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ABSTRACT

This project is a part of the development of a biomass fluidized bed combustor connected
to an industrial steam boiler. The objectives are to study a characteristics of sawdust combustion
in a fluidized bed combustor, FBC and study the parameters that affected to combustion
efficiency. The combustor was made of 4.5 mm thick steel (0.9 mm in diameter and 3 m high)
and insulated with 5 cm thick ceramics fiber. The sand (0.3-0.5 mm diameter) was used as the
inert bed material. In the experimental tests, the effects of the excess air, fuel feed rate, sand bed
height and moisture content in the fuel combustion characteristics in FBC were investigated.

In the tests, the temperature profiles along over the combustor height and the emissions
particularly in CO concentration at the combustor stack were measured. The results showed that
the parameters, specifically in excess air ratio and moisture content in the fuel, had the effects on
the temperature in FBC. The combustion temperature was in the range of 650-900°C. The
moisture content in sawdust and excess air ratio had strongly effects on the CO concentration at
the stack. However, the combustion efficiency was in the high range if the excess air ratio as well

as moisture content in the fuel were controlled properly.
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dnwldvinsauanadseantammsen lud deluaunish 1

nc =i MFUEL ¥ HVFUEL )7 oA Mco* I'IVco) | MASH* HVASH) 1)
( Miye,* HVFUEL)

| a A v 9
A15199 4.4 YszANTNIWAITIHT 11’711

N1INAaeN Unburnt carbon CO (2

(% wy) (ppm) (%0)
MC 15.9%, BH 30 cm, FR 58 kg/hr, EA 20 % 0.71 2,995 88.71
MC 15.9%, BH 30 cm, FR 58 kg/hr, EA 40 % 0.77 1,040 95.54
MC 15.9%, BH 30 cm, FR 81 kg/hr, EA 80 % 3.60 2,995 98.56
MC 15.9%, BH 40 cm, FR 81 kg/hr, EA 80 % 1.90 179 99.00
MC 33%, BH 40 cm, FR 58 kg/hr, EA 20 % - 7,287 60.23
MC 33%, BH 40 cm, FR 58 kg/hr, EA 100 % 2.20 612 96.28

1NN Pile burn 70 10,000 45

anesgaunlsus aianude Usinaemeaduiy Taefmualddaunlsau 1 adl
udassufoudsuansusudindennan sl (Unburnt carbon) fiu CO fisasnidesildes
A%y wsnuiiieSinuemaduAuRuAY CO wanasduiuietinnAalsyAnEnmmain
Tuffazfidnanau Taggina151efiUS N 1MAEILIAL40 % 10z 20 % Uszansnmeziituiuan
88.71 % 1Az 95.54 %

finsanaugauail 30 oz 40 cm TaslddunlsdunsiiendseAninmiiale

98.56 — 99.00% vzfiuinlszaninmiiariugd inandeiunazanuguuaiieiasani

Ysinuaiveuiimaennmsten' il (Unbumt carbon) wudn 1wadsunannnezsiliasen Tnila
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MARUIN N

mamioalszansnnni s lvsl

.1 mﬁﬁmamé’fmﬂdmmmammﬁim%mﬁaﬁmmxammmum

mMsfsnsandesomaRemema 1 F umssmauduiiaes dai
CRESTAT (©) =45.10 % wt
loTasiou (@) =67 %wt
0NTIIU (O) =473 % wt
Falos (S) =0.02 % wt
mﬂanmsmiﬁmmé)”mm'immammﬁs&iavﬁamﬁﬁquyf]_, AFt, Tag i
YSuaeimadiunu
AFt=11.466C + 34.224H + 4.302S - 4310
UNUAN =11.466(0.45) + 34.224(0.067) + 4.302(0.0002) — 4.31(0.0473)
AFt =7.25 kg air / kg fuel
14 e1madI Ny, E, 100%
oty ﬁmwdqua1ﬂ1ﬁ@iav§amﬁw?a, AFa
AFa=(1+E)AFt
UNUAN =(1+1)*7.25

