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Effects of Air-Fuel Ratios on Combustion Behavior and Emissions of Rice Husk and

Palm Shell combustion within a Vortex-Fluidized Bed Combustor
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Abstract
This paper presents the combustion characteristics and emissions from firing rice husk, and palm shell

fired in a vortex-fluidized bed combustor (VFBC). In this study, the feed rates of both fuels were adjusted to
investigate the effect of excess air ratio (Ktotal) while the air flow for each test was fixed. The rice husk feed rate
was varied at 20, 22, and 24 kg/h, corresponding to Ktotal in the range of 1.76-2.12. The palm shell feed rate was

varied at 10, 12, and 14 kg/h, resulting in Ktotal changes between 1.91 and 2.68. The temperature and O, profiles

along the combustor height implied that main combustion took place beneath the vortex ring, while increasing
Ktota, caused a drop in temperature along the combustor height. In view of gas emissions corrected to 6% O,, CO
were low and seemed to slightly increase with increased 7%,3“ ranging 65—-85 ppm for rice husk and 35-220 ppm

for palm shell. However, NO, emissions were decreased with increased Xtotah ranging 295-325 ppm for rice husk
and 140-280 ppm for palm shell.
Keywords: Emissions; Fluidized bed; Palm shell; Rice husk; Vortex

50



AEC-08

1. UNH
a = 2 o A Ao
mmmﬂu%ualuwmmuazamgﬂLquuvma‘nsJ
AN uaﬂmﬁamnwé’amumuﬁﬂuﬁ'lmﬂ A
A € a & Ao
WRZLEIONTAE laaTinda bl ssind lnowuiananin
luL%awﬁdmugaﬁd 504,339 TJ ®3aLisuLyin 11,940
A Lo v o =1 dl =
ktoe [1] Saanuandagtulddnisindiniafinie
PMNNITVIRMINBATNTTNULIEM TUL TFURARE AN
NIILNBAT aNLTW UNaLU T1weay wazlunallduun
IidwrawasTanlwunndalotiiveslssnmnania
lasinsalwdrdnsuldlulssanudsziandnag
frsune luladmudasnassuwn lasumsvansuln
ﬂﬁ]ﬁ;ﬁu’hﬁﬂs:ﬁw%qua UaaUdasuansdl wazi
A ' o A A Ada & o
anudangulunisldisoinfandanusugsld
wanwaeriafa nawn lnaiuuuvadladiva (2-5]
lagasndafanuInu T uiudrwinunnans
maen lndidandsiiuiashadne g aaonelulad
At lafuuud tiw wnay [4-9] W91 [10]
wWRanuznan [11] waz nzanvay [12] Wudn
uaﬂmﬂﬁﬂ'\aﬁmu?ﬁ'ﬂ"uamng’ia”ﬂﬁvlﬁﬁwmiﬁﬂm
miwn Indlwan lndesine-vadladiue (vFBC)
A o o ' )
Far e lraisrnanwuzianra 909tk Iniras
a v v Qo =} v
FAMTIIEN® A LaNHT LAS L laa ezt a1t bral
a & 2 v o = & o & a
Wadladiua Geldvimsfnsnimann lniiainds
FINIALAILAZ NI RN TINIRTINAUE U A KL
ﬂ‘;ﬂ‘iﬁ"[&isl,ﬁmwmﬂum&mmm WIALNNTENINTRN LT
) = £ A =
nioidueagniaadndis Selunnnisdnwsnd
ﬂi:ﬁﬂ%mwmﬂmvlm]’ﬁﬁawfﬁ\‘lga (>96%) WAZEI
Inaiiinidanddasuiaiy (CO uaz SO,) agﬂumwﬁ
N1a331% [10-14]
2191378 wnauidudiwraninislraunndn
o ' ¢ A %
LAIWIBLED daunzandiangdunanassldain
a o @ IS a a A A
A32UIBATHAATNN WU AN T UTINIRBNTRAA RN
lasuarufisnlunisinldlgnuluianmr nduoy
I ¥ o & o ¥ A
aznivredlisnuiduhduuazndalatuuungs
€ e 1 o v o @ 6 a
ladiua wddslinoihulanuamnlniadine-wad
Tadiue a9 luwawdaundsldrinn1s@ns1In1ILen
VlﬂﬁﬂzawﬂwaTwlumeLmvl,‘mﬁaai‘lmﬂ-wgﬁvlﬂsfl,uﬂ
(VFBC) nlgnsroiduiua las'lavinn1sdnuie

NANTENUYBI8ATEIR M AL TaIWRIN 1T LN Tian

51

miﬂi:yw’immsm?aﬂhﬂ’imniwm?aanauﬁaﬂi:ma‘lwU ATIN 29 M&M@'Tm
Hp="""1c\ia

1-3 NINYIAY 2558 TINIAUATITRU

Twinddanangdnssumawn lnduazuafufiioan
maen lnafunauuaznzanl sy FsRanToniansme
nabndl wazesdisznevvasuialaifis lasyn
Fouluminesaseztsuasusannisensainas
LLa:muQuﬂ%mmaﬁnﬂﬂiuduuﬁu6] et
2. gunsaluaziSmInaaas

