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Abstract

A novel vortexing-fluidized bed combustor (VFBC) using rice-husk as fuel was developed and presented. The
combined characteristics of vortex combustion and fluidized bed combustion are the main features of the VFBC,
which was designed to achieve high thermal capacity (MW, m%), high thermal efficiency and low diameter to
height ratio. The VFBC comprises a vertical cylinder chamber and a conical base, which provides a bed for
incompletely combusted fuel. The overall dimensions are 1.10 m in height and 0.40 m in diameter. To evaluate
combustor performance, the specific feed rate of fuel and mass flow rates of the primary, secondary, and tertiary
air were varied independently of one another. The combustion appeared into two zones characterized by different
combustion behaviors, i.e. 1) vortex combustion above the vortex ring and 2) fluidized bed combustion below
the vortex ring. The fluidized bed zone has uniform temperature distributions across the cross-section of the
combustor. The swirling of air above the vortex ring and the vortex ring itself played important roles in
preventing the escape of combustion particulates. Bottom ash appeared as fine black and grey particles of ash,
which ranged in size from 200 to 600 [lm. Fluidization could be initiated without the assistance of any inert
material mixed into the bed. The experimental results indicated that thermal efficiency did not depend on the
secondary or tertiary airflows, but was significantly influenced by the excess air resulting from the combined
total of the three airflows. The introduction of the tertiary airflow helped maintaining the temperature
inside the combustor within acceptable levels. According to experimental conditions, i.e. a specific feed rate of
240 kg h'm” and excess air (157%), it was found that the VFBC could achieve an exit gas temperature of
1060°C, thermal efficiency of 95%, and thermal capacity of 0.91 MW, m”. The amounts of CO,, CO, and O,
gases emitted were directly related to thermal efficiency, and the amounts of CO and NO_ were 50 and 380 ppm,

respectively.
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Run Specific Primary air Secondary air Tertiary air Excess
No. | Rice husk Flow Velocity Flow Velocity Flow Velocity air
feed rate rate (m/s) rate (m/s) rate (m/s) (%)
(kg/h-ms) (m3/min) (m3/min) (m3/min)
The 1 160 2.75 22.7 0.97 2 - - 288
preliminary 2 187 2.75 22.7 0.97 2 - - 233
study of VFBC 3 213 2.75 22.7 0.97 2 - - 192
operation 4 240 2.2 18.2 0.97 2 - - 117
condition 5 240 2.33 19.2 0.97 2 - - 125
6 240 2.75 22.7 0.97 2 - - 157
The study of 7 240 2.06 17 0.85 1.75 - - 108
the effects of 8 240 2.06 17 0.85 1.75 0.37 12.3 133
tertiary 9 240 2.06 17 0.85 1.75 0.76 25.0 157
airflow on 10 240 2.06 17 0.85 1.75 1.12 37.0 182
performance
of VFBC
The study of 11 240 2.06 17 0.66 1.35 0.75 25.0 145
the effects of 12 240 2.06 17 0.93 1.92 0.75 25.0 163
secondary 13 240 2.06 17 1.22 2.5 0.75 25.0 182
airflow on
performance
of VFBC

@15199 3. The specification of Gas analyzer model Testo 350 XL

GAS Range

0, 0-25%
CcO 0—10,000 ppm
NO 0- 3,000 ppm
SO, 0- 5,000 ppm
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nnmstnanmsiiuthulumswn ndimuaiy sldRamsen lvdnauyseinniu duivseililsna co,

