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Abstract

The aim of this project was to utilize the biomass produced in Phatthalung province for
power generation by means of gasification process which is the higher efficiency conversion
technology of solid fuel into gas fuel compared to the conventional combustion process in order
to provide the electricity to the OTOP building for OTOP’s products production processes.

The project started from the study of characteristics and energy potential of rice husk
and sawdust in Phetchaburi province. Rice husk and sawdust were analyzed based upon the
ASTM standard. Furthermore, the potential mapping of rice husk and sawdust in Phetchaburi
were also created using Surfer in order to identify the high potential biomass energy resources for
constructing the decentralized small scale biomass based power plant.

The investigations of this research were carried out based on both simulation study and
experimental investigations. For the simulation study, the mathematical model of a steam
biomass gasifier developed by S. A. Klien and F. L. Alvarado was run under different conditions
using rice husk and sawdust as fuel. For the experimentations, the 10 kWp steam biomass
gasification system was designed. The main component of this system was 10 kWe steam
generator, a first blower, a fixed bed downdraft gasifier, an ash keeper box, a cyclone, a heat
exchanger, a water scrubber, a filter, a flare test section, a gas engine, a final blower and a 10
kWp generator. This system was set up and constructed at the K.S. Premier Product in Phra
Nakhon Si Ayutthaya Province. The experimentations were conducted in order to investigate the
optimum operating condition and the equivalent ratio. The composition of product gases was
detected and analyzed using a gas tester analyzer. Efficiency of energy conversion, fuel
consumption rate and overall system efficiency were also investigated and analyzed.

Results from proximate and ultimate analyses indicated that the chemical formula of
rice husk and sawdust was CH, ;,0, ., and CH, 4,0, ,, respectively. The optimum air flow rate for
gasification process of rice husk and sawdust was 1.09 m’/hr and 1.062 m’/hr respectively. The
energy potential map of rice husk and sawdust revealed that Ban Lat district was the highest
potential rice husk resource. The second was Muang district. In addition, Khao Yoi district, Khao
Tha Yang district and Chaam were the high potential sawdust resources.

Results from the mathematical model showed that the steam gasification under 600 -
1,200 °C of rice husk at 100 kg/hr feed rate, 11.7 kg/hr steam feed rate, rice husk moisture

content of 11% the composition of product gas was CO 10-16%Vol., CO, 10-16%Vol., CH, 3-



5%Vol. and H, 5-25%Vol. as well as the low heating value of product gas was in the range of
3.9-6.6 MJ/Nm’ which was sufficient to run the gas engine for power generation. Furthermore,
the model also showed that the efficiency of the steam biomass gasification process in a fixed bed
downdraft gasifier was in the range of 60-83 %. The operating temperature was varied between
200-1,200°C . Results from the stationary model displayed that the compositions of producer gas
were 12-33%Vol. of CO, 0-20%Vol. of CO, 3-5%Vol. of CH, and 7-33%Vol. of H, and the
lower calorific value of producer gas was in the range of 3,700-8,000 kJ/Nm’. Finally, the results
from the model showed that the efficiency of steam-gasification from rice husk and sawdust in a
fixed bed downdraft gasifier was in the range of 60-90% whereas the maximum efficiency
occurred at 200 °C.

Experimental results revealed that the operating temperature varied in the range of 80-
800°C. Experimental results showed that the gas composition was composed of CO approx 8-
32%Vol., CO, approx 9-22%Vol., H, approx 6-33%, CH, approx 2-5%. The high heating value
of product gas with/without steam injection was about 6.9-8.6 MJ/N m’ and 10.8-12 MJ/Nm’. The

gasification, engine-generator and electrical efficiencies were 74.6%, 32% and 17% respectively.
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MC = USnaanudu AC = USandr vM = 1S unarasszme FC = U5 uouagaa