2.1 lndaasina-Wadladiua (VFBC)

gﬂﬁ1 LLam@'hLLmLaamgdqﬂmrﬁmsmaawaa
e ndasina-vadladiua (vFBC)  lapianian
1w vFBC ﬁ’L‘*ﬁ’lumm@aaamfugﬂaammﬂ@ 85730487
anuuziawsaaatisuylalaaudanisinn lnaiuy
wymIunInaTinausznIn Indaynauriusaslu
o mazadauuunad ladiuardhdionn Favilw
Lml,mmﬁ@ﬁﬁﬂi:ﬁw%qua IU1AV8ILA1 VFBC fa
urugudnansnmoluaienlwiirinny 40 om uaz
§9165 cm  lagansmzvauanm mdmuninus
pantdu 2 dau @Tagﬂﬁ 2 ﬁadmﬁmﬁuﬂugﬂmdmw
WNUAaLaAFI 30 cm TagAwasmnlnanssnszuanay
ﬁmsﬁ@@fmmmmaiﬂﬂ%aﬁmm@ﬁamﬂmmg
Win 24 om  lagnsunimadinaitazgiolunnsen
a‘»ql,mﬂL%mwﬁdﬁﬁhm%ﬂ&mm Ihanadugaiy
adsarmanInLnszoza I g saudnuans
maam']LmﬁLﬂuniamm'lﬂﬁ?muﬂummaﬁuagmﬂ
LU@LLa:L%aLw5@1%?1m:mﬂ%ﬂuuuﬂ@ﬁ-‘l@ﬁm Gofl
miﬁ@m&dﬁqm:ﬁ]wmnWLLuuﬁqﬁ@"Hﬁmdnqﬂ
fnsunsIneenmetain lnaazutseanidn 3
§ufe 1) oaLgund (primary air) nanmesiud
Qﬂﬂ'mluumﬁ'uw”an”uNﬁf\umwé"auﬁ'm%mwﬁdﬁ
dunisldrsuniniasina 2) ananasni
(secondary air) vf%ammﬂﬁﬁaiﬁﬁ@v@ﬁmsﬁﬁﬁ%a
andnoEnuInadREaaHIRaINIz B
WUUHRIAA Waz 3) MAAdLNi (tertiary air) Fain
mﬁa’mLmeaﬁﬂﬂLﬁian's@agn’mlﬁ’n,l,a:l,%aLwﬁaﬁ
mfu@mﬁwé’wuuﬂﬁﬂé’ummgﬁmmd lasa1naain
f?lﬁgnlﬁawwﬂumtﬁmaam‘nmvl.ﬁmmamﬁ%fu B9
mmm@'swﬂazLSﬂ@ﬂuaaﬂ;@maaq"[ﬁmmmi‘aﬁ"mﬁmu
A [7-8] wananii nsnasaslalinsgamia 300 um

Lﬂuagmmmluﬂ%mm 12-15 kg




AEC-08 madszgsinmueietisianisaiamnauislszindlng asin 29 m&ﬁl%ﬂ'zmg

1-3 NINYIAY 2558 TINIAUATITRU

2.2 29AU3ENaUVBIBONRIN IS IkNIINARDY

& a da ac da ¢ 4 a & g a o A
LﬁﬂLWﬁGﬂLaaﬂlﬂudquqfﬂEluﬂﬂLLﬂﬂ‘]JLLﬂ$ﬂ$aqﬂ’]aN‘D‘\3Naﬁﬂﬂiﬂ:ﬂau"ﬂaﬁL"ﬁaLWﬁG@ﬂLLﬁ@ﬂlu@]’ﬁqﬁﬂ 1

—
_‘]j Mixing box

i
o ™
Cyclone
v/

Voo R

Vo

\

\ /
Rotary

= = valve Primary air
+ Palm shell
AN / aim she Fuel hopper
Blower [ | |} Vortex ring y
c_—/ | < | /
~ . *‘%\ ﬁé Differentail pressure
—t \ |:| SENSOT
\'/ =
\. { \.w{'l
— s i Blower
\ 7 i
‘\\ ,/ i Ll | —— o P —..\
Air distributor ——==— B # Venturi - Valve §§ ( ®
[ 1t | S — =/
Secondary (Auidizing) air Feeding system
P ST

o
o

P a G4 v & al & v &
Eﬂ'ﬂ 1 LLﬁ@\'iﬂ'ﬁ@](ﬂﬂﬁaﬂﬂiﬂm’ﬁ‘ﬂ@aad"ﬂa\'iL(ﬂ']LN']VL‘WN'Ja?Lﬂﬂ-wgﬂvL@‘ﬁL‘U(ﬂ"ﬂadﬂ'ﬁLN']vL‘lﬁllﬂ$a']ﬂ'm3J

9

2.40 m.(T,G)

3.40 m.(G)

1.90 m.(T,G)

Vortex ring 1.55 m.(T,G)

Primary air +

Palm shell 1.30 m.(T,G)
- 1.05 m.(T,G)
0.65 m.(T,G)
0.20 m.(T)
Air distributor L 0.0 m.
Secondary air ":T l ‘
(fluidizing air)
IR Wiriririvd

E‘].]ﬁ 2 aaiaEn lnwal VFBC ﬁ"lLL%ﬂx‘iﬂ’]i'ﬂyﬂqm%QﬁLL@tLLﬁﬁvLaLﬁﬂluﬂ'liﬂ@]ﬂﬂd

P & & a .
AN 1 99AUTENOUVDILTBLWEY (as received)

Proximate analysis Fuel Ultimate analysis Fuel
(Wt.%) Rice husk Palm shell (Wt.%) Rice husk Palm shell
Fixed carbon 201 19.28 Carbon 38.0 44.48
Volatile matter 55.6 68.35 Hydrogen 4.55 5.31
Moisture 10.3 9.79 Oxygen 324 37.46
Ash 14.0 2.58 Nitrogen 0.69 0.36
HHV (MJ/kg) 14.98 19.03 Sulfur 10.3 0.02
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