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Bagasse Combustion Behavior in a Circulating Fluidized —bed

Chairat Tengchaisni
Nitikorn Nunsuk
Anusorn Wongprathat

Assoc.Prof.Dr. Pongjet Promvonge Advisor

Abstract

The project presents combustion characteristics in a fluidized-bed bagasse fumace with
circulation. The objectives are to study characteristics of sugarcane bagasse combustion in a
circulating fluidized-bed combustor. The effects of this combustor were studied.

The experiments were made in the typical fluidized bed with the large freeboard and the
bed with cyclone in the large freeboard for reburning fuel in the combustor. Each type of-‘ the beds
was test for the same mass flow rate of the bagasse ranging from 6-12 kg/hr and for percent
excess air of 20%, 40%, 60% with varying primary air per secondary air at 50:50, 40:60, 30:70
respectively. The optimum test run was found at the excess air of 20% and primary air per
secondary air friction of 50%:50% at mass flow rate of 8.92 kg/hr. From the test, axial
temperature and gaseous emissions particularly in CO, CO,, NO, along over the combustor
height in FBC as will as the‘.cornbustor stack were measured. From experimental results,
maximum flue gas temperatures for each beds are found between 700 and 750°C and the
maximum temperature in the combustor is about 1000°C for air friction of 50:50%. From

exhaust gas emission measurements, it is found that CO is in a range of 100-200 ppm, NO,

between 100-300 ppm and combustion efficiency ranging from 94 to 97 %.
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LS 225p,4u,

2| -

3.18(p, = p.)d,
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i

1§18 500 < Re, < 200000 H3p 1000 < Re_
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& £ o o 2 \ N\
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nHauiudamas lno lomemugema adrgioaus Tndmadudhs funaaslugilii 4.2

E')

Primary air(Jet)
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AN 4.1 ﬂQﬂﬂﬁxﬂﬂu”ﬂﬂﬂfﬂlwaQﬂHUBGU

oeAlszDY Wosidun ﬁymﬁ'ﬂimaqa LR TRITRETE)
Miuou 41.10 12 3.425
lalasou 6.44 1 6.44
Tulasou 0.25 14 0.0179
PONTIU 49.90 16 3.119
Fareos 0.16 32 0.005
Fidh ' 2.15 - -
LHV(MJ/kg) 12.60 . -
HHV(MJ/kg) 14.21 - -
Moisture content 12.40 - -
miauaalfnsouni
a CQ,

Bagasse _____ 5 Combustion

———
chamber bH,0
Air ——e

dN,

e SO,
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L
3o =

ansoifsuihul§asound 1as

3.425C+6.44H + 0.0179N +3.1190+0.005S + a,, (O, +3.76N,) ——>
aCO, +bH,0 +dN, + eSO,

Mmsgugaaunsezla

C: 3.425 —_— = a
a=3.425

H: 6.44 —_— = 2b
b=3.22

S : 0.005 ™ = e
e = 0.005

O : 3.119+2a, - S = 2a+b+2e
a,= 3.4805

N: 0.0179 + a, (2 X 3.76) s \X = 2d
d=13.0956 .

sinsunumadluaunisez 19

3.425C +6.44H +0.0179N +3.1190 + 0.0055 + 3.4805(0, +3.76N,) ——>

3.425C0, +3.22H,0+13.0956 N, +0.005S0,
o i =y qqyct v roar
$u Twavesommuiszl§asouaiiiawiniy
4.76a, = 4.76 X 3.4805 = 16.5672 kmol
iinaninmsrugaaumsveus ldiueImeauds ualumsnanes iaunsai i

» ¥
2IAUAS 1A MI1zazistesasahmsaalsmaausulueimmdn Tl luaunismsmn

W » ¥
TvdvouFemasaio Taois1eRmsMIUATNIIZ Y0 201NIARTI

81N eRgarAnszzui s ( Dry-bulb temperature ) Ay 33 °C

»
AIFUTURNT ( Relative Humidity , RH ) 1151 53%
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mwsznztiuinmauTudeslusmafan 1z 18v1n
Wan91na1se a2'ld
Pono@33°C = 50752 kPa
Py, =®, P, =0.53x5.0752 = 2.690 kPa

¥
19 Tuavesazesnuih lusmisnnaums

..Jy}i_ﬁz_o.ﬂ — Pvair (4 1)
Nvfﬂfaf Pv‘mﬂ! .
Pva!r
NVHZO,ar‘r == (Pv JNVWG!
rotal
2.690 kPa
=| S (X (16.5672+ Ny, ) kmol
(101.325 kPaJ ( _ Ver,0.0ir ) MO

NV, = 0.4518 kmol

E > ¥
mizastiwhmiaugaaumsmsn luddmsueniadulnies 14asil

3.425C + 6.44H +0.0179N +3.1190+0.0058 + 0.4518H,0 + a, (0, +3.76N,)

R\ 7, aC0, +bH,0 +dN, +eS0,

Mmsaugaaunisee1d

LN 3.425 —> = a
a =3.425
H : 6.44 +(0.4518 X 2) —_— = b
b =3.6718
S - 0.005 — = ¢
’ e = 0.005
O : 3119+04518+ (a, X 2} ———> = 2a+b+2e

a, = 3.4805
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N: 00179+ (a, X 3.76 X 2) ——> = 2
d =13.0956

o 1 as i -] o 55 v ar ¥
hmRmdsnimssuae ldumusnduluaunise I@aumsm lusue e niaey

v A a Y e Y o
ﬂﬂﬂﬂl‘wa\1‘]ﬂuﬂﬁlﬂﬂﬂﬂﬁ'lﬂ'lﬁlﬂ'lllﬂﬂﬁﬂTJiﬂl fio

3.425C+6.44H +0.0179N +3.1190+0.005S + 0.4518H,0+3.4805(0, +3.76N,)
> 3.425C0, + 3.6718H,0+13.0956 N, +0.005S0,

¥ »
i]’]ﬂﬁu‘ﬁ’]ﬂ‘liﬁ'lé’ﬁiTﬁ'Juﬂ'lﬂ']ﬁGlElﬁﬂmﬂQ INTUNT

(i) o~ marr (42)
') = M

UI0VVIDIN NN Y

mair = nair x Wair @ (ndryair x Mdeair) + (nH20 x Hlo)

kg kg
= | : 4518 kmol <18
(3.4805x4.76 kol )(28.97 ol) +(0 ol % ol)

=448.581 kg

K
M?ﬁﬁlﬂﬁﬁﬂmﬁﬁl‘ﬂ'lﬂﬂ

M e = Mgy X MW 5, = (e X MW )+ (ny x MW, +(n,, x MW, } +(n, x MW ,))
+(ng x MW)
=(3.425x12)+(6.44x1)+(0.0179x 14} +(3.119x16) + (0.005x 32) kg
=97.855kg

'(AJ _ 488.581 kg

F)_.  97855kg

=4.9930

& o o ' = .
2INABNIS (3.1) 105 I FUADINIFA IUNY (percent excess air)




wesiFusemerdiuiu (percent excess air) = [% - 1} x100%
Stoic

» v ]
WS IZRSIY NIN1sMgas1ms Inavessimen 19 Tunisnaasdionuasaims
¥ '
TnaveuFomdumiv 8.92 kg/hr 9314

NTOIONIIFIUHTUNDA (Stoichiometric)

(i] =4.9930
F

A=49930x8.92kg /hr
=44.5376kg / hr

M1 4.2 USueInansaoas 1 d IUNAUNDR (Stoichiometric) N1% 1UN1SNAADY

Snsowsomasrudos (kg/hr) US1naemARSas 1HIUNAUNOR (ke/hr)
6 29.964
7.5 37.455
9 44.496
10.5 51912
12 59.928

ibre type bagasye Duat tvpe bagasse

31U 4.3 uaeegUindnvuzawizvenudoy




4.4 MsiamNENIAMIMamaNgreavaiiluudea(s)

or v "
4.4.1MIMNTATINYOITIE (Void fraction, £,,) HATANMABN (Sphericity, ¢, ) VOININ

_ Surface Area of Sphere
Surface Area of Particle

(4.3)

fiovuinvear udesnds (ng 1 Uw. x 15 VW)

i]‘]ﬂ;i,‘l_l 3.9 11 Normal Packing 1214

¢, =0.33

€,=0.78

3 a
4.4.2 WUINFUANAINOINTINAUNSLINHVY IMORE (diameter of sphere having the

volume, d »)

Suasve9s s = Ysuminsenaumnouwinlsuassudeon
3
45mm = 71—
6
d,=0248 cm.

=2.48x10"m.

4.4.3 ANUHUHIUHUB I 1M BY
¥ o ¥ o
NN IUDBE =60 N5U

suasv0smudoY =559 A15190a0aN5

60

AMBN UM UYDIF DO - &0
559 (1-0.78}

= 0.4878 g/ml.