M13197 2.1 Proximate Analysis VOIFINIA

Biomass MC FC VM AC
Wheat Straw [3] 30.0 18.0 46.0 6.0
Barley Straw [3] 16.0 21.0 59.0 4.0
Rice Straw [4] 9.93 5.701 69.11 5.23
Rice Straw [5] - - 81.3 6.6
Paddy Straw [6] 12.7 24.8 54.1 21.1
Paddy Husk [6] 9.0 17.4 68.5 14.1
Rice Husk [7] 11.7 20.4 53.1 14.8
Coconut Shell [8] 10.46 18.29 67.67 3.58
Coconut Shell [6] 8.7 19.6 73.9 6.5
Coconut Shell [9] 7.02 21.60 70.20 1.18
Coconut Husk [6] 10.3 23.0 73.0 4.0
Coir Dust [6] 15.0 26.0 62.0 12.0
Charcoal Pieces [9] 0.27 76.15 20.38 3.20
Sawdust [6] 7.0 16.5 82.8 0.7
Sawdust [10] 12.27 0.83 70.55 16.36
Sawdust [11] 10.63-12.93 11.26-15.30 73.74-77.22 0.09-0.51
Sawdust [12] 10.4 17.9 70.4 1.3
Hazelnut Shell [13] 12.45 24.08 62.70 0.77
Rubber Wood [14] - 19.2 80.1 0.7
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Wood [5] - - 83.0 1.8
Wood [3] 20.0 17.0 82.0 1.0
Bark [5] - - 76.0 7.0
Paper [4] - - - 6.0
Peat [5] - - 74.2 2.7
Bagasse [6] 20.0 19.2 74.1 6.7
Bituminous Coal [5] - - 34.7 8.3
Bituminous Coal [3] 11.0 45.0 35.0 9.0
Lignite Coal [3] 34.0 31.0 29.0 6.0
Municipal Waste [15] - - - 12.0
Rape Oil [5] - - 100.0 0.0
Olive Waste [16] 7.04 19.37 67.63 5.96
Ethyl Alcohol [5] - - 100.0 0.0
Methyl Alcohol [5] - - 100.0 0.0
ﬂﬁNﬁ 2.2 Ultimate Analysis VoI

Biomass C H o N S
Rice Straw [3] 33.96 5.01 34.67 1.07 0.10
Rice Straw [5] 49.0 6.0 44.0 0.8 0.2
Paddy Straw [6] 41.4 5.0 39.9 0.7 0.1
Paddy Husk [6] 43.1 4.9 37.3 0.5 0.1
Rice Husk [7] 36.74 5.51 42.55 0.28 0.55
Coir Dust [6] 46.0 7.0 46.0 1.0 0.0
Sawdust [6] 47.0 6.0 41.3 2.0 0.0
Sawdust [1] 45.66 4.86 34.94 1.38 0.06
Sawdust [11] 50.91-52 6.07-6.13 41.55-42.14 0.23-0.28 -
Sawdust [12] 46.2 5.1 354 5.1 1.5
Hazelnut Shell [13] 46.76 5.76 45.83 0.22 0.67
Eucalyptus [17] 63.9 6.2 25.8 0.8 1.7
Straw Pulping [18] 45.8 4.49 25.8 1.29 0.55
Spruce Wood [18] 34.2 4.1 38.0 0.2 4.0
Rubber Wood [14] 50.6 6.5 42.0 0.2 0.7
Wood [15] 50.0 6.0 44.0 0.0 0.0
Wood [5] 50.5 6.1 43.0 0.3 0.1
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Wood Chips [19] 50.0 5.8 43.2 - 1.0
Bark [5] 50.5 5.8 43.2 0.4 0.1
Paper [15] 43.4 5.8 443 0.3 0.2
Peat [5] 52.6 5.8 40.6 0.9 0.1
Bagasse [6] 47.0 6.0 43.0 2.0 -
Bituminous Coal [5] 82.4 5.1 10.3 1.4 0.8
Municipal Waste [15] 47.6 6.0 329 1.2 0.3
Rape Oil [5] 77.0 12.0 10.9 0.1 0.0
Olive Waste [16] 40.34 5.173 53.68 0.763 0.034
Ethyl Alcohol [5] 52.0 13.0 35.0 0.0 0.0
Methyl Alcohol [5] 38.0 12.0 0.0 0.0 50.0
ﬂ"ﬁl‘iﬁ 2.3 ﬂl'lﬂ'l'lll%l't’]u"ll'ﬁ]\‘]%ﬂll')a