AFa =15 kg air / kg fuel

d’ g :d' 1 ]
YUIAYDINT 187 19 N0 11459 mesh 10-100

TATIUFDIIN
RGP,
ANUNUWUY
YUIAMATVBINT Y

1 Y
awmsaliiungueslan

€ =039

mf

O, = 0.93

Pg =2.62 g/cm3
dp =0.05cm

g =980 (cm*s ™)
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o mefimasianmgd 25°C foudasil

P25 errumridn = 1.2¥10” (g*em”)

s s = 1.884%107 (g*cm *s')
pIMATimsesnaamgi 900 °C ﬁqmﬁuﬁﬁﬁaﬁy
P saminaidon = 0.29*10° (g*cm—s)

-4 -1, -1
“9ooaqﬁ1wm=‘ﬁuﬁ =4:746%10 (g*cm *s)

1.2 N1SAIUIUOA i]ﬂﬁ‘l?‘iﬁ YDIDINIANMIUNIUALN 190 DN VDA AN

saims lnavesemaiimarda, Q, (eumgii 25 €%
8a31n151eY, FFR =58.3 kg/hr
ﬁmﬁaummﬂ@iarﬁyﬁ]mﬁa,AFa =15 kg air / kg fuel
218 Sanmstloudamas 58 kgABINITOINA = 58.3(15) = 874.5 ke/hr

Q, =FFR* AFa

Ps

= 58.3(15)
10’ (1.2x137)
AU BR51N1T IMavese Mefimud Q,  =728.75 m/hr

9A31N13 IMaveeeINIANNINeeN, Q, (QUNNN 666 °C)

%4 & |a =
1N ﬂgﬂl@ﬂﬂﬁﬁ‘ﬂﬂiﬂWﬂiﬂ\i‘ﬂ QI Y,
TI TZ
R &= Q=T

T

1

Il

728.75 * 273 + 666

273 +25

QiU 9A1A15 11AV090IMANNNDEN Q,  =2296.30 m’/hr



° v a a LY
.3 ﬂ]iﬂ11-!33&1‘“?]1‘1."525?[7]55]1Wﬂ1§mﬂ?‘m

v £ d' 9/ dy a
ﬂ1ﬂﬂ1!ﬂWwﬂ’)&!ﬂ‘ﬂ’ll’lﬂ‘ilﬂ\?!‘lﬁ)!waﬁ

YFinumdenuimnsvesdanies (HVs) = 17000 kg/hr
USInuwasnusumzvetiii (Hva) =967.15 kg/hr
YTIUnas Ui veInIs U U (HVC) =10110.69 kghr

nmsiiuaad 1dannisen Insfialdesmseen'ld
alSunumsueudien i ivualuen (Ao =0.019
a5 co 7304 (co) =101 ppm
Vnaumsmeduls 1é
aumImMamIansueteuen lud (me)

mc = co*28.01*Q,* 1000 (t,+273)

(24.5*1000000000) (t, +273)

=101 * 28.01 * 2296.3

=5.494623 * 10” ppm
AT (ma)

ma = A *FFR*Ac

=(.0073 *58.3 * 0.019

=7.890813 * 10" ppm
aumsmlszansmwmsien Ingd ()

n = (FFR*HVs-mc*HVc-ma*HVa)

(FFR*HVs)
= (58.3%17000 — 5.494623*10°*101110.69 - 7.890813*10 °*967.15)

(58.3 * 17000)
=0.9945 =99.45%

Tosunsunldlumsdnudasnanauduiiv naaslagld1Usunsy MathCAD 2000 fail
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FLUIDIZED BED COMBUSTOR EFFICIENEY PROGRAM

1. Air/Fuel Ratio , Afa, kg air/kg fuel

Insert chemical composition of fuel (%by weight), decimal

C =0.451 0:=0473 H:=0.067 S :=0.0002

E := 0.782 (Excess air, decimal)

Aft :=11.466C +34.224H +4.302S - 4.310

Afa:=(1+E)* Aft

Insert properties of sand

€ =039

() = 4.9242€" - 16.288€” +20.208€" - 12.265€ +3.4893
P :=2.62 (g*cm—B)
d=0.05 (cm)
dm = 0.01 (cm)

g :=980 (cm*s’)

