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CHAPTER 5

EXPERIMENT AND RESULT

5.1 Experimental Preparation

The first

combustion was fue

laboratory as

e T T T T = e e e e e e e e

sample E istire - volatile fixed

,."f ‘ er # carbon %

average : 17.25 & 54 .05

-am&x‘mm %—f}mmag===ii===

The ultimate analysis of rice husk used in this
work was done by the Scientific and Technological Research
Equipment Center, Chulalongkorn University. It is shown in table
5.2



TABLE 5.2

Ultimate analysis of rice husk

- 1)
sample combustion

heat (cal/

average

Note : 4, d nalysis of (1),(2) and (3)
were an Automatic B
(Perkin Elme}
(JEOL JSX-60 ‘PEI—respootivolie—

»VF“

(CA-3),an Element Analyzer

uorescence Spectrometer
_ R ]

ﬂable 5.3 shows the prﬁinaﬁe analysis of rice
husk for ﬂﬁ}j‘ ﬂnﬁﬁﬁ%m lzjn;.i ﬁﬁin this work) and |
table 5 1u ' the el is! lo ce husk of vaious
sources compared with othér types ofcfuel. o/
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Fuel related char

(Pro

This study

Carolific value
(cals7gm.)

% Moisture
“%FAsh
4Volatile Mat.

%F i xed carbon

fAignewi! A.1.T.

3860

18.1 WA 20.0

65.0 ) 52,7
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3658

9.0
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54.9
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Charcoal Antracite
Basmati
C % 38.68 48.0 S0.0
H% 5.08 6.0 2.0
%S 0. 10
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5.2 1Initial Test Run

In order to observe the fluidization phenomena in the
AFBC used in this work, a cold test was performed. This was
done by manipulating the primary air valve to control the

flow rate of fluidising ai The fluidized state was reached

The followings/data ve! at each step of

1. -2 l ) [J-_) ‘

2. Pressuge dro acﬁ'& rlf_ :

3. Pressurefdr > deFos 5n'—_
+‘!1Jﬂ

J

The upstr sure,.drop across orifice

and the 'Va‘-

inputs into thﬂ' : g aﬂ
ow rate and the superf icial velocity of air were

omaix 1| 1 £ WE‘J (e F: T i
QRN AT B2 Maen

fluidized state. Fig.5.1 shows the dependence of pressure

JRRY re were menst ‘f'lT data to be used as

From this progranm,

the volumetric

drop across bed on superficial velocity of air in the fluidized
bed.
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S 220

PRESSURE DROP ACROSS BED (mm Hg.)

F1G 5.1 TRLSQURE D

T‘ & AIR VELOCITY

|

210 ~

200 =
190 —
180 -
170 —
160 —
150 - z
140 — B
: #

130 4
120 — s
110 -
100 — /

90 ~
80| |
704 |

il ﬂumwmwmn‘s

awmmmmmwmam

AIR VELOCITY (m/sec)

I
0.15

0.17
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5.3 Start Up Preheating Experiment

Start up of the bed was the most complicated technique in
these experimental runs. The fluidized bed temperature was needed
to be raised up to a temperature of 600-700 before feeding
the fuel. After start up was s 2geved all the preheating systems

were shut off and ri fed into the combustor.
Combustion of rice &ould in the bed temperature
throughout the ex? | y ik

Firstly, 1

preheating met
for preheating
inadequate heat
the air distributo
better results;

raised up

result agree;

heat input wasjjc
air stream.

Thﬂ Mtﬂ g ?‘] &le] j WIEJ flﬂ?tatlc bed since

itknew that a great améunt through

R W NIRRT WEVIN IR, s

tenpegkture around 100 c. which was stil unsatisfactory. From

e

oiErstor in the hot exit

a heat balance it canbeshown that the target temperature could
be reached by preheating the fixed bed with the LPG feed rate

twice increased.

Finally, the most practical way of start up was found. It
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was achieved by introducing solid fuel (charcoal) into the bed,
ignited by a diesel burner. Start up was accomplished by burning
charcoal that was able to raise the temperature of the fluidized
bed up to 600-700 c. as desired. A standard form and procedure
for start-up using charcoal was then established after some

experimental runs.