A 2 &£ Y 1 < A Y (2 1 a 'w o Y (2
WUNINYU BIUNINY 13.8% E]EJ'NVIJﬂ@'liJ!ll'ﬂ‘l"]f‘]J53J1m@1ﬂ’]ﬁﬁ')ulﬂul‘ﬂ’lﬂﬂ 182% Vl'lel,ﬁﬂill'lm CO2 afay
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Faaeandos N 1), Nanasdias Fumny 87% @alananAudluiade 13.22) waz 2) dadiuves
9 [l v Y
s co, asaunsigdadiuvesormansruantiunlslumswn lufimuuniu drumsinsanlsum
A a 9) 1 A Y < ' A o ] v W a
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a A4 d L q9a 9 s 2 2 Yy o 44 2 g
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~ 9 1 a dy o Y o 1 ] = Y] = ~ v A A
msnlFomedrununniiuilidadiuves Co anas (FuRernunisiues CO, N EA = 182%) uatiioiiiy
a v a 42’ = I o Y [ A tg I T o A a 9
Ysmaemadawnuiuludndu 182% ¥1lv co nduuwinuwiumii 404 ppm tiesninmaniswn Tnil
~ 1 P 9 [ 1 ~ A 1w £ [ @ 4 1 a 1 a
N luawysal Feaeandosnum 1), Nanaundeniny 87% (FanuduwussznialSunaemeadiumnu
v 1, Ndonmaenludl IdndnPudrluiade 13.2.2) wazlumsinsandsum o, idaamswn Tngd
{ <3 1 i o 1 ] o a ] a {
1307 12(a) uaasliiiud o, Adwniiansesnzulsdu Tasasesnuliuaeimaduiunldlums Ind
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iy 92% il o, gni lu1d lumswmn Tndundiu FeiIvinae o, eenuies duniny 6.1% waziile
a [ a 1w o A g I (Y 4 a
Ysmaemadawnulslums ludiminy 182% ild o, minduduwmiiny 7.8% 1ilesnn 1) USuaeime
1 a i A 4 o a { 1 L4 § 1 o 4 %
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n19eoniszua 1,060 °C
a a 4 [ 1o & [ 4 o aa a
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J J [y
2. ﬂ"Iii’)’t)ﬂ!!‘iJ‘U!ﬂHNﬂ‘ﬁfl}?i’)ilﬂﬂ-wga\lﬂ"m‘Uﬂ ITAVYATUNITINVUIN 9 MW,

2.1. 3eulumsesnuuy VFBC 52AUgnaHn3 s

2.1.1 e Indiansonaannuionld o Mw, uagliinannudouminy 0.85 MW , /m’
< 1 o a a % 1 [}
2.1.2. amuiromanih liinangd lewdued lugialszum 0.11 m/s

2.1.3. 8asimstleuunaus umizmin 240 ke/h-m’
2.2. MUIUGATITIUDINIAADIFBINAIVOINAUMINGHE

3 s
ﬂ]iNﬁ 4. ’E’NﬂﬂﬁgﬂfJ‘1J°I/IN!ﬂﬁlmﬂﬁm%ﬂﬂﬂlﬂ\iuﬂa‘ﬂ Ultimate analysis

aanilsznou vwiiitlen(os)

Carbon 38.0
Hydrogen 4.55
Oxygen 32.40
Sulphur 0.06
Nitrogen 0.69
Ash 14.0
Moisture 10.30
Total 100.0

Y s
ﬂ]iNﬁ 5. ’E'Nﬂﬂﬁzﬂ’f)‘]JVITQLﬂﬁLLU‘]J‘]Ji%?J"IﬂHJ’ENL!ﬂﬁ‘U Approximate analysis

pantsznou simindlen (%)
Fixed Carbon 20.1
Moisture 10.3
Volatile matter 55.6
Ash 14.0
Total 100.0
Density (kg/m3) 105
Calorific Valve 14.98 MJ/kg




Ay

k4
dnanlsnaeimemanguindems I lumswn Indisomas 1 kg, @euaumsmawn lndodns

9
v A

4 4' a =
aummmamﬂimm O, NN HL AU

c + O, — CO,
12kg 32kg 44 kg
lkg 2.67kg 3.67 kg

Y
v o

Aa1 0.34 kg, 9219 0, = 0.38 x 2.67 = 1.015 kg

2H, + O

2

4 kg 32 kg 36 kg

—  2H,0

2

1 kg 8 kg 9 kg

F4
v @

AaTiu 0.0511 kg, 9219 0, = 8 x0.0455 = 0.364 kg

S + O, — SO

2 2

32kg 32kg 64 kg
1 kg 1 kg 2 kg

9
v o

A91IU 0.0005 kg, 9214 0, = 1 x 0.0006 = 0.0006 kg
auiulsna o, Ml lumswn Tudedeauysel = 1.015+0.364+0.0006 =  1.380

