v v o« l ' =
AN 6.1 ﬂ']']ﬂJaiJWUﬁsﬁ%')'Nﬂ'ﬂﬂJL%'Js@'U'UaQaﬂE'UUfﬂﬂ (RPM) - ﬂ']']uﬂ‘UﬂQﬂisLLaIWﬁq (Hz)
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dlefiansannmi 6.1 nsmuananuduRussErImNEITeUTRAN YUY
(RPM)  frupnudveanszualniy (Hz2) Aideuthduewmesduanjauniie agwuinmuysvisassl
auduiusiuludnuvasdudadu Jaldaunsauduiusaal

N =2.988f+0.431 (6.1)

o N ﬁamwﬁasau‘umangwn’w (RPM)
f femnuivesnszualwihideuinduewmes (Hz)

\esnndunedines (inverter) hanldlumsmuauausiseuvesangaudie
fifnanuazdenlunsuiummuivenszualninegi 05 Hz duReszannsouiunseuad
touihguamesialugiu 0.5 - 50 Hz Seamnaniseudifusi 6.1 ssnuimuiiseuvesans
yumeiiausnnunlafe 1925 - 149.831 sousipunil

6.1.2 MR SRS NSRS HaING A
NndeiimuilimI ik Mudssuidusivuarionuauenunsa
seuresanguuisfon wivasnskdliihidueines Wweemazmnlunislideyadsionn
AdRUS S8R N TYUE (ke/min) Aonnivasnsrualwihiteuirgueines (Hz) @
I$nansvinaesiil

) m3 = 1.255f +0.019
- ‘ R? = 0.995
E‘ 6 ' /--‘ m2 = 0.806f - 0.046
3 o= 2 ¢ R? = 0.998
- | a(
= S W%
N;; : \
a 4 .V~
ng P o
£3 1 mi = 0.680f + 0.149
i RZ = 0.992
£ 24
P
<
=
83
0 Ry Iagll N > & & -
0 1 2 3 a 5 6 7

anudvanszualni (Hz)

° & A a & a4 1Y )
® U W Y@agunasieun A ULSBUEALYN

o @ @& & ' @ g J a 5 i
AN 6.2 ANuENRUSSEMINERTINSIUAEEBINES (kg/min) - AuBYBInsERalWin (H2)
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PNANT 6.2 hansANFuRuSIs RS IN1sAUaeeInds (kg/min) #i9
A du =3 =Y Ad 1] A 1 o/ =1 -] :d"
audvasnsenalidy (Hz) veadamdsaiysiafininuvuiniuiiuandneiu Ae svenv Fldes
Upazlden uazdidousaurs Jadanauiaurinazuansanuduiusludnuausidudadussning
fruUsieans uanuturaruludaduazuananeny delaaunisanudunusaedl

m, = 0.680 f +0.149 (kg/min) (6.2)
m, = 0.806 f +0.046 (kg/min) (6.3)
my =1.255f +0.019 (kg/min) (6.4)

Toeft m, m, uae m, Aedmsmsvudhevassmeny fidovunazifon uartideesaur (pellet)
Audsu mndssmsnuANdIRUS SIS M sTua1edenuiiisauvedluangamsni
aruduitusaunisi 6.1 unuluaunisil 6.2 6.3 wae 6.4 18 fegraudeunumannisit 6.1
luaumsfi 63 arldaunsenufiiugsswhedasmssuisdeanniisauluang vaddidas
unawBundail

m, =0.269N +0.07 (kg/min) (6.5)

iHlofinrsenaunsii 3.4 nsfuandnsInssusemamged ssdunadiuind
LY i 1 1 L% 1 ] &‘ a &
aesnulsfidsmanodnsinisusiie Aeaumuiuiuesstiomds (p,) LazLANADSAUANTIY

289 Y9 (k) Teaenndesiunailianmanaassiienuuiiiuredomdauanstety Aegld
noAnsenuiudaduiiiaruuandiety iWeidunsfigaiiseriemmumnuiueadomas
fuurninasannuiinsuesian fulslaffidninanednsinisvudigunnniifu Jefieq
Fnsdnuieuifieusasrudemmguiiidnaldinaunsi 3.4 fudasvudioanas
yaspsresangdLdnsiinuiaseusie lashnisinsandnsnisvudigveadomdsiiosgn
ildlunsveasmswludively dufiefidesunasiden idaumunuiulszanm 396 kg/m’
Faldnanisudsuidiousenmi 6.3