A =0.0073

Insert properties of air

At combustor inlet :-

=25

: (celcius)

Pg, = 1.2¥10° (g*cm”)

LL, = 1.884*10" (g*em *s )

At combustor outlet :-
t, =666 (celcius)
Dg, =0.29%10" (g*em )

WL, = 4.746* 10 (g*em s ™)

4. Air Flow Rate at Inlet (Di! and Outlet (Q,) of Combustor, m/hr

Insert Fuel Feed Rate, FFR
FFR := 58.3 (keg*hr )
Q,=FFR* Afa
(Pg,*10%)
Q, =0, % (t, +273)
(L +273)
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HVs:=17000 kJ Hva :=967.15 KkJ HVc :=10110.69

hr kg
Ac:=0.019
Co =101 ppm
mc := c0*28.01*Q,* 1000 (t,+273)

(24.5*%1000000000) (t, +273)
ma := A *FFR*Ac

M = (FFR*HVs-mc*HVc-ma*HVa) 1] = 0.9945

(FFR*HVs)
me*  HVe  =5.49462 x 10°
(FFR*HVs)

ma* Hva  =7.89081x10°

(FFR*HVs)
Results :-
T =10:9945 or 9945 (Efficiency value , %)
me = 5.49462310° (Mass of carbon monoxide , ppm)

ma = 7.89081310° (Mass of ash , ppm)

KJ
kg
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M13199 .1 HaNTNABITIANNFY 15.9% UazfinNgaLUA 20 cm.
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HNANUIN U

ayan1singamgdiniawn Ingd uazd3ina co Milasaeenainm

UFinaemaaIunY (%)

sasimsilou 20 40 60 80 100
(Hz) co |amwpil| co |quugil| CO |gwwqil| CO |emwnii| CO |gaumyil
(epm) | (C) | (pm) | C) | (pm) | €C) | (ppm) | (C) | (ppm) | (C)
15 1400 | 753 | 963 | Jd8wmt=madZ2 | 741 94 | 7306 | 123 | 7386
25 3400 | 7433 9% | 7504 | 464 | WN 173 | 735 | 245 |738.87
35 9200 /75 | 4SS~ e\||//1657 4232 | a8 | 724 | 250 | 7433
191971 4.2 HAN1INARBINANNFY 15.9% uazﬁmmqa 30 cm.
YT maaIunu (%)
sasimsilou 20 40 60 80 100
(Hz) co |aunpd| €O |guugl| CO |awugil| CO |auwgd| CO |gwwgi
(ppm) | (C) | (ppm) | (C) | (ppm) | CC) | (pm) | (C) | (ppm) | (C)
15 1348, ™71l Le007\8G46 3| By TapN[aH08” [$7399 | 1737 | 7439
25 3020 | 751 | 1000 | 740 | 400 | 801 1309 £ob | 230 | 821
35 9800 | 740 | 806 | 764 | 450 | 792 | 260 | 825 | 300 | 839
1197 9.3 HANTNARDIAAINEY 15.9% uazﬁmmqq 40 cm.
USumemaa Ny (%)
gasINsilou 20 40 60 80 100
(Hz) co |guwnpd| CO |guugil| CO |ewwgil| CO |quwad| CO |guwqi
(ppm) | CC) | (opm) | CC) | (pm) | CC) | (pm) | (C) | (ppm) | (C)
15 1632 | 707.5 868 72437 | 250 732 100 735 201 739
25 2005 | 7681 | 845 | 7735 | 159 | 7628 | 101 | 7687 | 253 | 7718
35 10980 4| 870:7"].. 490, }:1896.6: [+ 388 | 8%6.1 |--179 o[ 8631 | 240 | 882.13
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A1519% 0.4 HAN1TNAABIN ANNTY 33.6% UazNIAIINGA 20 cm.