I3 Y
oo nluFemasunay) JU5um 0, oguda 0.324 ke

Y
v o

aaiulsina o, ndeanmsninena = 1.380 - 0.324
- 1.056 kg O,/ kg, .,
uazlueimausllsznoudie 0, 23.2% lamimiin
v & |a = Ay A 1.056 kgda
AuiulsInaeIMaANIIMgY(A/F,) NABINSAB  AF ratio = —— = 4.55
0.232 ke,

kg, /kg;
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2.3 Anagamgimsen Tnal

2.3.1. Qﬁmgﬁﬂzlammaﬂ (Adiabatic Flame Temperature)

M3197 6. aasdadauTag Tuaveasigae 1 lansuunauy

519) faduTagtimiin ﬁymﬁﬂTmaqa dadrulagTua
kg/kg, kmol/kg,
C 0.38 12 0.0316
H, 0.0455 2 0.0228
N, 0.0069 28 0.0002
0, 0.324 32 0.0101
H,O 0.1030 18 0.0057

=

(YR I Yo J
nndadiu lagTuavewnau@ewiluaumsangamanil laaatl

0.0316C + 0.0288H,+ 0.0002N,+ 0.01010,+ 0.0057H,0 + 0.033(0,+3.76N2)

— 0.0316C0,+0.0288H,0+0.1243N,

NNYATIZUVNL

d' 1 v A A 9 a A
MAINN 7. Llﬁﬂ\1ﬂ1!,{’]‘L!1/]a‘]_]51]’f]Q‘ﬁ"IG]‘Tlﬁﬂ"l’JgﬂNi’NiJ"I@ﬁi”luuanI 298 k

aaa

ZNp(l;(; +};—1;0)p

Hprod

= Hreact

= ZNr(fli+1;—l;0)r

Ada o A S Y 9y 9) = 0
QﬂiﬂWlﬂﬂJﬂﬂJﬂWihlﬁﬁﬂ\?ﬁ'JcluﬂimV]ﬁTiG]\‘]ﬁul"lﬂﬁfNLWWVl‘ﬁiJVI 25 °C

as h'(KJ/kmol) hoogk
0 0

H, 0 8,468

2 0 8,682

N, 0 8,669
CO, -393,520 9,364
H,04) -241,820 9,904
H,0 440 -285,830 9.904

HNUAT
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—0 —_ —

Ncoz(hf +h_h298k)C02 H,0 " f 298k)H20+NN2(hf +h—h

298k )N2

= N (0] +h—hyge )e+N, (b +h—h,), +N, ((h) +h—h

298k 298k)H20

#Ng (0] Fh—hyge o +N (B +h—hyge )y
0.0316kmol  (—393,520+h , —9364)+0.0285kmol,, , (—241,820+h —9.904)

+0.1243kmol,; (h,, —8669) =0.0057kmol,, , (—285,830), ,
0.0316h,, +0.0285h, , +0.1243h, =19,353.594 kl/ke,
auyAgavaiveaudamify 2700 'K
0.0316(143,620), +0.0285(119,717),  +0.1243(90,328), =19,178.097 kl/ke,
auyAgurilvewNamiIny 2850 'K
0.0316(152,908)C02 4‘0.0285(127,952)1{2O +0.1243(95,859)N2 =20,393.799 kl/kg,
eudmmaguugiudaldmiiiy
p = 2,721.65 K
Tp = 2,448.65 C
2.3.2. qnmgﬁmsmﬂﬂﬁaﬁaﬁmsmmm%’auqtysﬁﬂ (Non-Adiabatic Flame Temperature)

A a 9 =
IBNITUINNNIDUFYLAY

Hprod = Hreact - Qloss

=

1 1< 1 (% A % @ $ 1 1w
Tagutsnnuiougadailu 2 daundng Aeanuioungadeldnumiun dazdszunuauiny 10 %

g

1 4 a 1w :’ { a < g’ A
"ll@\'iﬂ?ﬂ'ﬂﬂ%}ﬂl‘u%@!,wa\i N 1,498 kl/kg uazmmﬁy'@uqiytﬁaﬂmmiizmﬂuﬂuﬁvmwmﬂmmﬂullaum