This section i8wdi rt.s, giving details on

results, problems experie ons, ete. in each

preheating method mg ed above. wl ‘“’-
1. ing / \ \\‘ f.a diesel burner alone
2. eat jflg / the £ 1uig 1 8 Diesel burner with
assistance of LP@ limes’ / \\
3. : : ’\
4. : y burning charcoal

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ?ﬂ‘i
ammnm UA1INYAY
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5.3.1 Preheating

This was done by using a diesel burner, installed
over the bed, as a heat source. The problem experienced was that
the fluidized bed temperature could be raised up only 40-50 c.
points ( such as the overbed
was due to the fact that the

The temperature at the o

temperature ) were nucl

flame from the burne fluidising air, made a

little direct con : E s llttle rise in the bed
o1 ,_hr the surrounding walls.
: sord .\\\\\\\ experimental run
shown in table 1 J ¢ \\\ik

temperature was

between T7 (bed

temperature) vs. ows the four temperature

plotted together.

ﬂ‘LIEl’JVlEWI‘ﬁWEI’]ﬂ‘i
’Q‘Wﬂﬂﬂﬂ‘im UA1ANYIAY
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TABLE 5.5

ON THE TEMPERATURE OF THE SYSTEM
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5.3.2 Preheating The Fluidized Bed By A Diesel Burner

with Assistance of LPG Lines

LPG lines were installed through the air
distributor in order to assist the diesel burner. The operating

conditions and the experime cedures were the same as the

previous test run except ti Uhis est run LPG was used with

the burner.

‘*. was carried away
from the conbust.oB in th : - strean a@ only little amount

was accumulated in ;.he sand bed.

ﬂ‘iJEJ’JWEM‘ﬁWEJ’m‘i

- LPG was burnt when it flew over the bed, not

- Al ey

A heat balance was then performed to determine

whether the first assumption was true.

consider the sand bed as a systea
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me (T -T /Dt = Q. — P .V‘)cp..(T‘?out- APON

- kA (T -T_)/d_ A
Using a sand bed depth of 40 cm, void fraction = 0.41

B, = 1-K)F V_ = (1-0.41)(2.55x103)(0.4x1.2x1.2)

‘ considered constant
with changing

emperature of 700

temperature bhe system were assumed :

the -7‘.,?} \

the wauﬂ L pg— m
80 AN 840 e s i

and the aird)outside the wall used in this calculation vere

QW?MH‘E'@U UNINYAY

The mass flow rate of the fluidising air was equal to

P _V_, where
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4
P = 1.208 {279/T_ )
= 1.233 (273/303)
= 0.85 kg/m®
v, = 7000 n°/hr
the wall thickness
the wall therﬂ'w;j;;;.; i 304 J/hr
the wall a
’\
Equation st  ‘., b} > above values :
(B70)(802) ( 7 2\ UA L 000) (1090) (700-30)
v ; - 700-30)/(0.1)
6‘*;%;:‘
p DA
246.7 x 107/ D AT -3.2x10 eeed2)
LA,
Using pheh '
" T
’ i ' ? / hr

ﬂwmwﬂmwmm

(ixifrom the D1esel burner

awmnmmm NYIRYS

Qtn.n

n

(6.01)(8700) (1/0.85) (4200)
25.8 x 10~ J/hr

Assume 40% loss (such as incomplete combustion,
ete.)




Q,.., = 15.5 x 10° J/hr

(ii) from LPG lines

heating value = 6369 kcal/l , P = 0.57 kg/1

input rate

J/hr

J/hr
adequate heat, the LPG feed
’ /£18.8 x 10~

"' tinmes

(]

x,,fJ,E“ﬁJ NN 19 S
ki b )

esel burner was fixed,
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TABLE 5.6
TIME T2 T4 T6 T

.

