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ABSTRACT

‘The thesis presents an experimental study of influences of wavy surfaces of a fluidized-
bed on rice husk combustion characteristics. The experiments were made of the fluidized bed
with a large freebord having a cyclone inside. Each type of the beds was tested for the same mass
flow rates of rice husk ranging from 6--12 kg/hr and for pereent excess air of 20%, 40% and 60%.
‘Temperature distributions inside the bed were measured at sclected locations and flyash, smoke
and cxhaust gas emissions were observed and measured by a gas analyzer. Optimum test run was
found at the cxcess air of 40% and mass flow rates of rice husk of 9 kg/hr. Varying primary air
per sccondary air at 50%/50%, 40%/60%, and 30%/70% was also studied. From experimental
results, maximum flue gas temperatures for cach beds arc found between 700 and 750°C and the
maximum temperature in the combustor is about 950°C for the casc 40%/60%. From cxhaust gas
emission measurements, it is found that CO is in a range of 100-300 ppm, NO between 100 and

300 ppm and combustion cfficicncy ranging from 92%t097%
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4.2.1 ANHUSVDIUA UK

Yy ¥ ¥ [ v
AAd v e [ = ]

= o Al Yoo Y o I=) =]
wlgda ladiuait ldhimssenuuuiiinedu 2 dnvme ez IdvhmsnlSomdiey
[ } 4 y 9 9/ [ v
dawafifndu TaoMnuHIne 2 uyuiiez N saninugUREINUNINLA 7D 2,400 mm. 1
Y ' o kY 9/ o a = J = ¥ 1 J
ynaduriguonadnieluieamn lnlian) 200 mm. Susuwivesaivnaduriigudnaig
o o P=y 4 a 4‘ g = 3 a 4‘ ~ '
Mol 400 mm. dmsumunngda lagiwanuurnay iimsfadirinfulinnugese 1
4 ] -4 4 t
AAU AD 200 mm. VIAFUHIEUINAINOUBAYBINAY 200 mm UazyIAFURIgUINAN
meluvenau 100 mm $119U 3 %0
4.2.2 szuumstlouvemauazeima
. F4
a g ) 1
msldszuumstleudemauiluuuundon (Screw Feeder) lautlounsuingno
4 g 3 @ 3 @ ' c3f P
VUIA 45 mm. canu@ﬂmanymmaﬁ'nmummﬂ (90") Auvieaw Nozzle Jet 1iluauiaem
9 o ay a 3 dy a Y Y 3/ 4 Y o
pimedHauiEawd laslsoimanuremaunandigroum nidnieaiudia de

neraalugilin 4.2

;/_,..,-—-——""‘"’-'“-—-\.
< =
‘\ x =
e ﬂ/;l——- First distributor
Rice husk
— L Second
’ distributor

Primary air {Jet)}

Primary air
-y

a v 4 A
514 4.2 SnvaznisilonveuFomdunay

Ll 1 dy ¥ o s d 4 ~ é o
Tumsesnuuudenail etloadunlad Idounduldegadowromd ez

3
=) ~ a ] o [ o 1 A Y
Glﬁmlﬂlﬂaﬂ"llﬁﬂﬁ 18 LmZEN‘H'JUﬁﬂﬂ'lﬁG]ﬂ“UWU?NL‘AHE)LWﬁQLLﬂﬂ‘UGluﬂ@ﬂ@umWLﬂHNW

o lFlumsnaasszldorimadiei 2 dau Ao ernirlgugiiaaui 1. (Primary

a ~ =1 A o Y a
Air) 01malgunidiuii 2.(Primary Air Je) lagormemlgugiiiluomeaiigeiilvine

W

a o = o (A
s ngasailgda ladiadn1d1n Blower Aiivua 10 hp. humaeneonemdivenaana

v
' =

Tuminaaosdimualfldomadlgugiidimeduarsvean i Tasnememlgugiidiui 2.