4
v A

a 9}4! 9
gaurgiimaw Inddam 1dasdl

Q.. = m [C,(100-T)+(h,+C,(T,-100)]
Taii
m = aveniludoma
c, = audous e = 4.187 kl/kg.K
c, = maudeusumzmas Tavsznavealer = 1.88 k)/kg.K
T, = Qmwgﬁvﬁmwaq,oc
T, = ganglvesmaide, 'C
h, = audounrdiuesmsszmerni 1 ussna = 2256.8 kJ/kg

30



kegy o kJ kJ kJ
Q,. = 0.103——| 4.187——— (100 —35)K +2,256.8—— |-+ 1.88——— (1000 —100)
kg, kg, oK kgy o kg o

= 434758 kI /kg,

Qe = 1498+434.758 = 1932.758 kl/kg,

wefanwiougydeuazunuasluaums
0.0316kmol  (—393,520+h , —9,364)+0.0285kmol,,  (—241,820+h,  —9,904)

+0.1243kmol | (h

v, ~8.669)=0.0057kmol, ,(—285830), , —1932.758

0'0284}1002 + 0.0313thO +0.111 thz =1,8654.7617 —1,932.758 =16,722.004 kJ/kg,

auyAgavaivesdamify 2,600 'K

0.0316(137,449)(:02 +0.0285(114,273)H20 +0.1243(86,650)N2 =18,370.764 kl/kg,
auyAgurgiivesAaminy 2,500 'K

0.0316(131,290),, +0.0285(108,868),, , +0.1243(82,981), =17.566.040 kl/kg,
oudmmguugiuia ldmamy

Tp

2,481.889 K

Tp 2,208.889 C
2.4, HUININTAAQUNYNN W THaT
A a a Sld' 0 I A =2 9 a 9 A
Wennsagurgimaw Tndin 2,275.233 'c ilugungiingaisdosanguuglawunldimaelszum
0 IS a o dy
1,000"C Tagdinuanieangurniiaedl
2.4.1. 1% Tnaannmeuonnsuanudeunelumumn lud
A [ a A A Y = 9 9
2.4.2. uomeaaunwiiena Iormea luasanudouninae Tns

cau 4 A aad A A ' A v = ) ' a A
GlU\‘]"ICLl'J%ﬂufﬂgLﬁ'ﬂﬂ'J‘ﬁﬂﬁ@\jﬂﬂlWN@’lﬂ’]ﬂﬁleﬂuLEU'lhl‘]_lclf\i’ﬂgaﬂ\ishfﬂ']ﬂ']ﬁﬁ'JULﬂUﬂ 192%

angaANNIMATIUAWMIAY 192%

0.0316C+0.0285H,+0.0002N,+0.01010,+0.0057H,0+ (2.92 X 0.033) (0,+3.76N2)

—0.0316C0O,+0.0285H,0+0.063360,+0.1362N,
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NNTUNIT

Hprod = Hreact-Q,

ZNp(}_li—‘_}_l_l?lo)p loss

(NhD), ,—Q
HNUA
0.0316(—393,520+h,_, —9,364)+0.0285(—241,820+h , , —9904)

+0.06336(h,, —8682)+0.1362(h, —8669)=0.0057(—285830) —1932.758
0.0316h, +0.0285h, , +0.06336h, +0.1362h =20,034.150 ki/ke

auyAgurglivenaiiy 1300 'K
0.0316(59,522) ,, +0.0285(48,807),, , +0.06336(42,033)02 + 0.1362(40,170) .

=20,488.69 kJ/kg,

auyAgurgilvewdamIny 1260 'K
0.0316(57,244)CO + 0.0285(47,022)H o +0.06336(40,594)02 + 0.1362(38,807)N

=19,780.849 kJ/kg,

=\ (] 1 a d Y 1w
l‘V]EJ‘]Jﬁ'J‘Ll’Vi1ﬂ1qmﬂﬂuﬂuﬂﬁhlﬂl‘ﬂ'lﬂ‘ﬂ

0.