MnkamaiUieudisulunmi 6.3 wuddleldemuisiseuwintu Snsinsvudne
fldannsmaaesaeiienuinnitdasnsuudiefildainmssuamangul] Yedeiinasens
naaesie AuNnosmIiNTestan (O (Wwinwedaruussildlunsduamagud
Fiiy 0.3 ) Fudushdsuenfauseansamnisvudie Sdunnnesafusesiagienn
awilifanuudelnadaléd Snavldsnsinssudiegsdudae :rnnanisvaasastaunse
fundeunduilomurnnesmnuiusavesiagldainaunsi 34 Fawanisduinuands
9 6.1
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6.000

5.000

(kg/min)

a

4.000

&

3.000 -
2.000 -

1.000

INTINTVUA LY DLWAS

1Y

0.000 + w

anwdvasnszualnih (Hz)

B gASIATSUUENNITVNREY, A SRTINITUUteR oY)

dl - s U U U ’ -
NN 6.3 LWIHUTBUSRTINISVUAIEINATTVINGS AUBRAIINITVUAIATUNIO YY) (k=0.3)

A15197 6.1 MseumgaunduieUNNeI AT NN IYeIaNTvAY

aifdos | ) kal- e oo sau (pellet) 3\deunazidon
nse el angausie a"mw'ms Lmef\as‘mm é’mswlmi LLWﬂ:ME]‘%ﬂ’J’]ﬁJ
(Hz) (RPM) VYUY LOIII N UYUDEY LU N
(kg/min) (k) (kg/min) (k)
1.00 3.420 1.100 0.713 0.673 0.715
2.00 6.410 2.697 0.932 1.646 0.933
3.00 9.400 3.885 0.915 2418 0.935
4.00 12.390 5.033 0.899 3.154 0.925
5.00 15.380 6.208 0.894 4.017 0.950

'lumsﬁﬂmmﬁauné’uLﬁamLMﬂLma%mmLﬁmwwaaaﬂgﬁv’u lavinnsAuan
Wituisuideinddewtinfiiauns warasvanutuisaetu laun 318essauis uasiides
URAELBER NHAMUMUIUILYTET 650 LAY 396 ke/M MUAIRU 91NANST 6.1 JENUTIAT
LLWnma%mwmﬁmwLaﬁﬂmaa%ﬁaﬂﬁmm%agﬁ 0871 luvariitidesumazidonarilunnines
mfiusaasUsEIN 0.899 Ferisassiinnulndidsafiuinnausiaasfvualsilansinfui
Uszuneu 0.9

amsmdnidmalivinneinnuinswesiagaesrinfifidnwurnianionin
wazAm LU LLLTsatuRsut N ﬁ@h’lné’tﬁﬂqﬁummsLﬁaammnangﬁuudwU*?iﬁﬂmsaammu
fiswansiidu dewaldinsandosyrinmsvudofatuliesuin wernaznanlddmivangou
fedidanuemliin uwnmesanuiusesiasunuaghidmadesasinsvuieTanias Fardu
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MuUsauidwaradnsnisvume Tanazgnanvaeiesiiulsinetiufe A umuIwiuYelan (
p,) Wion1sunuAAiveInseenuuuanisunenmsai 4.9 aduaunsi 3.4 asilila
aumslumsuszanamdnsmsvuaevesyaanjvunefivinnseenuuulinei

m, =0.000632p,N (kg/min) (6.6)
m, = p,(0.0019f +0.0003) (kg/min) (6.7)

wrotalsinuauns 6.6 wae 6.7 \uissaunsiildlunisussanaednsins
muma'uaaangmumam‘%aaivhﬁu’u Faaunisianseriliilesidusmunatandeu (% error)
Uszana 2 Wesidud lunswasuidemasilduudas mndeanisanuuiugvesdnsinisuugig
msIEnsnas e sasInstLE e anAsmil

6.1.3 _MIVAADUALTIOULIDIATOIUA
o ¢ a allla v - v & a o avy
wisosuaugunInifignifiufnuiveuddymaunnyeutenddanle
' [ v v a ~ ] oo = o= 2, < o o M Yo
nanliudluiten 4.3.4 LazideannipIesUaiviinnsaanuu LwAseauadnsanImilasuun
INYREN F9999YINN1TNARBVANITOULAIINYDNATEL TR §n3InTHAR waznITIATITEILIN
YRUYRLWNAIHINNTUA AUy

o
6.1.3.1 MSNAABUANAINITOVOIATEIUG
WuNIsNeaa uLNal ins 1 UansIN 1SHANTILNDSY LLBUUIAVDIALILNTS
Wasul

