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DEVELOPMENT OF BIOMASS COMBUSTION BEHAVIORS IN A FLUIDIZED-BED

WITH RIBS

Thanaphon Thummanond
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Assoc.Prof.Dr. Pongjet Promvonge  Advisor

ABSTRACT

The thesis presents the combustion characteristics of rice husk in a fluidized bed
combustor fitted with V-shaped triangular ribs inside the combustion chamber. The V-shaped rib
mounted inside is to increase the recirculation flow of the rice husk in the bed or to prolong the
residence time of the fuel to raise the combustion efficiency. The experimental works of the cold
flow model of rice husk in the V-ribbed bed showed that its mixing behavior of the rice husk flow
is better in the bed fitted with triangular ribs. Thus, it is interesting to develop those ribs into the
fluidized bed combustor. The combustor was divided into two parts: a bottom part (combustion
chamber) and a top part (freeboard). In the experiment, a feeding rate of rice husk at 8.64 kg/hr
was kept constant throughout where the excess air was varied to be 40%, 50%, 60% and 70%
respectively. The conditions were tested for the bed fitted with 2 sets of V-shaped triangular ribs
including the bed without rib. The temperature distributions were measured by totally 12 selected
locations along the combustor height. Combustion emissions and combustion efficiency from its
flue gas were measured and observed respectively. From experimental results, it is found that for
the case of triangular ribs with 50% excess air provides the best and stable combustion with the
temperature range between 750-950°C. However, maximum temperature of the ribbed combustor
is found to be 917.4°C at 70% excess air. From exhaust gas emission measurements, it is seen
that CO is in a range of 100-300 ppm, CO, between 1-3%, O, between 17-20% and NOx

between 25-60 ppm.
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padtlsznew wlosidua €1ﬂﬁnTuLaqa Il
A UeL 38.0 12 3.1667
lelasiu 5.7 1 5.7
Tulasiou 0.69 14 0.049
20NTIAU 41.6 16 2.6
Falos 0.06 32 0.001875
ot 19.8 - -

mMsaugalfnsouall

aCo,
Rice Husk ——>| Combustion b H,0
f——
Air chamber dN,
e SO

2

v

~ aaa U4 dy
annsodsuilulzounil 1ddd]

31667C+57H +0049N +2.60+00018755 +a, (O, +3.76N,) ——>

aCo, +bH,0 +dN, + €SO,

mmsaugaaumsez1d

C: 3.1667 _— = a
a=3.1667
H: 5.7 _— = 2b
. b=2.85
S : 0.001875 e = e
e =0.001875
O : 2.6 +2a, —_— = 2a+b+2e

a,=3.2936
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N: 0.049 +a,(2 X 3.76) —_—> = 2d
d=12.406

mmsunusasluaumsazld

3.1667C +5.7H +0.049N + 2.60 + 0.001875S +3.2936(0, +3.76N,) —>

3.1667C0O, + 2.85H,0 +12.406N, + 0.001875S0,

3
v

rs Y =Y=T=1 AAA I o
$u Tuavesemaudezlfnseualilinuiny
4.76a, = 4.76 X 3.2936 = 15.678 kmol
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ANUFUTUANT ( Relative Humidity , RH ) 11U 53%
¥ . b
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Poyo@33°C = 5.0752kPa

£ PV, =@, P, =0.53x5.0752 = 2.690 kPa
311U Tuavesazeoah luenmaanauns
Nv . ,
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N vlalal P vtotal

Pvair

H,0,air [ - )N Yiotal

vlolal

_[ 280 a5 678+ Nv, ) kmol
101.325 kPa 2
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3.1667C +5.7H +0.049N +2.60 +0.001875S +0.4276 H,0 + a,, (O, +3.76N,)