4.4.4 ;svfSnamoaty

»

invesmudsunousy = 45610 ATy

¥
NI nTeIIUdouH a9 =3.9954 N5y

¥ »
tminysailurudor = 0.5656 N3N

=y ¥ 0,
USunmiovazvesnnuiuyesriudoy - 0:3656x100%

4.561
= 12.4%

445 mimﬂ’nm%’a9"i1qﬂ‘?;ﬁﬂﬁsﬁmlg§ﬂ'1ﬂ=§mﬂ w,,)
$1UdeY (bagasse) , s =0.33
Prhagasse = 0-4878 glem’
d,=02048 cm. = 2.048x107 m.
i 35 °C 1M air)
p,=12x107 g/cm’
u, =1.884x107" g/cm’

970 wan URY yu (1965) kuni [14]

1 _0.0408, K, =24.5098
K

1

K, = % 44)
8mf¢S
1500 —
= __._g_.._?:’f_) (4.5)
8mf¢.‘)‘
g3f =__l;z_5_____:o__2163
" 24.5098x%0.33
£, =06
L.75 =24.55

1T 0216x0.33
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© _ 150(1-056)

=2550.
2 0216x0.33? >0.76

d’ -
Ar = ppa(ipz e.)e 4.6)

unuA uaumMsnT Ar

_ 0.2048° % 0.0012x(0.4878 - 0.0012) x 980.665

Ar
0.00018%

=151868.33
aumsn i lumsinoamenud digalumsiiangsalad

175 (d,U,0.) 150(1=5,.)d U, b, dp.(p,-P.)2
3 2 + 3 ;2 T 3 4.7
emf ¢s !“la Emf ¢S #a #a

J 3
uwnum K, K,, Ar ala

[0.2048x U, x0.0012]’ i [0.2048x U, x0.0012]

1 4 R =151868.33
0.00018 0.00018

45.6896U%, +3482.6377U,, =151868.33
~.U,, =30.9989 cm/ s (figaingi 35 °C)

ﬁqmﬂgﬁ 950 °C
p, =0.289020x107 g/cm’
i, =4.74560x107" g/cm’

0.2048 x 0.2892x107° x(0.4878 ~ 0.2892x 10 )x 980.666
Ar = =5266.98

(4.7456x107)




1 ) :
imumenpwemm U,

0.2048xU,, x 0.2892x10° | 0.2048x U/ x0.2892x10™
K[ s ] +K2[ d - | =5266.98
(4.7456x10™) (4.7456x10™)

0.3813U7; +318.1312U,, = 5266.98
~U,, =1624cm/ s (ﬁqmm_jﬁ 950 °C)
4.4.6 AnusIgaMevean1svlgsalad (Terminal Velocity of Particles, U)

¥1UB0U g, = 0.33
p, =0.4878g/cm’

dp =0.2048¢cm
I, p, =1.2x107
u, =1.8x107
] o ar 4
ATIVABUANSE IURNLIDDT
U .d
Re = Pl (4.8)
H,
unuaz 'l
Re =40.44
v I's vy o 9
MNANTY Iavuois1os lrauns
: LM
4(p,-p,) &

U =d iie 0.4 <Rep <500 (4.9)

unus luaums 4.9 o218

U, =535.793cm/ s



4.5 msf‘im'.lmmmma%‘auaznﬁumnm

o o <
i1k} mﬁ‘I'Haeummnmmwnaﬂﬁuﬂﬁﬂﬂam 1.569514715 kg/min

=t ] o
oIMAlgurQlmanlszanm 55°C

Por = 1.063609035 kg/m’, pt = 197.816x 10 N.S/m"’

w2 e
o lullz

NIUNm, = p. 0.

{f

_ 1.569514715

i = ——————— = 1.47565004 m/min
1.063609035

. 9asmg InafelSuaTvesenin Q = 0.024594167 m'/s

A3Ol MU A INNAFURITUENAI 79 mm.

e { 1.063609035 } {4x0.024594167

. =21312.5661
197.816x10 7 x0.079

=————— =5.01750777 m/s

0 0.024594167
A (m/4X0.079)

A3l IAIYUIAFUFIFUINATIE 200 mm.

R~ | 1:063609035 {4x0.024594167 8418463
197.816x1077 nx0.2

po Q0024594167
4 (z/4)0.2)

A3l rANAFURIALENA1AT 400 m.n

Re = { 1.063609035 } {4x 0.024594167

=4209.232
197.816x1077 Tx04 }




v Q.
A

0.024594167
(z/4)0.4)

=0.1957 m/s

i ] < i o 1 +
A19147 4.4 A1 Re 1az ANMTINS ImandumusmsquoanusnilFlumsnaass

50

Re V{m/s)
M nadurIguIna 79 mm. 21312.5661 5.01750777
n5dl @ uURIgUENa19 200 mm. 8418.463 0.7828
38l w1vaduRIgUIna1e 100 mm. 4209.232 0.1957
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UN™ 5
J an
ginsomazisnisnaaes

5.1 umih
a o 3 g 3 ar = 4
wusvgdalasiualumsnaaes WWadaulaeindouvi3mnssuniona 14
o (= o as 4 a or =
MMsANYLNaY iimInaassas VA InINAasa esnnuSnud uanilgungiige 5914
- ¥ ¥yg o ¥ W o o
imsfunuulaclFletutunusududoegitimosd anuminlumsdu 50 mm. Teenis
v ¢ g ¢ ' o o
nunasarivesaan, Wsuasalng neenrasnau s lnaudnid
a o a . ]
nisnaasunWngda laduauuy e Taaunoluwiuesadring aunsonys
> - -
Tuasuosmilis 5 Tunsu Ao
ar & 4
1. msdaaivuglnsaluaziniodllolunmsnanes
" .
@ o o
2. m3daggilnsal luniinanes
4 = Y A
3. msgunuazAam Iiafes
o ar £ ] 24 =
4. mstufinguvgiiias i leide
B v ] .
5. [¥omalaudinamaduiuniosie
lé t = z 1
¥azna s waziBuaLazTunoUN I NARDIAD 11
5.1.1 MIDAMSHMTOINGIN S oFIHIUNTINARB
= = o & g w A ¥ A oo w A Py
Fruradnyiianilei 15 unsnaaes Aoy udes FIWIUABUNTIAMIINBIUDOY

r o 9 A — 9 ) : =y af g A o o o
ﬂﬂu%:ﬁu‘]lﬂl‘]ﬂ 18 ‘H']ué'ﬂﬂﬂi‘]ﬂzu'IIJ'ITlTﬂI'J'Q\T]HU'Iﬂ'Iﬁ UINNIFUND DUNDNUTUAY

Y
1 2

M w s o P v

fandaway3 desudesit Idmninieziusudeoniinnudugs Wsznm 50 % wagw

= s u’: 3 - o 8} 8 9y o l -g a

Hon) saiunsuisziihw e lunisnaans Bedesiimsaannudulaonsii ldainuaa

3 » } .

dszane 3-5 u Wanusuasasnsusissii I T udeamaslunisnagon ilesninmu
= g = o - lJ Wy = 9 =

gaotinnuduninituly sz iinailgmilunisguualdieunsaa’luldnn saudsesdl

. s A .g o 9 tet = o et gt

Jamlumsdudoavemdaduauasau hilimtosnmvessrynziimsn Tndondau
3/ d' ; 9 o4 v g =t AH'. Y] 3

yudeofann nuiudnslinanudutlsenia 12.4 % nasgudon 37 5.1 uaadledn

=LY
FIUDDHN 1 IUAITNABDS
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a J
5.2 murnwgda lndianuuillslaaumely
o }l o - q’: A:? = 57 t o 9
mungda ladueiindmgeisiu 2,400 mm. Svuadurgudnatanioluen
& ] o o =
1937 200 mm. dusirguinarenislumiuesa 400 mm. naziinnugeroaioasnng 2,100
mm. dmivdesnaniidnuaziiunsinsiolinnugs 300 mm. Suvuenvosmiatoumn ng
¥ ¥ o v < w Y = = o
uazeanay lahimsduannaietlestuniudouguyFoeensinszuy fmisestoum
¥ ¥ '
n¥ldvnsfansdmmisTagumngliiadu 11 Aumis muszozfismuaszozviieduusos
o« v ' o ]
19200 mm lylaaumeluWSvesalnafruuuiidurmigudnata 150 mm druaied

»
1 o o = o =4
WURIFUINAI 50 mm TAWEIMIINNA 950 mm anyuzreunuHIgdn lasiuauuul

Ty Taaunsludsgll 5.2

7 1 Q.
| ] ] ] 1
12 P §
T B P Gl
VS
Tie- 4 7
L
oo
)
8 i d
7 -
T4 %
TS5 - ¢
T4 —
T3 ——
T2 - =
.
it -
\ /
". ' ri
Led A

;‘
¥

L
=
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5.3 szuvileuremas
3 - 4 ]
) = - - k4 ¥ 1 & Y ar
szuntlowFomdsausotondomduduaunosisdonies uazamsodusas
» v
] 1Y F=3
M3 InaveaFamasanidesnis Usznoudas Inverter, Motor, Screw Feed LAz Hopper 13
St ¥ a o 1
Teszvumsfloudemduihuuuuinder (Screw Feeder) Tnotlouasudhgviovuna 45 mm. ma
9 J ¥ ¥ o ] a0 of [ élv o
amaaveIteun Ind fuveau Nozze Jet luayfigromommsnunayiudomasias

¥ v
HomamnidomdenudondigheasnTuiinmadmde fuaaslugdi 5.3

L)

. @ -
519 5.3 uansdnuazmsilowsemas
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5.4 yailousma

‘gﬂﬂﬂuﬂ‘lmﬁﬂzﬂi £ABUAY Blower sialuAauuL Backward inclined Capacity 100
m’/min Pressure 200 mm Aq Speed 2840 min "' fr%'"lqﬂamﬁ'ummﬁﬂauﬁmnﬁqmﬁﬁu 72.6
muRAsvenih uewme 15U luwaauusiia 3 e vie 2 usell uagve PVC 1170 76
2 mm dmTyvieaundn vie PVC ¥119 50.8 mm dmiuanses nazdalindniuguaaudy

(Check Valve) titoilfudasidmanudn uazauses fuanslugll 5.4

e

gﬂﬁ 5.4 Blower

.:«.; s [ = E{ﬂ 3
gﬂ‘n 4.5 UFAIANTUEVONTUAUBDIDINIANLID UL
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5.5 szpUinon5 1M IMaveso1n s
msIadasinis Inavesoimalgunil uazemiandoniildeesia (Orifice) uaze
ANuAuanRTounrIuesiRamnsas w1 lao 19 TuGine s (Manometer) (i@
= * ar é =1 o or ﬂy
nSeudevaidasinis ua Feilsoaziboanail

=

(HWROS WA (Orifice plate) uuveaniilu 2 ¥a Ao 195a8as s Tnavesermmiguni

L

oy oANALYL Amaalugln 5.6

31l% 5.6 urnoRTHa

[} 9 o ] L4
¥ 1UDHIADT (Manometer) gautisnanilu 2 ga Taogamisnldianasdiavesnnudu

1 »
3 LY * ar = =g 3 o
g gugil uazaniiaes 19 3anamevsen s imamaogli Faldinduveurainiolu