100

80

(kg/h)

60

40

ARIINIIUA

o

0 0.5 1 1.5 2

o
YUINFVDIATUNTAATDIUA (Mm)

> al ) a < ' y
AN 6.4 NSUTBUNBUEATN ﬂ'ﬁNaVPUENLﬂiaQUﬂma'ﬂuqﬂz‘UaﬂﬂzLLﬂﬁqLﬂ%EN'Uﬂ
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A13NN 6.2 WisuWiBUMAIN1SNERITITUTaYAIINEKER

T
. MaensWan CAPACITY (kg/hr)
; UOWMRs | SaULASes*
u o _a
s POWER SPEED INNITNNIUDTI MUVUINAZLATI
MODEL v a
(Hp: kW) | (RPM) | 91NHNER
i 0.5 mm 1.0 mm 1.5 mm
YPT-302 (F/S) 5&8:0 4000 150-300 2142 45.60 93.96

INMITVNAABUNSINUTBUATOIUALLY Pin mill ATiAmiEiseues
9UMyUUsETNIN 4000 SoUsBUY TduaLmasuIn 5 Hp Imﬂ‘lmmuunsmmmm 0.5 mm. 1 mm.
war 1.5 mm. wmwmammsqummmmm‘uu [FSorwaaziisasmsuaiiuintu meamaunu
fdanisuaniilaannguan il dinsnanas weneipswntutiosann aunaiiesain
‘ummmLmsqﬁma{{Nﬁm%'nsaaé’mﬂmmﬁmmﬂu'umaaxﬂ‘umm‘lwzﬁniwmmﬁlﬂumsmaaumﬂ
iawlesanTasianlslunsomiuiinnandifiaieiu Sniademdsdamaiiiunldluns
aaeuiulutaniitanvariuduls uasiinumieag Jorsduamgmiliesdnsnisuadi
i FednuaseaTanaieularudIn SUAKARISIAINT 6.5

i @ A a a ) & - @ & a
ANA 6.5 ANUNLITIRWASTILIE (3) SNWLITBMAINBUNTEUIUNITUA WA (b) AnwuziTaInas
NAINIUNTEUIUNITUA

6.1.3.2 MIVAAOUILIATBIEBHAINHILNTUA

a]mmsﬁw@hasim%amﬁqﬁummumLmsaﬁﬁmmﬂg 0.5 mm Faudemnas
Friunzunsaiuaraesdivuadnnii 0.5 mm Wewhluneseurunaventemasiiniaswnisnig
JOUNTURLLNTIINTEIU (sieve analysis) a¥ldnanITnadeUMIms1af 63 Fawudneyna
r‘z’;aLw5aei'su1wquﬂ°ummaeﬁwin 0.180-0.299 mm Aalu 25.53 % SeeaIABIUIAENNTT
0.075 mm Ay 24.39 % luvrieynaiifivuialvginit 0.425 mm. avildadiuegifies 2.57
% Wity wansidemdiilatianuasideaninauiafideanisfienuin 0.5 mm Saazdimanse
sruumswnlng Tufeenuazideaueatomddama vnluimalunswlndifuntuiisuiu
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¥ o A ) ! by d 1 U -] 2/ = =2 | ¥ ¢ 1 U 1
Wamdidawalugndlu3uesivindu dlvssuuimlndiiussavsnwiigelu feindndiuues
weeymadewddildunduszgnihlididuiusauanlunmsiaunuvudaeadsndnmans
dudumsinlvdivemdednaniold

A15797 6.3 NN TIATIEAVUIATRIBYMABINEITINIUNTUR

muﬂmaqmm%mwﬁq % by mass
425 - 500 ym 2.57
300 - 424 ym 16.83
180 - 299 um 25.53
150 - 179 um 12.56
75 -149 pm 18.12
0- 74 um 24.39