—> aCO, + bH,0+dN, + eSO,
imsaugadumsezla
C: 3.1667 —> = a
a =3.1667
H:  5.7+(04276 X 2) —> =2
b =3.2776
S : 0.001875 — = e
e =0.001875
26+0.4276 +(a, X2) = 2a+b+2e  ———> a, =32936

N: 0049+ (a, X376 X2) = 2d ——> d =12.408
hawaudsimmssa lBumusinsuluaumses tdaumsen ndvosomeady

fusemawnaufisasmsennswe fo

3.1667C + 5.7TH + 0.049N +2.60 + 0.001875S + 0.4276 H,0 + 3.2936(0, +3.76N.,)

 — aCO, +bH,0 +dN, + eSO,

3 g
IINUUIINITHIDATIEIUDINIFADIFDINGS INAUNTT

(ﬁ) = Har (4.2)
F ratio mﬁlel
1IAVOIDINIANINY
My = Ay X MWair = (ndryair X MWdryair) + (nHZO x MWHZO)
=(3.2936 x4.76 kmol)(28.97 ——kLg—) +(0.4276 kmol x18 kg )
kmol kmol

=461.875 kg

aveudamauriy
M o = Mgy X MWﬁw, =(ne x MW )+ (ny x MW, )+ (ny x MW, ) +(n, x MW,)
+(ng x MW)
=(3.1667 x12) + (5.7 x1) + (0.049 x14) + (2.6 x16) + (0.001875 x 32) kg
= 86.046 kg
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(A) _ 461.875kg
F ratio

F) .~ 86.046kg

=5.368
da o ' a
VINAUMT (3.1) 1lesIrUADIN A I (percent excess air)

y oA Al F
iosiFuABIMAAINIAY (percent excess air) = [( ) - l] x100%

(A / F )Stoic

¥ v ¥
W3 1zRZHU HIMTHIBRIINTS ImavesemanlFlumneasulofvuasasins
4
Tnaves¥emdunny 8.64 kg/hr 9218

ATUOATIAIUNTUNDA (Stoichiometric)

(£)=5.368
F
A=5368 x8.64 kg/hr
= 46 .6kg / hr

q’ =) =W 1 = . . . ~ F
A1INN 4.2 ‘]Jﬁﬂm’t]'lﬂ"lﬁﬂiil!’f)ﬂi'lfT'JuNﬁMW’Oﬂ (Stmchwmetmc)‘l’lGl"]faluﬂ'li‘ﬂﬂaﬂﬁ

sasifloudomaunay (kg/hr) Ve neisasdunaunes (kg/hr)
7.24 38.86
8.64 46.40
10.43 55.97

4.4 MarmRaaNiANImamMugvesuaniiuna(3]

4.4.1MINTATINYBI319(Void fraction, £, ) 4azAIIMNAN(Sphericity, P )UDINNRY

void volume

(4.3)

m

- Volume of (particles + voids)

1AM INATIUTUINTVUDI n-hexane NOUNTY =55 mm.
Y511R5UBIUNAVUALHDII =20.5 mm.

Ysuasvinamey =58 mm.




@

iﬂﬂgﬂﬁ 3.9 1&% normal Packing il

AFIUYDIFDINIVBAUUA

 55420.5-58
20.5
=0.85

g, =0.85
¢s =0.24

d [
4.4.2 UHIGHINE VR NI INBMTUIM AUNNAD(diameter of sphere having the

volume, d )

14511ATUBINAVUAZ I

UIUYBIOYNA

USuasveaunay

3

600x 7 =
6

4.4.3 ANURHIMHUVRIUNAY
¥
N UNYOINAL

5umsveunan

AMUNULUUYDILNGY

2
4.4.4 Mmsmfsunamnuru
¥
MUNYBILNATNBUBD
¥

NUNYDINAUYAIBL

=o

¥

¥
minveni luunay

=20.5 A15190A DN T

= 600 BYAIA

3
P

= UIUYBIBYMAX

= 5nasveunauuazsesinx(l-¢,)

=20.5x(1-0.85)

_ 6x20.5x0.15x7
22 x 600

=9784x10"
=0.214 cm.
=214x10"m.