3 1
nareeyn Awaaalugli 5.7
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r‘-"l 2 o =
5.6 IN38INDINYUHN
=) oY s o 9 o a = o
gaungiinmolummnvgaaladiua vinlaoldmes TududaviiaType K $1u9u 12
- e = ) é (=) . ar
A1 Ianrinsznegumgiineluinun qungiileds SaannsonugamgigagamiAuizoo
o s 1 o ] e ] ar
CANueveUNes luAulanidy 200 mm Eud1gusNaI 8 mm uaz1iReIR Y Data

4 1) ar = 1 = o
Logger ifouananavagamgiiuaziiufinnavosguugiidhdnouiimesaaoaszoznaiues

AMTNAAD

Eﬂﬁ 5.9 mﬂ{iuﬁﬂlﬂﬁ (Thermocouple)

- : ar 1 o = A o -
Wansestiufindoya uazmos lumlilaszraifuszuunsufiunes moinguugi

ARWHUIAE] ANYTEAUNNUTIVOUA




d’. - d
5.7 n3eaNeinyiz Myledy
& o o 4 P = o i
wseeiamylods Wunsoedeiilfifudoyameloduiidasulutoun ni
AU

51141 5.10 15 03iioTn 3124 lorit TESTO 350M XL

G
5.8 gUnsaigium
Lt = 3/ o c¥ 24 ar =
punssin ldlumsfamiesdseneudie dauna LPG, @10und, LAz AN INBQUIAT

Teampiiludessn Infilszuna 500 °C - 650°C Roufiztlaudi
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5.9 STUVANIUA UG

»
a3 Ao

ﬂ W w 3 a L ¥ oa
huszuvdndvfuiidridaiundannnisien Inlf Tasl$udanisves Cyclone
' 4 =1 '
iznoudsremadmssnszuondau Cyclone 1Hunsae uazme leidoazgnildesoanmnia
1 4 :iv'y o t 1o o Jy A& 1 = [y
Amvuveslalnau uastiesgndnunsdsseenasgdufiviid imervanySuanadiy

o a L4 dy =
Vl'l\i'fl'lﬂ'lﬁ‘ll!ﬂﬁﬁ'Iﬂﬂ']ilNTvl‘HﬁJL"lfﬂleN

L4

o Y
317 5.12 Cyclone NN

.
Qr




5.10 anwauzvesgunsailumsnassaiodszneunds ( Model )

&
-» D

e oy

¥ T
) [} ]
L] ¥ 1
. e —
E‘;'
£
Q
"

w0

Cyclone C

L L]
¥ [}
¥ ¥

Thermo Couple

DO—I

LPG

Blower

Secondary

1 7a o
g‘l.lﬁ 5.13 Lt’ﬁ'ﬂ\‘lﬂ'ﬁﬂSxﬂﬂUQﬂﬂim‘l‘Wﬂﬂ'ﬁﬂﬂﬁﬂﬂ

¥
5.11 MMM
' o ¥ o ’ et 3 o < v 3/ dy
nouRInIINAasIaesinIsgual ke IdeunginioludeanIndgeiu

v A a o ¥ a vy o v ' ¥ o
sunsziufomasmudesiiowd ldausoifamsinTuidrod e 1d nsguimldium
1 = q’: 1 ar ¥ o o a as 4
Taviiufe LG hudemis Yuaouiumsdwmdail ya i umuazdmsifundald
é ot i :’ = at : o ar " Y o ] d' ) =Y [] )
wlarWikarndudiitu udsmbniniamnldddumin FumsgumuSnudiudi

woum yunsznsgurnimolumigalszuin 500 °C - 650°C SuSutlourudesliiions




=Y

= o e ¥ 3 ] a =
M3 MaFauladig wolisudoon Induazswmugamaiinislusum Indousannd

au

ar o e 2 3 g i w o _
guszna 700°C - 750°C SangatlenFomdauia i wazvinuneenvInoum Tus

=

4 = o o d:‘ L) v v 4 a
ewIngungugIweih Inemdsmansaw ndidenusederaifioadaeuduriins

4

NADEY

5.12 MInAneazduiinNan snARey
b4 3
L imsguanlaelfiFemnBafiis LPG  wunszisgungiinielumiasyua
4 o

¥ 3
500 °C - 650°C niminsuflournudendrgioun Tuimiauduoinmlgugi sunseaie

gamginolumlszina 700°C - 750°C udaimisiogagumenn

2. Sanmstlouvoudemasudenyiiy 802 kg/hr, 8931 IMavetonIff 77.3
ke/hr ' |

3. ﬁu'ﬁﬂmqmﬂn_ﬁmtﬂuﬁﬁmnﬁmmuumnuﬁ 400 mm., 600 mm., 800 mm., 1,000
mm., 1,200 mm., 1,350 mm., 1,500 mm., 1,700 mm., 1,900 mm., 2,100 mm.ta% 2,300 mm.
AEINY 5302 /R= 0.235 Tufnwavasguvgl dunadnyaeTidh uazafuiidannmsmn

3 s 1 a o e 9
Tnil wazdaar loidsmnasinmsien Tus
b ) » .
4. Wimsneanas lude 3 AnwmusmyIununMnua 1l Aszes ¥R = 0.40, 0.60,

0.80 1% 1.0 AMWEIAY
5. Sasmadlourmdonsunogi 6-12 ke (EarmsnanedaA 3-4
6. viminanesnaveIn sy sulieuandmundn uae anduses dudadau
50%/50%, 40%/60%, 30%/70%, AN ]
7. MimTtuianaunIn1snAaee auHAMUALgIve AT tazmy lodofiAaiy

5 = = o = v
il Smseinguanssuamsim ndrudesunwvgde ladianuunyuiouss T




UNA 6
NanIINAaoINasIvIsei

6.1 unin
civ[sao eiv!y ' vlsr P o EXT 2
1AW 1AM INTINADOIN Lana ?l!ﬂ?ﬁlu‘lj'ﬂ'ﬂs ‘luﬂ1iﬂﬂﬂaquﬁﬂluuﬂﬂ3ﬂ1ﬂ15ﬁﬂﬂ1
= = = o = 1
fanaveIntInszaegungiinisluamngda laswanvuvyudou Taon1sldlylnay

o ] 35 q ¥ oy { s ' a :’ q’:
molulsdeialvgludeun Tndiwe IMFemwaentam limuysalnduinmisdnada vld

]
]

; s
Lﬁﬂms14ﬁawmﬁmwﬁa"lé’a_mﬂgwqqifu Womdame huamwazsandoulSuaridosi
finadonsir Ind TaoWersenein manszasgamgiinielum Taodou Tai14lums
neans il

1. 8a51013 TaoIMAT EA 20 %, 40%, 60%

2. oantloutSuamnudons 6-12 kghr

3. SATAAUNENUAZANTON S0%/50%, 40%/60%, 30%/70%
6.2 Hamanaand

dofvswingy wudidninavesmsnsznegamgiuaasduntsmuinTed
Lm:ﬁnmﬁqqua&uﬁauGﬁ'Nﬂaﬁw?aumﬂﬁinﬁmﬁnﬁ'ﬂﬂ TunisveaoInlugiveIne
NAABIT 2,400 mm. ﬁﬂ?nafmﬁﬂm:ﬁgﬁudmu £ 200 mm. GRHUSANANTULVDRNT o
finsueialnazlidiurngudngis 200 mm. dnvazmuenidhuuuiGoy Al Tnaussnuuy
Weliidomasdoundulmd A1 13uns uesalng sifiuminsznodivesgunni
anoARUgIYR AL ORI INISTIOU EA 20% 40% .60% guvpiigagasz hiegilyaiAo,
Faitesneldh marzsanmsflenemadnuiufiuanmetu anunwesoiniaezgadh
W ldmaduane i leungiifigegaiszgenmanugaveaum ivonmlosidudeine
druRuimzauiiga nnnimanesiinlediSursmad AUz 20% AisasIng

flourudon 8.92 kg/hr BATIAIUAUNEAN UAZAUTEIN 50%/50% HANWMUITTUNYA AL

Vo ) =4 @ t::’
i ldihunseans dsaeTadl




oo Excess Air 20 %
o—== Excess Air 40 %
&—a Excess Air 60 %

Temperature (°C)

i = [ | - o o = = 33
51 6.1 yamsgampiinnmuiaiveunusgda ladwacuumisauiuno A 1S oA

Tas Tnaunisludasitloudeimas 8.92 kg/hr 0MFAINU 20%, 40%, AT 60%
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r/R = 0.8 /R = 1.0
13.0 13.0
12.5 12.5} ]
12.07 12,0} ]
11.5 m.st ]
1.0} 11.0} ]
l.l'}.5~ 10,5+ ]
10.0 10.0F 1
9.5 s sk ]
a s.of a s.ol ]
% a.sf % 8.5 ]
- 8.0 =" ~ g0k ]
& 1sf £ 15 J
2 r.ef 2 1.0} ]
£ 6.5f g 6.5t ]
6.0F 6.0F R
s.5F 5.5f ]
5.0F 5.0f ]
4.5¢ a5f J
4.0: 4_01 ]
3.5} 3.5F ]
3.0f s.of ]
2_5';111.1.,’ asl o a, \ =3 Id A U N
3sees NN
?OQORP'* N o 8 ¥ 9 @ o
E___iff ) Temperature (°C)
1 1 .
' sq—secondaq air
primary air

o l = a Irl o ) ‘ij a A =
g‘lj‘n 6.2 uﬁﬂqQm'ﬂQnﬂ’lulﬁu?ﬂq1uq4ﬂﬂQlﬂ1lﬂ'}Nqaﬂ ﬂ“ﬁlUﬂllﬂnNquﬂu UHUUHATIUNY

3
N TraumeludnaitleuBomas 8.92 ke/hr amAa@ AU 20%, 40%, uaz 60%




1000
750
500
250 |

FTTPT
u{

750
500
250

YT 7T

750 |
500

250 I o—o Primary Air 30 %

L Looa ) 1 1 L v—-a Primary Air 40 %
a#—a Primary Air 50 %

\;

750 F
500
250 |

—\
Jﬂ

750 [
500
250 F

0 1 1 L
750$===4%==qs==%$==##a==$
500 [

T

Temperature (°C)
wn ]

Q o

=] =]

—

sq-— secondary air

T primary air

i < as = L4 Y o oA =
sun 6.3 smmQqunmuummmsﬂﬁ11mmnmﬂgﬂﬂ'lwmmmunmzmﬁ'flmmummuw

HlsInauntolufdunasuandiuvdn de aud1usea 11U50%/50%, 40%/60%, uag

30%/70%, ATUAAL




=0.8
=1.0
13.0 -
12.5]
12.0
11.5
1.0
10.5]
10.0f
R 9.5F
a 9.0f
£ 85
8.0f---
% o1k
g rof
g 6.5_—
s.0f
5.5}
5.0F
4.5F
4.0f
3.5F
3.0F
2. 8btatin Ll
N vea
goocopH
b (z/R)
- .
i secondary air
primary air

Haight {(x/D)

13
12

i2.

