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ABSTRACT

. The thesis presents the combustion characteristic investigations of rice husk in
a vortexing fluidized bed combustor. (VFBC) The combustor is a cylindrical shape
with 300 mm inside diameter and 2,720 mm height. To induce vortex flow, secondary
air is injected tangentially into the combustion chamber. Besides, a vortexing ring or
throat is installed on the top chamber to create a circulation zone downstream of throat
that helps good mixing between fuel and air and increases residence time of fuel
particles. The study is made by considering the uniform and high temperature
distributions inside the chamber for each of the equivalence ratio,(®), adjusted to be
0.2, 0.25, 0.3 and 0.35. In each run of @, the fraction of secondary air to total air flow
rate, (4 ) is set to 0.0, 0.25 and 0.4 to study the effect of secondary air. Moreover, heat
load or fuel feeding rate is at 18 kg/hr. The experiments can be classified into 3 case;
fluidized bed, vortexing fluidized bed and vortexing fluidized bed with vortex ring.
The performance is considered in terms of uniform and high temperature distribution
and low emission for three cases compared. At ®=0.25 and 1=0.4 and the VFBC
with vortex ring yields the best performance by considering uniform temperature
distributions with maximum temperature around 850 °C, and less smoke . From
exhaust gas emission measurement, it is found that O,= 8.5%, CO,= 6.5%, CO=305

ppm., NO=298 ppm., No,=298 ppm. and Combustion efficiency is 98.92 %.
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Y9471 Switl number uazdadiuvasnnanionii lavldoynatognudiaisaiadu Tasns
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msun 21 Soulvlumsnageudmiumsiaeynin

Aus el m
gﬂ!lﬁ? (glass beads)
- YWIAUDIBYNIN Lm. 0-3,000
- dusiusudnaande m. 344
- MANUNIIT UL 2.42
21mAlgugil
- 9A51M35 1M ft' /min’’ 66-477
- A5 fs' 1.9-13.7
IMANAYNH
- 9n31N15 I1ia f’min” 0-221
- daa V091N IMa % 0-0.47
- A5 fts' 0-146
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MaAaew) 1 545 »mo1MAlgugluazeInAnAugiignd1919a20T1Ua219935 DY Root
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aanls MU a1
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iduriuguinatveanidinenaavgi mm., 19
dhurigudnaavesionsleidy mm. 95

- omeagugi Nm'/min 1.5-3.5
8035113 Ina m /s 0.9-2.1
ANWIS?

- pImAAsgdl (i manuadude) Nm/min 1.5
8n51n15 IMa
AT m/s 22
ANUGIVBITTAVNIRA m. 0.57
- BYNN
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Investigators First, K,/2K, Second, /K,
Wan and Yu(1966)
284 data points form the literature 33.7 0.0408
Richardson(1971) 25.7 0.0365

Sexena and Vogel(1977)
Dolomite at high temperature and pressure 253 0.0571
Babu et al.(1978)
Correlation of report data until 1977 25,3 0.0651
Grace (1982) 27.2 0.0408
Chitester et al.(1984)

Coal,char,Ballotini; up to 64 bar 28.7 0.0494
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M13199 4.1 vaRYsENRVVDLFONDUINAY
F did o i i
aaA1lsznou osua ntinTuana 3uua
A3 VoU 38.0 12 3.1667
lalasiou 5.7 1 5.7
TuTasiou 0.69 14 0.049
DONYIIU 41.6 16 2.6
n.- o
Faunes 0.06 32 0.001875
U 19.8 s :
mserugalfiseuni
aCo,
Rice Husk > Combustion b H,0
H
Air | chamber dN,
e SO,
annsomouul§asounil 1dsdl

3.1667C+5.7H+0.049N +2.60+0.0018758 +a, (0, +3.76N,} —>»

aCO, +bH,0 +dN, + SO,

Rimsaugaaumsezla

1 3.1667
a=3.1667
H: 57
b=2.85
S : 0.001875
e =0.001875
O 2.6 +2a,

2,=3.2936

2a+b+2e




47
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1667C +5.7H +0.049N + 2.60 +0.001875S + 0.4276H,0 + a,, (O, +3.76N,)
—> aCO, + bH,0 +dN, + eSO,
Msaugaaunsegla
3.1667 —> = a
a =3.1667
5.7+ (0.4276 X 2) — > =12b
b =3.2776
0.001875 ——— = @
e =0.001875

2.6+04276+(a, X2) = 2a+b+2e ——3 1, =3.2936
2d ——> d =12408

0.049 + (a, X 3.76 X 2)
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3

1667C +5.7H +0.049N + 2.60 +0.0018758 + 0.4276 H,0 +3.2936(0, + 3.76N,)
—> aCO, + bH,0 + dN, + eSO,

v Vv
NNUUNINITHIDATIFAIUDINIAADIFDINAL INTUNIT

u

by

M et = B fier XMWf

( _‘i ] = mar‘r
F ratio m Suel

20U0901NIFMNINY
mair - nm’r X MWair = (ndfj-m'r e MWr!:ym‘r) + (”Hzo X MWHZG)
= (3.2936 x 4.76 kmol)(28.97—8_) + (0.4276 kmol x 18 =8
kmol ol
= 461.875 kg
IAVDUFDINAUNINY

v = (B MW )4 ny, MW, Y4 (0 X MW, )4 (g R MW, )
+ (ng x MWy)
=(3.1667x12) +(5.7x1) + (0.049 x 14) + (2.6 x16) + (0.001875 x 32) kg

= 86.046 kg

KRy
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Fuel rich mixture

Stoichiometric

Fuel lean mixture

F), .~ 86.046 kg
=5.368
CD = (A / F)m'ar
(A/F)_,

(AJ _461.875 kg

(F/A)
(F/A4)
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actual

stioc

®>1  snaemailddosninlSnanidesldmangu

® =1 WSmmomeanlavidiudSuaidesldnamgug

®<1  PimammanldnnnilSnandesldmangus

:i = P Bl dl ar dy =
M99 4.2 Ynaemanldlunisnaassndasimstloudoma 18 keg/hr

Primary Air (I/min) Nozzle Jet Secondary Air (I/min)
® 100% 75% 60% (Vmin) 25% 40%
0.2 5560 4170 3336 1150 1399.03 2238.45
0.25 4218 3163.5 2530.6 1150 1342 2147.2
0.3 3323.33 2204.99 1533.998 1150 1118.25 1789.332
0.35 2684.28 1725.714 | 1150.571 1150 958.57 1533.712
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5.2.1 ginssilumsnaaea
uisgnseilumsnaaes1diilu 4 Uszian fe
5.2.1.1 yalsznoumim
wuada laduALLUINIAMYUIU (Vortexing Fluidized-bed Combustor, VFBC )
1J5zﬂaumumﬁﬁﬁ'ﬂummﬁuﬂ'agﬂmaﬂizuaﬂéamumﬁmmqqiﬂusquﬁq?fyu 2,720 mm.
Aunsdifinonen) ias 2,870 mm. (lunsdiii hidasnea) Favzalsznoudasudauianua 10
Fu swazidvaausag 1§angli 5.1 fsnumzdade 1UT Fudani 1 gruvestosney
yreszninedlouoimelgugiiidnyuziunsansiv veadafivuiana1uga 300 mm.
senasuve Mz neunianu AN 40 mm. Fudauit 2 Hewwausznis
mmﬁﬁ'm%mwﬁaﬂixﬂau"lﬂé’f’miﬂiaﬁ%"lamﬁ‘ﬂﬁni‘lummuﬂff’auﬁueg Tavfivuradui
guinaanislulumanvesalugaivunamiiy 150 mm. maniinumu 6 mmaaun Iy
moveniumaniididuiguinais 300 mm. uazdianugaiiAy 150 mm. Ferfeanayiiiiiu
gﬂmmmﬁaﬁrﬂuﬁ;ﬂmn5:11d1ammﬁﬁ'm§m1~§mnau c?wiaswﬁyﬁmumgf’f’umﬁuﬁnma
45 mm. 3waziBoaaunsag IdoINgUT 5.2 Fudui 3 Hesguiua mouenveldnumzily
vofidurhguinaauuianiiiy 481 mm. daunwlulsgneudasnsaoveadaiiianugami

o ' 1w 1 o ' 1w
M 150 mm. Taoidurigudna1sdmuuniiny 300 mm. wezidurigudnasmumaiiy 150

"
o s

& 4::’ d| T A A ' o Y ' v b
mm. “ﬁﬁ?ﬂuﬂa‘ilﬂuﬁ?uﬂﬂgl‘}"iU'E]lLNuﬂﬁgﬂ?ﬂﬂﬂllﬂz‘ﬂ1ﬁu1‘ﬂﬁ1ﬁ5‘]JQHWI'ITWU§51“IH‘U'N‘U’ENWI']
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Il
o a 3t

b i
w123YUIA 45 mm. dmsuldaiaumn sudui 4 desmn Inddiiszuvilousiniemdon

r:>

- "

A o ar [ i = ' o
Usgnoudlwlassanananiiuudnyazrumiudeunuey Tﬂumﬁumqwﬂmwmw

[ Y d A ' = =t oy
uraunelugam iy 300 mm, ManlAMNuNL 6 mm. sEMNLMILIEInoUNT AN WP

3/ 1

"o 4 o o e
ANUAUUNIAY 40 mm. 2aumIunuensziumanilidurguinataniolumiiu 386 mm.
¥ o & o " w Y a0 ¥ o
Tavldimannun 6 mm. FaiAugumy 300 mm. Tasdudisveumszineovnaduriigud
na19meTumIAY 19 mm. mizdd i lunuaduda Taoudaz ez navireiudiugy 90
pem e Tiemed 1 luuuadudaneliifanisnyuiuvesernmia dudrsveuninziive

o s [ o @ > A 3 o o = 9 ar "oy ar g
Y119 30 mm. Fmsuldvemes lunldlameldiaguuad Tauliogaionu 2 neduiu yu

Q

=Y

g
szuutlouoimemaogil

a1 5, 6, 8 waz 9 Wi nitidnyuzmiousuoun Ind
&

a " 3/ S

uavz lutivedmsutlousimemaogil Sudi 7 Sudoun nideidnuazadroiuieun

{ a = ' ] L4 1 ar
Indnsiszuumstleusimemavgiuavziiviaduriguinarsnieluminy 150 mm. a1

b ¥ 1
ANVIAIAY 150 mm. FUdIuAINGITTENI Aonoa inene Idinanm sy lu 151

=

158771 Recircuration

i f:'l
1
1

1
i

2,720
2,870

g

(M) n3dineABA(Throat) (V) N38 LLTIADABA(Without Throat)

‘ljﬁ 5.1 uﬂmaﬂymmmmumﬁaaﬂ"lﬂmmmmummﬂwumu (VFBC)
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c? i 1 -:? ' = ' g4 @ [} o [
FuAIULAATFUAIUIZTUHUIMANAN B UM UYL AT UFIFUINA NN IBUBAIIAY 480
9 v 4 "o d' d‘l ar = d'

mm. taziduriguonaanoluminy 300 mm. wendamesaafunsunsanu IWnlwmIue
191239179 10 mm. MuUUASAI$ UL 12 3 s2ezanvo Ny 20 mm. 3 3dmSutation
y o ' L ! < ' - {

ielsznouFud I IRINL ANUNUIVEIVIAUHLIMAN 1N IUTA WY 6 mm. NYDY
1 3 c? 1 [~ ' = @ oA ' g w 1

avoadarFud LRty Juuaurumandnyugrwumausuaduriguinaie

" 1 4 1w =1 § a

MUUBAIMINAY 480 mm. wazidurIguina1an 1o lumiiy 400 mm. TAUMUT 6 mm. IFouda

VoA 9 A W e i A
@ngﬂi‘ﬁUﬂﬂﬂﬂU‘Buﬁquﬂu 9

| [ a o
M19199 5.1 uamsdudsznevveanwunaungda laduauuueinemyuIy

gamdszney | vnadurnugudnmamely | anwugs
vioar 113l (mm.) (mm.)
Fudand 1 300, 150 300
Fudnd 2 150 150
Fudaudi 3 300, 150 150
Fudand 4 300 300
Fudand s 300 300
Fudand 6 300 300
Fudad 7 150 150
Fuduit +7 300 300
Fudud 8 300 300
Fudandi o 300 300

nuume) *nstidsunfdeuieunlnd Tunsdiilisiveanuina (nonen)

1 1 ci s a A‘l q 9 9 '
urunszwaNudui 1 fugdasaitlestuive lildeynanganesaandudias
Ly o ' 9 I~ - A ' a0
asolives Inarninis nariuld anus1vesves Imanmileurunszareves Inaveslian
[ @ 1 ] o =) 1 o
MIAUNNYA dNYUVBAHUNIEYwaN Tidurguing e 481 mm. HAIUAUUNIAY 6 mm.