Biomass MC HHV (kJ/kg) LHV (kJ/kg)
Wheat Straw [20] - 16,670 15,360
Wheat Straw [4] 30.0 - 16,100
Barley Straw [3] 16.0 - 17,300
Rice Straw [3] 9.96 - 15,175
Rice Straw [5] - - 18,200
Rice Straw [20] - 15,240 13,970
Paddy Straw [6] 12.7 - 16,000
Paddy Straw [21] 8.17 - 8,830
Grain Straw [20] - 16,310 15,010
Paddy Husk [15] - - 402,133 kJ/kmol
Paddy Husk [21] 8.83 - 12,850
Paddy Husk [6] 9.0 - 14,000
Rice Husk [7] 11.7 15,700 -
Rice Husk [17] - 21,200 -
Oil Palm: Empty Bunches [21] 8.81 - 16,440
Oil Palm: Fiber [21] 10.11 - 16,190
Oil Palm: Shell [21] 13.0 - 17,000
Oil Palm: Frond [21] 48.34 - 7,970
Oil Palm: Male Bunches [21] 13.82 - 14,860
Cassava Stalk [21] - - 16,990
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Maize Corn Cob [21] 8.65 - 16,630
Maize Seeds: Maize Stalks [6] 20.0 - 12,600
Maize Seeds: Maize Cobs [6] 7.5 - 16,300
Corn Stalk [20] - 16,900 15,540
Groundnut Shell [21] - - 11,230
Soybean: stalk, Leaves&Shell [21] - - 18,000
Bean Stalk [20] - 17,590 16,150
Sorghum: Leaves&Stem [21] - - 17,800
Sorghum Stalk [20] - 16,370 15,070
Cotton Stalk [21] 9.33 - 13,070
Cotton Stalk [20] - 17,370 16,00
Coconut Shell [4] 10.46 - 18,450
Coconut Shell [6] 8.7 - 18,100
Coconut Shell [9] 7.02 - 18,450
Coconut Shell [21] 11.79 - 16,480
Coconut Husk [21] 12.53 - 14,710
Coconut Husk [6] 10.3 - 18,600
Coconut Empty Bunches [21] 13.03 - 13,940
Coconut Frond [21] 11.21 - 14,550
Coir Dust [6] 15.0 - 13,400
Sawdust [6] 7.0 - 19,400
Sawdust [11] 10.63-12.93 - 20,100-21.001
Sawdust [12] 10.4 - 18,810
Nut Shell [17] - 25,400 -
Hazelnut Shell [13] 12.54 - 17,360
Pine [17] - 29,700 -
Eucalyptus [17] - 30,200 -
Wood [15] - - 449,568 kJ/kmol
Wood [5] - - 18,700
Wood [3] 20.0 - 18,600
Bark [5] - - 16,200
Paper [15] - - 454,864
Peat [5] - - 19,000
Sugarcane: Bagasse [21] 50.0 - 6,430
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Bagasse [6] 20.0 - 20,000
Sugarcane: Top&Trash [21] 50.0 - 6,820
Sugarcane: Top [6] 11.0 - 15,800
Cherry Stone [17] - 30,200 -
Vine Pruning [17] - 26,900 -
Almond Shelf [17] - 21,100 -
Bituminous Coal [5] - - 31,800
Bituminous Coal [3] 11.0 - 34,000
Lignite Coal [3] 34.0 - 26,300
Municipal Waste [15] - - 433,034 kJ/kmol
Rape Oil [5] 100.0 - 35,800
Olive Waste [16] - 18,430 -
Ethyl Alcohol [5] - - 26,900
Methyl Alcohol [5] - - 19,500

3 [
Weme: MC = 151nanusu HHV = maudougs LHV = snnudoud
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(T'1: throat (oxidation) zone temperature, 72: pyrolysis zone temperature, 73: drying zone
temperature, 74: gasifier outlet temperature, T5: scrubber outlet temperature, 76: box filter outlet
temperature, Pg: pressure drop across the gasifier, Ps: pressure drop across the scrubber, Pf:
pressure drop across the box filter, SP1: gas sampling point at the gasifier outlet, SP2: gas

sampling point at the scrubber outlet, SP3: gas sampling point at the box filter outlet.
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General data of 49 bhp Perkins engine