~ A4 o a A A y 9 3 y_ g
(Primary Air Jet) Inthigwd udsadamdmnaudgioam Indmedndia
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pamilsznou nlesidud ﬁgmﬁﬂimaqa 311U Tua
CRETTY 38.0 12 1667
lalasion 5.7 1 5.7
TuTnsioy 0.69 14 0.049
DONGIN 41.6 16 2.6
Fowes 0.06 32 0.001875
it 19.8 - -
msauqalfseunis
a CoO,
Rice Husk ————>| Combustion b H,0
—
Air chamber dN,
e SO,
awnsadeuiul§isouni 1asd
3.1667C +57H +0.049N +2.60+0.001875S +a, (O, +3.716N,) —>
aCO, + bH,0 +dN, + eSO,
wmsaugaaunses 1A
C: 3.1667 —_— = a
a=3.1667
H: 5.7 —_—> = 2b
b=2.85
S : 0.001875 —_— = e
e =0.001875
(O 2.6 +2a, —— = 2a+tb+2e

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

Mmmsunuamasluaumsez 1@

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

3.1667C0O, + 2.85H,0 +12.406N, + 0.00187550,

¥
=) 1

I Tuavesormaur ezl §aseuaditdiisuiiiu
4.76a, = 4.76 X 3.2936 = 15.678 kmol
maaﬂmﬂﬁﬁnﬂaﬁumsmamﬂmﬂummmmq ualumsnaaes lueansai iy
oA ld mnzaziusezdesinaatsnannuiuluenmdh W luaunismsn
Indveudemadie Tnefisezinisdmuaanizyesemegd

a

mmﬂﬁqmmmmﬂwuﬁ’a ( Dry-bulb temperature ) miA 33 °c
AU Fing ( Relative Humidity , RH ) i1 53%
marzazihmsmeanususoslumaRan i 18y
Aamanase iz ld
Py po@33°C = 5.0752kPa
Py = Py = 0,535 5.0752 = 2,690 kPa

air

%muTna‘umazamm“lummﬂ%manmi
(Nsz() arr j ( Pvair j (4 1)
N vmlul P vlnlal

‘ Pv
_ air
NvHZ(),alr - ( Nvmlal

vmml

( 2.690 kPa

=| ———— |x (15.678 + Nv Y kmol
101.325kPaJ ( a0 )

5NV = 0.4276 kmol

s

3 o o as ‘dy 1 Y dy
m3zasiuihmsauaasumsmawn ndfdmsuemedulnie ldaall



3.1667C +5.7H + 0.049N + 2.60 + 0.001875S + 0.4276 H,0 + a, (O, +3.76N,)

— aCO, +bH,0 + dN, + eSO,
mmsaugaaumsz 1a
C:  3.1667 > -,
a =3.1667
H:  57+(04276 X 2) —> =2
b =3.2776
S : 0.001875 —— = e
e =0.001875
O: 26+04276+(a, X2) = 2a+b+2e  ——> a =32936

i

N : 0.049 + (a,, X 3.76 X 2) 2d —> d =12.408
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o [} dl ') o 9 v [} 9 3 A?ll
hadaalsnimss s ldunuanduluaunses ldauniswn mdvsoinmaiu

a .dy = Ao Y A
ﬂ‘lJ!‘IﬁJL‘WﬁQL!ﬂa‘UVl@ﬂﬁ'lﬂ'lﬂNWVlﬁilW@ Ao

3.1667C +5.7TH + 0.049N + 2.60 + 0.001875S8 + 0.4276 H,0 + 3.2936(0, +3.76N,)

—— aCO, + bH,0 + dN, + eSO,

9 2
NNTURINITHISATIAIUDINAABDIYDINAL INAUNT

A m
H = M @)
F ratio m_ fucl

128UB901NIANIN

malr = nair X MWair = (na'ryair x MWa’ryalr) + (nHz() x HZ())

= (3.2936 x 4.76 kmol)(28.97 kkg )+ (0.4276 komol x 18 ke
o

m kmol

= 461.875 kg

aveudomAumiy
M, =Ny X MW, = (. x MW ) +(ny, x MW, )+ (ny x MW ,)) + (n, x MW ,,)
+(ng x MWY)
= (3.1667 x12) + (5.7 x 1) + (0.049 x 14) + (2.6 x 16) + (0.001875 x 32) kg
= 86.046 kg
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(ﬁ) 461875 kg
F)., 86.046 kg
=5.368