6.1.3.3 IATIELNNISUNIUYDUATOIUN
o v v v & a da al o
119997101 UNITNAABUNIS I IS UA Bl T W awdeniaduasLBunn
1 } 74 LY 5 12 A 1 ad [ r 1
Asudnege duiuiesedldazunseaiifivunng 05 mm. uslisminazunssvwafend1dwald
Wamdwzieglunieumdunaui uazdnnmaunaunsasunaeutisiaze lilleawasie
& a o va o w v % ° & a
miteulamdaianageunisunindnmdwmnuauga (200 kw Auly) vnvhmsteuemas
1 { 1 oA I Y a | o W a 1 o a 'Y '
wwudlaaungirsesunagisaiiier Mmedniifiganiiaiwdnveaiecun agrliiian1dauyy
yauomdmelueiosun Mumuliansevhoulddunailiinsesuatiunganisviiau du
[-] A " o 12 1 1 i § 5 o = [-] "] 0’5
A9 N13MNUNAUTAINNAYELATEIUS IAYTEELIaINDUNATEIUANUIZIINULALTATINANY
Weaninszeziian 30 Wil Idesnisliszuuihaiusedes iislildesesumduguassdves
a o L% 5 -] t %4 1 1 d A o =% L
N9y wazliszuunmuayinaulredsaiisimiuseegnatnfnuatiluraulanisdne 39la
YNSLENADIUADENANTEUY kazyitmsuatiaiwawfivazauly aulduSunaiiieanadansly
NUNAFaUNMIHHILY
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6.2 wamassumsuniundifomasdaang .

Tumsneasunsirlusiifevaussous wazgunTvinaueiinYRINaWINIaNg
yipviaunvsiing (pre-chamber) #ildvinsesnuuuTuintdu fesvimmegeuiludidiudu
leunnisnegevaussauzosszuvdaudomds MamaasuruinveseynAlaimdsniaaiy

a o a . o ]

wngay waznsageudninavesesaludn (swirler blade) Wudu erwaazUann1Imaaes
4 v a o Y o
Huqlulddusuusaupuuessnsnaasdlududnly

6.2.1 BvnavesmumaymadendsmengAnssunisin vl

nnwan1egeustuulioudenaduadediesiu silimsuishdanmsndn
awgnvaneiasunluuiayIuInTesneuns Tnemnazidsuiisuidsnisnanveaeiasuasiens
wAnidsaudeuildannisening sswuinefewusillisazunsevung 0.5 mm. 1 mm. uae
1.5 mm. szannsaun wazdeudeimaniondniidsanudouldussuins 100 kW 200 kW uaz
400 KW aaddu feushdeisadunsaraseunginssunsunivdivesinviaReann vl
47t (pre-chamber) fnunveseyneidomaiiuanieiy iiessymunvesoynaidomadis
Auuzaniuiaen Tasaginisfinyuisufieudnvurrssumlniiinanniswilug
sunAeLARARINGT) Femawirhnsvaaedlugwuinluszannsaldoyniaidemaaun
1.5 mm. Témneynadeniseuiu 1.5 mm. annsofisswnivsfliddaeluieanlvdivoe as
dwaliuszndanm wendsnulumsundomdafuteuihmsmaass wisevasshlvianunsaun
domdaudrtoudgismlviiiagldlnens

Seaumaeimadiadnune fualvhidesesufia LPG aumﬂwamaaﬁ]v
\ignsguauriiuiis (drying) aamgfiveseunegetusufegaianteain suifanissime
nndugungirgiusdwreiilasauidignssuiunisuanUdesansseine (devolatilization)
s sEve wasn sl (char combustion) wxdiiu Sededbiidua
AespyiaTlunsfianssuIunis (resident time) wanilaun amgll aonuiavssufaseudiie
wioyne wagauiaveseyma iudu efinsandnvazamliuinademiseenusamnd
wandlunnil 6.6 nudrdnuuresvalindidnnneymealiamasiiaeasiugnzunsiunn 1.5
mm. aelifhuasiiudumaiurenfisenawilmioymensediauiulddam duuane
srovnatlumaiaufiten (esident time) melusamnlindvrsdunisssimileymasunn
snanadesmslilunswning Ufseniiistumeluieanlmivisasfuiisw fidemsius
warUffzenisUuanuaeuassyve ludiuvesdfitontsuindiiuviiasnanesnuninuiim
mesenvesouslvite FmgRnssudredamaldmauntnionninduwuuliaysel wazdlouiy
ffamudouligeiduanuinesfamelufesmnlndidisfosgetunulude shldinsinu
witesnmwespuveatalidululdein Tonalunisifisusingnisainiswhduiileniaiioy
Al dgatuiy
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(C)
dl < - v J a d’q I L
AWNA 6.6 LWTHUBUN T I TBINEIINARIYVIIUUIAYDRUNTIAANNY (a) BUNATUIA 1.5

mm., (b) BuMAVUG 1.0 -mm. Way () auniAuuIn 0.5 mm.