[
[y

in

o—v Primary Air 30 %
w—o Pritnary Air 40 %
s—s Primary Air 50 %
o r/R = 0.8 r/R = 1.0
5f ]
0F ]
: Loy 1 I e b1 | 1 :
o O © o o C O O ©
o o o Q o o O O
N W W0 © N T W o

Temperature (°C)

3 = £ o ar =
311 6.4 uarsgurglmuuINNUANVTIVBAR NN INGEA Tadtuauuumina i v

Sounille InaunolufilSunlfouauaundn ae aud 11503 19450%/50%, 40%/60%,

1AL 30%/70%, MUAIRL




6.3 nsmunale@snlaonmsnaans

4000 -

20 %

] 4 Primary Air 56 %
3500 \

111
T

3000
2500 1

2000

CO {(ppm)

1500 1
1000

500 1

o + 2 3 4 5 6 7 8 8 10 11 12 13 14
Bed height from distributor plate, x/D

:; ¥ - o [ a o LY a” -
3 6.5 uamean Co MR A MUgIIBUn W IHgEa laduadas o Tamas

8.92 kg/hr DIMATIUNU 20%, 40%, AL 60%

100 5
95 3
20 3 Primary Air 50%

85 3 & EA=20%
80 3 HEA=40:/o
75 3 44 EA=60%
70 §
65 3
60 3
55 3
50 4
45 3
40 3
35 3
30 3
25 3
20 3
15 3
10 3
5
0 F— 11— Tt ——T

0 1 2 3 4 5 6 7 8 g 10 11 12 13 14

CO2 (%)

Bed height from distributor plate, x/D

1 ' {5 L a o P
317 6.6 uamam CO2 idumusmsnmuanugivsuaungda lagwauvu il leTaau

molusasitlowSomas 8.92 kehr D1MIFEIUNY 20%, 40%, LDT 60%
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1000 -

] Primary Air 50 %
900 4 & FA=20%

] &mEA=40%
800 4 A& EA=60%

700 ]
600

560

NN SN YWE RN

NOx (ppm)

400 ]
300
200

100
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A19197 A-1 RuANTAYEITIUSDD (Bagasse)

Ultimate analysis (wt.%) Carbon 41.1
Hydrogen 6.44

Oxygen - 499

Nitrogen 0.25

Sulphur 0.16

Proximate analysis Ash 2.15
(wt.%,daf) Motsture 12.4
LHV (MJ/kg) - 12.6

(daf ; dry and ash free basic and LHV ; lower heating value (proximate analysis) )
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82

p 1 e,
PIUIQ
azIuponifivaumile wiflo nR19 14

15t 279.71 528.29 342.16 541.39
#3912 Ina 1,008 178.23 1,250 -
o'l 0.48 0.174 0.021 0.041
it namdeny : - 90 -
iunay 185.30 383.65 3,729.64 4.14
iulaafonnathdu X Z 70 14,390
Wit 700 17 50 -
iy lomlienna 4 66 21 101
uznin | 352,805.83 525,984 174,594 -
Andey - - 80 -
Srauudilznda - - 70 -
Fudoomienalu’ls - - 90 -
mndanin
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wHa wowdn | Jagmde | UYSww | manw | wdam | dleuh | sidehidh
(10°kg) 17 jag Jou (TJ) iy | aw)
wmael¥ | (MJkg) (MT)
(10°kg)
dou 60013.00 | wBoY | 3,615.00 1440 | 52,056.04 1.23 764.21
von,lu | 17,8709 | 17.39 | 310,762.62 7.36 4,105.92
m 2651400 | upau | 3,006.42 1427 | 42,901.65 1.02 566.83
vhadn | 8,106.60 10.24 83,011.61 1.97 1,096.78
v | 408900 | wzaw 1,022.05 17.86 18,253.88 0.43 241.18
hdu hay’
idule 80.55 17.62 1,419.21 0.03 18.75
azan 7.41 18.64 136.85 0.00 1.81
Aumg | 10.647.76 | 9.83 104,667.44 2.48 1,382.91
neaom | 952.74 1633 15,558.20 0.37 205.56
1
wznin | 139600 | nlden 300.68 16.23 4,880.11 0.12 64.48
Azan 84.43 17.93 1,513.83 0.04 20.00
nzaw 57.66 15.40 888.03 0.02 11.73
na 254.11 1600 | 406571 |  0.10 53.72
T 16868.00 AU 604.14 18.42 11,128.34 0.26 147.03
dzvas
d12Twa | 4466.00 %3 816.88 18.04 14,736.44 0.35 194.71
faama 129.00 nlden 41.67 12.66 527.50 0.01 6.97
#he 36.00 AT 116.35 14.49 1,685.94 0.04 22.27
Samdos | 20200 | éduly | 59097 19.44 11,488.5] 0.27 151.79
dhavha 145.00 | luwazdu | 117.64 19.23 2,262.18 0.05 45.14
wulsd | 1026800 | Aafhu | 2.669.68 14.98 39,991.81 0.95 528.39
50309 48.293.26
wmaoly
52U 721,93591 | 17.10 9,630.18
WA
Vanua
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MU0 AU

\ U e,

F3179 - —

2540 2544

nNdos 15,410,636 19,357,826.64
wnay 5,962,548 5,582,426.4
feuiudilynda 1,591,353 1,656,557.81
%9917 Tna 9,066,220 6,905,058.88
mngamies 141,483 259,574.21
wwulenldenmathdy 680,029 1,449.985.40
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ﬂﬁ"v’lﬂﬁﬂ\iﬂg{i‘ﬁ 1

20 %

8.92 kghr
Primary Air = 50 % : Secondary Air = 50 %

DINIATIUAY ( Excess Air ) =

o d" = LY
9ﬂ51ﬂ75ﬂ8u1‘5ﬂlwa3$1uﬂﬂﬂ =

x/D
/R 3 4 5 6 7 7.75
0.0 | 932.5384 | 953.6934 | 943.5932 | 856.3953 | 868.3942 | 843.2953
0.2 | 884.2834 | 894.5832 | 889.6035 | 799.6592 | 812.1625 | 750.0733
04 | 7845927 | 811.6219(779.1304 | 712.3191 | 758.3916 | 656.4683
0.6 | 7150161 |699.9104 | 724.4841 | 634.1367 | 700.6813 | 601.9311
0.8 | 6454375 |588.1989 | 669.8378 | 555.9543 | 642.9731 | 547.3494
1.0 | 598.4395 | 5453442 | 6034832 | 523.3943 | 602.3945 | 512.4935
12 - - - - - -
14 |- - - . - -
16 |- - - - - -
18 = - - - - -
20 |- - - - - -
/R 8.5 9.5 10.5 11.5 12.5
0.0 - - - - -
0.2 = - - : -
0.4 - - - - -
0.6 - - - - -
0.8 |753.8439(773.2398 | 789.7582 | 749.3685 | 731.8839
1.0 |695.5714|733.2107 | 755.0018 | 734.9595 | 713.9395
1.2 | 6488048 | 695.7347 | 741.7275 | 719.6034 | 699.8838
1.4 |602.0382] 658.2587 | 728.4531 | 704.2473 | 685.8282
1.6 |556.3422|627.1283 | 719.5977 | 681.0697 | 659.4938
1.8 |510.6462 | 595.9979 | 710.7423 | 657.8921 | 633.1594
2.0 |489.3832]552.5484 | 672.4583 | 642.4383 | 616.2484
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NANITNATIZENT

Testo 1350 XL

EA =20 %, Primary Air 50 % : Secondary Air 50 %

88

x/D 3 4 | 5 6 7 775 |
Time  |19:54:17 PM|19:55:29 PM|19:57:07 PM|20:01:50 PM|20:03:26 PM|20:04:51 PM
02 [%] 11.24 10.69 14.07 9.3 9.05 10.96
CO Ippm] 3370 1133 167 118 101 119
CO2 [%] 11.85 12.52 8.41 14.2 14.51 12.19
NQ [ppm] 189 245 161 231 262 204
NO [ppm] 0.7 0 0 2 2 2.7
FT [?C) 66.3 130.8 118 219.9 201.8 208.9
NOx [ppm]) 190 245 161 233 264 207
SO2 [ppm] 0 0 0 0 0 0
H2 [ppm] 1194 616 71 41 30 26
EffN [%] 96.7 96.4 96.3 95.2 95.7 94.9
eta [%] 92.6 92.4 92.3 91.2 91.7 90.9
Rati [} 0.0284 0.009 0.002 0.0008 0.0007 0.001
AT [?C] 29:8 28.9 299 30.2 30.2 30.2
IT[?C] 30.1 304 306 3 31.1 3t1.2
td [?C] 48.8 49.6 43.9 51.5 51.9 49.2
[h] O/h 27.4 27.4 27.4 274 27.5 27.5
Pump [/min] 1.05 1.05 1.05 1.06 1.04 1.04
O2rf [%] 6 6 6 6 6 6
C0O2m [%] 25.5 25.5 255 255 255 25.5
x/D 8.5 9.5 10.5 11.5 12.5
Time  |20:06:44 PM[20:07:44 PM|20:08:42 PM{20:10:17 PM[20:12:08 PM
02 [%] 9.59 9.89 10.36 9.77 9.75
CO [ppm] 145 65 25 19 9
CO2 [%] 11.45 12.65 12.81 13.64 13.66
NO [ppm] 205 229 241 253 243
NO [ppm] 3.7 3.1 2.5 1.7 1.5
FT[?C] 252.6 273.8 296 329.8 350.6
NOx [ppm] 209 221 244 255 244
502 [ppm] 0 0 0 0 0
H2 [ppm] 44 29 15 14 7
EffN [%] 94.3 94.1 92.9 92.4 91.9
eta [%] 80.4 90.1 89 88.5 88.1
Rati [] 0.001 0.001 0.0002 0.0001 0
AT [?C] 30.2 30.3 30.4 304 30.4
IT[?C) 31.2 31.3 31.4 315 31.6
td [?C) 51.1 50.5 50.1 50.9 50.9
[h] Ofh 27.5 27.5 27.5 27.5 276
Pump [I/min} 1.05 1.04 1.04 1.01 1
Q2rf [%] 6 6 6 6 6
CO2m [%] 255 25.5 25.5 255 25.5