Bore/Stroke 91.4 mm/127 mm
No. of cylinders 3 Vertical in ling
Cubic capacity 2.5 liter
Combustion system Direction Injection
Compression ratio 18.5:1

Max Revolution ( rpm ) 2500

Maximum Power 36.6 kW (49 bhp)
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Fuel gas composition (vol %
& p

Test co H: CHy M2 COy C2Hy CaHg Total
GSRI1 (3 samples) 16.00 10.93 2.58 56.71 13.22 0.50 0.06 100.0
GSR2 (2 samples) 18.69 10.63 341 52.25 14.10 0.76 016 100.0
GSR3 (3 samples) 2.1 13.01 2.91 4591 14.57 0.79 010 100.0
GSR4 (3 samples) 20.84 10.27 1.08 5598 11.43 0.26 0.14 100.0
GSRS5 (2 samples) 20.32 15.64 3.65 47.61 11.81 0.80 017 100.0
GCRI1 (3 samples) 20.95 14.38 2.38 51.63 9.73 0.67 026 100.0
GCR2 (3 samples) 20.20 17.38 2.18 46.85 12.79 0.51 0.09 100.0
GCR3 (3 samples) 15.77 10.27 2.05 60.92 10.29 0.59 011 100.0
GCR4 (3 samples) 19.54 13.13 2.40 52.23 11.98 0.59 013 100.0
GCRS (0 samples) — — — — — — — —

GCRA (1 sample) 19.48 18.89 3.96 44.95 12.01 0.61 010 100.0
GCR7 (3 samples) 17.23 10.93 1.28 57.97 11.94 0.53 012 100.0

d' 1 9 a o &Y a a A 4
15197 2.10 A useuvesldsangeimay Yszansanlunisilasunisueunas

a a
Yseanimmuedssuy
Heating values and efficiencies
Test Mol Mass Density HHV Gas prod. qd.,,v" (%) Heald gas (¥0) Helobal C closure
(kg kmol_lj (ngnf"} (MJ Nm“"} (Nm" hs_l)“ (%) (%)
GSR1 26.9790 1.1028 4.3938 3.42 97.16 6341 66.96 113.18
GSR2 27.1005 1.1078 5.1858 1.61 85.29 4146 63.19 52.06
GSR3 26.6151 1.0879 5.7253 2.49 97.40 67.31 70.96 104.77
GSR4 27.0452 1.1055 4.2430 2.87 93.96 60.51 69.44 103.89
GSRS 25.4031 1.0384 6.0766 1.79 93.38 5224 61.71 75.39
GCR1 25.5546 1.0446 5.5281 2.39 90.69 63.89 71.29 95.03
GCR2 25.2817 1.0334 55125 2.32 97.87 63.65 66.79 84.74
GCR3 26.7466 1.0933 4.1786 3.26 92.32 67.67 79.02 104.68
GCR4 26.2322 1.0723 5.0940 2.60 93.32 65.82 75.69 99.07
GCRS — — — 2.09 91.39 — — 87.13
GCR6 24.5515 1.0036 6.3206 1.99 94.00 62.50 71.36 77.44
GCR7 26.9300 1.1009 4.1177 2.54 96.29 5203 57.52 82.74

*Dry sawdust.
I‘Onlj,- solid losses (100 — sol./sawdust).
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Orifice plate
G

Flare

Wood input

ﬂ Manometer

Gas sample line

— ' +—.
] f
Cooling
|
system
Flow meter Down e
[: } E draft
gasifier .
Blower Air
m Data Gas
LL logger samples