] - kY ] o [ Y
ﬂ‘iaﬂmwmuwuﬂizmw:m:;mﬁwmmumgmunmammu 45 mm. mu‘mmm;mmzft

VUIAWIND 2.5 mm.
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First distributor
Rice husk

o Second

* distributor

4——_3—4—

Primary air {(Jet)

Primary air
B

[l 3
U 5.2 dnvagvesmsilouyamasiueima

5.2.1.2 gatleuemalgugiinasnAegi
UsznouAau Blower $1ialUNAILY Backward inclined Capacity 100 m’/min
Pressure 200 mm.Aq Speed 4050 min ™' 39 NuANVOIRAANIINNgAMIIAY 72.6

= .;v fq 3w o a :
EYUHALNATUDIU uamaswhw‘luwﬂami‘flwuﬂ 3 ler vuim 10 1598

g‘l.l‘ﬁ 5.3 1LEA3 Blower L1A¥ Motor

Motor 191511@ 40 Blower 41418 7.5 kw 1400 rpm 15 A 380 V 4 Pole
' 4
N 13 lumsdSulfinaeimmlgugii 19 Gate valve vi1a 3 1,01mem e

aq ¥ Ty i " § a w
2114 gate valve 1119 2 17 wazoIMARAHILSINANTEN I UTDINAITUDINIA (Nozzles

jet) 14182 2 719
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5.2.1.3 yailowsomawnay
Usznoudiodunesiines sia FR-A024-0.2KP 14 lunsmvquanuiiisenves

SAq Y w o Aq Y A ] &
vomosn 1 umsiulunisanldlunsteunnaume l4msaiugudnsins Inavesunau
o a { 1 o
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5.2.1.4 YAQUIN

¥
U32nBUAI0 DaURE LPG U119 15 kg LAZHUN 4118 2 12
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3UN 5.8 vaastung

c.; o ~ 9 o o 1
3N 5.9 uaasiwnnlgdmivgue

5.2.1.5 yagUnseiinuazerumigamyi
P [
Digital Thermometer and Multichannel Switch 1Hug1nsaifilduaainalunisia
gangdl Msnszaevesgangiamelummn Induanauilusmouduavi 4 ndnuaziindons

Hey 1AM #1150 799NNV Thermocouple Type K 10019 1,370 'C uazawiinia

g 1A 30 Channel fauanslugilf 5.12

L] a

d'. o ar X aa a a o
sUn 5.10 uaaunes luAwilauay Avnen BuAlADS
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o s o} d.. e -syz-.s 1Y Y a A
moes ludwilanldlumsnaassiiiiogdionu 2 wiiafe
a y ar A o
1. Thermocouple Type K [5] ﬁ‘luqﬂﬂsmﬂssmmﬂ%’mﬁmw Fal¥lun15a

DUUNNUNIIN laneHay NeouINIIn laneHarusEHI UnRa 10% + 1asHou 90% (as

Q u

@oauiinn langnauseninatinifia 95% + 5% veedunauszna19 egiliion, uuantie

wazganou amnsaiagungil Idgega 1,260 'C uaziigungidigaina-250 °’c Tavvuiadu

u

[} o [ a as aa o
WIUFUENDNLAZANEIRIUNNIAUN Nz UM INgUNY TN a5 0 da 1A vu1avDd

Qu

1 ar =

Thermocouple Type K 14 Tumsnaassfivinaiduruguinaiaviih 22 mm. e 300

mm. AEAAIFUN 5.11

gﬂ‘ﬁ 5.11 leAdThermocouple Type K

2. Thermocouple Type J [5] Lﬂuqﬂﬂiﬁﬂismmﬂ?mﬁaﬁ'ﬂ Fa14lun1sia
guUNQININIATanENaNIENIN 60% YDINDIAAL + 40% Yeslinifia a1wsaingumngil 1dge
78 760 °C unzdigungiidigais 210 °c dmivTaguugiidaunadoy s 1 90

5.2.1.6 yngUnssiindnsimsinaveserma
Armored Variable Area Flowmetor (ABB 3u AM 54-32) iJuginssidmsuld
Yiuiiousasnis Inaveseniagaavesnisia 1adaua 300-2,950 I/min UaZUAAINALDY
asnealauldnszuaTW@aus 1040 volt (DC) Fauaaslugud 5.12 FerunsySuiouen

WATFIUEIIag TAnINNIANUIN A,

gﬂﬁ 5.12 L9 Armored Variable Area Flowmeter
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5.2.1.7 yaannsnmaledy
o ¢ a g ya o a
gUnsal s 1zvmaloidu (Gas Analyzer) iugdnsainldimswimaledon
a o { A o ~ o
20NN UHINGDA lATIUALLVDINANYUINATB IBATIENN Y [D1TY Testo 300 MI ALAAS
P 3| o = o a4 A 1 ar a

Tugds.i3 dhugdnsainldimsizrnalodonosnsinm TnsyrsveanisasiedadSum
[ 3 A o w - 4 a oy =t o 3 . &
YOIMYA1 9 dzuaadlumsniiingunniveunioadnsenne lotdusiinn Nier-Ni 44
= a 1 ' = 0 A a 4 = 3 @ 1 s = Y
Haeguniieg luyae -30 63 500 'C FaligUnsainasgmueniadaiumsUiuiioy Tag 14

INATWANUIN A

31N 5.13 Flue Gas Analyzer Testo 300 MI

y v Y a A 3/ £ : A v
wsesiauaziiuiindsza@nsnmnisen Indve e loimazinum tde TESTO 3u

¥

4 a 4 a A a0 o o
300 MI “BQ'LT'IiJ'liﬂ'JLﬂﬁ'l%iﬂﬁv'}%]lﬂlﬁtmﬂﬂﬂﬂ'lﬂmuﬂ'l Tﬂﬂlﬁﬁ\‘lﬂ]ﬂdﬂ"lii%ﬂuﬂﬂu

x:‘l ] = [2d a = ﬂlliv
13190 5.2 llﬁﬂ\?“lf’)\?‘UT’Jﬂ‘1J'31]1mﬂ1°ﬁqﬂlﬁﬂﬂﬁ1ﬁ1ﬁﬂ3Lﬂi1zﬂ 17

Gas Range

0, 0-25%

CO, 0 - CO,max Vol.%

CcO 0 - 10,000 ppm

NO 0-3,000 ppm

SO, 0-5,000 ppm (Option)
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5.2.1.8 yAMdmINIa0s
= o ¢ A Y =t . i
ya o lnau iugunsainldlunsdnidrasoineonsineuw e Taild
a =& W Y] PR 3 TR o a
nazneluenms lavh lylnauiismsadnoymadiassiiivuie lng Idedwanysel Tavil
as o3 P ' A w Y =Y 9 a
anauziugnsnszvendeduariidnunziiunite fasleidouazidiassfiooninaien
¥ o as 4 o a o _ 1
i T Tnaumaduuulunwdudmioi liifamsnyuounoluiura iiidanasgiu

= ' £ o =
T lnauuazmeloidosreondassduunanslalnau daaaslddag i 5.14

3UN 5.14 waaslalnau

<
5.2.2 gunsanganIug
¢ Y 4 A 4
ginsaiganrugulumsnasssldlumsmivguiniedioms Iiuazmaniena
A o L) ] ar "o & A a1 w
iweulsAuAmIAIS 9 Huganug (MsUSuRIa 9 sziiluiuy Analog) Faiiginsalne  f
Ed
i
a 4 ¢ & s o Yo o w g ¢
BUNBTIADT (Inverter) ADgUnsaimim lFdmsuAIuANANUISIT0VVDILDINDS

0 o
WeYTVoRTIM3 IMavoudamae IN1E391 0.22 KW 1.5A Model FR-A024-0.2 KP lagdu

o 4 ar "o o {
!.Tﬂﬂﬂﬂ'iﬁ']ll"l'iﬂﬂﬁﬂﬂ??ﬂﬁgjiﬂﬁqxﬂﬁﬂlﬂ1ﬂﬂ 1650 RPM ﬂmﬁﬂﬂmﬂﬁ 5.16

q QU

Ve ‘ R ;

gﬂ‘ﬁ 5.15 Inverter
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oy a A '
DC. Power Supply 1ilugilnsalnlfulasnszua’ i ac iy be wieldsonszua 'l
“l%’ﬁuwﬁwwm Armored Variable Area Flow meter mmmﬂ%’vmaﬁqqaqﬂ 40 volt A4LLE A
Tugn s.16

311 5.16 DC. Power Supply
d’l =Y d Ia . dll l:i 9Y o o a I3
5.2.3 1139991 51¥HUTINUE19 C H N Determinator 11 unioan 14 d miviinszying
' v
Usinmvessiamsvew, lelasaw, lelasiou, Tulnsiou uazdamed nognwludie1etig
t& o = = n“ = lc{ =
Fui llennslueendinuuigni lavgumgiinismnndogi 925 °c TavswaziBoaves

& ¥
1AT09e11509 18 1w mARUIN 9

3N 517 195093n 51215010519 CHN Determinator 31 CHN 900
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5.3 TunaumMsUSuneuons1ms 11Mave19I1MaANIY Orifice meter INSURY Flow

meter
= e:’ o' as o
1. AnasgUnsailunisnanesdagili 518
A o a & ¢ 4 ¥ ave a ¢ o & o
2. dievhmsdadegunsaliaiwdr Iiihmsdaaiadniuau Tunesvniuing
4 ca‘ o s @ A [ o
a8 by pass vazlinasimstanainugudasinig lua ietleaiu Flow meter 130)
3 o o d v o w Y 1
3. mmiumsiimIdiunad laslumsdsunasniuguiasims lualdeumen
Flow meter 131 1J5UN87351113 1 300 Vmin Nflow meter 13781UAUBIANAIIVOIAIUANY
nuefines 19N 1 mm H,0
o o ar ~ . Y ' a o 3
4. M55 udaTIM3 Inad 100 Vmin udremm Ah veaueilinesrunsziiaga
ANV Flow meter Aduandlumsialuninnuan v.
5. imsnfavuvieiidy Orifice voryRRIMAYALYIUAE Orifice Y04%A nozzleTav
v
g1 lude 4 wanisnaasauanalumsamanuan v,

6. 1 waf 1a1mn Fit cure o 1119 use 11/

i b4
UM 5.18 nis@adagunsaldmsullSuiounnOrifice meter

::- (7] = o dv =y c; =] 1
5.4 duneumsliuieudnmsnavessemdunaunanusiseuma g
¥ v o
1. imsanasgunseinanansluzili 5.19 uduAuinaulu Hopper 1imiufivims

o P o
ilJ'liﬂ‘gﬂ‘V]LWﬁ']‘llﬂ\‘mEJlﬁﬂi
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o [ d o o e
2. iimsdSuanuisisevvesvemes lnomsUsunszua Iniige nvertor uaz 14
y A s a I 1 =1 a0 o ar o @ -
A399UIANWIT5 oY UMANUEITOUTMIAY 20 pm. VaIZALIRUARINTTUINAT |
3 '
W, 2 1IN, 3 1IN NN AN A LN IR T UNAINANISNA A8

o w d y o o8
3. imsdSunnuiEasevoauemasitu 30 rpm. WNIENL 170 pm. udIvE IR

4 d d o P @
4. Wenanpuaivniiwan 181 fit cure fauaaslunanuan v.