ﬂ?iﬂﬁaﬂﬁﬂgﬁ“ﬁ. 2

20%

8.92 kg/hr
Primary Air = 40 % : Secondary Air = 60 %

DINIATIUINU ( Excess Air) =

o ; = ¥
'Elﬂﬂﬂﬁﬂﬂﬂ!.‘ﬂ'ﬂﬁﬂﬁﬁ‘]f’lﬂﬂﬂﬂ =

x/D
t/R 3 4 5 6 7 7.75
0.0 | 9435834 |963.6183 | 942.4582 | 819.3384 | 856.4253 | 823.5184
0.2 | 923.6843 |926.3384 | 906.0882 | 788.0934 | 815.9197 | 774.6933
0.4 | 897.2836 |898.3682 | 840.8443 | 739.4608 | 784.8157 | 692.8109
0.6 | 776.5283 | 781.4833 | 760.7116 | 703.6776 | 719.9413 | 667.7476
0.8 | 6557731 |664.5874 | 680.5803 | 667.8943 | 655.0669 | 642.6843
1.0 | 598.3295 | 606.9534 | 635.3915 | 633.6424 | 624.3895 | 612.5832
1.2 - - - - -
1.4 { X . - -
16 - A - - -
1.8 : - - - -
2.0 - - - - -
/R 8.5 9.5 10.5 11.5 125
0.0 - - - - -
0.2 - - - - -
0.4 - - - - -
0.6 - - - - -
0.8 | 686.9523 | 758.4389 | 792.5954 | 774.5873 | 745.6943
1.0 |684.1989 | 754.604 | 781.7687 | 761.9867 | 736.2382
1.2 | 682.3489 | 758.7653 | 772.3477 | 748.7267 | 726.3751
1.4 | 680.4989 | 762.9266 | 762.9266 | 735.4863 | 716.5512
1.6 | 597.2725 | 669.6495 | 724.7479 | 697.0621 | 679.4739
1.8 |514.0461 [ 576.3723 | 686.5693 | 658.6379 | 642.4357
2.0 | 483.9372539.2894 | 638.3822 | 621.4365 | 612.9738
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HANITIATIZUNND

Testo t350 XL

EA =20 %, Primary Air 40 % : Secondary Air 60 %

90

x/D 3 4 5 6 7 7.75
Time 18:15:51 PM|[18:17:49 PM|18:20:49 PM|18:23:15 PM[18:26:08 PM|18:27:53 PM
02 [%] 12.14 13.7 12.39 11.65 11.91 9
CO [ppm] 3940 2120 116 133 87 127
CO2 [%] 10.76 8.86 10.46 11.36 11.04 15
NO [ppm] 173 111 184 203 202 298
NO [ppm] 4 16.4 47 84 5.2 7
FT[7C] 95.2 211.9 196.6 2442 150.8 185
NOx [ppm] 177 127 188 212 207 190
S02 [ppm] 0 0 0 0 0 0
H2 [ppm] 1007 1537 60 44 21 49
EffN {%] 95.2 93.3 94.6 93.5 96.2 96
efa [%] 91.2 89.4 90.6 89.6 92.2 92
Rati [] 0.0366 o 0.0011 0.0012 0.0008 0
AT {?C] 30.7 30.8 30.8 30.8 31 31
IT [?C] 30.4 30.8 31.1 31.2 315 32
td [?C} 47.3 44 6 46.9 48.1 47.7 52
[h] O/h 27 27 27 1 271 271 27
Pump [fminj 1.08 1.07 1.07 1.07. 1.06 1
O2rf [%] 6 6 6 6 6 6
CO2m [%] 25.5 25.5 25.5 255 25.5 26
x/D 8.5 5.5 10.5 11.56 12.5
Time  [18:29:46 PMi18:32:18 PM{18:51:30 PMI18:53:13 PM|18:57:.14 PM
Q2 [%] 8.75 9.56 14.65 7.27 8.84
CO [ppm] 143 167 44 40 28
CO2 [%] 14.88 13.75 15.71 16.67 14.76
NO [ppm} 272 269 144 285 279
NG [ppm] 6.2 6.8 4 4.5 2.7
FT [?C] 2257 245.8 165.1 275.3 316.6
NOx [ppm] 180 210 230 240 230
SO2 [ppmj 0 0 0 0 0
H2 [ppm] 28 29 30 19 22
EffN [%] 95.2 95.1 94.3 94.6 93.2
eta [%] 91.3 51.1 80.4 90.7 89.3
Rati [} 0.001 0.0011 0.0006 0.0002 0.0002
AT [7C] k) 30.9 31 30.9 31.1
iT172C] 31.8 31.9 322 32.2 32.3
td [?C] 52.2 50,1 42.7 54.1 52.1
{h} O/ 271 27.2 27.2 27.2 27.3
Pump [l/min] 1.06 1.06 1.06 1.06 1.06
O2rf {%] 6 6 6 6 6
CO2Zm [%] 25.5 25.5 25.5 255 25.5




v 1
AISNAADINSTIN 3

DINAAIUNY ( Excess Air ) = 20%
»
sannmstlowdomberudes = 892 keghr

Primary Air =30 % : Secondary Air =70 %

x/D
/R 3 4 5 6 7 7.75
0.0 |858.3874 8439338 | 831.4953 | 742.4387 | 730.7493 | 723.4953
0.2 |846.6422 | 833.3747 | 826.4783 | 734.0902 | 723.4833 | 715.7289
0.4 |834.2487 | 828.9818|824.6541 | 721.1409 | 703.4792 | 679.1624
0.6 |746.7351 | 738.6884 | 725.7328 | 690.3794 | 660.9497 | 638.7787
0.8  |659.2534 | 648.3975 | 626.8018 | 620.5443 | 618.4074 | 598.3395
1.0 | 613.6943 | 602.9553 | 589.3795 | 573.5835 | 563.3855 | 545.4952
1.2 - - - - -
1.4 4 - f . -
1.6 - : - - -
1.8 . - - - -
2.0 - = : - -
x/D
/R 8.5 9.5 10.5 11.5 125
0.0 - - - . -
0.2 - - : - -
0.4 - - - - .
0.6 - - . - -
0.8 | 698.4835 | 732.2754 | 746.4733 | 713.5593 | 693.5389
1.0 |659.3205 | 681.9668 | 720.5914 | 707.6646 | 687.7738
1.2 630.2462 | 658.0827 1 717.3745 | 702.2766 | 681.3593
14 | 601.1772 | 634.1986 | 689.5874 | 696.8885 | 674.9806
1.6 |553.9612599.1925 | 668.4215 | 667.2177 | 654.3795
1.8 | 506.7504 | 564.1863 | 647.2959 | 637.5947 | 621.8956
2.0 | 487.4383 | 524.4783 | 612.4383 | 593.5874 | 603.5382

N




NANITAUATIZUNE

Testo t350 XL

92

EA =20 %, Primary Air 30 % : Secondary Air 70 %

xD

3

4

5

6

7 7.75

Time

21:21:.45 PM

21:23:18 PM

21:24:35 PM|21:25:16 PM

21:26:33 PM

21:28:11 PM

02 [%]

13.42

16.44

14.95

14.95

12.77 12.88

CO [ppm]

4346

3201

2675

2500

1550 800

CO2 [%)]

9.21

554

7.35

7.35

9.99 9.86

NO [ppm]

122

59

75

75

112 101

NO [ppm]

18.1

34.5

42.7

42.7

40.2 47.4

FT[?C]_

164.5

191.4

185.1

1981

235.3 2515

NOx [ppm]

141

94

117

125

152 148

S02 [ppm]

0

0

0

0

0 0

H2 [ppm]

554

1036

885

885

701 1031

EffN [%]

93.3

86.9

90.2

80.2

91.6 90.4

eta [%]

89.4

83.2

86.4

86.4

87.8 86.6

Rati[]

0.0255

0.0578

0.0364

0.0364

0.0213 0.0297

AT [7C]

29.8

208.9

29.9

29.9

30.1 30.2

IT [7C]

30.2

30.4

30.5

30.5

30.6 30.9

td [?C]

45.1

38.7

421

421

46.3 46.14

[h] O/h

27.7

27.7

27.7

27.7

27.7 27.7

Pump [ifmin]

1.08

1.07

1.07

1.07

1.08 1.07

02rf [%]

6

6

B 6

25.5

25.5

255 255

co2m [%]

25.5

255

x/D

8.5

9.5

10.5

11.5

12.5

Time

21:29:54 PM

21:31:49 PM

21:33:07 PM

21:34:23 PM

21:35:46 PM

02 [%]

15.02

13.39

14.25

13.12

12.18

CO [ppm

] 835

775 -

725

847

911

CO2 [%]

7.27

9.24

B.19

9.57

10.72

NO [ppm

i 59

103.