Char residue

H a & Aan ) 4 a
51U 2.37 szuvwaaunaglinduionaanszue il
. == =KX a A v ' J . . A s
Zainal et al. [50] ANKIDNONTNAVDIDAT1AIUANYAY (Equivalence Ratio) NI
[ 1 1 9 ] a a oY a a -4~
apaulszney MANNTEU tazdnsIMInanved lsauyes nsluninaa T1samesni
o A o 9 A < A A 2 A 0o '
nanaaagli 2.38 wallsingnainnuieuvedlilsause s mauauNLIUNBA1IONI 1A I
td A 9 A ' 9 A i o A o '
auyad & apuiTNAUNAIgIgatazmMaNuIouved lifnuyesnwlA1ana e s 1aIu
1 A 49! v ] 1 & 1 ¥ o :ﬁ’ a a1 A d%l a
AUYASNAUNLAULAZTATING M AVDINIFADNLINUIGNHITNVD UTOIN AN AUNVYLIF
9 =1 [ [ 1 J
[FUNgUAUBAT I IUANYAE
° a a o w 4
Hasler 1182 Nussbaumer [50] 1d%msfinynlsz@ninmaesmsmisamsuas
a J Y ' o [ 4 (5 9 [ a
amsuvavasslulUsansesmanoui Tl ldnunseseudduailmeludmsumsnaaluih
Taglis1eaz0eaveIsLUVUAAIAIZUN 2.39 Tasmnzeg 198 luy1amaInan 100-500 kW
< o o 2] o @
Tagldnaailudinsoslunerhanuazerams Tasyhmsaneinegduunvesdaensynin
WUUYYU (Rotational Particle Separator, RPS) LmzﬁJLLSﬂGHﬂWﬂ!LUULUQBQZﬁUﬁ (Fixed Bed)
{ a a o w a g Y A
Tagzil 2.40 ugalszanimmlumsmiaeymauviuaseslulilsanwesnis wazgin
2.41 1AM IYAZIDIAVOIAMINOUNIANAZFUN 2.42 HTAITIHAZIDIAVDIAINTOINTOA)

[

o 14 a 4 1 o 4]
N1 aniL!ﬁ%ﬂ‘k!ﬂWﬂllﬂlﬂuﬁ@ﬂﬁlUTﬂiﬂ?L“ﬁﬂﬁ WaﬂWﬁﬁﬂ‘H'lW‘U'J'IﬂTTV]']ﬂ'JHJﬁZ’B']@ﬂ'lGIfIﬂfanﬁ

[

mvaeymauvIvasyldesn Tl ludadiunuinnii 90% TaverdomaTuTad Tuilagiiuuds
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[ 9 o 9 d’ = [ o () o w I'd
Fanouv1ai ldernienfFsuneununsiianuazeianis lagnisniaaniseon 11 lu

AaaIuNNINNI 90%

Hopper

Side leading door i

I

. L i
Air supply nozzle Iil Temperature probe

I 4 T

Plenum
Girate
Sight glass
Adr supply
” : : Gas outlet
Ash door s-" '
\ | Main bﬂd}'
i
“*-,.\‘ :
O
I
i

51 2.38 i waaTdsanses manuunlad T Inaas

TPy
1, |REACTOR )
| GAS SAMPLE |
] FOR P&T
ANALYSIS
All dimensions in mm
g - Tj
[
* Ty
QA5 SAMPLE FOR
GC & NDIR
o = Tl i
AR |=»0AS SAMPLE 2 FOR
p. | NoOZZLE P& T ANALYSIS
T: P, e p I‘
{ 1 P BLOwER
H coanse [ FNE
1 FILTER FILTER §
WATER SEAL |
1500 &0 [ 3500

51/ 2.39 syvuwaauRaFTinFuNenaanszud T
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99,99 Ty
% Fabricfiter | | .4
99,9 Ll 1 |- ="
E‘? P S N
§ 9 iy P2 O i
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E 95—+ - Pral —-—--'""':, 2 A ’f 7]
@ Electrostatic precipitator ’f /
E 80r / / ..,’ r
3 s0 N At /
o Venturi scrubber {4 / /
NP B bl + 8
@ ) Fo
@ Swirl scrubber -{f_| / Cyclone
@ 5 e .
5 Wash tower ——{ /
o bk —J
E /7 /
LL ﬂl1 r -~
0.01

0010020050102 05 1 2

5

Particle size

10 20 pm 100

d‘ a a o w a J Y
31]‘7] 2.40 ’]Jigﬁ‘ﬂ‘ﬁﬂ"ﬂ/‘lf‘ﬂﬁﬂ"lfl]ﬂ@HﬂTﬂllﬂlﬁuﬁ@ﬂjuiﬂiﬂﬁlcﬁﬂiﬂT%’

Flare

Raw gas from gasifier

—>

Bypass

o

@
<9

fresh water

r
S XZZF,
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@

7™ = §

!6 (7]

g O ke

8 8

=

[&]

=

@
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o

Waste water basin

?