1274.31 K

0

1001.31 C

Tp

Tp

TumanguRermedinuiui 192% aunsoaagaunginmaw ndaamas 1,000 'C uaiiosnnmsnaasa
959994 VFBC szauresl§iams wuh eimadnunui 120 % aunsannugugurginmsm ndaielu
2 0 Y 9 a A 9ot A A Ay 1A ' a "o
wwae 1,000 °C 14 msizlumswnIndmanguiyaiienlvidngane yain liliemeadiumny (AF midy
mangud) ua lunlfia biswnsownlui® AF shdumangula maizmaen lvdassdesmsoimsa
1 a A 9 o aaa Y o dy a I v A A tﬂy A A ] 9
wmnanmangegieszdn hldngasomsw lvitugemadli lduiniigatazmasgemasi Tuwn Tnd
Y A dy I A Y 4 a va o Y 1 o 1 (] a A
dosiiga gatvzidugaien Indauysainelgia dlddanuuanaeiusening emmadiunuion
gangiiae 1000 ‘'C ualumsesnuuuszidenldoimadaunui 120 % NS IBVIANONUTIVOI
1 ~ I A 9 a = 9 [
pmaludiui 1, 2 uaz 3 mHdumi MannMInaeedase Fndoyan1snaaeved VFBC Tuszau
Woulfiiams Nermadaunu 120 % Hoas1ms Inas uwizveso1MAd AN (Primary air) 810AdIUA

[ 2
#94 (secondary air) tazemAaIuNaIN (Tertiary air) fail
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o Hiaw 1aanninsan
ﬂmma-wﬁ 1 (primury nir)

il }]ulx mmumm 18 s

me mnuunn 1 :|mm:|m- 1 u 1
o
L
mm-nn lel Fitertinry air) —] ﬁ
mmlnmimsmm-ﬁ 1'-1 m/s +~<]—
Lmlmuquunmmnﬂum- 1 m | e
o :
B ‘ L1 & | Jamimnesma

j

tl'lfllﬁﬁduﬁl secondary air)
'FI'.I'I]II"E'.II'IITIHIFJEI'IH'IH = I T5m's

lﬂ"l-.IH ™ Fj'l-lﬂl'lﬁﬂ ﬂﬂ'ﬂ 'Hl"l.l =d 1-!'.I

‘l.]‘ﬁ 13. mmmmmmmmm YUIAN OO INAVOIVFBC 52 ﬂﬂﬁﬂﬂﬂgﬂ@ﬂﬁ (‘Viu’JfJ mm)

81315 IMAFINIAVOIIMATIUN | = 1.2(kg/m3)X18(m/s)X(TE/4)(0.0508)2(m2)

= 4378%10 ° ke/s =157.6 kg . /h

air

99315 IMATFINIAVRIDIMATIUN 2 1.2(kg/m’ ) X 1.75(m/s) X ( Tc/4)(0.10)2 (m”)

= 0.017 kg/s =59.38 kg . /h

air

$931M3 IMAITINIAVRIDINMATIUN 3 = 1.2(kg/m” ) X 25(m/s) X ( 70/4)(0.0254)" (m”)

= 0.01623 kg/s =584 kg /h

fisanmstlouunan 0.4 kg/min 12 188nsdmenaretamaludud 1,2 11ag 3 it
(AVF) i i = 5.83 kg air /kg rice husk
(A/F), . = 2.19 kg air /kg rice husk
(A/F),, . = 2.02 kg air /kg rice husk

334 (A/F) act = (5.83+2.19+2.02) = 10.04 kg air /kg rice husk

1INMALIBTAUAA/F) YBNADNNNGHE 19110 4.55 kg air /kg rice husk

Y
v o

JUU  excess air = 120 %



2.5 MIMUIUHIA Swirl number Y99 VFBC szavioslfinmsveseimaaiun 1 vaz 3
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A Ao qu 3 g Y1 . A g 9 1 A A P o ' A A
iohldnus101manlda Swirl number Mduauen nddiun 1 AnensounuunavuazaIui 3 i
IndiResriuiy VFBC szaurtesdfiianms Jnidoyavesemsdiuanues VFBC szaufoaljiams an
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v A