=10.5881 N5y

=83.3 @590 00T

105881
83.3x (1-.85)

=0.8473 g/ml.

=3.0625 N5U
=2.7545 N5

=0.308 N5V
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0.308x100%
3.0625
=10.06 %

v
ﬂsmm%’aaazmmmm%ummuﬂau =

o 1 o ¢
4.4.5 msmausngaiiWidavgdaladwa (U, )

unaY(rice husk), ¢, = 0.24

pricehusk = 08473 g/cm3

d,=0214cm.=2.14x107 m.

1 35 °C 91MF(air)

p, =12x107 g/em’, p=1.8x107 g/cm’
910 wan 48 yu (1965) kuni [14]

1

=0.0408, K, =24.5098

1

1.75

K =—— 4.4)
‘ 831/‘1’32

. _ 150(1-¢,, )

Y 7
Eny = LB 42975
24.5098x0.24
€, =0.6675
LT 245098

' T 0.2975% 0.24
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_ 150(1-0.6675)

= =2911.4317
0.2975%0.24

2

_ dplon—p, )2

Ar > (4.6)
u
unum Iuaumsn Ar
3
4 2 0214 x 0.0012x(0.84723 0.0012)x 981 _ 301278.58
0.00018
aumsfilFlunsimaamannddigalumsiangsalad
175 [,Unp, ) 150-20)dUnp, _dploa-pile
83;f¢s #2 S,an‘ﬁsz u .u2
unue K, K,, Ar 1218
p.214xU,, x0.0012]  [0.214xU,, x0.0012]
K, 5 +K, =301278.58
0.00018 0.00018
49.8867U;f +4157.6425U,,, =301278.58
~U,, =46.509 cm/ s (‘ﬁ’qmﬁgﬁ 35°C)
fgmngd 950 °C
p, =0.289020x107 g/cm’
pu=4.74560x10" g/cm’
3 -3 -3
Ly - 02147 x 02892107 x (0.8473-0.2892x107 }x 981 _ o

(4.7456x107 ]

unuAwWem U,

o214xU,, 02892107 0.214xU,, x0.2892x107]
v K ~10457.19

(47456107} © o (a7456x10)
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0.41685U:,f +379.6885U,,, =10457.19

= U, =26.75 cm/ s (Wgaimgil 950 °C)
4.4.6 anus1gaTneveansvigdaladi(Terminal Velocity of Particles, Uy
upay, ¢, =024

pr =0.8473g/cm’
d,=0214cm

oM, p, =12x107

p=18x10"

o oelor - gl

dp = dp 'u1/3 (4.8)
unusz ¢
1/3
4 0214 [0.0012x (0.8473 — (3/.?012)980]
(0.000182)
d, =67.038
. 1.774
U’ = [—ﬁ; +2.335— —09;—} (49)
(a,) (@,)
unusz ¢
. 774x0.
- 18 2 40335 L774x 0254
67.038 (67.038)"

U’ =4.20045
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2

Pe
~U, =4252758cm/ s

( ) 1/3
U - U[M} w10

4.5 MIANNUMANNTIIUTITH VAT ENARBIABINUATZIIBAN
YAFUAUINA1IMUT 0.079 m, L = 1.3m
£, = 0.6675
P uny =0-8473x10° Lg/m’ { P o = Ps |
annzeInAfiganai 55°C
p..=1063609035kgm’ { p.= p.. }
1=197.816 x 10" N.s/m’
AN I UA u,= 5.01750777 m/s