>l Clean gas to IC engine

Heat exchanger (air blown)

Plate heat exchanger

Water circulation pump

51 2.41 fueneymaluszuuuRadiinduionaanszualii
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compressed Ny

to flare

—= ? ?

raw gas qr) @
— 1

P&T sampling

P&T sampling

Filter housing

Ash container

h—ry

ventilator

A o o [ 4 a @ an v A a
51 2.42 gilnsaidmSuhitaminazeymaluszuumaaunadiinsunonaanszua v

. Y o a a J oY o
Yin et al. [51] llﬂ‘VﬂﬂTi’E)’é]ﬂLL‘]J’Uig‘U‘UNZWII‘]J?ﬂ’JL“]fE]Sﬂ"I“If%TﬂLLﬂﬁ’UI@EJE]"IﬁEJ

Y [
@ DVIA 11a3u (Circulating Fluidized Bed) dw5uniswan 11l vaz1drinsaadaive

wagwaaau e 150 vd szuvisznevludreminaallsdusesnia daviinu

2] : @ @ 4 o ¥
ﬁﬁfﬂﬂﬂ?“ﬁ@\ﬁ?ﬂﬁﬁ@'JLLEJﬂE]‘lgﬂ']ﬂ hl“lfiﬂﬁuuﬁgﬁﬂiﬂlﬂﬂﬁLL‘U‘]J@WﬁfJ‘lH (Water Scrubber)

A gV = = [ A 1
IATDIYUANILUUIA 200 KW IﬂﬂuiWﬂﬁ%LﬂﬂﬂLLﬁﬂQﬂﬂgﬂﬂ 2.43 HAMINATDUNUIGTSUY

annsaduiiu il Idedruados lusisgungil 700-850°C TaslianizNeu lumngeanlu

A A = a a ) o o w a
vauznaseiadseuia 800 kW szuullszansnindseuia 65% G msumainIsHan

1,500 kg/h Taedimsldunavluenst 1.7-1.9 kg kWh'

Air

Fuel gas

Water

Pump

Rice husk

v

Gasifier

-

Screw
Conveyor

Motor

Ash

Fan

Inertial
Separator

Cyclone
Separator

Venturi  |Scrubbgr

Ash

{

Secrubbgr

Fan

Gas
Tank

<
.
Engine

A4 Y

Waste Water Treatment System

b &b

v

51l 2.43 mswaa rldhonszuuunadilinguauia 1 MW
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N9 NUUUHUAZNMIAIUIN

o X a A A
3.1 puanyMzYIFBINasaRsLazINaD
3.1.1 aani)szneumaniivesuaos
4 = dy A a S Y . .
99AY5LNOUNMIUANVYIVABIFINITOIATIZH 1A01A Proximate Analysis 4ag
. . Y o 1w 1 dy A v v = A o a J
Ultimate Analysis 108 lavhimsaesiodnsiiaoslusaniamysyiuaa 1 kg ot ldansesd

a Jd a a o [ {
TAgnIUANGINEAATUING HAMTAATIEHUTAIAIAITIIN 3.1

a J = dy A
M3 NN 3.1 ﬂﬁﬂﬂizﬂﬂUﬂNLﬂN"UﬁN"Umﬂﬂ

Proximate Analysis (%) Ultimate Analysis (%)
Volatile Matter 65.9 Carbon 46.4
Fixed Carbon 15.6 Hydrogen 7.1
Ash 1.5 Nitrogen 0.12
Moisture 17.0 Sulfur 0.03
Oxygen 44.8

' v A A
3.1.2 MANNIDHUDIVIADEY

Yy
S A

a Jd 9 o 4 a A SR I
ﬁ]Tﬂﬂ"li’!!ﬂiT%‘l’Tﬂ?ﬂ’J”IﬂJi@u‘lJ’stULaﬂEJI@EJ@Wﬂﬂﬂﬂuﬂllﬂaﬂiulﬁﬂicﬁuﬂufﬂi