»
a o

o a ¢
5.5 duneulumsfadsganaaeunumivgdaladiuauuueimanyuiu

¥
s

= o a [ ' '
1Uﬂ'li@'lﬂﬁ\?‘]fﬂ@ﬂﬂ'imﬂ’]’iﬂﬂaﬂdl‘jﬂﬁu ‘01ﬂﬂ1‘§1"j&’ﬂﬂﬂﬂﬂmﬂNulﬂﬁﬁﬁ‘]ul{l“']f?]}'w

q Ll

o t::l o = 3 = 9 Y Y o = : o s 9w
AN INsANAUTIVT0o1A219Y11nN15AAAS Thermocouple Type K $1u2u 13 dadfuga
Digital Thermometer and Multichannel Switch (6) Tag®1n1a# 19 1un15 I sznovud e

919 3 @IUAD 9INMAYFUYT (Primary Air), 11T d 1§98 (Nozzle Jet) wazons

= a &b 9 rog o a = [ =1 = ” . o Y c;
RAIGREEARY cﬁa"lﬂmmmmmmummtmmmmﬂu 79 Blower (1) HYA Magnetic Switch MHUIN

u

Hosumsaaleesvesnszua I lUfawemesves Blower luadiuueseinialume Primary Air

1 A o i o @ o 1 "
WHIUYA Gate valve (17) Fhmihfinauguensins Inauaziaons1ms lvaruga Orifice

(18)

PR O8N b MMy 2er

*

(14)

Bl valve

Woaer

(1) Blower (2) LPG supply (3) Manometer (4) Orifice plate

(5) Fluidized-bed combustor (6) Digital Thermometer and Multichannel Switch (7) Screw feeder

(8) Hopper (9) Motor (10) Inverter (11) Burner
(12) Primary air (13) Secondary air (14) Bypass air (15) Thermocouple
(16) Cyclone (17) Gate valve (18) Flue gas analyzer

dl. as o a o
3UN 5.19 Awaasgaglniainisnaaes muvgda ladiuauuuoinemyuin
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4 a o { o a a @
plate (4) 1A Manometer (3) ¥301Me)guqil wmtluemeani Iddsingnissivgda ladiad
I~ ar ' (=1 =Y ' -
waziudrvrongannaulugnizvoswemduingnnzimilouveunad e1nAaIuM 2
- k4 0
Nozzle Jet iffuganmimauaziomanandinauiu laoe ez A uuEunTz10audan 2
:? s éf =Y =1 1 1 ] a 9 Y 1
Yunwazwiudemawnaunaz lasmsanud i ludadoasn Tnil Tudiuveseinia
) 1 é o dl a/s
Tuv® Nozzle Jet 9H1UYA Gate Valve (17) F3miAin1uguonsIns lnaveseininaz
a [ 1 3 9/ ~ ay
Y5U8R3113 1Ak Orifice meter 1Az Manometer (3) @ 151509 1491317 5.2 Tauide
MAUNAUIYNUITIN18 11 Hopper (8) 929NA1G8UNIGND Nozzle Jet Tauld Screw feeder
4 o o @ 3 ) 4 = =] o =1
(7) FaTiduidanin Motor (9) lugaduindounazil nverter (10) ilugatSuanussouves
| a a 1 '+ & P
Motor @IHDINIANAUNT (Secondry Air) vz 1UITIgnoaN Tnviign Gate Vale Faiinininiy
AUEAINS IMaveteIniAuaz Ui udns1n1s 1naveseInIAKIUYA Orifice plate (4) HA Y
¥
] 1 ] [ ar " 9} as =Y
Manometer (3) @1150utap MA@ uToonTu 4 daumn fuTavegswamdimamiausiom
nananam NG aieavzAaaadudTrmisi it Iuve e nduazasmindusaiiveaunmn 9

= = 1

90 847N ©IMAVE InaiimuieIRaeIMAAsnd VSNdINA1 4 AU 9 Auieseay
Vv

19 /19 um1 1Ay Orifice Manometer 14 3 FAVE Qﬂ‘l_l FJUMEUNY Armored Variable Area
¥ [ b

Flowmeter 518az@vad1u150g IdninduasumsdSuiivnluriade 5.3 uazilodadaya

o P Y R A o ' ) =
Qﬂﬂﬁml‘iﬂu‘iEJULLﬂ'JiN!.iﬂJ“ﬂ'Iﬂ’]'iQHLWHN"I l!,ffﬂ\‘lﬂﬂg'l]ﬂ 5.18

5.6 YUADUNIINADDI
: dy 1 0’: l:: | 3 1 ﬂ’:
Tudunouilutsdunsumsnaasvenidlu 2 dunsu fie Junsumsguinumuay iy
3 = o) [ @ 1 qy
asuMsnaanar Il lasilsiwaziduanid 9 Aene 1

5.6.1 UUADUNITYUIA

=y

[ aa 5 a = 9 9 Y u’: o ﬂ = v
nasnniaangUnssimsnaaeasouseondl lumawn Tnihiuduiluiidesiinisqu

1 o 1 Y ar o s
MUHINBUIAYNE TAaZRINITEUIANIAIY LPG Supply (2) Tao 14 21m1 (Bumer) 1515y

: = u’: o i ] 1 9 = 4 1
wWad I Iddudihdunmiviud ldiveguimvsanuan (5) Miigunglgefimunzaudo
Y U & 3 9/ A U Yt =) 0 =
s Indidonon delududuisugua iigunginieluadszuim 450 °C augungil
nelumsunin1vnin15 U5 U108 Nozzle Jet Non31013 1Mau0901nIAAIMATY 1,150

: 3 g o s 9 a A 1 dy a dgJ
I/min W3 0uN1911015U5U Gate Value (17) Tio1miergugdesiowgugomasunauiu 91n
3 o 4 a 4 g a Fl Y]
WMt ouBamasunavale Screw feeder (7) i Iidamaanaudn ldsaudueineein
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1200
800
400 FW
0 (B Foop 1 v U 8 5 g [ g
800
&M
400 r/R=0.8
OU 0 Ple d g b o b B o 0y 1%
g 800 :
E :B/QEM
2,400 E /R=0.6
B aledlh Lol fsfs i i
= O 3
N NM
400 —'3’/8: »
L /R=0.4
0 l 1 I 1 I 1 ' 1 l 1 | 1 I 1
e __é/,e_'ﬁrﬁ:mﬁﬂ:aﬂe_g
400 i r/R=0.2
0 e g ¢ 0 s b ¢ a4
= ;&M
el H/R=0.0
0 Bl Bowdbog 9 § F 5 0 ¢ i,
0 025 05 075 1 12515 175 2

3N 6.4 dnumzmisnszaregamgiineluaveBC nidi hifinenen (without throat)

Height above the Distributor,(m)
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§ o a a a & - g ' a
WeimsdivlSumveseniamAsgideoimaianuadl A = 0.4 sziiu 18519105010

a as o e ° a iy
61ﬂ1ﬁ1ﬁﬂﬂau%1uju 40% ﬂJENEﬂﬂ‘]ﬁTIQHMﬂ‘N%fINﬂ‘lfl’Iﬁ[ﬁmmﬁﬂj}uﬂummxmmﬁﬁﬁdmu

q.n 3 é [] o 1
17189 Nozzle Jet AARAUNADINEGI 60% UYBIDINIANINUAFIBILTAV 95 In ezt 1897

- o 2 ) 2K
A = 0.4 9z limsnsznvgamngiigegauSuaianmunim oR = 0.0 LazzAoy 9 anns daus



73

3198 x = 0.075 m. YU x = 1.0 m. 3Uf93202 /R = 0.2 ANUHTIVDINITUYUILG ARG 1A
& o M @ ' v oA 2 o ) a ° & o Y
Nm“lﬁmmfmﬂus:w’maqmﬂ“luuu'Jifmmamqmﬂwﬂﬁgmwgnaﬂmm Favzduna 1
Y ei 9 ) é .r!' = =
18919 A = 0.0 ﬂ:”lwmiﬂszmuqmﬂgnqwui‘luNmummﬂmﬂsmmﬂjmmmﬂﬂgngmm
NUBIMAN IR IULITY Nozzle Jet HUSmmuInAd1nsmInnuZouveeniswt vsaiumu )
s A = o 9/ 9/ =Y ¥ =Y a J o 1]
unuuﬂsmmmﬂmwwm“lwnmm”l'ﬂnqmﬂguqamﬂﬂuqmﬁguﬂzwquu TR
ANNFIN x = 0.375 m. AVUUINNNFIVOUMNITZUS /R = 0.4 PUAINTIVOUAUMIATDAA 1Y

4 o
HHINNUGIVBUAWNFTAITUFUN 6.5 (1)

— #wall v--v m=18kg/hr,=0.25, A=0.0
<% p=iB g by e 25, =110 &--8 m=18kg/hr, =025, A=0.25
&--8 m=18 kg/hr,0=0.25, A=0.25 m=18kg/hr,=0.25, A=0.4

6—o m=18 kg/hr,0=0.25, =04

1200
800
400 E TR "
O l 1 I 1 ' 1 I 1 I 1 l 1 I ]
800 - 2L
00 r/R=0.8
Q 0 I T Y T ) A A I | L
N g - .
ig‘ 800 — mmzs:&m
= 75
g0 < t/R=0.6
(3] O | E ] I 1 | 1 Ll } 1 | 1 l 1
e
800 — IE= = =
- =y t/R=0.4
0 1 I 1 l 1 ] 1 I 1 1 I 1 | 1
400||S|25||lt|r &
x=0.525m. 800 —
800gp—=R=— = === B
400 [ll!llll 400ﬁ
x=0.373m._ | r/R=0.2
800 = = 0 1 I 1 1 I 1 | 1 1 l [
400 = 1 4 | o | ) i
800 __F(iizsm;. P 800 [~ =
P A P Crad LSS
800 x=0.075m. 400 E L/R=0.0
400“—-—- . O 1 l 1 l 1 i 1 | 1 | 1 I | | 1
% 02 04 06 08 1 0 025 05 075 1 125 15 175 2
Radial distance, r/R. Height above the Distributor,(m)
(M) MIULUISFT (¥) MNUUINNNG

s

U 65 dnumzmsnszaegamngiiniolumvese nidi lifinenen (without throat) Aigas

3 '
Houdomaaunaumiiy 18 kghr.idasamauya O iy 0.25
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6223 nsai D =03
WTUIINGUN 6.6 (N) dnvmzvoanisnszawgmnainielum VEBC nad laid
oA o [ - o 1 " oo o, Y a
ABABAITWUIUUDNINITUTY A = 0.4 N8an1druauyamifiy 0.3 sxifums 195 ume s

a -

= 3 = o 1
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9 a
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a d a 4 o1 oA 3

anlSuimveanduiivesoimmlgugias sxwin a9 A = 0.4 3z 1¥nisnszaisues

RUNNUGIGAVTIUIANINANAILUITAIVDINUNIUARDANIA NN G IUDAAUAF AR Y

Q L a

" b

314 6.6 (v) Tawarvveanawn Indvoademasunaylunsdlog o DT80 x = 0.225 m. auf
a A ' =1 [ :: "

x =1.275 m. Tavgamgiimasnielumusiiaiszuia 800 ' uazaziiulddm A wa 2 a

Ao A =0.25 uay 0.4 vz IufiwadenisinTnifnmin a U5 x = 0.975 m. Wwddmuues

v 3/ A A Y a y U a0 A

roum Indionaiioaninninanuusavesnisnyuiuine IdiRannuiuiuinanas @e
' 1 4

sy luaimiiisueeudiadimndifestulSuaveseniai Tnatuauuuaun)