I~
Uiy Swirl number Tadail

D D,
NAUNI S= Zf2
t,i
A
YD
A o 1 9 YY)
m o %"I'L!’JH‘I/I’E)VI'IQL‘Uﬂ‘L!LLUTIﬁiJWﬁ
A A A 9 oo ' D] v @
A o ‘wuwwm@meuawamqmﬂmmmuNa
k4
f, o dadiuvedlsaoimadiuusnaelImaeimanavua
1 o 1 o
D_,D fAp  dusugudnatsnieluneoniesnuazvouaum luliamdiay

1ndoya VFBC szaudolfiamavesoimeadiui 1

m = 1
7T ) A Y 4 o 1 A = 1w
A = ZX d- ﬂ@lﬁuW’]u‘ﬁuﬂﬂa’]ﬂﬂ@ﬂ’]ﬂ@Wﬂ’lﬁﬁﬂuﬂ 1Iﬂﬂﬂﬂlu1ﬂ!ﬂ1ﬂﬂ 0.0508 m.)
fi _ 5.83 0,58
5.83+2.19+2.02
De = 0.2 m
Do = 04 m

S, = 058" — 102304 4459

4x(m/4)%(0.0508)>

1INYoYa VFBC szaufealjiiamsvesoimeadiui 3

m = 1
7T 2 A 9 1 4 1 1 1 d' =1 LY
A = ZX d- ﬂ@m’uNWHf}fHﬂﬂﬁNﬂﬂmﬂﬂWﬂWﬂﬁ’Ju% 31@83J51]u1ﬂm1ﬂﬂ 0.0254 m.)
£ _ 2.02 020
5.83+2.19+2.02
De = 0.2m
Do = 0.4 m

) nx0.2x0.4 B
4x(m/4)x(0.0254)*
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2.6. Anan NS ngaiinangdladiua (Minimum Fluidizing Velocity)
Yy 3 o A a A ' ] A 9 I " Y a 9

myoenuu I Inddsansiuanuiidrgaiinangs lasuaneuie 14 uaro1eealunms 1dau
a = a o 2 dy
939 Tastauyagiulumsiiuiudat

9 4 I 9 a 4 [
1. uldenegnd@ilunnavuanlsuinsizasiiuanaszanadiae 22.5%

Y | = 9 ' J ' o
2. Tunautluginsenssuoniidurugudna1uiing 2 mm 1age13 9.5 mm

! 9.5 mm—4

2 mm

|

o 9 ] o £ A A = 1
ﬂWH’Jmm’uWTL!ﬂuﬂﬂﬂN’NﬂﬁN%ﬂMﬂiﬂﬂﬁimEJ“]J!,‘VHLLﬂﬂ‘]J (dp)

INMTNAADINYI

tlden 100 waa HUSuas = 2.63 ml = 2.63x10° m’
Tihwmtn = 2.70 g

ﬂ?mmﬁalmﬁﬂ(vp) = 2.63x10" m’

- v & 3V
YSuasnsanay = 43 Ay =3P
3 4r

v Aa Y A 1 <3 A 1 v A A 1
L!Vluﬂ”lﬂﬁlﬂ@ﬁﬁlﬂfllﬂa@ﬂ@ﬂ1L3Jﬂ(Vp) a\ﬂuﬁllﬂ']ﬁLWﬂW"Iﬂ"IﬁﬁﬁJWlfJ‘]JW]”I’Nﬂﬁ?J

-8
r :,#%w ~0.00184 m=0.184 cm
T

a { ' -4 { a =3 1
auumﬂauwgm%ﬁ 1 LigfluWﬂ.lf'fuElﬂ’ﬁN’NﬂﬁM“ﬁﬁﬁﬂiNW]imﬂm‘ﬂﬂlﬂaU

(dp) = 2x0.184 =0.369 cm

AMUIUANMUHUMUUITIVOULNAD

t1laen100 wae HSues = 263 ml = 2.63x10° m
Tihmin = 270 g

vnauyigmludedi

v unan100 wia T5uas = 263 ml = 2.63x10° m’
T = 2.70 x0.225=0.607 g

ANUMLMS RNy = m _0.670x107 oo kg

Vp  2.63x107° m?
AMUIUTATIUFDIINNVULIUAUIVDAULNAD
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9
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[Snasvauaun Tadu]