103

98

141

NO [ppm]

53.9

29.8

23.6

28.5

13.9

FT [7C]

207.7

244.1

254.4

286.9

317.2

NOx {ppm]

113

133

126

126

155

SO2 [ppm]

0

0

0

0

0

H2 [ppm]

1070

266

176

318

744

EfN [%]

88.7

91.2

90.5

90.6

90.5

eta [%]

84.9

87.4

86.7

86.8

86.7

Rati []

0.0498

0.0169

0.0089

0.0088

0.0085

AT [2C]

30.5

30.5

30.2

30.3

30.5

IT [2C]

31.1

31.4

31.5

3.7

31.9

td [?7C]

42

45.2

43.5

457

47.3

[h].O/h

27.8

27.8

27.8

27.8

27.8

Pump [min]

1.08

1.07

1.07

1.07

1.07

Q2r {%]

6

6

6

8

6

CO2m [%]

25.5

25.5

255

285

2565




v '
NSNARDIATIN 4

DIMAAIUNY ( Excess Air )

ar dy = ¥
E]ﬂi?ﬂﬁﬂﬂul‘lfﬂﬁ/‘m*ﬁ‘lﬂuﬂﬂﬂ

= 0%

8.92 kg/hr
Primary Air = 50 % : Secondary Air = 50 %

x/D
r/R 3 4 5 6 7 7.75
0.0 | 730.9343 | 883.2953 | 852.3952 | 889.2953 | 836.3953 | 789.3952
0.2 | 673.0972| 852.3539 | 809.9544 | 847.8662 | 788.0238 | 727.0757
04 | 656.5019 | 799.0594 | 724.2214 | 796.5325 | 734.2861 | 640.9585
0.6 | 618.8188 | 707.1105 | 654.6642 | 742.2816 | 666.5933 | 567.8357
0.8 | 581.1358 | 615.1616 | 585.1069 | 688.0306 | 598.8999 | 494.7173
1.0 | 543.2953 | 567.3953 | 532.3052 | 643.2953 | 552.3953 | 465.3953
1.2 ; - \
14 ) : i
1.6 - - -
1.8 - - -
2.0 - - -
r/R 8.5 9.5 10.5 11.5 12.5
0.0 - - - - -
0.2 - - - - -
0.4 - - - - -
0.6 - - - - -
0.8 |724.8437 | 646.8374 | 698.9352 | 732.4579 | 734.4993
1.0 | 689.4001 | 593.5735 | 676.2226 | 713.7865 | 712.1826
1.2 |599.1328 | 542.3707 | 630.5618 | 696.9302 | 688.1186
14 | 508.8655 | 491.2064 | 584.9301 | 680.0174 | 664.0545
1.6 | 466.3592 | 469.0366 | 551.4354 | 667.2438 | 633.4514
1.8 | 423.8753 | 446.8667 | 517.9698 | 654.4785 | 602.8482
2.0 [393.3587|425.2975 | 473.5804 | 637.4729 | 572.5973
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NANTUATIZANT

Testo t350 XL

EA =40 %, Primary Air 50 % : Secondary Air 50 %

94

x/D 3 4 5 6 7 7.75
Time  |14:06:35 PM[14:09:00 PM[14:11:37 PM[14:14:18 PM|14:16:45 PM|14-18-55 PM
02 [%] 17.14 10.78 11.37 14.35 12.67 11.99
COppm] | 2510 1552 688 584 268 216
CO2 [%] 4.69 12.41 11.7 8.08 10.11 10.94
NO [ppm] 109 207 208 155 172 191
NO [ppm] 0.5 1 2 2.2 3.2 5.2
FT [7C) 74.8 149.6 261.2 259.2 236.8 219.3
NOx [ppm] 110 208 210 158 176 196
S02 [ppm] 0 0 0 0 0 0
H2 [ppm]. 392 65 299 82 65 138
EFfN [%] 93.2 96.5 92.9 90.4 93.1 94.1
eta [%)] 89.3 92.5 89 86.7 89.2 90.2
Rati[] 0.0535 | 0.002 0.0059 0.0072 0.0026 0.002
AT [7C] 32 32.1 32.2 32.2 32.1 32.5
IT 17C] 37.2 37.1 371 37.1 36.8 36.8
td [?C) 36.9 ' 494 486 43.4 46.4 476
[h] O/h 25.4 25.5 25.5 25.5 256 256
Pump [Vmin]  0.92 0.92 0.92 0.92 0.92 0.92
02 [%] 5 6 6 6 6 6
co2m[%]| 255 255 25.5 25.5 25.5 255
x/D 8.5 9.5 105 | 115 12.5
Time  [14:21:23 PM|14:23:21 PM[14:25:23 PM!14:27:15 PM[14:29:32 PM
02 [%)] 10.17 10.19 12.82 12.28 11.32
CO [ppm] 286 86 48 37 40
CO2 [%] 13.14 13.12 9.94 10.58 11.75
NO [ppm] 228 241 186 182 212
NO [ppm] 3 3.7 2 25 1.7
FT [2C] 182.1 210.8 2458 328.8 383
NOXx [ppm] 231 225 188 184 214
S02 [ppm] 0 0 0 0 0
H2 [ppm} 58 17 22 1 12
EffN [%) 95.8 95.2 92.8 90.7 90
eta [%] 91.8 91.3 89 86.9 86.2
Rati (] 0.0022 0.0004 0.0005 0.0003 0.0003
AT [7C] 32.7 32.5 32.5 32.5 32.6
IT [7C] 36.6 36.6 36.6 36.5 36.5
td [?C] 50.3 50.3 46.2 47.1 486
[h] O/h 25.6 256 25.7 25.7 25.7
Pump {/minjl  0.92 0.92 0.92 0.92 0.93
Q2rf [%] 6 6 6 6 6
co2m[%]| 255 25.5 25.5 25.5 25.5




s v
NINABBIATIA 5
DINIPAIUAY ( Excess Air) = 40%
3
danmsileudemBeriudes - 892 ke/hr

Primary Air =40 % : Secondary Air = 60 %

X/D
/R 3 4 5 6 7 7.75
0.0 | 953.4895 | 963.2943 { 924.3953 | 931.2953 { 857.3405 | 823.9248
0.2 [930.7381 | 936.6021 | 861.3511 | 866.6673 | 805.2246 | 769.5579
0.4 |827.5296 | 898.3433 | 783.9874 | 846.1109 | 788.8642 | 661.3657
0.6 |761.8056|790.8913 | 693.3977 ( 756.9867 | 702.4398 | 589.0707
0.8 | 696.0852 | 683.4392 | 602.8553 | 667.8625 | 616.4595 | 516.7756
1.0 1653.3953 | 643.4963 | 563.3952 | 613.9353 | 573.3953 | 473.3953
1.2 - - . . . )
1.4 . ¥ ) : ) g
1.6 - . 4 p 5 5
1.8 . - c \ 7 .
2.0 - - F g ) >
x/D
r/R 8.5 9.5 10.5 115 12.5
0.0 - - - - -
0.2 - = - - -
0.4 - = . - -
0.6 - - - . -
0.8 | 756.8849 | 723.9303 | 789.2538 | 767.4898 | 750.4859
1.0 | 695.9454 | 635.2022 | 709.0887 | 740.9891 | 730.1336
1.2 | 576.0004 | 546.2478 | 610.2264 | 707.5481 | 671.2007
1.4 | 555.7877 | 537.7967 | 613.2839 | 722.0988 | 696.5452
1.6 | 505.9215 | 497.5451 | 562.3524 | 698.0976 | 654.4065
1.8 | 456.0554 | 457.2935 | 511.3641 | 674.1072 | 612.2677
2.0 14069734 | 4183385 | 478.5889 | 634.4252 | 579.8345
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NANITHUATIZWNNT

Testo t350 XL

EA =40 %, Primary Air 40 % : Secondary Air 60 %

x/D 3 4 5 6 7 7.75
Time  [21:16:57 PM|21:23:45 PM|21:27:12 PM[21:29:43 PM|21:34:58 PM|21:37:19 PM
02 [%] 13.66 11.97 13.74 11.47 6.27 10.08
CO [ppm] — 50 141 75 104 48
CO2 [%)] 8.91 10.97 8.82 11.58 17.89 13.26
NO [ppm] 170 235 183 240 322 259
NO [ppm] 4 2.7 1 0.7 1 1.2
FT [?C] 208.8 302.4 297.8 294 .4 197.7 286.6
NOx [ppm] 173 238 184 240 323 260
S02 [ppm] o 0 0 0 0 0
H2 {ppm] 1914 29 39 28 20 33
EffN [%] 93.4 91.7 90.1 92.3 96.4 93.3
eta [%] 89.5 87.8 86.3 88.4 92.4 89.4
Rati [] — 0.0005 0.0016 0.0006 0.0006 0.0004
AT [7C] 29.6 29.8 30.2 304 30.3 30.3
IT[?C] 29.1 30.2 30.6 30.9 31.3 315
td [?C] 44.7 47.6 44 3 48.4 55.2 50.5
fh] O/h 249 25 25 25.1 25.1 25.2
Pump [I/min] 0.92 0.93 0.93 0.93 0.93 0.91
O2rf [%] 6 6 5] 6 6 6
CO2m [%] 25.5 255 25.5 255 255 255
x/D 8.5 9.5 10.5 11.5 12.5
Time 21:39:20 PM|21:42:45 PM|21:54.:24 PM|[21:56:23 PM|21:58:32 PM
02 [%] 13.46 12.05 11.29 6.98 14.67
CO {ppm] 15 11 7 7 14
CO2 [%] 9.16 11.1 11.8 17.02 7.69
NO [ppm] 180 195 202 278 133
NOQ [ppm] 0.2 1.9 1.7 1.5 0.7
FT[?C] 213.8 215.3 229.2 3311 311.3
NOx [ppm] 180 189 204 279 134
S0O2 [ppm] 0 0 0 0 0
H2 [ppm] 23 30 37 36 48
EffN [%] 53.4 93.1 94.2 93.6 88.4
eta [%] 89.5 89.8 90.3 89.7 84.7
Rati [] 0.0002 0 0 0 0.0002
AT [?C] 306 30.7 30.8 29.3 29.9
IT [?C] 31.6 32.1 33 334 33.9
td [?7C] 45.1 47.3 48.7 54.4 42.7
{h1 O/h 252 25.2 25.3 253 25.4
Pump [M/min] 0.93 0.93 0.93 0.93 0.92
02rf [%] 6 6 6 6 6
co2m [%] 255 255 255 255 25.5