s madIunu (%)
815t 20 40 60 80 100
(Hz) co |auugil| co |quugil| co |ewwgi| CO [|gwwmpi| CO |gaumqil
(pm) | (C) | Gpm) | CO) | (pm) | CC) | (ppm) | (C) | (ppm) | (O
15 dlo8 ‘| 6ls | 2049 |. 6l | 945 i 620 | 585 | 622 | 461 | 6233
25 7853 | 685:3 | 2233 | 682 | 1019 | 7I1 | 6967 | 7223 | 619 | 726.3
35 NA [ NA | 537 | 7108 11237 | 7200 | 7953 | 724 | 8013 | 7256
13197t 9.5 HANTNAADITANNY 33.6% uazﬁmmgd 30 cm.
Usuuemaaauny (%)
sas1sileu 20 40 60 80 100
(Hz) Co |gmwgd] Co |guugl| CO |gwwgd| CO |guwQi| CO |gmuwgil
(ppm) | (C) | Gpm) | (C) | (ppm) | CC) | (ppm) | CC) | (ppm) | (C)
15 4635 | 544 | 2110 | 543 | 995 | 5463 | 630 | 551.5 | 498 | 551.9
25 7427 | 698.1 | 2125 | 711.5 | 903 | 7208 | 678 | 723.9 | 600 0
35 NA  enbaLULL3d30 ~ V7 ofikaEte 0N 7251811818 9/4 w84 )| 771 | 737.8
A13197 4.6 HAN1TNARBITANUFY 33.6% saazﬁmmga 40 cm.
UTinaemaaIunu (%)
sasimsilou 20 40 60 80 100
(Hz) Co |amugi| CO |guugi| CO |ewwigd| CO |gwwugi| CO [equwqil
(opm) | €O | Gpm) | €O | pm) | CO | pm) | €O | Gpm) | €C)
15 4121 | 561.7 | 203 =l ldde==571.7 | 680 | 572 | 515 | 572.7
25 7287 | 668.7 | 2047 | 678.2 | 994.7 | 673.9 581 669.8 | 6123 | 673.3
35 19599 | 655.3 | 3688 | 689.3 | 1036.7 | 719.7 | 753.7 | 7243 | 7983 | 736.7

= ' v Y A L TR |
NA 1904 Tueningoda ladisannmsmn Ingd liaeh
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EXPERIMENTAL INVESTIGATION OF SAWDUST COMBUSTION IN
A FLUIDIZED BED COMBUSTOR

a < ¢
N3A ABT FUVA Yyded tay BYWIA WINUEIIIA

MAINIAINTIUNYAT ALIANISUMEanT aartumalulainszeaundudiganmsaian szl

Department of Agricultural engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang
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Y v
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11IANI1 95 %

ABSTRACT

In this project, a cylindrical combustor (0.9 m in diameter, 3 m high and 5 cm
thick in insulation with ceramics fiber)[2] with the cone-shaped fluidized bed using
sand as the bed material is presented. This combustor was made of steel (4.5 mm
thick) and designed for firing various kinds of biomass (first of all, sawdust) with feed
rate at 35, 58 and 81 kg/hr delivered into the fluidized bed of persistently heated sand
(0.3-0.5 mm in diameter) which sand bed height of 20, 30 and 40 cm. The effects of
the fuel properties (moisture content) as well as the excess air ratio on combustion
characteristics in the combustor were studied in the experimental tests. Based on the
flue gas analysis at the combustor stack, the combustion efficiency was determined.
For the above operating conditions, the combustion efficiency was higher than 95 %.
Keyword : combustion, fluidized bed, sawdust.
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N1INAADN Unburnt carbon CO n:
(%o wt) (ppm) (%)
MC 15.9%, BH 30 cm, FR 58 kg/hr, EA 40% 0.77 1,040 95.54
MC 15.9%, BH 30 cm, FR 58 kg/hr, EA 20 % 0.71 2,995 88.71
MC 15.9%, BH 30 cm, FR 81 kg/hr, EA 80 % 3.60 260 98.56
MC 15.9%, BH 40 cm, FR 81 kg/hr, EA 80 % 1.90 179 99.00
MC 33%, BH 40 c¢m, FR 58 kg/hr, EA 20.0 % = 7,287 60.23
MC 33%, BH 40 cm, FR 58 kg/hr, EA 98.9 % 2.20 612 96.28