Ysunasneunanilsmasnladuy = 12 ml

Us1asyTadun ldwe =5 ml
a Qﬂ}l v a =

Psmnesianuanasnnauylody = 12 ml
Y

9t

[

AAIUFOIINVAULIUATIVRINAY (8,) = 12+3712 _ ) 415
12

ﬁwmmmmnammaumﬂ
~
NAUNITN (2.18)

& da A da
(I)S = (WUNKNINNAN / WUNHIVDULNAY)

4 (a o
Mlsuasminu

Y

a ¥ 4 o & da vo &
AUYATIUUDN 2 AnnanunFveanayldaatl

(A) = [(gde)x2]+rch

P

[(% x 0.0022)x 2]+ 7% 0.002 x 0.0095

= 6.597x107 m’

Y v
A A

NUNHINTINAY = nd?
9 ] 4 £ A (A Y a
VNAFUAUAUINANYRINITINAN(D) FaTnasmnulsnasunay (v,)

AMUIUNNTUNS

3V
T

Y

HWuiAmsanay = nd? = r(1.41V1/3)?2

Y

A Aa _ 2/3
WUNAINIINAY 4.87Vp
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S
Ap
dufiavewdauilunsnau hg= 1
wagdufinveaudaligianeg 1 o <1 1ewe
. 2 -812/3
why g, 2 487(2:63x10 5) 0,649
6.597x10™
o o 1 1 ' di a a 4
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g, = M Ky = 24.509

3
Smf¢s

e gl L75 o[ 17 — 0479
K ds 24.509 % 0.649

o 34 o A a a 4
mmmmmm’m”|qﬂmﬂm1ga"lﬂmm

NTUNT
2
1.75 [demfpg] +150(1—8mf)(demfng: dope(Ps —Pg)g
3 3 2 2
gmf(i)S H 'gmfd)S H H

Tagldauiaeimean 800°C Faimanuniia (1) LazANNHUILUY (p, ) faae 11
8 Pg
w=449x10"7, N.s/m’
pg =0.3166, kg/m’

unua luaums

2
1.75 (3.69x1072)U ¢ (0.3166) L 150(1-0.479)
(0.4793 x 0.649) 449x1077 (0.4793 x 0.6497)

(3.69x107)U ¢ (0.3166) | 9.81(3.69x1073)3 x 0.3166(230.798 — 0.3166)
449x1077 (449x1077)?

16594'289Ur2nf +43881.459U ¢ —17840.303=0

Y 2 o a a 4
las anusadrgavesmsinagd ladiua u ; =0.358 m/s
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2.7. A3 Re vosoymamelumniesmavigdlagiua

o 9 2 A a a 4 a 9 9 =& [ =
Tumsdunaezldnnusiimangs ladwausnadewn luizinsnszuendneannide(v,) &

9
v A

0 3
mmmmwmm"lﬂmu

A00 mm

2 o
FITTUG TYINHA

o i # ""'Iq
vgd lamun 2

LI

|

101 .6 mm

-

l-'J £ 0
A3 A a2

I~ 1 A A 9 Y T W A o a a 1w 3 4‘ Y
AIULTITIUN 2 TILﬂJTL@]1LN1h1W3J3Jﬂ1LVITﬂ1J 1.75 m/s M@@]i?ﬂﬁ]lﬂmclf\iﬂﬁﬂﬂimTﬂ‘]J 0.0137 m'/s LUDVDIUNT

9/ v o 2 A a a o A 1w
llﬁ?JﬂlfJ"lfl@]'JL‘]Jl!gﬂTliﬁﬂi%ﬁ‘U@ﬂ ﬂUTNL§3%Lﬂﬂﬂg@1ﬂ%tﬂﬂﬂﬂﬂﬂ1ﬂﬂ