I = = Nk W 0N
[ V)
(e 0]
(8]

Nwes OO OC

L4

8]
o]
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385
445
505
565
625 |
685
745
805
865
925
985

1045

1105

1165

1225

1285
1345

1405

1495

1525

WA

AUEINYNTNEINS

125.4 130.9 119.1
117.9 1177 102.9
110.6 108.5 91.9
103.7 101. 7 84.5
1087 30x.7 84.5 i
91.8 91.5 73.9
86.7 87.4 70.1
82.2 83.8 66.6

NASUURIINY

52.6
56.7
57.2
56.5
55.5
$3.7
52.2
50.8
49.5
48.1
47.1
46.2
45.6
44.7
44.1
43.5
42.9
41.9
41.3
40.7

P
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5.3.3 Preheating The Static Bed

From the previous experimental run and heat
balance, to realize that a large quantity of heat loss was due
to convective heat transfer. Another test run was

therefore performed which ic bed was heated.The air flow

rate was kept the lowe

| he static bed could
be heated up to ; ure \ ¢. which was still

unsatisfactory

erformed as followes :

From s the convection ternm

since the air flow ra

eee(3)

And froiﬂthe previous 5 1onéE}e had

Qoo o155 % 10’ J/hr

um W0 919 N TR
3 m A ﬂ*mummm Ay

= (35-15.5) x 10
= 19.5 x 10 J/hr

in an D

So, the LPG feed rate was needed to be increased

19.5 x 10  / 18.8 x 10~

1.1 times
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It could be concluded that the existing fuel
( Diesel and LPG ) feed rate provided inadequate heat to the
system, either for fluidized bed or static bed. To use this

preheating system, a lot more modifications had to be done.

ﬂ'UEl’WIEWI’iWEI’]ﬂ‘i
ama\m‘mummmaﬂ




5.3.4 Preheating The Fluidized Bed Combustor By Burning

Charcoal

Experimental runs were carried out using charcoal

as heat source which directly contacted the sand bed. In

fluidized state, conductiye transfer from the burning

charcoal to the sand bed e bed temperature would

st test run in which
es.It can be abled
that took place in

the bed temperatu
to examine and inte
1order to acquire more
understanding abo

results of the twp test rﬁﬁ§

od. Finally, from the

ms and procedures of

In tkl test run gSand bed depth was 40 ca. The

e o454 SN TMRI A i

pressure dropl across bed was approxnately 1.8-2. 0 (cmHg)

52 ”31 W EINIUNRIINYIN Y

20 kg of charcoal was introduced into the bed.
After a while, the bed temperature rose sharply to 700 c. in
20 minutes and then dropped. After observing in the sight
glass that it was dark inside the combustor; that meant no
burningcharcoalremained,then the fluidising air was shut off.

The bed temperature then remained constant. This temperature
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possibly showed the real sand temperature.

Table 5.7 the shows data recorded in the data-locker
inthis experimental run. fig.5.6 plots between T-7 (bed

temp) vs.time .In fig. 5.7 the four temperature are plotted

From ¢l nina&he temperature profile

\l_' | ——
of the sand bed (fi 3

in each interval: c

together.

cecurring the profile

se sharply to 700

charcoal had been

own with constant rate

7low1y because the

air had been sh 5 thﬁxgh convective heat

transfer occurred in ‘t.gs interval.u

ﬂuﬂ aewegengewmaﬂ;}daig the same rate
sy Far T

5-8: After the air had been shut off again, the
bed could keep its temperature around 190-230 c. for 11 hours.
It could be concluded that this temperature was the real bed

temperature.
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TABLE 5.7

: DATA ON THE TEMPERATURE OF

THE SYSTEM

J‘W’ifél

90
100
110
120
130
140
150
160
170
180
190

20
2l
230
240
250

350
380
410
440
470
530
590
650
710
170
830

L'