» »
A1SNAADIASIN 6

DIMAAIUAY ( Excess Air )

o 4 a
9R5INTHo U omBer udey

Primary Air = 30 % : Secondary Air = 70 %

40 %
8.92 ke/hr

x/D)
KR 3 4 5 6 7 7.75
0.0 |947.3943 | 967.3095 | 893.5823 | 932.5893 | 892.3952 | 836.3953
0.2 | 917.6243 | 937.7484 | 840.2199 | 890.5458 | 836.9703 | 781.6494
0.4 | 804.7668 | 804.0493 | 742.3958 | 817.8903 | 770.1306 | 698.2072
0.6 | 725.3724716.8557 | 654.6688 | 755.0263 | 693.3698 | 602.3215
0.8 | 645.8813(629.6184 | 566.9419 | 692.1623 | 616.6409 | 506.3471
1.0~ |598.3955 | 587.3985 | 533.3953 | 612.5933 | 567.9353 | 478.3953
1.2 . ‘ ; s ; )
1.4 4 : 4 : ! -
1.6 - ) : > - 5
1.8 - - - \ . -
2.0 - - . ¢ : :
x/D
r/R 8.5 9.5 10.5 115 125
0.0 - - - - -
0.2 - - - - -
0.4 - - - - -
0.6 - - - - -
0.8 | 722.3845 | 735.0557 | 768.2475 | 774.8946 | 768.4485
1.0 |679.2244 | 706.0438 | 731.0558 | 765.3953 | 752.5358
1.2 | 6127382 | 673.5195| 688.5199 | 756.2091 | 735.2335
1.4 | 546.2521 | 641.0401 | 645.9841| 747.0229 | 717.9311
1.6 |509.7097 { 597.6531 | 605.8997 | 719.8008 | 687.9872
1.8 | 473.3442 | 554.3053 | 565.8153 | 692.5493 | 658.0433
2.0 | 442.6809 | 526.3575 | 529.3545 | 661.0586 | 623.5849
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Testo t350 XL

EA =40 %, Primary Air 30 % : Secondary Air 70 %

98

x/D 3 4 5 3] 7 775
Time 18:34:49 PM[18:36:29 PM|18:38:16 PM|18:40:25 PM[18:42:04 PM|18:45:02 PM
02 [%] 14.17 11.69 10.39 10.45 11.71 12.65
CO {ppm] 2281 50 32 44 55 85
CO2[%] 8.3 11.31 12.88 12.81 11.28 10.14
NO [ppm] 143 224 265 258 214 197
NO [ppml] 7.2 35 3.7 3.7 35 3
FT[?C] 212 248.6 257.8 265.4 267.9 143.7
NOx [ppm] 151 227 269 262 218 200
S02 [ppm} 0 0 0 0 0 0
H2 [ppm] 405 21 16 14 15 37
EffN [%] 90.9 ‘934 939 93.7 92.9 96.1
eta [%] 87.1 89.5 90 89.8 89 92.1
Rati [] 0.0275 0.0004 0.0003 0.0003 0.0005 0.0008
AT [?C] 309 30.7 30.8 30.7 31.2 30.6
IT [?C] 36.1 359 35.8 358.6 35.6 35.4
td [7C] 437 48.1 50 49.9 48 46.5
[h] O/h 26.1 26.1 26.1 26.1 26.2 26.2
Pump [min] 0.91 0.91 0.91 0.9 0.9 0.91
O2rf [%] 6 5] 6 6 6 6
CO2m [%] 255 255 255 25.5 25.5 25.5
x/D 8.5 9.5 10.5 11.5 12.5
Time 18:46:47 PM|18:48:50 PM[18:50:58 PM|18:54:02 PM|18:58:59 PM
02 [%] 10.83 9.79 10.71 9.32 13.08
_CO[ppm] 43 10 24 12 14
C0O2 [%] 12.35 13.61 12.49 14.18 9.62
NO [ppm] 226 254 236 298 190
NG [ppm} 52 4.2 3.7 2.7 22
FT [?C] 2498 277.2 291.2 368.7 377.2
NOx [ppm] 231 259 240 301 192
S02 [ppm] 0 0 0 0 0
H2 [ppm] 20 13 23 12 6
EfN [%] 93.9 93.7 92.9 91.7 88.3
eta [%] 90 89.8 89 87.9 84.6
Rati [] 0.0003 0 0.0002 0 0.0001
AT [7C] 31.1 30.9 30.9 308 30.7
IT [?C] 35.4 35.3 352 35.1 34.9
td [?C] 49.4 50.9 48.5 51.5 45.7
{hi O/h 26.2 26.2 26.3 26.3 26.3
Pump [i/min] 0.91 0.9 0.91 0.9 0.9
02rf [%] 6 6 6 6 6
CO2m [%] 255 25.5 25.5 255 25.5
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ATSNARBIATIN 7

DIMFAE NUNY ( Excess Air) = 60 %
»
sanmsdoudomfsrudos = 892 kghr

Primary Air = 50 % : Secondary Air = 50 %

x/D)

r/R 3 4 5 6 7 7.75
0.0 [ 700.22146 | 850.2146 | 843.2645 | 775.2654 | 789.2612 | 760.2185
0.2 | 688.30458 [ 795.0706 | 802.4349 | 715.9563 | 753.8481 | 727.9474
04" | 650.89222 | 697.5299 | 734.1104 | 650.7027 | 718.8589 | 660.0425
0.6 | 629.78603 | 623.0239 | 679.6953 | 606.3014 | 677.9741 | 598.1236
0.8 | 608.67984 | 548.5179 | 625.2801 | 561.9001 | 637.0894 | 536.2048
1.0 |598.25695 | 538.4956 | 610.2623 | 545.2166 | 629.2626 | 526.2656
1.2 f| o - s X : '
14 . : ) p - -
1.6 - - - - - -
1.8 - - : - - -
2.0 - - - - - -

x/D)|

/R 8.5 95 10.5 115 12.5
0.0 - - - - .
0.2 - - - - -
0.4 - - - - -
0.6 - - - - -
0.8 | 7223944 782.9743 | 802.3594 | 782.2791 | 752.5394
1.0 | 664.4302 | 744.2622 | 769.8616 | 748.9993 | 730.6527
1.2 | 617.0839 | 691.8191 | 757.0106 | 733.7876 | 717.2668
14 |569.7375 | 639.3759 | 744.1595 | 718.5759 | 703.8808
L6 | 541.1091 | 604.3384 | 709.7813 | 682.4192 | 664.9169
1.8 | 512.4807 | 569.3009 | 675.4031 | 646.2624 | 625.9529
2.0 | 483.2594531.2094 | 624.3794 | 593.9023 | 572.3794
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HANNSIATIZENNYD
Testo t350 XL
EA = 60 %, Primary Air 50 % : Secondary Air 50 %

x/D 3 4 5 6 7 7.75
Time  ]16:53:24 PM[16:55:50 PM|16:57:37 PM|16:59:58 PM|17:01:31 PM[17:03:33 PM
02 [%] 15.86 10.42 5.16 9.21 10.13 15.87
CO [ppmj 3803 2568 2192 1132 957 762
CO2 [%] 6.24 12.84 19.23 14.32 13.2 12.22
NO [ppm] 80 160 302 253 233 113
NO [ppm] 0.7 2.5 5.7 9.9 7.9 6.9
FT[7C] 83.5 173 148.4 208.4 211.8 129.4
NOx [ppm] 81 163 289 263 241 120
502 [ppm] 0 0 0 0 0 0
H2 [ppm] 1005 1644 766 466 187 225
EffN [%] 92.9 96.1 96.7 g5 94,7 93.2
eta [%] 89 921 92.7 91.1 90.7 89.3
Rati {] 0.0609 — 0.0114 0.0079 0.0073 0.0251
AT [?C] 31.8 31.9 31.9 31.9 31.7 322
IT [7C] 32.1 324 32.5 32.8 32.8 32.9
td [7C] 40.1 . 50 56.4 51.6 50.4 40.1
[h] O/h 26.7 26.7 26.8 26.8 26.8 26.8
Pump [/min]l  1.09 1.08 1.09 1.08 1.07 1.07
Q2rf %] 6 6 6 6 6 6
CO2m [%] 255 25.5 255 255 255 25.5
x/D 8.5 9.5 10.5 11.5 12.5
Timg  [17:05:33 PM[17:06:44 PM[17:08:14 PM|17:10:07 PMI17:12:02 PM
02 [%)] 9.71 8.59 12.38 10 10.18
CO [ppm] 377 120 156 100 49
CO2 [%] 13.71 15.07 10.47 13.36 13.14
NO [ppmj 229 258 - 166 261 268
NO {ppm] 6.4 5.2 4.5 3.7 3.7
FT [2C] 206.8 266.9 309 367.6 382.4
NOXx [ppm] 236 264 171 265 272
S02 [ppm] 0 0 0 0 0
H2 [ppm] 90 35 62 29 12
EffN [%] 95.3 94.4 91.1 91.3 90.9
eta [%] 91.3 90.5 87.3 87.5 87.1
Rati [] 0.0027 0.0008 0.0015 0.0007 0.0004
AT [?C] 32.3 32.2 32.1 32.2 32.1
IT [?C] 33.1 33.1 33.1 33.1 33.2
td [?C) 51 52.4 46.9 50.6 50.3
[h} O/h 26.9 26.9 26.9 26.9 26.9
Pump (fmin}j  1.07 1.08 1.08 1.08 1.07
02rf [%] 6 6 6 6 6
CO2m [%] 25.5 25.5 255 25.5 25.5
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MINADIATIN 8
60 %