Taihldmsnsznogungiita luuandrafummin

623 faledelunsaiihiiimsindanenen

MAramInaassveInsiadSinama ledei 18vnnsmn Inffveanmn VEBC
lunsdiit lifin1sAndanenon figasimstoudomasunauniify 18 ke/hr. tiaMn31l3n
85115 Inavesemeald A = 0.0, 0.25 uaz 0.4 mudIdy wumsnlasundasues A ina
nsznudodTuInvesmigeendou(y), fwnrsveulasenled (co), A
miveunenenlad (o), MaluTnsiousonlad (No) uazfaluTasioulaoen lad (No,)
HadelUid

iite @ = 0.2 viifu1d Tumsnaasalunsdin ez 1S unaesenaluntsimn
IndlSmannnildnswn Indgumgil ligannin Soh IS unavesfaeendiui
mdevinmsikn Tndiaoudhann TasilSmmveseondiougeds 12.5% uaglumanduduile
YSinaeendnumaninndTinafmsmiveuveuen lydnsziisandias Tasiiaszana 5%
dmfulunsdid=od4uazifiosninnismrIndguugilugeseiildsuim
ﬂﬁueuu'auaﬂﬂmﬁﬁﬁuﬁnmﬂﬁuTﬂﬂﬁmmﬂfzﬂﬁﬁﬁu 1,400 ppm. YmgiRoITUE BN151HN
Tnfigumgil lugeda Iifa luTnsiow lasen lasiia i Taodiaszuta 210 ppm. uaz 205
ppm. MUAIRUATUTRIRAINATE UMM IS Fu101e 9 S Sdnumsdmmludt e
D-0.25 vz Idh lumsnaaesiive 195 mavesomadauAuToon 11 @ - 0.2 Savhls
mixm‘lﬂﬁffmlgnfn’imam:wuﬁ11J?mtu‘ummmﬁnﬁugﬁsiammﬁf?wm A = 0.4 ail

U 3 ¥
ANUUTIvRIMIHYUINAU g ok IdiRan s iulhuduiueyaiaiwemaunavey
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8 = o L 9 -\; [l ° Y =) a )
nuluar ldu Joih Idmswn Indududawai Ifgaingiiqe Tas Usinaweafa

=Y q' -~ Y o oW 4 u' U = o 1
DONGIUTINAD NN TN 10% Fadndnsdi A = 0.0 uaz 0.25 Tawazifludadiu

a a  a o o S A A J () 2 o YV

Anlsiunumansvenlaeenlad Furutumif 6% uazwaveansuyuainsaii l¥msmm
v ¢ 4 a2 oqvw o 7a v o & 3
'lwauy'smmﬂw v limamsueuveusn ladadiaaumiiu 380 ppm. iiio1nnsiklnd

1uﬂsﬁunamwﬂﬁﬁﬁaﬁﬂﬁ’ﬂ?mmvmrcfw'lu‘Immuaan"lcnﬁua:ﬁ'w"luImmu‘lﬂaﬂﬂ"lmﬁ

a Y £

a J A o Y o w o A kY Vet =
IWNGIVULINAUNIND 305 1 310 ppm. mnmﬁmmu‘n"lﬂmﬂmimﬂwunaﬂymmﬂuam1

as ::ly Y A w - ] =) o
HaZANYUSYDIVIIUANYULAZIDUAN I IUATH D = O.ZIﬂUUﬁﬂ']ﬂuWI’l

—— =wall v--v m=18kg/hr,®=0.3, A=0.0
w-y mif‘igﬁsrg-ir tggj &8 m=18kg/hr,0=0.3, A=0.25
-8 m= =U. =
» ) i = k =U. —U.
0—6 m=18 keg/hr,d=0.3, A=0.4 ==l g/l Tiwll.3, bk
1200| LlS?S 1200
x=1. m.
T
e MEZ S S,
800g== ey 400 t/R=1.0
Zgg—;Fll.S';'Sn!l.l ! L 0 Bt b ¢ Fad 4 1 o 0w by
q00fr T, 1 Y P 800 #M
800 =B 400
a0 | T r/R=0.8
C O 9 ble £ el 5 Koy g b e
O 800 S
g400 x=1|-27;5n} I G 1 5800 | _ﬁm‘q___w
§ 20 § 400 [off )
&400 PSRN an & o r/R=0.6
Esooia l L e . PR T W R il
=09750. | | L P - A g-g
400 =897, oL
800 - v/
400 ?‘ ? ; l’! I 1 400 T/R=0.4
800 - 0|l|l|l[|1|| 1
400 x=q.6';:5n}.l | s
800%%,4 800 — M
400 =955 . f
KL AT /R=0.2
0 L l 1 I 1 I 1 I 1 I 1 I 1 I 1
800
400 _
‘-'-‘.'.'_.’. 0||||||rl|||lt[.|
0 02 04 06 08 1 0 025 05 075 1 125 15 135 2
Radial distance, 1/R. Height above the Distributor,(m)
(M) MULUISFY (¥) MUUUINNVY

sin 6.6 aﬂymwmsn’:‘wmuqmwnumuiumwmc nsdi lifinonon (without throat) 5A31

Houdomamnaumiiu 18 ke/hr fisasrd ey @ iy 0.3
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= 1 Vv '

4 o [ a [l a
e @ = 0.3 wiriu ld NS avesemediuiulunsdiazdaiosnit © =02 uax
o Y |a [l ] - s a
@ = 0.25 i liSnavesomalumsin Inddesnirdawaliiinsien Indfiauusaluints
4 4 a ~ d o R ' Y a e o q o
YU HWONNTUN A = 0.4 AdawuanFwaveanmsnyuaune inanuiutl i i nsen

- ¥ ¥
Infvosoymaemaawnavegmulumumundwi lieungiqs Tavgumgiinsdiiviy

a U

o a | "oas 1 o o
900 °C Vo IHUFmnavesmiwo, imdesinmswn ndfivirfy s% uazdmmai i co,

A 4 Y 4 a0 o v ot et 2 o q Yo °
W gaiuam Tdae Fadinuviiy 8% mswn Indflunsailigamgigelei ¥ co and

U

1 s 1 1 C; ; = 1 ar
ANy 370 ppm. @IUATNO uag NO, LWUiﬂﬂ‘UuIﬂUNﬂWWﬂﬂ‘U 300 ppm. LA%295 ppm. AN

[

191

-8 m=18kg/hr, A=0.0 , without throat
&= m=18kg/hr, A=0.25, without throat
6—o m=18kg/hr, A=0.40, without throat

2 0.25 0.3 0.35
Equivalence ratio,®

311 6.7 uansnnuduiutvesiaiifiannmsmn Iusisznine o, co,, Co, NO 1Az NO_ fiu
11 @D =0.2,0.25, 0.3 1Az 0.35 18 A = 0.0, 0.25 taz 0.4 naluwaum VEBC nsally

iinonon

dau @ =035 Wumsiwn IndlaslFermmlgugiuazeimeiaderinmands Nozze et

Tauldoimmgugid 100% w1 183/5maivesie o, imasninmam Indifios 4.5% uaz
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o o 4 4 4 oa P 1
virldie co, iuinuidiu 9% datinavin liiie co muAugadie 1,400 ppm.taz e NO Haz

v ¥
as s k1 o =] =
NO, I 300 ppm. ATuR IAnnmsm ndiadumumzBidonmsen ndiidnyay

= o o as U kY =
ﬁmﬂummawaﬂym:ﬂaummzmmﬂ

6.3 IR UNBIINDABA (Throat)

¥
a o oA a £

= o e
mmﬂgaﬂ"lwmmmummﬁmgu’mﬂmuﬂaﬂaﬂ (Throat) ANAARINUTLINAL

v 3/
nanvesreun ngd Adasimstlouvouvemaunaumiiv 18 ke/hr.

6.3.1 dnfwavesdanauanya (D)
6.3.1.1 0) n3atlaidimsAaeimanyuau (A =0.00)
:Idyd P a @ 4
nstiilunsfivesmsnaananlderniemlgugiisauiueininued Nozzle et ifios
; ¥
L) = _= ar ’ < A

pt1iAes lnoemaunavnnmedudradnnsausueimanislune Nozzle Jet u5mfa

' a n’r, 1 Y 1 g = ar A
narum ldurunsswauasnaui nmiueimsduiinsedudomaunan ludnmnans
e Tagdasims navesemeansii uazoimmguginamesdmasveumezsoliina

o = o o A e Y ar ay a 1w

sngmsaiyada ladsu nnnanismeasaiiedmualisasimstloudemasunaviiiy

. 4 a o a
0.3 kg/min #39 18 kg/hr. Faaunsndnsizd IWonnswlugdi 6.8 () Tasdumsiasan
mMsnsznwguninielumuma il sal wznudinsain @ =035 n1snszauiives
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= A o I 0' =

0.4 N3BUTNUNINANVBINUMIUAILIATIVBUMINIAZ IZADY <) AARIAIIURUNYTIZ
MigaegiusnamisaunuaziionSvudvunsnsznegamgiilunuinnugaveanng

9/ ' a a0 :: A a 3 1 ' J
Taningi 6.8 () wsnudgunglziisvmivinuduasveunumunzazdes 4 geiu Ta

= L

w2 iguNQUgIqABYNsus x = 0.525 m. DIAIMVUVBUAUAT N2V VR = 0.0 59 /R = 0.4

LY

Tavgamaiimasmelumumyszuin 800 - 840 'C uaziiforiimsUSunasua @ = 0.3 uae

=Y

0.25 M3nszngungdeziianmanareiulugiusnvesnam IndfeuSnaduaisveam

INIURIAUMINANNGS x = 0.525 m. uazmiedunisuTnudnaniimmnsznogungd

U
]

Tiuandreiumnin uSnadfiszes vR =02 Wi /R = 0.6 iAW x = 0.675 m. e x =
1275 m. TavgamgiindvuSnadanarnilsefidniify 750 - 780 °C uazazsion 9 anR109
wazzAuhANAnAIveIMsnsEegamogluuSa Indduminan i R = 0.8 1
84 R = Lo@iaumiiiosnninaemelgugiafiysamni o ¥iAednyazveam
swwazmsunseinnuioulifumiuannaanlude smsunsdimsdsunlfoud @ =

< !