321.6

204 4

N

174.9
169.9
164.9
160.6
156.3
147.1
140.1
133. 4
127.3
121.6
116.1

:j 326 8

210 s

9 1955
171
184.3 257.3
179.7 153 1
17532
i $45.1
166.9 141.3

158.2 133.4
153.2 127.6
144,39 £412.8
138.5 116.1
132.8 110.2

127.3 105:3
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1190
1250
1310
1370
1430
1490
1550
1610
1670
1730
1790
1850
1910
1970
2030
2090
2150
2210
2270
2330
2390
2450
2510
2570
2630
2690
2750
2810
2870
2930
29907
3050
3110
3170
3230
3290

G|

R4

101.6
82.6
94.9
91.8
88.9
86.1
83.5
78.8
76.6
74.4

B U

NOUIFOOBRNOUIWNDNWIO

o

e

.: EU‘”]fT1§ 83.3

Mo ND0 0w O

o ot

N =

140.7
136.1
131.7
127.4
123.2
119,32
1185.4%
108.6
105.2
102.1
99.1
69.1
93. 3
90.7
88.2
85.7
83.4
8l.1
9.3
76.8
74.8
7352
1.3
69.6
67.9
66.3

65
63.6
62.2
60.9
59.7

>

57.4
56.3
55. 2
54.3

58.5
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1440 120.7 130.1 219.%
1500 116. 2 125.4 115.9
1560 112 12X.1 111.9
1620 108.1 116.8 108.1
1680 104.3 112:9 104.8
1740 100.8 109.2 101.2
1780 97.6 1.05. 8 98. 2
1840 94. 4 102.4 95.2
1900 91l.4 99.2 92 2
1960 88.7 96.1 893
2020 8%.9 $3.1 86.6
2080

2140

2200

2260

N7

AUY INLMIN;

183.5
176.7
170.3

164
158.3
152.6
147.5
142.5
137.7
133.2
128.8
124.6
120.6
116.8
$23.1
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b) The second test rum
Operating conditions:

This was performed after the

been analysed. The major

1 é\ire more understanding

gri he combustor and to
%the combustor.

irst introduced into

results from the firs
objective of this

about the preheati

determine the stan

the combustor sed for ignition of
charcoal in t ialist ‘ an!observation from the
sight glass,

when increasing the @ir f] int.il the fluidized state was

: : g2in raised up. In 20
minutes the bedjt.en per - w% reached and when it
started to desceng another 20 k of charcoal was added again.

he proceﬂru E}{g ﬂnﬂ Wwﬂ ﬁfﬂ ﬁhe target bed

temperature qwas reached.

LRGN a3 Wﬂlﬁﬂm this

experllental runs. fig. 8.8, .5.9, 5.10, 5.11 show the plots
between T-2, T-4, T-8 and T-7 vs. time respectively.The four temp
are plotted together in fig. 5.12.

From the two test runs . It is possible

establish standard procedure of start up by burning charcoal as
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shown below.

Standard start up procedure (sand bed 40 cm)

1. Introduce 40 kg of charcoal into the

‘ iesel burner. At this state the
overbed temperature (T-8) ‘ 1y 300-400 c.

combustor. Ignite it b

flow rate until
(T-7) will be raised
ecline, shut off the

fluidized state i
up relatively f
blower and add 20

\u dising air into the
combustor. T-7, 2, will increased again.
When bed temperature /" bggins to P, observed from T-7, add

another 20 kg of charc

7 B unti1 tho desived
bed temperature @ reached. :

ﬂ u H ’3“%‘] &I m §Wﬂr’lnﬂt§ method of start

up in thislstudy since ch%fcoal is easy-to-flnd aﬁglly ignited

TEIATR T
char‘i e preheating fuel 1s only 200-

300 Baht (US$ 8-12). The Diesel burner is used only at the very

first start.
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5.4 Experimental Test Run

The experimental conditions are summarized in table 5.9
the fixed variable are bed height, bed size ; the mainpulated

variable is the rice husk feed rate , the controlled variables is

the fuel-air ratio an 'ndepehdent variable are bed

temperature.