8.92 kg/hr
Primary Air =40 % : Secondary Air = 60 %

DINFEIUNY ( Excess Air ) =

as 4" o 4
AT Itoudondsrudes -

X/D
/R 3 4 5 6 7 7.75
0.0 | 715.71255 | 808.2651 | 824.0656 | 729.2552 | 741.2895 | 721 2624
0.2 [ 71270117 | 788.9543 | 813.4683 | 717.7961 | 733.9853 | 700.4417
04 | 710.55106 | 742.9531 { 749.1907 | 698.6799 | 7232955 | 640.5118
0.6 | 646,08251 | 618.3267 | 643.2902 | 584.7699 | 639.7983 | 542.1801
0.8 | 58161396 | 493.7225 | 537.3897 | 470.8826 | 556.3011 | 443 8484
1.0 | 561.65465 | 482.2145 | 515.0556 | 460.2175 | 531.0662 | 425.1656
12 ’ : : : - A
1.4 : - ) A ) i
1.6 ; \ ) - ) :
1.8 ) ) g : 5 :
2.0 : : - : " -
/D
/R 8.5 9.5 10.5 11.5 12.5
0.0 g - - X /
0.2 - . [ ; -
0.4 - - c - -
0.6 - - - - -
0.8 | 683.3292|741.7394 | 732.9634 | 716.2974 | 691.4283
1.0 |639.2226 | 690.3426 | 725.0038 | 698.6062 | 674.2741
12 | 584.6305 | 632.5406 | 713.8801 | 681.8694 | 656.2345
14 | 530.0385 | 574.7385 | 702.7565 | 665.1326 | 638.1949
1.6 | 464.1054 | 503.7501 | 623.1209 | 595.6456 | 555.8208
1.8 [398.1722]432.6634 | 543.4854 | 526.1586 | 473.4467
20 | 358.9734399.2204 | 482.4879 | 468.3292 | 421.3794
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HANITILATIZWNNT
Testo t350 XL

EA = 60 %, Primary Air 40 % : Secondary Air 60 %

x/D 3 4 5 6 7 | 775
Time_ |15:04:51 PM{15:07:09 PM|15:09:32 PM|15:14:49 PM[15:19:21 PMI15:21-41 PM
02 [%] 16.19 5.09 6.52 15.19 11.39 18.23
CO [ppm] 4831 904 1383 4577 1557 1221
CO2 [%] 5.84 19.32 17.58 7.06 11.66 3.36
NO [ppm] 98 244 270 79 210 66
NO [ppm| 6.2 4 8.4 19.1 13.6 47
FT [?C] 118.4 181.7 264.4 1911 228.1 106.9
NOx [ppm] 104 248 278 98 224 71
$02 [ppm] 0 73 0 0 0 0
H2 Ippm] 754 976 439 814 528 146
EFfN [%] 89.6 96.7 94 6 88.4 93.3 90.8
eta [%] 85.8 92.6 90.7 84.7 89.4 87
Rati [] 0.0828 0.0047 0.0079 0.0649 0.0133 0.0363
AT [?C] 33.1 32.9 34.1 34.7 33.9 34
IT [2C] 40.6 40.5 40.6 40.1 40.2 40.1
td [?C] 39.3 56.5 54.9 416 48.5 33.6
(h] Ofh 26.4 26.4 26.5 26.5 26.5 26.5
Pump [¥min]  1.07 1.07 1.08 108 |  1.09 1.08
Q2rf [%] 6 6 6 6 6 6
CO2m [%] 25.5 255 255 255 25.5 255
x/D 8.5 9.5 10.5 11.5 12.5
Time  [15:23:53 PM|15:25:28 PM|15:27:05 PM|15:28:45 PM|15:30:44 PM
02 (%] 14.12 11.12 1015 |  11.45 12.15
CO [ppm] 202 204 84 115 59
CO2 [%] 8.35 11.99 13.17 11.59 10.75
NO [ppm] 161 225 252 217 199
NO [ppm} 4 47 5.4 4.9 5.4
FT [?C] 133.9 181.4 297.3 315.5 323.1
NOx [ppm] 165 230 257 222 204
SO2 fppm] 0 0 0 0 0
H2 [ppm] 55 65 3 18 0
EffN [%] 95.8 95.6 93.1 91.7 91
eta [%] 91.8 91.6 89.2 87.9 87.2
Rati [] 0.0024 0.0017 0.0006 0.001 0.0005
AT [?C] 32.4 32.5 33.8 32.9 33.5
IT [?C) 40.1 40 40 39.9 39.8
td [7C] 43.8 48.9 50.4 48.4 47.3
[h] Oh 26.6 26.6 26.6 26.6 26.6
Pump [Vmin]  1.08 1.09 1.09 1.09 1.09
02rf [%] 6 6 6 6 6
CO2m [%] 25.5 25.5 25.5 25.5 25.5




L .
MINADDIATIN 9
8INATIUAY ( Excess Air ) = 60%

8.92 kghr
Primary Air = 30 % : Secondary Air=70 %

s Af o @
snmItloudomairudss -

x/D|
/R 3 4 5 6 7 7.75
0.0 [ 970.33563 | 956.3625 | 863.0257 | 899.2145 | 825.0526 | 781.2284
0.2 | 955.34712 | 926.7841 | 829.8392 | 862.6656 | 803.8171 | 750.7432
0.4 | 870.76644 | 773.2116 | 710.0103 | 791.7133 | 737.9303 | 630.8523
0.6 | 771.27709 | 679.8164 | 630.7365 | 733.4596 | 678.7906 | 560.6726
0.8 | 671.78775 | 586.4212 | 551.4567 | 675.2058 | 619.6508 | 490.4928
1.0 | 656.15514 | 569.2565 | 538.2654 | 655.2641 | 597.2656 | 475.2546
1.2 - - $ X ; )
1.4 . - ) z - g
1.6 ; \ ) - ) ]
1.8 y ; - ) ; ]
2.0 : : - 4 ; :
x/D
r/R 8.5 9.5 10.5 115 12.5
0.0 - - - x -
0.2 \ - [ . -
0.4 - - - - -
0.6 - - - - -
0.8 |737.5984{721.5394 | 747.2983 | 735.9783 | 721.9938
1.0 | 666.6088 | 625.9975 | 694.4746 | 728.5253 | 717.7495
12 1576.4118 | 587.9596 | 660.0917 | 721.0559 | 706.7142
1.4 |486.2149 | 549.9217 | 625.7088 | 713.5866 | 695.6789
1.6 |472.7653{518.5612 | 589.4779 | 688.6135 | 661.2839
1.8 | 459.3157 | 487.2006 | 553.2547 | 663.6405 | 626.8889
2.0 1447.3782 | 459.3872 | 523.3392 | 641.3918 | 592.3889
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HANNTATIZUANS
Testo 1350 XL
EA =60 %, Primary Air 30 % : Secondary Air 70 %

XD 3 4 5 6 7 7.75
Time 16:10:47 PM|16:13:04 PM|16:14:55 PM[16:17:52 PM!16:21:04 PMI16:24-:00 PM
02 [%] 54 11.42 8.99 11.01 12.22 16.12
CO [ppm} — 33 203 237 322 1169
CO2 [%] 18.95 11.63 14.59 12.13 10.67 5.92
NO [ppm] 352 218 284 249 201 105
NO [ppm] 2.5 3.5 3.5 42 59 6.9
FT [?C} 2452 224 210.9 277.5 290.2 147.2
NOX [ppm] 355 221 287 253 207 112
S0O2 [ppm] 149 | 0 0 -0 0 0
H2 [ppmj 1955 133 123 115 302 572
EffN [%] 95.8 84.2 95.5 93 91.7 92.4
eta [%] 91.8 90.2 91.5 89.1 87.9 88.6
Rati [} e 0.0028 0.0014 0.002 0.003 0.0197
AT [?C) 32.9 32.5 324 32.4 322 32.5
IT {?C] 37.5 37.2 37 36.8 36.7 36.6
td [7C] 56.1 48.5 519 49.1 47.2 39.5
[h] O/h 257 258 258 258 25.9 25.9
Pump {I/min] 0.91 0.9 0.91 0.83 0.91 0.91
02rf [%] 6 6 6 6 6 6
COo2m [%] 25.5 255 25.5 25.5 25.5 25.5
x/D 8.5 9.5 10.5 11.5 12.5
Time 16:26:01 PM[{16:27:59 PM[16:29:51 PM|16:32:08 PMI16:34:28 PM
02 [%]} 12.35 11.59 10.68 11.86 10.08
CO [ppm] 163 43 70 28 45
CO2 [%] 10.5 11.43 12.54 11.1 13.26
NO [ppm] 179 203 245 193 267
} NO [ppm)] 8.9 5.7 35 3 3.2
FT[?C) 233.7 266.8 272.9 315.8 365.5
NOx [ppm} 187 208 249 196 270
S02 [ppm] 0 0 0 0 2
H2 {ppm} 45 22 35 5 6
EffN [%] 93.5 93 93.4 91.5 91.4
eta [%] 89.6 89.2 89.5 87.6 87.6
Rati [] 0.00156 0.0004 0.0006 0.0002 0.0003
AT [7C) 327 32.1 32 32.3 32.4
IT [?C] 3686 36.4 36.3 36.2 36.1
td [?C] 47 48.2 496 47.8 50.5
[h] O/h 25.9 26 26 26 26
Pump [min]]  0.92 0.91 0.91 0.91 0.92
Q24 [%] 6 6 6 6 6
CO2Zm (%] 25.5 25.5 25.5 255 25.5
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1stract

The project presents combustion characteristics in a fluidized-bed bagasse fumace with circulation. The objectives are to study
haracteristics of sugarcane bagasse combustion in a circulating fluidized-bed combustor. The effects of this combustor were studied.

The experiments were made in the typical fluidized bed with the large freeboard and the bed with cyclone in the large freeboard for
sburning fuel in the combustor. Each type of the beds was test for the same mass flow rate of the bagasse ranging from 6-12 kgthr and for
ercent excess air of 20%, 40%, 60% with varying primary air per secondary air at 50:50, 40:60, 30:70 respectively. The optimum test run
as found at the excess air of 20% and primary air per secondary air friction of 50%:50% at mass flow rate of 8.92 kgfthr. From the test,
dal temperature and gaseous emissions particulary in CO, CO,, NOy along over the combustor height in FBC as will as the combustor
ack were measured. From experimental results, maximum flue gas temperatures for each beds are found between 700 and 750°C and the
aximum temperature in the combustor is about 1000°C for air friction of 50:50%. From exhaust gas emission measurements, it is found

at CO is in a range of 100-200 ppm, NOy between 100-300 ppm and combustion efficiency ranging from 94 to 97 %.

words: bagasse; combustion; heating value; fiuidized-bed combustion
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