Step I 3nauM3 luMTHIANNAUANATOU TUILA

APb
— =(1- € )(p;- pg )£ (4.11)
L .
mf C
rp - (1=06675)(08473x10" ~1.063609035)(9-81)(.3)
’ 1
= 3588.357 Pa
110 Zuiderweg [14] P13 AP, = (0.2590.4) AP, 1denld 03
AP, =03AP, (4.12)
=(0.3)(3588.357)P,=1076.507 P,
Step I ASI9ABLINAN Re (loMIAN Cd,, 1043
d
- 2Py (4.13)

Re

t

i
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_ (0.079)(5.01750777)(1.063609035)
197.816x1077

=21312.566 > 3000

. NI

Cd, =0.6

or

Step Il #1u, INANNIS

Uor=Cd’or 2APd "
P

U_=1(0.6)

or

{(2)(1076.507) 1n
1.0693609035

U, =26.995 m/s

u,  5.01750777 o
AVAOY — = —————— = 0.1858 1130 (18.586%) >10%

u 26.995

or

b4 v
Step IV 133U gABNUNLAZILIAYDN]

Tagn SUgUHUNIEEAY

NOI' =
d, = YUV ¢ JUDI orifice

unua luaums

or or

5.01750777 = {%} {26.995}d’ N

_0.23665454

or

4.14)

(4.15)
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naneen1 laghonimuag

M3 4.3 MINUAAIVUIAVBIFUALTIUIUUBIUA

wnAdurguinaa d (m) | 0.002 0.0025 0.003
$MIUIN,_(m”) 59163.635 37864.726 26294.948
UGN, (cm”) 5.916 3.786 2.629

¥ ]
{don d_=2.5 mm $1uIugAONUN 3.786 3/em’

T
A = Z(7.9)2 = 49.01669935 cm”

£
o

PUIUIMINUA = 3.786 x 49.01669935 = 185 §

L)

4.6 mif‘hmmmmms%maxR&lmm;m

¥ v
§n51n15 Inavousrnanuan 1§ lumsnaaod 1.569514715 kg/min

pmaAlgangiimasiszum 55°C

.. = 1063609035 ke/m’, u , =197.816x 10" N.S/m’

e -
po pjln

N3N mair = pair Qair

_ 1.569514715

Q= = 147565004 m’/min
1.063609035

Sa3n3 InaTaSu1m sued01ne Q = 0.024594167 m’/s

- 1 L4
I ﬂ'l\‘]!,“i’l"lm'l‘llu'IﬂLfST}uN'lf[uUﬂﬁ'N 120 mm.

_ [ 1.063609035 | [4x0.024594167
197.816x1077 7x0.12

}= 14030.772
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p- 2N - 2t

(z/4X0.12)

A58 1MNVUIA 300 x 100 mm.

& A 4
summmmsﬂumaﬂmaﬂu

p Ao duseugilmasy

4(300x100)

(B00x2)+(100x2)

}= 11224.618

_ { 1.063609035 } 4x0.024594167
197.816x1077 zx1.5

0.024594167

————— =0.819 v/
(0.3)0.1) i

Q.
A

A58 VIR 600 x 200 mm.

4(600 x 200)

=300
(600x2)+ (200x2)

_ { 1.063609035 } {4x0.024594167

= 5612.309
197.816x10" 7x0.3 }



= 0.2049 m/s

Vo Q _0.024594167
A

(0.6X0.2)
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A ' < oo v s g Y
N1INN 4.4 A1 Re LY ﬂ’.ﬂmi’.}mSvlﬁa“ﬂmlmuﬂmﬂ"‘]“U’t]xilWLNWIi‘ﬂﬂﬂﬁ‘V]ﬂﬁﬂQ