0.2 gamgiimswn Indisuda linaii Tnsgrasnvesmsan Infigamgiiqaunzezdos 4 an
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c', ' -1 a 4 a 1 a 1 o
Anasu limnsanuwansnszawgungi e ilosnnlSimamesomadauuiining
TWliRanswn Ind 18 Tavgungiiezdes 9 andiassugamgiidiniwenwavesnisan Iu

2. Y
Youromadnanlé

6.3.1.2 ) NIANADINMANYUIU 25%UBIDIMANIHUA (A = 0.25)
Vv v
nstithlunstlvesmsanu TaevnisutetSuaeimei 9 lumsmn mdoenisiy
3 dau 1dun 01ne)gugd, 910171910 Nozzle Jet iazoimamdogd Taviivinissimuald

9IN1A910 Nozzle Jet AnsfinananIsnaneuazo1nmlgugisuniueInIAeIA Nozzle Jet

o—o m=18 kg/hr,d=0.25 , A=0.0 6—o m=18kg/hr,d=0.25, 1=0.0
=-8 m=18 kg/hr,0=0.3 , A=0.0 =-8 m=18kg/hr,®=0.3 , A=0.0
&--A m=18 kg/hr,0=0.35 , A=0.0 - m=18kg/hr,®=0.35, 1=0.0
1200
L e 1200
ot B T
400 =0 1 o [ ¢+ 1 4 | 800 é_;
e T 400 : t/R=1.0
400 =0 | I I
0
800
400
S0
o
= £ 300
] 154
& S 400
2 5
800
400 T
0
800
400
0
800
400 & t/R=0.0
"' ¥ 01|l|11|||||||[1
0 02 04 06 08 1 0 025 05 075 1 125 15 175 2
Radial distance, r/R. Height above the Distributor,(m)
(M) MULUITAL (W) MULUIANINTGY

t:; o = bt d.
31N 6.8 dnvuzminsznvgangiinelumVEBC nsdilinanen ( throat) i asileuide

INGIUAAUIAY 18 kg/hr. 1A 199D 0.0
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3/ ¥
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n3fivee @ = 0.3 WuMInszewiIvesguugiuTnuduasveadoun Ing (milousiy

a o ' = o ' y [
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=
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Y
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=
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veAvaldormadiui 2 81 25% vesornimianuavesnansdidiungaelumsm Indeziiu
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L o ' s w 1 o a a
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Tnanyuani ldgamgiide llqunminlesnnemedudunnauuasidnyazadoi
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o1me o Iieymaomdanaufamsvyuiudarna i gungidenaiiand dons
Inavesommiudumisvesmsiadaildomeasuidomdanauiuludnyazveens na
y U 2 o L 1 9 J =Y 9 d?
weuuuIudmiei ldeymamelumeyluausn 1uuiiu gungiinism Indgedu
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" s (Y o = = a é = I:;.
Indedreiuiiula M1dTgungiqeusnannaiumlasgungiigeganislumedi
¥
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Uszaas 850 - 870 °C AUA /R = 0.0 3UE /R = 0.6 YBININANIIUNIULAZRUNYTZADY
]

9

(; ) L A ar = ] = i s s =
aadausnamiumandwiunsd A = 0.0 usgamglimiumdsligungiiqe Tavgung

masuTnuRTumMY Tz 600 - 650 °C 9 189031 6.9 (1) drmidioiimdsusasinsna

a1

‘Uﬂﬂﬂ'lﬂ'lﬁiﬂ D =029 W‘]J’J'Iﬁﬂ‘lelﬂl“‘tlﬂdﬂ'lfiﬂ‘iu%'!UE]ﬂl'ﬂﬂHllﬂ'lﬂ'mQElU'Nl.?‘E‘hIvlﬁ‘;f’ﬂIﬂﬂﬂ'ﬁ

ﬂsxmuqmﬂqﬁma“lmmmauqqqﬂag‘nﬂﬁzmm 600 - 650 °C VT MANAAMIIUT IR =
-& 9/ ar =1 9/ -7 = é oA - n’:

0.6 ¥anawnUNsH O =0.3 19dUNAIINNITNANBIINYSSAITHTHINABNITAAAINDADA

VTN x = 1.125 m. hIdinasnyazvesnsansuinesenuinuladunav Iifasnyas

=

2 o q a YN Y 1 1 M =2 e gy
maami"lﬂaﬂymu‘lﬂm "iN‘V'l'lal‘l‘T'BLjﬂ']ﬂl!ﬂﬁﬂlﬂﬂﬂ'lim'lulﬂ3J1ﬂﬂUNﬂBLU'EN'iNVIﬂHﬂqillﬂﬂ“iJ

a .3 0 o ] = &
gL 850 171 890 °C a1 Aumila x = 1275 m. 9 x = 1.575 m. Fams Tranyuauluin

w uy ' =] 4 4 o <
wildnuazadoiuimlavad Iezdeudnuazvnoiu S ldgamgiigeuSnm R = 0.2
=2
ufiy
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6.3.1.3 A) NIUNADINANUIU 40%VBIIMANINNA (A = 0.4)

— =

!.'i‘]‘uﬂiﬂi'ﬂV]’Iﬂ’iiﬁﬂ‘ﬂ'lﬂﬂﬂtiﬂ‘ﬁﬂimﬂﬂuﬁu’l‘L!!.m']JS?J'Im"UEJQ'Eﬂﬂ'IﬁﬂﬁU Uagum
a d
LWTLJL'lJ‘u 40% ﬂ@ﬁﬂ’]ﬂ@ﬂuﬂ iﬂﬂNﬁﬂ"liﬂﬂﬁf}ﬂﬂﬂuﬁﬂﬂugﬂﬂ 6.10 (n) Wﬁ]’l‘iimﬂﬁﬂiz‘ﬂ']f)

ganilnmuuialagnuulenmsdiudasims mavesorman @ = 0.3 azwunldng

9

=

! a £ a o 1l
nszNugUNRiigeigausnnganinaweun i Invgumgimavegiitlszana 900 - 920 °C
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=Y =y =~ o 3 a 1
nAviiiu 40% S lddaduvosena
M o v
foY ﬂ‘meﬁJ'l’Nﬂ'lﬁ1‘Hf‘lﬂlﬂﬂﬂ'lﬂ1ﬁ‘!’ﬂx?ﬂ1u

¢'| ddy 3 o a [
woannlunsaii ldvilsusasinis lvavesoma

YgunisWAVINIAN Nozzle Jet anauilu 60%

] 1 ‘; [-v3 C; y & Qs L [ 1
ANYDUAUNIDADIAINLBATIVRINITHYL U TIRLTY Favziiu IRFahuSnuduaisves

*-% m=18 kg/hr,d=0.2 , 1=0.25 #--% m=18 kg/hr,®=0.2 , A=0.25
66— m=18 kg/hr,d=0.25, A=0.25 6—e m=18 kg/hr,0=0.25, 1=0.25
G-8 m=18 kg/hr,0=0.3 , A=0.25 &-8 m=18 kg/hr,0=0.3 |, A=0.25

1200
800
400

800
400

& oo
(=2 -1
(=R = I -]

<

0
Temperature, C

Tempcrature,OC

oo
(=]
(=]

800
400

800
400

0
800
400

00 0:25 0.5 095 1 125 15 195 2
Height above the Distributor,(m)

00 02 04 06 08 1
Radial distance, m.

(M) MIWLUITAE (1) MUUUINNINGY

[ ' b4
3N 6.9 dnuaizmsnsznsgumginiulumVEBC nsdifinenon ( throat) fidnstlouide

IWAUNALNINY 18 ke/hr. N1 A W91 0.25

— = a 3 1 g g o 1
wunligungiigalszanm 800 °C wasmuiuadiasas uilu 900 °C o Auma X = 0.675 m.
Ll A _y 1 qd’ L5 =1
PINUNNANUAT /R =0 ﬂuﬁﬁ r/R=04 uazqm?‘i{]mzﬂaﬂ 4 aﬂaﬂﬂﬂqmﬁguﬂwuamuwm
1o 124 4 . @ [~
Ahaaegmlszanm 600 - 650 "C uaziiermsiSudasims navesommbu @ = 0.25 vz
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-8 m=18kg/hr, A=0.0 , throat
a--A m=]8kg/hr, 1=0.25, throat
o—o m=18kg/hr, 1=0.40, throat

8

4

0

0.2 0.25 0.3 0.35
Equivalence ratio,®

UM 6.14 uamnnuFuiusvesaifanamsinnisznin o, co,, O, NO uag NO,
num @ =0.2,0.25,0.3 uag 0.35 i A = 0.00, 0.25 Lz 0.4 A1l N1 VFBC

=
NIUUNDNDA

6.5 Uszansmumaw Insiveun 1w VFBC
namlszansmmmsen nd lasnnniesiduduesms uoungs luwn Tud lud

¥

o

v ' s a o a
mwswmmmm"lwﬂﬂw‘lum1VFBC ﬂ‘jil‘lllﬂﬂﬂﬂﬂ(throat)‘ﬂ't)ﬂi'lﬂ'l‘illﬁﬂ‘uﬂﬁﬂ'lﬂ'lﬁ‘lﬁﬁﬂﬁu
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¥
InavesomemAvgiineemmisnual, = 0.0 v ldsz@nEamnswn Indgagamiiiy 97%
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#*---# m=18kg/hr, A=0.25, Throat
&—e m=18kg/hr, A=0.25, without Throat

#-—% m=18kg/hr,A=0.4, Throat
o—o m=18kg/hr,A=0.4, without Throat
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AMANTANIIMEMNANY vouuaiiiuunay

1. MIMTATINYDII1( Void fraction, £, JWazANUNAN(Sphericity, #; )UBINAAY, kunii [13]
uazAfIvals |

void volume

m

h Volume of ( particles + voids)

2INMINARDIUTUINTUDI n-hexane ADUNAY = 55 Uadans

a

USumsvvanauazyoddny =205 iaaans

Usuinsnaanay =58 Jaaans
. s 55+20.5-58
ATINUYDIFDIINVDIUUA O e el
20.5
=0.85

91nN3MY0IKuniiazLevenspiel [13 11ug1/f 3.9 1du normal
Packing wld
£, =0.85
¢, = 0.24 g/em’
2. IHURIHAYENANYBINIINAINBLIMTUINAY(diameter of sphere having the volume, d 3
YTuesveaunauiunssedile  =20.5 Naaans
TIUIUVDIDYMA =600 DYMA

" . ﬂ'dp3
USuiasvounay = NUINVDIDYMA X ;

=1Snasveaunautazyoding x (1-¢,,)
3

T
600 x 6" = 20.5 x (1-0.85)

. 6x20.5%x0.15%x 7
d, =
22 % 600
=9.784x107

d =0.214 cm.
=214x10" m.