doRasannisuninieumedemdsfiooniiugazunswuin 1 mm. dnvae
vosvarwiiAntuiluuliilulumsiidniwalniiiesineyniavuie 1.5 mm. Aeufisents
wilviidemdudaisauufisenasiniuneluiesmniuitig uidsnsusngiiudunaiures
Uiisenswnlnfounemsivaneeninanvieaniivsidisinnweaunas Sauddnufiseinisu
ndfynsazdeudiluifntumeluiounlndite winndnwuzvsnlarlniiistuaianisii
Uiisenmswn v stuivdetuiivinumimsesnueniounvitie visdulasvees
wlmitae Fohlissdunaiudunaiueesjisendngn fauiinazldeaenlulaiiliian
M5UAANYBIINANNTigA AT AuE Ama Tusuridlefansannisunivieyne
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Fowdsilaoariugazunsenng 05 mm. dnunzvaslariiaatuiialiliuneiiin
Walwiifeeneymagssuafidua - dunadtudumaduresufideinmswninindn
intioe s‘ﬁqmﬂmsiwﬁwvLﬁmmnaumﬂmmﬂ‘lmin'h 0.30 mm. SulueiuzUuagussan 20 %
mmﬂauaumﬂmmwaa aoandestunquimanivsioyniadomduds ﬂgﬂsmmsmﬂmmmu
Aeduiusnaimeuanteteynia udaresqauidmlanarveseyme uasdleinsnnnnd
2.4 ﬁlsﬁ'\immﬁud%ﬁaaqmﬂL%aLwﬁaﬁmuﬂﬂﬁlwm%u uveUm sy dsusenluguiim
drutansveariennnlug iewinflanemsmilndiieaty \Wemdiidounlugfeenisld
ssegnanlunssvIumsUanUdesanssziveiiraudnauny aiqwav‘h‘lﬁﬂg‘jﬁ‘%mmiLm"l,mﬂ'miﬁﬂﬁn
Fnuludae uanmﬂumsLm”lmuaumﬂmaLwaawmmmLamv“lwammwamnmiLm‘l,wm
Werdswualug fniadheymademdwuadniadse nm’lumsmmﬂgnimmmﬂwwau
ni1 wagandnvuzresuallniiietuainnsmaaesinliaanisalldiugazensa sl
deumdaudaiemufisenvidntumelutonniniivag wassheoynadaindaifouindndegn
SvswavesemafiviumasissliiAnnsnaniadineluveanluditag adummnaliugise
mswnluinsdulnBainiunelutouninideiies

mﬂwqmﬂﬁmmmaﬂwmmumnnﬁmlmaumﬂmammmmunim alel
feauladenldidemadiannriugngunseaun 0.5 mm. ievnismadeunsenlnsidmiunis
yoaeslududnly iesmndovmafiumdmnusaulunssniniligeiu szdmalinnudaes
nsvuaufadou uazveslvamelutesnilnivisnsgatunulude deynedemddivunlg
wfulunmsinvaiesnwgruvealmineravinldendatu nsunlndienaeslideiiosaulsl
ausaidaniavac (steady state) sesmsinnlvs] wioargasifiausngnisainisdidu (blow
off) 1# srededrialusuidsnisuansesaissunimnfiosnaiemasiiinruasdeanini
wdedldszasnalunmsumdemduunaiu warduddomdan uasfeddinieuniid
aussauginndrdl sulBiinudamadidsuniiagesnedain Seioadsinimaseut
aymadamsiifualvglls

6.2.2 Bvswaraseermluln (swirl blade) sawginssunswwitosd

msvnAeuluiitetiiunismasevanssnugedtuialumsadienszudoiniaid
dnuaznyunadgteumnlvidie Tasagimasuifsunginssuniswnindiifntunely
viosnlusianeg fesenvedludaiuandrefumusedusevinems 100 03 f 60 aeen Fudud
msuuesmiludnagannsayinle

nnfldnanluudiludredy dodemdudaedoumidrguinamneauy
naAaURRSEINSwv (reacting zone) WeinasezidunssuawThuis (drying) wasnsTUIUANS
VasUdesansseve auddy efinrsanamil 6.7 uanswginssunisiwnludinneludossnlndd
aarmuaslulasieiu Tagvhmstuiinamuinafundeshindemieiaman ienadamas
gnvivgenanshidn szdaunaiudwendemdsifidnunsadevening Ssusinnignenanisal
Mandurinamemsifianssuaunsvhuss wasnsUanUdasssune dafunguendsnaniie
ngurasled wasanssemeiignuan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>