Re V(m/s)
madhmvinadurgudnaie 120mm. 14030.772 2.174
AT IMYUIA 300 x 100 mm. 11224.618 0.819
ASAL IN1VUIA 600 x 200 mm. 5612.309 0.204
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A a doy =4
5.2.8 !ﬂ‘i@\??&ﬂ‘ﬂ%‘i‘iﬂﬁlﬂ@!ﬁﬂ
24 A A a dgl = d o [24 N ~
ﬂW"]fllﬂLﬁEWllﬂﬂ‘Uuﬁ)']ﬂﬂ']i“flﬂﬁﬂ\‘lﬁﬂﬂiﬂ’)Lﬂi'l%ﬁﬂ']ﬂ‘iﬂ']iu‘llf)\‘lllﬂﬁﬂ'N"‘]Vl’ﬂilﬂll']

Y A a o = @ =
ﬂ?ﬂlﬂiﬂ\nlﬂﬂgﬁllﬂlﬁﬂ TESTO 350M XL muam“lugﬂm 5.15

a A a dev =)
MNN 5.15 !ﬂﬁﬂﬁ?!ﬂ‘i]%ﬂﬂ]“ﬁ]’lﬂ!ﬁﬂ TESTO 350M XL
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53 msnadsglnseilumnaases

o [ IT
T10

Inciined Manomerer —
T7
A

Hopper

Cyclone

Data Logger

Primary Jet Air §\ \

M Primary Air

a @ d a ¢
NMNNS.16 !!ﬁﬂﬂ!!N'HPNQ‘IJﬂﬁmﬂﬁﬂﬂﬁﬂﬁ!ﬂ“ﬂ]ﬂgﬂ‘lﬂ‘m‘ﬂﬂ

= I:4 = 9): s 9 9 =]
msoonuuLaukvge ladiuaildlunsnaaes nnugevesioun nduazas

¥

:4 Y
vosalngnmua 2,400 mm. YuIveIRounT 1ud Av 1319 300 mm. WU 100 mm. g3 1100
r=) r=3 r=3 T @ ::' 9 v 9) 9 = :,' 4 r=)
mm. uazliswazBealandesssn ldna ldudr luneudu lunisindsginsalnisnanedl

b v

nannsmauasil as omanlglunswn 1ud 1401910 Blower  1a814 needle valve uas

Inclined Manometer 1un131508n351,13 Tnauazadasins na awdrau vesemenlgugil

a =

dauvesemanasgiansodsudasinis ina 1aeld ncedle valve  waz 1% Inclined

¥

Manometer 14A15IAAINS A UReI Y 5tlouunavazld Screw feeder F9d1MNT0

o y [ 4 a o
ﬂ'J‘lJﬂllﬂﬂi']ﬂ']'iﬂﬂullﬂa‘U‘IﬂUi‘n Inverter ATUAUATIULTIIDYVDINBIABT 1”ﬁﬂu&§uﬂ1ﬂ15

=

o 9 g o .d" =y .d' 1 ] 3 Y
naaessuudeslSufmFoinaunadl LPG werelumsguanildaanginielu gy

u
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o 9 dy a = vy @ lllsl @ agqg ¥ o @y
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]

o o ' Y =Y ¢ o = EY 9/ o
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QU 9

EQ Plal

mdnﬁ'mwm 200 mm. ,400 mm. ,600 mm. , 800 mm. , 1000 mm. ,1200 mm. , 1400 mm. ,
¥ v