3. ANNHHMUUY N
£
HINHNVDILNAY =10.5881 N5W

Sunsvoaunau = 83.3 Uaaans
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ANUHUUIUUVDAUNAY

4. MmsmifSnannuiy

¥
° ar

HIHNUNUDUNAVADHDL

¥
o as

HINHAVDIULNAUHAD

» Y
ninveari lunnay

105881
83.3(1-0.85)
=0.8473 g/ml(NTUADLAATNT)

= 3.0625 N5W
= 2.7545 NSU

= 0.308 N3N

¥
11smm%’auawmmw%mmunau

_ O'SOSXIOO=10.O6 o

3.0625

5. mymanudwngainiiitavigdaladia (U,,)

unaY(rice husk) , ¢ = 0.24
pn‘ce husk 0.8473 g/cmj

d,=02l4cm = 2.14%1073 m.

n3s’c ol (A, p,=12%10"g/em’

H = 1.8%10" g/cmJ

91AM15199 3.1 wan 1A% yu (1965) kunii [13 ]

L 00408, K, =24.5098

1,75

o _1500-5,)

2 By 2
gmf ¢S

3 1.75

Epy = =)
(24.5098)(0.24)

2975

97



£, =0.2975 = 0.6675

1.75

e B GOR
(0.2975)(0.24)
e K= 150(1_30'66752) =2911.4317
(0.6675°)(0.24%)
d’ -
ar= PP PE |
y7,
unumluaunisE)
3 —
Ly = 0214°x0.0012x(0.8473—0.0012)981 _ . o o

0.00018?

q 9 o 4 o a a o
aumsnlFlumsinnumanusidigalunmsiiargdalasd

1.75 (demfpg)zJ_Iso(l—gmf) demfpg - dpspg(pR _pg)g (4)
5 e

2

gmf3¢$' H | gmf3¢82 H H

1INANNIT (1) 1ag (2) Lmufiﬂu(4) 513.].?,{
[(0214)U,,, (0.0012)F « 10214,,(0.0012)

: 8 4 =301278.58
(0.00018) (0.00018)

49.8867Umf2 +4157.6425U,,, = 301278.58

~.U,, = 46.509 cm/ s (qungii 35 °0)
figaingd 950 °c

p, =0.28920x107 g/cm’

io=4.74560 x10* g/cm’
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3
d, p.(Pr—P,)E
2

Y7

0.214)U, ,(0.2892x107*)(0.8473 - 0.2892 % 107*)(981
L 102140, (0.2892x10°)( x10°)98D) _ 1045710

(4.7456x107)*

Ar =

unua luaums@) a2 14

=10457.19

- [(0.214)U,,(0.2892x107)F e [(0.214)U,,(0.2892x107)
' (4.7456x107)? : (4.7456x107*)

0.41685U,,," +379.6885U,, =10457.19
U, =26.75 cm/ s (figungd 950°C)

6. ANNITIGATIEVeIM5HgdAlAw(Terminal Velocity of Particles, U, )
Rice husk, ¢¢ = 0.24

P =0.8473 g/ cm’
d,=0214 cm.

Air, p, =1.2x1 0
i =1.8%10™

‘g [P, (Pr—pg)E]

4y =, 5)
unumazld
. [(0.0012)(0.8473 — 0.0012)980]""?
d’ =0214*

(0.00018%)"°
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d,’ =67.038
-1
ur [8 +2.335_%} _________ ©
» @,)”

unua luaunis(s)

U,'=[ 18 +(1.744)(0.24)J'
(67.038)*  (67.038)%°

= U =4.20045

H(Pg —ng )g} ™

g S s )
Py

unua luaunmsz) aweld

5 (0.0018)(0.8473—0.0012)980]”3

L 0.0012°
U, =4252758 cm/ s

7. AN emavIdazeeniiininzan(Q, Q)

Air flow rate, Q,

dns1mstlouunay = 21 kg/hr
USinaivetemeidomaa = 5.368 kg/kgl%’amaq
ons1tlounnay 21 kg/hr ADIMSDINA = 112.728 ke/hr

0 =t 11?;28 =93.94 m’ | hr

a

Fluegas rate, Q,

100
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8n51m3 InavoaMaiourIoon(F,)

9504273

= (93.94) = 373.015 m* / hr 71 950°C
35+ 273

vy

o 4' "i Y oo
8. AMHIUNUNHHINAAUNT

nn 0=U,4

i=2

Uf

U, =3U

1 950°C
Uf =3x%x26.75/100 = 0.8025 m/s

373015
0.8025x 3600

D= JE =0.405m
T

figaungli 35°C
U, =3x46.509/100=1.395m/s

W

nf

0.129

9394
1.395% 3600

D= ‘/ﬂ =0.154 m
i1

Ay (0.405+0.154)/2=0.279 m. ~ 0.3 m.

=0.0187 m?
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80 T I T T I T T

W

60 — orifice for primary air =

9 h=2.1617- 0.0026476 Q +3.2878 x 10° Q° 1

50 o
<, -
s
g 40 =
E
..‘:H —

("8
o

[\
o

0 1000 2000 3000 4000 5000
Air Flow rate (Q), I/min

g‘lj‘ﬁ .1 N3 1WA Calibration curve Orifice plate mmmmﬁﬂgngﬁﬁu Flow meter

80 I T T i I ] T T

70 _
- orifice for secondary air -
60 h = 1.183-0.0028977 Q + 1.2101x10” Q° N

I ! | 1
500 1000 1500 2000 2500 3000
Air Flow rate (Q), I/min

o

0
0

_ L

gﬂﬁ 9.2 NIINLAAI Calibration curve Orifice plate ¥D3IDIMANAUNU Y1 Flow meter
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80 T } T T I T

0=

60 — ) _
orifice for nozzle

2l h=0.38002 - 5.9841x10~ +1.0885 x10” Q”

h, mm HZO

30 —

20 -

10 —

1 | 1 | | I | | 1
0 500 1000 1500 2000 2500 3000
Air Flow rate(Q), I/min

gﬂﬁ 9.3 NI IUAAY Calibration curve Orifice plate U930101F Nozzle Jet A Flow meter

0.5 T I T T [ T
0.45—

04—
m=-0.020742 + 0.0030215 n

o

[0

h
I

=
(U8 )
[

025

o
o
|

0.15

Rice husk flow rate (m), kg/min

=
|

0.05—

0 30 60 90 120 150 180
n, rpm

a g a i o '
31/ 2.4 n5 1A Calibration curve 993 IMITOUVDAFOINAWNAVNANUTITOUAI 9



:i'. 9/ s =1 [ . a a Qs
A131971 V.1 VOYAVDINTUTUINYULHY Orifice plate ¥999101A13UNUNBUY flow meter

flow rate Ah flow rate An
(Vmiu) mm H,0 (I/min) mm H,0

0 0 4128.76 44
710.9 2 4185.24 46
1013.56 4 4281.6 48
1569.96 6 4322.38 50
1698.43 8 4361.95 52
1924.48 10 4409.47 54
2117.58 12 4473.85 56
2363.25 14 4527.12 58
2436.68 16 4578.62 60
2574.73 18 4611.76 62
2704.6 20 4708.33 64
2813.43 22 4803.28 66
2919.49 24 4835.17 68
3112.31 26 4918.17 70
3229.31 28 4967.14 72
3331.03 30 5056.46 74
3388.74 32 5130.09 76
3573.57 34 5186.21 78
3670.69 36 5284.98 80
3818.87 38 5363.91 82
3884.46 40 5402.85 84
3998.33 42 5512.67 86
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F:i ) ‘v T . = ()
A19319N V.2 ﬂﬂgﬁ‘l]ﬂﬁﬂ']iﬂ‘iﬂlﬁﬂﬂllﬂu Orifice plate Y9401MANAUNINYVNY flow meter

a

| flow rate An
(I/min) mm H,0
0 0
300 1
400 )
500 3
600 4
700 6
800 7
900 9
1000 10
1100 14
1200 16
1300 18
1400 21
1500 24
1600 27
1700 30
1800 35
1500 39
2000 43
2100 48
2200 52
2300 58
2400 64
2500 70
2600 77
2700 82
2800 88
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i v o ' . - o
M3 .3 ﬂagaﬂmamsﬂmmummu Orifice plate ¥949101F nozzles jet INUUNU flow meter

flow rate An
(I/min) mm H,0

0 0
300 1
400 2
500 3
600 4
700 6
800 8
900 10
1000 12
1100 14
1200 16
1300 18
1400 21
1500 24
1600 28
1700 32
1800 36
1900 40
2000 44
2100 47
2200 52
2300 57
2400 63
2500 69
2600 75
2700 80
2800 85




' [ | o 1 a i g 1
M3190 V.4 JoyaveamsiiveudasinmsilowdamaunaunauiEisouas q

UIUTOU (n) flow rate rice husk ﬂizuﬁvlﬂﬁﬂ’mﬂll invertor
rpm kg/min volts
0 0 0
20 0.04 68
30 0.07 83
40 0.1 113
50 0.12 125
60 0.15 138
70 0.2 148
80 0.22 158
90 0.24 168
100 0.28 173
110 0.3 180
120 0.33 188
130 0.37 198
140 0.4 208
150 0.45 218
160 0.47 224
170 0.5 230
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NANUIN A
Measurement Certificate Variable Area Flowmeter

ABB JUAM54



D
Measurement Certificate
Variable Area Flowmeter AM54
Order-No.: 000175356 / X001 TAG-No.: -
Model-No.: AM54 TAG-Name:
Technical Data
meter tube / Float 250-1.263-S Power supply 10-46 V dc
Float weight 237.00g Current output -
Float density 8020,00 g/cm3  Meter size DN 25 (1"
Fluid data
Fluid Air ; Fluid density 7.1510 kg/m3
range (gsmax) (250.000 - 2900,000) I/miRl(gd)pressure 5.000 bar
Viscosity Temperature 20.0°C
Measurement results
Measurement procedure standard (medium water)
Measurement flow (gkmax) 2523.11/h
Equivalent water (gwmax) 2490,0 I/h
accuracy (k) class 1.6 acc. to VDE/VDI 3513
Measurement point 1 2 3 4 5
master:
flow gvm (% v. gwmax) 9.7000 18.1300 26.7500 35.9700 45.0300
D.U.T.
scalegs:  [/min (gn)] 10.0000 20.0000 30.0000 40.0000 50.0000
6 7 8 9 10
master:
flow qvm (% v. gwmax) 54,5000 64.8100 76.3900 88.4900 100.0000
D.U.T.

scale gs:  [Vmin (gn)] 60.0000  70.0000  80.0000  90.0000 100.0000

The above indicated instrument meets the accuracy published
in our specification. The calibration was accomplished in the testrig indicated below.

todd ot fienAd = acain o n-—-ﬁ—\r.—-le-

The Reference-Meters used are calibrated at fixed intervals against star

traceable to national standards.

Test Stand: PS036 Date: 01.03.02 Inspector: W PHILIPP
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Customer

Instrument Description Flue gas analyser

Instrument Model Testo 300M-I

Instrument Serial No. 00336428/004

Entech Associate Co.,Ltd.

FNO662

Calibration No.
Probe Description : -
Probe Model L =

Probe Serial Do-

The Measuring installations used for calibration are regularly calibrated and are tracebled to nation stendard.