9

Experimental Test.Run"Procedune

1. Prgheats &‘* charcoal until the bed
=

temperture is abo e about 10 minute)

2. Feed frice “K, . \ \E\\\ d adjust the operating

condition by air feed s ."¢, \
3. Dete 05U 1t Df \

3.1

8.2 ., "
the profile temperature

oy

5.5 Experinent@ Test Run : m
P! A48 5 80 115 VA e 20 - 5.1

mean Of analysis w1th graphs ,1t can be snnlarlzed in graphs

“Qmmnmummmaﬂ
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+ F3 »
TABLE S5.10
2 R/ FEED RATE HEAT GENERATE ROOM TEWP. ~ AIR OUTLET TE HEAT SUPPLIED  FUEL/AIR THERNAL HERAT
. EXCESS  (KG/HR.) FORM R/H  DEGREE CELCIUS TEWP. TO AIR RATIO EFFICIENCY  RCCUMULATE
AIR <K CAL/HR.) DEGREE CELCIUS K CAL/HR.) @ @
7 117 4.28E405 30 1.04E+05 0.1636 24.23 75.77
138 5.05E+05 30 1.23E+05 0.1637 24.31 75.69
160 5.85E+05 30 0.1634 24.54 75.46
181 6.62E+05 30 0.1638 24.48 75.52
203 7.43E405 30 0.1634 24.91 75.09
? 17 4.28E405 30 0.1636 26.15 73.85
138 5.05E+05 30 0.1637 26.65 73.35
160 5.85E405 30 0.1634 26.93 73.07
181 6.62E405 30 0.1638 27.05 72.95
203 7.43E405 30 0.1634 27.58 72.42
7 17 4.28E+05 30 0.1636 26.67 71.33
138 5.05E+05 30 0.1637 28.94 71.06
160 5.85E+05 30 0.1634 29.09 70.91
181 6.62E+05 30 1.92E+05 0.1638 28.97 71.03
203 7.43E+05 30 2.20E+05 0.1634 29.60 70.40
5 17 4.28E+05 30 694 1.33E405 0.1636 31.06 68.94
138 5.05E405 30 699 1.58E+05 0.1637 31.28 68.72 -
160 5.85E+05 30 702 1.84E+05 0.1634 31.48 68.52
181 6.62E405 30 2.11E+05 0.1638 31.82 £8.18
203 7.43E+05 30 2.38E+05 0.1634 32.08 67.92
7 117 4.28E+05 30 745 1.430405 . 0.1636 33.40 £6.60
138 5.05E+05 30 843 {695+ 05 0.1637 33.43 66.57
160 5.85E+05 30 98+ 05 0.1634 33.77 £6.23
181 6.62E405 30 4E+05 0.1638 33.87 66.13
203 7.43E+05 30 1242 2536405 0.1634 34.09 £5.91

AUEINENINYINT
ARIANTUNNING Y

¥6




%  R/W FEED RATE HEAT GENERATE ROOM TEMP.  AIR OUTLET  AIR FEED RATE AIR FEED T SUPPLIED  FUEL/AIR THERNAL HERT
EXCESS  (KG/HR.) FORM R/H  DEGREE CELCIUS TEWP. g \ , T0 AIR RATIO EFFICIENCY  ACCUMULATE
AIR <K CAL/HR.) DEGREE CELCIUS ‘. | e @
- .,

10 117 4.28E+05 30 638 0.1590 24.93 75.07
138 5.05E+05 30 - 0. 1556 25.63 74.37
160 5.85E405 30 0.1591 25.30 74.70
181 §.62E+05 30 0.1593 25.17 74.83
203 7. 436405 30 0.1590 25.46 74.54

10 117 4.28E+05 30 0.1590 26.91 73.09
138 5.05E+05 30 0.1556 27.74 72.26
160 5.85E+05 30 0.1591 27.37 72.63
181 6.62E+05 30 0.1593 27.67 72.33
203 7.43E405 30 0.1590 2.77 72.23

10 117 4.28E+05 30 0.1590 29.75 70.25
138 5.05E+05 30 0. 1556 30.64 69.36
160 5.85E+05 30 0.1591 29.97 70.03
181 6.62E+05 30 0.1593 30.31 69.69
203 7.43E405 30 0.1590 30.57 69.43