1550 mm. ,1700 mm. , 1900 mm. , 2100 mm. 4822300 mm. AUTIRY HAINUUTIUHANN

a v 2 A v & o &

1Pan s 11 TA292 09N NN NINAIUNUININA19VDIF UM AU 19L9NUENDBNA Y

QU

Cyclone

5.4 PISYUIA

k4
=Y =<

J ° y o ¥ A o 3 4 4
ADUNINTITNAABIADININITYULAN LW@‘VI'ITHQmﬂﬂﬂﬂ'lﬂcluﬁﬂﬁlﬁ'lhlﬁﬂ’(ldﬂlu
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ala st amidudihEu ndnduhwunldddumuainldlumsgunuinadiuan
youm wnszisgamgiinielumigalszana 500 °C - 650°C Susutlounnanldiidnsinig
o A Y s/ 1 a o Y s a
Tvadi e ldunauw nfuassromvgunginieludous Tudvugungiigelssuna
fe) fe) 4 Ay o o A w o w b4 3 A
700°C - 750°C FangadlowFomdunaiiuw uaziihiumesnvindoun nd ileswn
= A o b4 nﬂy a 3 3 ¥ N A Y & A o
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o 1’ 9 dy a o o =Y A
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F4 ] 4
500 °C - 650°C MminSuTlouFomawnay @vuatlszane 2 mm. x 8 mm.) 1gRo UM
Y g LY =Y q'l =Y [e) [e) 3 o
Tndindourvermemlgugil sunsznsgampiinelualszunm 700°C - 750°C udawimaten
LAYUINDON
Qo dy o 1T Y [ 1 Y
2. 995 sTeuvssdBmdnauiy 8.64 kghr udrTudiunauliona
annduddy 40% sxdoalddasimsvaveso1na 64.96 ke/hr
3. funnA1uMYINeIUARWMUINNULMAUA 200 mm. 400 mm. ,600 mm. ,
800 mm. , 1000 mm. ,1200 mm. , 1400 mm. , 1550 mm. ,1700 mm. , 1900 mm. , 2100 mm. LB
td v
2300 mm. MuARY Tuiinwavesgungll dunadnbazitd uazaduiifaninmsenind
@ 1 A Aa -4
wagdam ledeniiannnsmw Tndl
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5. fasnsimsteuiiemaed 8.64 ke/hr W& 1sNARDIRsTaEMSTAfe L1,
VL=1/3 uag VL=2/3
5.1 nARRIREINAEIIRY 50% 1USusasms navesermesiv 69.60 ke/hr
5.2 nanpeieINAd AU 60% USUSasms naveseiniesiy 74.24 ke/hr
5.3 neapsieINMAdIIRY 70% USusasms navesernmsiy 78.88 ke/hr

6. Lﬁaﬁwmsmammumui’fnﬁuuﬁ’ﬁaﬁwmsaﬂﬁym?ummfuﬁwmsmamﬁyuwi

do 1 2udV0 5

7. Wieuifouramsnanssvsumiannsusumi i ldaansy

a ! 1 i o @ oW é
*1/L ﬁ‘i) DA IUITHINTL TN IANUTOLAINAIUAT*
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9 as d' P S w Y EY
1n3 suennluldnansvlumiiasioamn s
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Abstract

The thesis presents the combustion characteristics of rice husk in a fluidized bed combustor fitted with V-shaped
triangular ribs inside the combustion chamber. The V-shaped rib mounted inside is to increase the recirculation flow of the rice
husk in the bed or to prolong the residence time of the fuel to raise the combustion efficiency. The experimental works of the
cold flow model of rice husk in the V-ribbed bed showed that its mixing behavior of the rice husk flow is better in the bed fitted
with triangular ribs. Thus, it is interesting to develop those ribs into the fluidized bed combustor. The combustor was divided
into two parts: a bottom part (combustion chamber) and a top part (freeboard). In the experiment, a feeding rate of rice husk at
8.64 kg/hr was kept constant throughout where the excess air was varied to be 40%, 50%, 60% and 70% respectively. The
conditions were tested for the bed fitted with 2 sets of V-shaped triangular ribs including the bed without rib. The temperature
distributions were measured by totaily 12 selected locations along the combustor height. Combustion emissions and combustion
efficiency from its flue gas were measured and observed respectively. From experimental results, it is found that for the case of
triangular ribs with 50% excess air provides the best and stable combustion with the temperature range between 750-950°C.
However, maximum temperature of the ribbed combustor is found to be 917.4°C at 70% excess air. From exhaust gas emission

measurements, it is seen that CO is in a range of 100-300 ppm, CO, between 1-3%, O, between 17-20% and NOx
between 25-60 ppm.
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