¢ g 4 [} a
VINTUNIT (3.1) L‘ﬂﬂﬁL“ﬁuﬂﬂ1mﬁﬁ’mlﬂu(percent excess air)

M,l}loo%

o o [} a
L‘ﬂﬂ'iL“ﬁuﬁ‘mmﬂﬁ’mmu(percent excess air) = { (A ; F)

Stoic

Y N T 1
MITRLUU ININBATINS IMaveseImeadi [ lun1snaasadedmuadnsing
Tnavewsamauniny 15 kg/hr 92 10

NINONTIAIUNTUNDA (Stoichiometric)

[f{):5.368
F
A=5368x9 kg/hr
= 48 .31 kg / hr

M31970 4.2 U IMANINoAT 1A IUNTUNDA (Stoichiometric) 14 14N NAADA

5@511’Jam%mﬁmﬂau (kg/hr) U310 IMATI ST N AN NS (ké/ﬂl:)w |

¢ 32.21 T

73 40.26 )

- ’ 48.31 SR
" 102 56.36

12 64.42 o

4.4 MIAmnanuENTANIMEMNMveauaiiuunay(3]

4.4.1MIMAATIUYBI719(Void fraction, £, ) #azANINNAN(Sphericity, ¢, )ysunay

void volume

= (4.3)
Volume of (particles + voids)

m

mﬂmswﬂaaaﬂ?mmmm n-hexane ﬂ'auwau =55 mm.

USRI UNA LA DI =20.5 mm.



1JSUINTHAINAY

AAAIUYDIFOIINVDIULA

mﬂgﬂ‘ﬁ 3.9 1&4 normal Packing wla

=58 mm.
55+20.5-58
205
=0.85

£, =0.85
s =0.24

4.4.2 e gudnaaveansanauiisumiuunau(diameter of sphere having the

volume, d], )

15119 5V0IN AL DI

UIUYBIDYNA

1J5uInsveannan

3

d,
600 x 7 -
6

4.43 ANURU U BVBINNAY
9
PIVUNVBUNAY

YSumsueaunay

ANUUUIHUVOUNDY

&
4.4.4 msmfSunannusy

¥
M NUBILNaUNOUOY

9
o @ @

WM HAUDILNDUHAIB U

=20.5 A1519UADLAT

= 600 BYNIN
3
= 9IUIUVDIDYAIA X ~—6—_”

= 1Suasveanaunazresinax(l-¢, )

=20.5x(1-0.85)

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

= 9.784x10™
=0.214 cm.
=2.14x10"m.

= 10.5881 N5

=83.3 @15 19NaAaNT
_10.5881
83.3x (1-.85)

=0.8473 g/ml.

=3.0625 AT Y

=12.7545 N5

45



ndnwe i luunay = 0.308 N5Y
- M & 0.308x100%
Usuusosazveennuyuvewnay = —————
) 3.0625
=10.06 %

4.4.5 mymamuiwhgaiiididavigdaladiue (U, )

(N U(rice husk), g, = 0.24
Prcerns = 0.8473 g/ cm’
d,=0214cm.=2.14x107 m.
1 35 °C 9191 (air)
P = 12x107 glem®, p=18x10"" g/cm’

210 wan tag yu (1965) kuni [14]

—li'— =0.0408, K, =24.5098

1

k- 175 "
& Ps
1501 ~-¢,,
K, =———~——(3 2”-’) 4.5)
gm_/'¢S
& = 1P 42975
' 24.5098 x 0.24
£, =0.6675
L.75 =24.5098