10 117 4.28E405 30 1.38E+05 0.1590 32.25 67.75
138 5.05E+05 30 700 1.66E+05 0.1556 32.96 67.04
160 5.85E+05 30 1.90E+05 0.1591 32.52 67.48
181 6.62E405 30 0.1593 32.28 67.72
203 ?.43E405 30 0.1530 32.44 67.56

10 117 4.28E+05 30 0.1590 34.56 65.44
138 5.05E+05 30 0.1556 35.56 64.44
160 5.85E405 30 0.1591 35.07 64.93
181 6.62E405 30 36 2 0.1593 35.02 £4.98
203 7.43E405 30 1107 1277 2 0.1590 35.19 64.81

AULAINENINYING
RN TUNAINYAY
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TABLE
======
%  R/H FEED RATE HEAT GENERATE ROOM TEMP.  AIR OUTLET  AIR FEED RATE AIR F AT SUPPLIED  FUEL/RIR THERNAL HEAT
EXCESS  (KG/HR.) FORM R/H  DEGREE CELCIUS TEWP. 3RS Gk - RATIO EFFICIENCY  ACCUNULATE

AIR K CAL/HR.) DEGREE CELCIUS @ @

14 17 4.28E+05 30 536 0.1535 25.23 74.77
138 5.05E+05 30 545 0.1536 25.66 74.34
160 5.85E+405 30 543 0.1535 25.83 74.17
181 6.62E405 30 549 0.1539 25.82 74.18
203 7.43E405 30 550 0.1533 25.9 74.04

14 117 4.28E405 30 586 0.1535 21.73 72.27
138 5.05E405 30 589 0.1536 27.85 7215
160 5.85E+05 30 589 0.1535 27.88 72.12
181 6.62E405 30 591 0.1539 27.91 72.09
203 7.43E+05 30 596 0.1533 28.25 71.75

14 117 4.28E405 30 634 0.1535 30.12 69.88
138 5.05E+05 30 636 0.1536 30.20 §9.80
160 5.85E405 30 639 0.1535 30.37 69.63
181 §.62E405 30 641 0.1539 30.39 §9.61
203 7.43E405 30 642 0.1533 30.55 §9.45

14 17 4.28E405 30 689 = = 0.1535 32.86 67.14
138 5.05E+05 30 699 i 1)1.68E405 0.1536 33.34 £6.66
160 5.85E+05 30 699 W04 —— 1.95E405 0.1535 33.37 66.63
181 6.62E405 30 700 10207077\ A3 2.21E+05 0.1539 33.33 66.67
203 7.43E405 30 700 = Tl ey C2.48E05 . 0.1533 33.45 66.55

14 17 4.28E405 30 726 , - . ASEH05 0.1535 34.71 65.29
138 5.05E+05 30 728 : LT ) 0.153% 34.78 £5.22
160 5.85E+05 30 727 - 0.1535 34.76 §5.24
181 6.62E+05 30 739 : F23%0s ] 0.1539 35.27 64.73
203 7.43E405 30 741 1148 « 2.64E+0 0.1533 35.49 64.51
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TABLE 5.13
2 R/H FEED RATE HEAT GENERATE ROOH TEHP. AIR OUTLET AIR FEED HEAT SUPPLIED FUEL/RIR THERHAL HEAT
EXCESS  (K6/HR.) FORH R/H DEGREE CELCIUS TENP. T0 AIR RATIO EFFICIENCY ACCUNULATE
RIR ¢K CAL/HR.) DEGREE CELCIUS CRL/HR.) @ @

20 117 4.28E+05 30 0.1458 26.73 73.27
138 5.05E+05 30 0.1460 27.16 72.84
160 5.85E+05 30 0.1458 27.56 72.44
181 6.62E405 30 0.1461 27.45 72.55
203 T.43E+05 30 0. 1457 28.06 71.94