Measuring Installations

Descrrptlon
Nitric Ox1de 152 8 ppm
Carbon Monoxide 950 ppm

Carbon Monoxide 298 ppm

Ambient Conditions
Temperature ( Deg.C) 25.7

Humidity ( %RH ) 57.7

Measuring Procedure

Injection of standard calibration gas at 1 L/min flow rate

Measuring Results

Uncertainty of reference: +/-1%,+/-19 ppm, +/-6 ppm

Parameter
Nltnc OXide (NO)
Carban Monoxide (CO)

Carbon Monoxide (CO)

Date of Calibration
23 April 2002

Nomlnal Value
153 ppm
950 ppm

298 ppm

Person responsible

Xt

Reference Number

i ALM 065925

} 0072/02
| 0071/02

I

|-

Actual Value ! De\nataon
153 ppm 0 ppm
950 ppm 0 ppm
300 ppm ~ 2ppm

Supemsor
Al

(Pornchit Karnjanakanti)

(Som-ek Ploysodsai)
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A A ¢ P 4 d
nIednNzimesuamsvey, lalasiouuaz lulasiou [15]

¥
s

] a o a A A Ao ~
'J:u CHN — 900 993U3¥M LECO 5wa:mUﬂﬁJmLﬂiamB?ﬂuﬂdﬂﬂqﬂu

nalumsinsizv
MIVoU 100 UM
lalasiau 180 Jh
TuTnsou 100 BITRYT
'Y ' =Y =1
Faunos 120 N

Detection Method

M5uoU Infrared Absortion
lalasiu Infrared Absortion
Fanes Infrared Absortion
2ONTIIU Infrared Absortion
Tulnsu Infrared Absortion

YUIAVDINIDENUNA 2 mg.
2.5 mg. MIvouINgA lindsiiu
1.0 mg. lalasiou
1.0 mg. Tulnsiau
1.3 mg. Faos

AINDZIDHA (Precision)

MIvou 1 Sigma 0.001
ToTasu 1 Sigma 0.001
TuTasiou 1 Sigma 0.001
Fainos 1 Sigma 0.002
DONFIY 1 Sigma 0.002
3¢z Range (vuﬁvumwmﬁ"mdn 2 mg.)
AsuoU 0.001 D4 100%
Tolasiu 0.001 {14 100%

Tulnsau 0.001 919 100%
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o L4 =4
Fainos 0.001 D3 100%

DONTFIIY 0.001 013 100%

DUNN (Temperature)
Oxidation Furnace 1,000 °C Und, 1,100°C gaga
Reduction Furnace 650 nC ﬂﬂa, 950°C gaae
Pyrolysis Furnace 1,300 e ﬂﬂﬁ, 1,350 ‘e giga

Incoming Reduction Furnace 600 "C
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unAatia
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UULBIMIANYUIN TaoldunauiFomnds  Foldnvoidunss
m:uanﬁﬁﬂmmﬁuﬁ‘mguﬂnnumu'lutmu'i"lﬁu 300 Hafwasl
amgs 1200 Sadwas Tavaymaflidiznaudoamadsuni
uszaMemasni oz lWmoluamanuusduduiauas
ﬁ'\uuu'waamn‘]aummmqﬁngﬁﬁlﬂummnaaaﬁaﬁuﬂ 3 3o
fin 045, 075, 1.05 a3 Mudey AsaMInaEnaes
wnaumefindy 0.2 Alandu 7 wiit wazrimaiudandmauya
. @ iy 08 , 1.0 uas 1.2 Tumrnudazafinsiuadan
aimwaqé'ﬂﬂ'mﬂﬂaLiuﬁmawaammﬁv‘aﬁuqﬁdammﬂr‘fmua
WAL 0, 0.15 WAz 0.25 INHANINARBILFAIIIRAN IR
n'nﬂawma‘rmnnﬁuqﬁﬁ'::u: 0.45 LAY ua:é’nnﬁunuga 0.8
Taviidamamamenduni 0.25 .'lﬁii'!thqﬂmﬁnmu'lmmga
gadizunm 927 pamuadoa uasizus 60 AaflunTanianans
;mmuumi’nﬁa:tﬂuﬁ'\uﬂm'ﬁﬁqmﬂqﬁLaﬁuga'ﬁqa

Abstract

This péper presents the design and test of a vortexing
fluidized-bed combustor (VFC) using rice husk as fuel. The
combuster has a cylindrical shape with 320 mm in diemcter and
1200 mm height. There are two supply air sources for the
combustor : primary air and secondary air, entering tangentially
into the combustor. The fuel mass flow rate is 0.2 kg/min and
kept constant throughout. The equivalence ratio is set to be 0.8,
1.0 and 1.2 for each test run. For each run, the volumetric air
flow rate ratio of secondary air to total air is adjusted to be 0,
0.15 and 0.25. Frcm experiment at a tangentia! injection of

secondary air at 0.45 m and at equivalence ratio = 0.8 The

experimant show that maximum temperature inside the
combustor is found to be 927 °C for the secondary air flow rate
ratio , A = 0.25 and at about 60 mm from the core in the middle

region is the area of the peak temperature.

1. un¥i
1uﬁa?ﬁux{1ﬁ'ﬁmiﬁnmﬁ'uﬂ'i"ma:’n"mﬁmn"umnh
ni'wmmnw'mﬁf{mﬁa'l'ﬁ'ua:ﬁagjﬁ'-a'lﬁmri'mn's:mumﬁi
fn qﬁ'ld’ﬂnni’ﬂmn'smumﬁmﬁ'"uf':;'ﬁu v, dmdn, T 699
wasMUETINTA  smiumittoiinesaulelufissiunavnly
ti'.lur."gamﬁamﬁ:‘hmnmm“nwwm‘mﬁﬁ:.ﬁmmunauagtﬂu
Fwmnnuasmlssman s imaiansuia iy ainadadizns
Tnpfvfinmunaudizinm 4.4 — 46 dwmaudail uazdoiing
Whisuifsudnonmmannaiaurindmiduay 1.46 - 1.53 3w
an nnsasimmdiniunsududamdiiaulslummiunls
smlumndansanuanuiousanuldamasly
a’m’ﬁuﬁtﬁuﬁ'aaﬁumLmﬁ'ﬁag'luﬂﬂ,ﬂuﬁtui Uil
WIBA WIANRA uAziIa Aiozialaad (1) yinmafinyudasnu
domanIndvasunaulwanmuuuiaing  TapAasanin
n*::muqmnqﬂ'lmmtm, Ntwazain  Taovinisusudannn
Tardamnsscounauandpariiny 0.3 f: 0.5 kgmin i)
equivalence ratio, @ vianu 0.8, 0.85, 0.9, 0.95, 1.0 uax1.05 31N
mMmassssnuiifaritnlauunay iy 0.3 kg/min uss O
ANy 0.95 wuhqmuqﬁmUlum‘nmunauuumafmnﬁ
shnmﬁaﬁ‘tﬁan'l‘i’galmﬁn 1,030 °c NUITBVBIRNTY (Fouso
unzaudna  Iwindaifinsd (2,3) léviinniddpiedninaval
mw'ﬁvuunwmnmamnausiaf;mé’num:nwm':'lnﬁn'mlm_mlm
wwesing As=AunuTu 3 fifte 9.2%, 12%, 15% Tapiamuin
WAEEUUIRYBITONAIUNAY 2 THIARD aylugd9 0.84 - 1.00 uA=
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1.19 - 1.41 ¥, ussldamniideuunsuiriiny 0.3 kg/min uasvi
mrdiudn @ windu 0.8, 0.9, 1.0, 1.1 USS1.2 INMIMARDIE
wuinh @ g2 0.9-1.0 'ln"ﬁ'num:msmmuqmnqﬁﬁaﬁ-naua
Sfamluawaied wasfinudu 92 % wldgunpigege
Jszanm 1,000 °C 9wm3ibwes gwail wnhlue [4) 1fhmsise
senmuuulalaau TaolsTidendudamis swidovesivio
jaods wez dud oamlwuad (5] ldimsispnuesuuy
mmﬂmmu Taols u’:;.aw-m'w.*.-.rlmmﬂwfcwﬁc PTGEL]
123 DAFNA 73U (6] fnsaAuHILNaUEMTLIAToIBLWLY
mwatﬂaanuuuﬂaan‘lﬂ-mumm‘m 10 sudatalualavldszing
WmIAMuTauTaNMITLLTEAND 59-60 % 9WILVRI
ging @y uszAme [7] Iadsoaurnuurgdaladive Taulside
wasa  Tapvnimisumiileuvaserma faarmmiien
Jaad oAy 15 Alaniudetalus :INMIMARBINY
iredadmaimeadaid suwdeni i szinEmwm s Indge
aa‘naamnunmﬂmaa wWasnmuaswstnddwriny 7.25, 6.0
tar 7.5 audey  esldmszaniaimnanmn ndiviany
99.71%, 99.07% uaxz 97.92 % JMWIpred Sen Nieh uaz Tim
T.Fu [9) ¥ masaumsvaluaiuuuinaas cold model us:
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nwrsr iy 99 %  uasusziminmwnianuiauiu
84% 9 M330V09 Sen Nieh waz G.yang [10] laAinsamirlnaues
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iy 18
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© > 1.0 12 AATEIRKAUNUT (Rich)
-~ - - P &
sarnmiwaiafinasrasstmanaunidesnmanimamiiu
S R.C I3 o4 -
mnuwmmwguuswanasmwmmﬂm Famwnindowin

o
FUMT AR

1S (2)

- - - - -
dla g A sammsinavessymem@nnil (kg/min)
- =

oy Ao dammalnavasemananun (kg/min)

- o d [ s <, ] .
sudtandmitandnamldiianstudaunfadr  Swirl
nurber Idnnisdina mdaswses luuduluun Fudanuuw
T | - - ™
unuua:msmumwaemngmmumnm'aum"lnu
zi* DD, (3)

Swirl number,S =——
4 A

e D, = Wuhgudnanvasvialaiit

D,= Lﬁumguﬁnmwmﬁaum‘lﬁﬁ
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dmiuzuuurasmslna (flow pattern) mulwen VEC Ald
1nIINMIasmadiaman fmunInAnsiAsdnldnnianms
819807 [8)
3. aﬂnsmua.mmwanﬂaaa

Lmamaumaﬂmmnl-ﬂummaaaammmuam‘lvﬂmﬂn 1
-‘ﬁ-r.'.um—ninua:‘lmummnu’mn 2 &M Blower (1) A8
mmﬂdguqﬁ%w:gnnauquﬁnﬂnw71uafﬂu Gate valve (17) uas
1379:17 Orifice meter (4) 1Flumyinsasiniiinavasaimadee:
TR NI YU UazaMIARILA 2 flaamanduni
@unen Blower FavzdslUty Gate valve (17) Wavimsuiu
sarmiina uasimyialas Orifice meter (4) aIMAIEQNAY
A g Inalluwmduda Feaggaengmasiuadiniy
'.'E'm.wﬁqunamfuv:gnuna‘m‘ﬂu Hopper (8) ua:a:gnﬁmﬁuﬂnu
Screw feeder (7) @3aLldTuduiAIIN Motor (9) uazldrims
munudannsdawuasunaudao Inverter (10) Taounauaziing
naﬁmauma-wmnaotm‘luu Iam’:mm]aunuv'lﬂmiummn
mumwaaluaﬁﬂmnammﬁ.mqnma’n.wmt'nmwamha1mn
n'rri'nm*:m:q'm'nmqmﬁqﬂmu'lmmtmﬁ:'li Thermocouple
type K (15) Fzimrianiin 9 n ua:dwumqmﬂqmﬁwn
Indicator (6)

a"m;ﬂﬁ 2 uanswaswn Il VFC Somuinvasiasinindiin

ndgnuindefiaamuiniy 0.04 e ussdmdneasias
wnlwlznzglidmivdauaimandoni %auaﬂﬂugﬂﬁ 3

(19
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I)E';
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) (
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H (14)
) (17 1 (12)
L ] rfan
______ . N @
&
1)
@ 3
(1) Blower (2) LPG supply (3) iﬂanomeler
(4) Orifice plate (5) Fluidized-bed combustor (6) Indicator
(7) Screw feeder (8) Hopper (9) Motor
(10) Inverter (11) Burner (12) Primary air

(13) Serondary air  (14) Bypass air (15) Thermocouple

(16) Cyclene (17) Gate valve
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Abstract

This investigation is undertaken to obtain information on the effect of inlet nozzle
position of secondary air and volumetric flow rate ratios of secondary air to total
air on temperature distributions in a vortexing fluidized-bed combustor (VFBC).
The combustor has a cylindrical shape with 300 mm in diameter and 1200 mm in
height. There are two supply air sources for the combustor: primary air entering
directly and secondary air entering tangentially into the combustor. The fuel mass
flow rate is set to 0.2 kg/min and kept constant throughout. The equivalence ratio
is adjusted to be 0.8, 1.0 and 1.2 for each test run. For each run, the volumetric
airflow rate ratio of secondary air to total air (A) is adjusted to be 0, 0.15 and 0.25.
Three nozzle locations of secondary air are introduced at 0.45m, 0.75m and 1.05m
to investigate their effect on temperature distribution inside the chamber. From
experiment for the nozzle location of secondary air injection at 0.45 m and
equivalence ratio (®) = 0.8, the maximum temperature inside the combustor is
found to be 927°C for A= 0.25. The area of the peak temperature is at the core in
the top region. Use of secondary air to create a vortex flow leads to higher
performance of combustion than that without secondary air.