' T 0.2975% 024

46



K, = 151 -0.6675) _ 2911.4317

0.2975x0.24

_ 4Py (P - p, Je

Ar : (4.6)
Y7,
UNUA IUANNITH Ar
3
420214 x0.0012x(0.847§ 0.0012)x 981 301278.58
0.00018>
aumsilFlunssunamannidgalumsidargdalad
1.75 A_(_d,,Ung y +150(1—8m/-)dem,pg _ dp, oy - P, )8 47
e, M En s H e
unus K, K, Ar 1w1d
214xU,, x0.0012]  [0214xU,, x0.0012]
, (. +K, » =301278.58
0.00018 0.00018
49.8867U7, +4157.6425U,, =301278.58
U, =46.509 cm/ s (finmmgdi 35 °C)
figaunad 950 °C
p, =0.289020x107 g/cm’
1 =4.74560x10"" g/cm’
3 -3 _ -3
4y 02147 x0.2892x10 x(0.8473 -0.2892x 107 ) 981 1045719

(4.7456x107 )

unuauner U,

o.214x0,, x0.2892 (107 P Jo2iaxu,, x02892x107]

K = 10457.19
(4.7456x107 Y T G asex 10+ ]

47
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0.41685U 2

} +379.6885U,, =10457.19

2 U, =26.75 cm/ s (Agamail 950 °C)
4.4.6 A gATEU8In3vlgdalad(Terminal Velocity of Particles, U,)
upay, ¢, =0.24

P =0.8473g/cm’
d, =0214cm

9MA, p, =1.2x107

u=18x10"

Dy o (o0 - p, )]

d/’ P #]/3 (48)
unuateg 18
1/3
4 =021 ,[0.0012x (0.8473—?/.?012)980]
- (0.000182 )"
d, =67.038
. 17744,
U, ={~1‘8—2+2.335——‘~(%} 4.9)
;) ()

' k4
unumag 1@

. 774 0.
|18 2+2'335_17 4><00254
67.038% (67.038)"

=4.20045
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oo
_._i__z___g_.__ (4.10)
Py

~ U, =4252758cm/ s

4.5 MIMHINMANNTUNUTTZHIIVINYENARDINBINUNTZDIUAN
PUAFURIUINA 1N 0.079 m , L= 1.3m
£,, = 0.6675
£ ey = 0.8473x10'Lgm’ { p = oo }
annzomiafigangil 55°c
P, =1.063609035kg/m' { p.. = p,. |
20=197.816 x 10" N.s/m’
ANNEIDIMAT U 1, = 5.01750777 m/s

Step I 91ngums lumsmanuauanasouluwe

APb
—— = (- £, )P p, ) @.11)

mf ¢

_ (1-0.6675)(0.8473x10" ~1.063609035)(9.81)(1.3)
1

AP,

= 3588.357 Pa

110 Zuiderweg [14] na13d1 AP, = (0.2 830.4) AP, 1den14 0.3

AP, =03AP, ‘ (4.12)
=(0.3)(3588.357)P,=1076.507 P,

Step Il A599XDUNIAI Re tNOMIA Cd, , V9]

d
ali's (4.13)
y;

Re =

t



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

=21312.566 > 3000

1NATTIY
Cd,, =0.6

or

Step Il Y11 u,, NAUMS

Uor - Cd’or 2APd .
Py

U~ 06) {(2)(]076.507) 2
1.0693609035

U, =26.995 m/s

uy,  5.01750777 a
ATNADY — = ———— = 0.1858 79 (18.586%) >10%
U 26.995

oF

¥ '
Step IV MU RO NUNLAZYLIAYD]

Tagh N = Puugununszaiean
d, = YUINYDI @ JUB orifice

unua luaunis

o or

5.01750777 = {%} {26.995} ¢ N

0.23665454
I

or

50

(4.14)

(4.15)



nAaoaf lagiaenfimung

ﬂ]iNﬁ 4.3 GlﬁWQLLﬁﬂQﬂIHWﬂﬂISQELLﬁZ%D']u’JHE“UENL‘UG\

51

yaduiIgUina1a d (m) | 0.002 0.0025 0.003

$MMIN_ (m”) 59163.635 37864.726 26294.948

1IN, (em ) 5916 3.786 2.629
2

[@en d, = 2.5 mm $1muzAeNUN 3.786 §/em’
T 2 2
A= (19) = 49.01669935 om

E4

mmugﬁwm =3.786 x 49.01669935 = 185 §

4.6 fniﬁ]u3mﬂ]ﬂl]ul%jlla&’l{e&lulﬂuw1
8051m5 Inaveuaumianuan 14lunmanss 1569514715 kg/min
oneilgamgiimanlszum 55°C