20 117 4,28E+05 30 0.1458 29.25 70.75
138 5.05E+05 30 0.1460 29.78 70.22
160 5.85E+05 30 0.1458 30.03 69.97
181 6.62E405 30 0.1461 30.38 69.62
203 7.43E+05 30 0.1457 30.79 69.21

20 117 4.28E+05 30 0.1458 32.19 67.81
138 5.05E+05 30 0. 1460 32.29 67.71
160 5.85E+05 30 0.1458 32.81 67.19
181 6.62E405 30 0. 1461 32.68 67.32
203 7.43E+05 30 0.1457 33.37 66.63

20 117 4.28E+05 30 0.1458 35.23 64.77
138 5.05E+05 30 699 1.77E4+05 0.1460 35.07 64.93
160 5.85E+05 30 2.06E+05 0.1458 35.28 64.72
181 6.62E405 30 2.38E+05 0.1461 35.88 64.12
203 7.43E405 30 .GPPS 0.1457 35.99 64.01

20 117 4.28E+05 30 o — :5 0.1453 37.33 62.67
138 5.05E+05 30 1.886405 0. 1460 37.48 62.52
160 5.85E+05 30 ' 1E+05 0.1458 37.75 62.25
181 6.62E+05 30 239 +05 0.1461 37.82 62.18
203 T.43E+05 30 1394 <83E+05 0.1457 38.10 61.90
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Graph of R/H Feed Rate vs. Ther. Eif.
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Graph of R/H Feed Rate vs. Ther. Eff.

At 600 c.
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Graph of R/H Feed Rate vs. Ther. Eitf.

7= Thermal Efficiency
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At 730 c.
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Graph of Bed Temp. vs. Ther. Eff.
At 7 % Excess Air
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Graph of Bed Temp. vs. Ther. Eff.
At 10 “% Excess Air

% Thermal Efficiency
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Graph of Bed Temp. vs. Ther. Ef{.

At 14 % Excess Rir
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Graph of Bed Temp. vs. Ther. Etf.
At 20 % Excess Air
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5.5 _Discussion of experiment result (not included heat start up)

From experiment the data are

rice husk feed rate

air feed rate

(above bed)

- temp of exit air

The pressure in combustor is ic by heat balance
Heat o© ; ; accumundatdon = Heat input
g ,\.'i

= @ in

a rice husk combustion

hov.Y
From data table

Q in

¢) value of rice husk
ate 117 kg/hr

Find Qout -

\
Qout is heat o,? obove bed)

put = HC_

t 7% dkeess ai
ﬁwmﬁﬂ%’ﬁrﬂﬁﬁﬁ
Q out = 715.0% 0.28 %51
QW’mﬂﬂ?ﬂJ’%’JW}%ﬂmﬂﬂ

So:9Q accumulation = 323,986 k cal
Find % Thermal Efficieney of exit air

# Ther. Eff = Qout x 100

Qin

= 104,000 x 100
427,984
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= 24.29
Find % Heat Accumulaltion
% Heat Ace = Qacc X 100
Qin

= 323,986 x 100
427 386

So that:
For 7%

For the

(for each

- Temp tOver bed temp) vs%* Heat acec

A EINDg.

thermal et’l’l| also increased slightly « By ﬂ:'_]stﬁd % excess

) WA A ISl 1]

excess air, also it increased % thermal eff. and it is the same

asing %

tendency for every combustion temperature.

It is explained that % thermal eff. is varied by air
flowrate and temperature, so when air flow rate is increased

(by changing % excess air), heat carried over with air is
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increaed also.

By graph fig 5.21-5.28 which bed temperature was

increased, % thermal eff. also increared nmore.

% Accumalation as defined were the heat increasing the

bed temperature slight ) ' calculation:

Heat Ac k.cal/hr.
kg.

kecal/kg.

\\\\ . ‘c./min

~\reasing of temperature

because this he ] ccured due to heat carried
with ash (fly ash

S0

but ,truely

#50, the heat increasing exactly

in bed was hard u~:£f§ -an- he condition which done the
experiment w ;,.:_L;_“_.___“.._._.__.___._.._ rature.

\7
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