agUwanisnanes
dy‘é a o (IR a
nnramsnaneInsetesnelwaumuuuvgde ladiua woaaSuaeins
9 F ] 9
dauinuuazAuFuIRes inadelszaninmmsw ndveual msazdudminamiso
g dyd'i d‘ o 9 a ] a Y U a :s.
auauaNFuIResnaiunly  aneavulSinueinmadiwnuldeglullSinunmingay
° o Y 4 q’/’ 1 = a a ] A
ldawnsaldlseTeminntimestiuldearaditszaninw  uazgrvanilymaunadoua
N Y A @ J a 2 s Y 1 a
divammnludimesiidanlesidussdszaenludfinatienina Fsasdatiszneldina so,

sudunaiymeon g

AVB LA
2 v
TumstaueTasenuluasal  YoveunIsAUMAIIIAINTTNINYAT  ABE

a o a @ 1 H ° o 3 y
IFINTTUANAAT UNTINeReveUuAY Nl Temaviinistinaus Iaseuluasetl

1PNAN391999
Jd [ @ 1 a v
1. amumsanasauvestszmalnedl 2542, asuiaazduaSUNANIY, ATENTI
a 4 ) a 9
Meeaasnalulaguazaunaail.
[ a I'd a e ey d =
9. 103135 unuilszAng, qaa leniny, ans Uszneneyudl, 2543,  “msesnuyy
a Jd a a da % a a
uazadwaunmuugee ladiwe” | YSyaniwuiianssumaasiuda  av3aanssy

a J @ LY
AYAT, AME  IRINTINMAAT anduma lulagwszaeundudinunmsaianszils,

83 Wt

3. Wa auMed, 2526, “auinnnurgae lamdu duiniuimasnsaiumineds,

146 1111,

4. D. Kunii, and O. Levenspiel., 1997, “‘Fluidization Engineer”, John Wiley and Sons, New
York, 519p.

> 4 CUBRENY. BT 1 v = A 1 Y ‘ﬁall

5 guieuInynas uuasemeng, 2541, “nsmsdszaniamnainy avfude

a A =Y d‘ &Y d' 9
WANYINIE”, UN 9,R 11U 43, 1111 16-18.



57

aanssniszmea

a a e Ao d Yy A Yo o 4
PSaaninusaiviidisldaded  anzdianveniuveunszqueinsd
o A a s (& o Ay ggy a v o . o
Sy52 dwed 019138nUTne uazemsdnn q ud Idlhiuuaaa wieuvedwuzihlums
° a a o v 1 ] A v aA o icj d
sSaniinug aaeasumsuiilyme q nazganuyiemiesdnnts sudludls: Tewniun
a a o aaa a o/
Usyaniinut veveunszaaaaniuma Tuladununnadsuss uazanzInnmaasa a1
2 & o Tt T i
anudeitegdnsel lumsinlTayyrinuiaud s YN LY UNTTAUNTINNITAIVANNIG
a a 4 ) { o ° v nazl J a a
asudTayaniwusnnmu 7ldnganduuzihaig 9 9URaNTInAIYIAINTTIINYAS
NN
@ o a [ Y = @ 0.V J
AuzATaTveveLINTZAM AMTIATING Neadad AMTYI1 (NS 1WA tazaw

W a4 Ay v v ! A v My o @ '

oy Usziit) Aldlanumemasnudiugsns aneasuingeny e uazuenyy augl
v 9 A A wa a A yq v ' A Y A oA o
dmthiiomsdfiansianssuneas Alddanusiamasluduaiesiie uazginsal

AN 9

v o

4 v J ]
Sntiannizdiai voveunauiiou q uazdiifeadeslunsvinlSyaiinug
e o] s A= ' A o @ a a At T vy
@il mifuienySaen Hremde unzdluddalesudlSyaninusianiiduie 18808

17

9 ]
aaotl nMenazdinnuensiuveuwszam guve Aaunifidluiidslslunis

o (& A e o Wt Yo o YR L ‘ﬂ = = '
mﬂimutymwuﬁu%uﬁm% Tl'lxiﬂmzfjumﬂﬂ'ﬁﬁﬂ‘]ﬂﬂ‘]ﬂl u‘ﬂﬁqﬂ ‘D\ﬂﬂﬁﬂlﬂﬂi’lﬁﬂl'ﬂﬂﬂizﬂmlﬂu

a

1 uy 4?’
pg19ga 13 a1 Tomail

yanswveunszaniuediege

Yo o a a A
AnzAINUT Yy wuS



10.