210 Q=AV
\/2:9:0.013724:0.11 m/s
A 1x(0.4%)

A g A a a 7 dAa 4 Sy ' 2 o a a sy Y

iesnnanusIninangd ladwaimaduneluaiianiosniianuidigavesmanavgsd ladn lann
MIAUIUNITIZD1DILNAANNAANAIAYDINITAIUINAYTA 15U AINNNNANYDIOYNA FAAIUYO
1 a a o | 9 o & o =2 A 9 g Ay y & A 1w
Nvazinangd ladwe Wudu deiulumsdnne Re 3udenldnnusinldoinminaaosgalinumny

0.11 m/s AU

pvd
NNFUNT Re=—-
vl
Y ' J Y 9 1 4 =1 [
d = idurugudnanveteyma  lagvy ldauruguinaiunsumivenall (d) 1u

MSMUIBVANNINY 0.00369 m
3 A a a 4 a Y 9 a 1w
v = mwmsamﬂm\lge'lmmﬂ ‘]Jilﬂﬂ!?i"EJ\TLWTIIWN‘VWQﬂi%‘]Jf]ﬂ‘JJﬂ"lm'lﬂiJ 0.11 m/s
Y v P 0 & A =) 1 v 1 dy
Glslfﬂ'llﬂﬂﬂ"lﬂ']ﬁﬂ 800 C HIUAINNUNIUHA (},L) LAZAITUNUIULUU (pg) ﬂ\‘]ﬁ’f)ll‘l]u
—7 2
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pg =0.3166, kg/m’
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Y Yo A
18 Re vosoymameluaum ludaail

0.316x0.11x0.00369
Re =

5 =2.856
449 %10~

aa Y d Al ¢ (Y]
2.8. msmvinaiamaqueanuenIniizesma-wgdladuaszdugaainssu

fruannavoua s Indiminy 9.0 MW, uaziisinanauseuniny 0.85 MW, /m’

2.8.1. ﬁmamﬂ"?mmsmmﬂﬂﬁ

anuamnsalumskaanusou MW, /Anannusou MW/m’
9.0 MWy,

0.85 MWth/m>

Usuaseuen g

= 10.59 m’

2.8.2. MMt uraImanal

[

Y
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9
Y [

Y
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m
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aov U d' 9 dy a 9 = dy a =
NUIYVDI C.W.Bockhop WUN mmm”lwm%ammgmau"lﬂua’J 10 U0 BDIWAILNALITHNIAAADN

9
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k4
Mae 60% 1Al 100 % ﬁQﬁuﬁmﬁaﬁm’ammﬂimmmﬂ”lﬁ’mu

Husk: char = 1: 0.6
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Bulk density = 105 kg/min
k k 3

Viea = 2,541 Syl hr, % 0.6 Betr 10 minx T = 242 m
hr  60min kg, 105 kg,

] I~ ] 1 I 1
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1 I @ ~ ] 1 1 1 1 3 o ~ a a
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O1IDINAN NN UNTINTSUDNNINUA muum@ammuﬁlﬂ‘lJimmL‘Uﬂmmm’e)gclumummﬂiwmﬂ
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=
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=
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YFmaus =2 42 m?
Di=1E8m

Tumssnanilszanayy 0 TasanzidlulSunasnsiaduiyy 0 a1ee
1

YA 1
Fulsuasnsody = gnr2h=§nr2rtan9

Ao oA 1w 9 a 3 A ' Y dy
Tagh Satmny 0.25 wasez IdUsuasnsoduiyn O a1ee Al
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yu 0 60 65 70 75
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A 0 0 0 1 o a k4 3 =2 A v o
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2.8.6. A3IDADUDIMAVIUN 2

(A/F) @ 2=2.19kg . / kg .., (DINMIAIUINTNAUVOIVFBCIZAUR DI TANT)

9 [ .
FaiU 0n51MT InaFanavesemadiuiany = 2.19( kg air )X2’541(kg fuel)
kg rice husk h
= 5,564.79 K&
h

41



v a =) 3
nag oa3IMs larrsuag = 556479 K&, 1L m°y  1h
1.2 kg~ 3600s
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Side View Front View

Top View
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