= 1063609035 kg/m’, 4. = 197.816x 10" N.S/m’
p{(/’ #ﬂl]

ORe= p@- = {B}{Q}
7 Uil

NN mair = pair Qalr

_ 1069514715 1.47565004 m’/min

" 1.063609035

833 InaadS1n sue 99101 Q = 0024594167 m'/s

[ J
A3t Madumvnadurigudnais 79 mm.

B { 1.063609035 } {4x0.024594l67

R }=21312.5661
197.816x10 7 x0.079
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0.024594167
5 = 5.01750777 m/s

yo £ 0024594167
A (7/4X0.079)

' 3
nsal MU IAdUAIUIN A1 200 mm.

{ 1.063609035 } {4x 0.024594167}
e= = 8418.463
197.816x1077 %02
v _Q_=9_9215_911_622 — 0.7828 s
A (z/4)0.2)

1 3
sl MU AdURIFUINAIUAT 400 m.m

{ 1.063609035 } {4 x 0.024594167
o=

=4209.232
197.816x 107 7x0.4 }

V=== ——— =0.1957 m/s

0 _0.024594167
A (z/4)0.4)

H 1 g { o [ a
M13197 4.4 A1 Re taz ANuEINg andumdsaequeanwnildlunsnaans

Re V{m/s)

musumvadusguinais 79 mm. 21312.5661 501750777
sl vLIdUAIgUEnA19 200 mm. 8418.463 0.7828
3l nuLAduAIgUINaTY 100 mm. 4209.232 0.1957
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v Gl d A =)
5.2 mMadmnsaxglnsamavinsaslioluminanea
a A -4 4
Tumsfndamsnszneguvgiinieluaumivgde laduanezesnilszneuvesuia
“ o 3 & \ av a o = 4 A A
frRannasen v FufluinuideFanmases msdamisugdnsaiuaziniesiolunis
= a o = ' @ ¢
naapdlivaerilallszneudnaleiy swaziBeamaqvesginiainldlumsnanesdiaei
a J
5.2.1 wuwnvlgealasun
a 4 3 - :IJ Qy =) 1
wurngdaladiuais 2 unu Taugeisdu 2,400 mm. fvwadurigudnas
Y £ Y 4 = 4 = )
aelurtoar nd 200 mm. Wurguinarsmeluniesa 400 mm. uazlinnugavesiowusn
) o -5 | = @
gl 2,100 mm. dwmiuiewauildnsuziunsingelinuge 300 mm. AuusNUBINII

o F4

Y Y Y 9 o 9 & = oA o
voum luduazoway ldninisduanauietlesiuanufougaivesnainszun fimis
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17
Té

5

T4 -

T3 -

T2

4:; @ a o a oA I=) 4 '
i 5.1 uansdnyazve UMY DR ladiauuuRIS s Uas A lng)

5.2.2 ssuuilowomas

4’!’ = ) 4" a s) ' v 4‘! s s
syuutloudomasannsotioudramaadmimagiaaiiind uazau1snlTusn
9 [ ¥
M3 Inavoudomnsnuiiasims ssuuilowdemaslsenoudie Inverter, Motor, Screw Feed
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Abstract

The thesis presents an experimental study of influences of wavy surfaces of a fluidized-bed on rice
husk combustion characteristics. The experiments were made of the fluidized bed the typical fluidized bed
with a large freebord. Each type of the beds was tested for the same mass flow rates of rice husk ranging from
9 kg/hr and for percent excess air of 20%, 40% and 60 %.Varying primary air per secondary air at 50%:50%,
40%:60%, 30%:70% was studied. Temperature distributions inside the bed were measured at selected
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ranging from 92 to 97 %.
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