Keywords

vortexing fluidized-bed combustor (VFBC) and rice husk.

Nomenclature

A = ratio of volumetric flow rates of the secondary airflow to total air

® = equivalent ratio S = swirling number

m, = mass flow rate of fuel m, =  mass flow rate of air

D, =  diameter of exhaust tube Or =  total air flow rate

b = diameter of imaginary Qs =  secondary air flow rate
circle of air injection

4, = total tip area of secondary D, =  diameter of chamber
air nozzles

B = nozzle injection angle on a horizontal plane

Introduction

Fluidized bed technology has been widely applied to coal combustion and waste
incineration. This kind of combustion system offers the advantages of low
pollutant emissions and high combustion efficiency and to reduce the elutriation
of fine particles. The vortexing fluidized-bed combustor (VFBC), an integration
of a bubbling fluidized bed and cyclone, was developed and demonstrated early in
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the 1970s. The vortex-generating system was developed by tangentially injecting
of the secondary air into the freeboard. Based on the concept of the VFBC Nieh
and Yang [1] developed a rectangular bubbling Led integrated with a circular
freeboard. The performance of the combustion of waste tire was reported in a
previous study [2]. Recently, a two-stage, swirl-flow fluidized bed combustor
was also developed by Lee et al. [3]. However, there has been no report on
optimum secondary air injection nozzle sizes and their locations to combustion

behaviours.

The purpose of this study is to investigate effects of different locations of
secondary air injection nozzles on combustion characteristics of a vortexing
fluidized-bed combustor (VFBC). The effects of the equivalence ratio, and ratio
of volumetric flow rates of the secondary airflow to total airflow are also
extensively discussed.

Combustion Foundation

The amount of air used in combustion processes is expressed in terms of the
equivalence ratio, ®, which is the ratio of the actual fuel-air ratio to the
stoichiometric fuel-air ratio and it can be written as

O (.rr.'a/mf)m.J )
(ma /mf)mjir
which ® <1 Rich mixture

@ =1 Stoichiometric or theoretical combustion
@ >1 Lean mixture

The ratio of volumetric flow rates of the secondary airflow to total air is a value
indicates the vortex intensity in the combustor, which can be expressed as

1=% ©)
Or

One of the major design considerations of the vortexing fluidized-bed combustor
(VEBC) is the control of vortex intensity, which commonly characterized by the
swirling number [4-5]. For the VFBC model, the swirling number can be

expressed as

inlet angular momentum

* outlet axial momentum x D, |2

_m DD, (3)
4 A

!

inwhich D, =D, cos
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Method and Materials

The experimental setup is showed in Fig. 1 and 2. The fluidized bed assembly
includes a bed column, a distributor and a plenum chamber. The bed is 1.2 m in
height and 0.3 m in diameter with multiple injection nozzles each of 10 mm
diameter for the secondary air as depicted in Fig. I. Rice husk fuel was used as
the fluidized particles. The rice husk particles were milled and grinded, sieved up
to about 2.0x8.0 mm and stored in the laboratory under dry condition (9.2% of
moisture content). Its minimum fluidized-gas velocity umr was 0.24 m/s, and the
fluidizing fluid was air. The distributor has a number of holes each with 2 mm in
diameter and frictional open area was 50%. Seven types K thermocouples were
used to measure local temperatures. The temperature probes were installed on the
wall of the bed column at seven stations, namely, X = 0.225 m, 0.375 m, 0.525 m,
0.675 m, 0.825 m, 0.975 m, and 1.125 m above the distributor.

The combustor was operated over a temperature range from 400-1000°C. A 15 hp
blower was used for providing both primary and secondary combustion airs. Rice
husk fuel was fed through a screw feeder and injected directly to the bottom
chamber. Heating up the VFBC commenced start up process with LPG torch
inserted at the lower nozzle slot. The preheating took about 30 minutes for the
chamber to raise its temperature to be about 400°C. Then feeding commenced
through the hopper, slowly with the rice husk until 0.2 kg/min and kept constant
and in the meantime, feeding primary airflow is gradually adjusted to create
fluidization. When the temperature in the chamber reached 700°C, stop of
preheating with LPG was made. A thick, black smoke was seen at the beginning
and slowly thinned out by adjusting the air/fuel (A/F) ratio. Excess air at various
levels for equivalence ratio of 0.8, 1.0 and 1.2 was tried for each of ®.
Temperature measurements at seven strategic locations in the test system were
monitored at various selected locations with chromel-alumel (type K)
thermocouples while volumetric flow rates of primary and secondary airs were
measured by using orifice meters. All data collection was taken at steady state

condition.

129

Table 1 Details of a vortexing fluidized-bed combustor (VFBC).

Parameter Magnitude

Fluidized bed chamber geometry

Chamber diameter (Dy), mm 300

Chamber height (H), mm 1200

Exhaust tube diameter (D,), mm 75

Distributor plate diameter, mm 300

Number of bubble cap 50

Bubble cap diameter, mm 2

Material stainless steel
Multiple air injections

Number of inlet nozzle 4

Nozzle diameter, mm 10

Nozzle location distance, mm 450, 750 and 1050
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temperature distribution in the combustion chamber than at the equivalent ratios,
® = 1.0 and 1.2 with the average highest temperature in the vicinity of the central
chamber of the furnace at the radial profiles (/R=0.2). And it is gradually
reduced to lower and the lowest temperature at the furnace walls. The highest
temperature in the combustion chamber at the high position is X = 0.525 m and X
= 0.975 m while the equivalence ratio is 1.0 causing the constant and lowest
temperature distribution in the combustion chamber. In the case of the
equivalence ratio of 1.2 it leads to the inconsiderable temperature distribution in
the combustion chamber since the quantity of O; value is relatively lower than the
quantity required in the combustion. And this causes the small amount of energ
loss.

For the secondary air entrance station at X = 0.75 m and equivalence ratio, ® =
1.0, it is obvious that the temperature distribution inside the furnace is constant
and highest for this case. Thanks to the recirculation and the air turbulence in
terms of high fuel residence time of the furnace, these can lengthen the interval of
the combustion as shown in Fig. 3(b).

From Fig. 3(c) at the station of secondary air injection nozzle of X= 1.05 m, it can
be visible that the temperature distributions inside the furnace of this case are
lower than those of both cases above for all equivalence ratios of 0.8, 1.0 and 1.2.
This can be attributed to small amount of O, (insufficient air) used in combustion
with fuels at the lower chamber region. This results from the position of
secondary air nozzle close to the exit of the exhaust pipe and then leads to high
combustion air escape from the furnace causing to reduce the internal

temperature.
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Figure 3. Temperature distributions inside a vortexing fluidized-bed combustor with
adjusting the inlet position of secondary airflow at X = 0.45 m, 0.75 m

and 1.05 m with A =0.25.
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Effect of secondary air-flow

Figures 4(a), 4(b) and 4(c) show the temperature distributions in the combustion
chamber at @ = 0.8 and various A for the nozzle positions of secondary air at X =
0.45 m, 0.75 m and 1.05 m, respectively. In Fig. 4(a) for the position at X= (.45
m (at the bottom chamber), use of the secondary air ratio, & = 0.25 gives higher
and more uniform temperature distributions inside the furnace than those of A =
0.0 and 0.15. The highest temperature in the combustion chamber is seen to be
927°C. This indicates the significant effect of swirling intensity from secondary
air injection on combustion behaviors.

For the nozzle location of secondary air at X=0.75 m (at the middle chamber), it is
found that the secondary air ratio of 0.15 yields higher temperature distributions
in the combustion camber than those of 0.0 and 0.25. This can be explained that
because of the swirling intensity enhancing and the state of great turbulence of the
air including the internal fuel of the furnace, these factors lead to lengthen the
duration of the combustion. But for the secondary air ratio of 0.25, the quantity of
air (primary air around 75% of total air) used in combustion at the bottom
chamber is not sufficient. This reason makes use of secondary air ratio of 0.25

poorer performance than that of A = 0.15 as can be seen in Fig. 4(b).

In Fig. 4(c) for the nozzle location of secondary air at X=1.05 m (at the top
chamber), it is interesting to note that that temperature distributions inside the
furnace of this case are lower than those of both cases above for all A used. This
can be attributed to insufficient combustion air (primary air) used in combustion
with fuels at the lower chamber region as mentioned for the case in Fig. 3(c).

From the experimental results in Fig. 4, the influence of the lower nozzle position
of the secondary air at X=0.45 m enhances the fuel residence time and helps
prolong the mixing between fuel and air in the combustion chamber. This leads to
perfect combustion, which gives higher temperature of the combustion system.
The internal temperature in the combustion chamber is higher than the
temperature at the position of secondary air at X=0.75 m and 1.05 m around 35%.
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Figure 4. Temperature distributions inside a vortexing fluidized-bed combustor
with adjusting the inlet position of secondary airflow at X = 0.45 m,
0.75 m and 1.05 m with @ = 0.8.

Conclusions

Thanks to these experimental conditions characterized as the fundamental studies
on positions of secondary air nozzles in the VFBC by using the rice husk fuel.
They are only emphasized the results in studies on the temperature distributions
inside the vortex combustor. From the results, it is concluded that maximum
temperature distribution can be achieved inside the VFBC for the nozzle position
of the secondary air at 0.45 m and equivalent ratio of 0.8. This case shows the
high and nearly uniform temperature distribution in the combustion chamber and
yields the highest temperature around 927°C while the nozzle position of
secondary air at X = 1.05 m leads to poorest combustion due to insufficient
combustion air at the lower chamber. This results in lower temperature occurring
in the combustion chamber. However, use of secondary air to create a vortex flow
leads to higher performance of combustion than that without secondary air.
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Abstract

This paper presents an experimental study of the effect of secondary air on combustion temperature in a
vortexing fluidized combustor. (VFBC).The temperature distributions in the combustor including ashes
and smoke from flue gases -&e measured and observed. Measurements are made by setting the feed.ing rate
of rice husk to be 0.2 kg/min throughout and the equivalence ratios are to be 0.8, 1.0 and 1.2 with varying
the ratio of volumetric flow rate of secon'dary air to total air (2) of 0, 0.15 and 0.25 for each test run The
experiment :v,hows that the equivalence ratio = 0.8 and the feeding location of secondary air of 0.45 m

; . Ocss
from the bottom base gives maximum temperature at about 927 C in the chamber-
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