HE

12

58

1PNA1591994

ATUNAAZAUAT WA ATENIIINITas mﬂ‘IuTa?Juazt‘T;qsnﬂé'au, “FIPNUNA
Auveslsemalne ) 25437, uih 5-11, 2543.

guiousnynasauusdszmalng, “nsmsndanu ﬂﬁm%mwﬁa%ama”, 94 11, VTR 52,
W11 42-48, 2544,

#9515 uwuilszAng, ada Temnsuaz 85 Uszamowedud, “msesnuuuiazasua UM
nuutlgdaladiue, YSyaniiwuiisnssumnaasiuda andanssunyas,
angdmnssumaas  aoniumalulagwszeeumndudnanmsmanszily, 83
Wi, 2543.

Asian Institute of Technology, “EC-ASEAN COGEN Programme Report”,

hup://'www.cogen.aitac.th.

Jd & 1

Auipusnyndsnuuvsdszmelne, “arsmsndsau ﬂﬁm"f?amﬁa%ama”, 94 9, atfufi 43,
1111 16-18, 2541,

J. F. Stubrington and A. L. T. Wang, “Australian Black Coal’s Behaviour in Pressurised Fluidized
Bed Combustion”, CHEMECA 1999, Newcastle, September, pp.29-37, 1999.

M.M. Hoque, S.C. Bhattacharya, “Fuel Characteristics of Gasified Coconut Shell in a Fluidized
and a Spouted Bed Reactor”, Energy, Vol. 26, pp. 101-110, 2001.

J. Talukdar and S.C. Bhattacharya, ““Circulating Fluidized Bed Combustion Of Sawdust”’, The g
Asean S&T Week, Mandarin, September, 1992.

H.M. Shafey and I.S Taha, 1993, *“ Experimental Study on a Bench Scale Batch Type Fluidized
Bed Combustor for Energy Production From Waste Derived Fuels”, 2% European
Conference on Industrial Furnaces and Boilers, 1-5 April, Vllamoura, Algarve,
Portugal.

W. Weizhang, “Fluidized Bed Combustion of Rice Husk for Energy and Pozzolana”, Master of
engineering dissertation, Energy technology program, Asian Institute of technology,
61 p., 1987.

D. Kunii, and O. Levenspiel, “Fluidzation Engineering”, John Wiley and Sons, New York, 519 p.,
1997.

audnd ssefa, “Wgde lawd, dninfiigmnasnsalminends, 225 wih, 2528.



[ ] a @ a Jd na' 12 o
13, ATURAULASAUASUWEINU NTENTIIMaas maTuladuazdunadon, “MsIarupu
wanmsduasumMspaaLaz s I undnalszaninmgedugadmvnssy
<4
FULNVLIAEAN, 243 111, 2541,
= A ¢ ow S Aw W o e & o Aaa o a
14. 151 Ayadadad, “Adeimingenu s emsamniazaunwada”, anidumalulaguin
FIRATUTT WHINSRYTITUAAAS .
9 4’1‘ 9 A o a ) , LS. A Jd d a @
15. wa auAney, “awiidesduneanuvgda lawsu, duiniuigmasnsaiunaneds,
146 v, 2526.
aa ' 9 a a a da g a
16. fiFaNA gaadng, “msn Tndfunavluvlgda ladiue, Imeriinuiinnemaasumniinda
UMIFUATINALIA, ABlE INGTAT @wmﬂﬂm‘fwﬁwmﬁﬂ, 94 M1, 2526.
17. M.A. Cuenca and E. J. Anthony, “Pressurized Fluidized Bed Combustion”, Blackie Academic &

Professional, London, 38 p., 1995.