4 I~ 9

a J a Jd a 1 1 1w
’JLﬂiTz‘HTﬂ&lﬂill’l‘ﬂEﬂ?ﬁﬁ@5‘]JiﬂﬁWll’NéldlLﬁ@mJﬂWﬂ’J”mﬁﬂu (Gross Calorific Value) in101J

3,845 cal/g

J
3.1.3 E)Qﬂi]igﬂﬂﬂ‘ﬂk‘i!ﬂﬁ"llf’)\i!!ﬂﬁﬂ
J = 3 a Y . .
f)\iﬂ‘ﬂﬁ%ﬂf)‘U“V]NLﬂiJ"U’E’NLLﬂa‘Uﬂﬁ1u1§ﬂ3lﬂ51$ﬁ1ﬂ%1ﬂ Proximate Analysis iD&
. . 1 =) [ Y o 1 (3 ] [ v = A
Ultimate Analysis BUIAYINU Iﬂﬂhlﬂ“VIWﬂTif"f\Wl’JE)EJNLLﬂﬁ‘UGlu%QW’JﬂLWGBi‘L!ﬁJ’Jﬁ 1 kg WD

o a é a d Aa a 4 [ ~
HWUliJ'JLﬂ'H'WgWIﬂﬂﬂﬁﬂ?ﬂﬂWﬁWﬁﬂiUiﬂWi WANTIAUATISULUTAIAINITINN 3.2
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3.1.4 MANNIoUVDINAL
a g 9 o 4 A A SR d
10N AUATIZHAINNNT o UVBILNAY A 1ds UL LARD I NINDS ¥ UN1T
a 4 a J a 1 1 1 [}
ANTILH TAsNT NN AATUTNITWUIMNAVTAININS DU (Gross Calorific Value) 1M1

3,419 cal/g

~ J =
M3197 3.2 99alsznoumunlveNay

Proximate Analysis (%) Ultimate Analysis (%)
Volatile Matter 57.3 Carbon 40.6
Fixed Carbon 15.6 Hydrogen 5.4
Ash 17.1 Nitrogen 0.33
Moisture 10.0 Sulfur 0.05
Oxygen 36.5

= 2 A
3.2 gasinuvadIviaagtasiinay

° a A A
3.2.1 MIMUIUFATIANUDIVLADY

d‘ as o = tiy zﬂl
ATTNN 3.3 ITNITANUIUFTATIANUDIVLADY

Substance % Kg/(kg/mole) Mole Mole/mole of C
C 46.4 46.4/12 3.86 1
H 7.1 711 7.1 1.83
(0] 44.8 44.8/16 2.8 0.72
N 0.12 0.12/14 0.0085 0.0022
S 0.03 0.03/32 0.00093 0.00024
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3.2.2 ﬂﬁﬁ?ﬂ?ﬂ!’gﬁilﬂﬁ‘l@ﬂllﬂaﬂ

M13199 3.4 I/IMIAIUGATANVRINAY

Substance % Kg/(kg/mole) Mole Mole/mole of C
C 40.6 40.6/12 3.38 1
H 5.4 5.4/1 5.4 1.59
(0] 36.5 36.5/16 2.28 0.67
N 0.33 0.33/14 0.023 0.0068
S 0.05 0.05/32 0.0015 0.00044

3.3 MIMIUKHIDATINI IHaveIIMATIHSUsTZUUAa s WY

3.3.1 (FINAI a0
o 9 4
msmurmSuaenensn ludauysal

aunaen vy

C, Hy O, N, S, + [A+B/4+E - C/2] O,+ (0.79/0.21) [A+B/4+E-C/2] N,

[A] CO,+ [B/2]H,0 + [E] SO, + [(0.79/0.21)(A+B/4+E-C/2)+D] N, +Heat

Y3maeImaAnangug)
CH, 5 Oy + [(X)02 +3.76(X) N, ]
A
110
X = A+B/4+E - C/2
X = 1+1.83/4+0.00024-0.72/2
=1.09

CH, ; O, +[(1.09)0, +3.76(1.09) N, ]

25.35 149.63

1 5.90

&4 v v . -
UADY 1 kg AoeMyomaw lrfauysainungu] 5.90 ke

Equivalent Ratio = 0.225
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PsunaemalumsnanmaainUiaes 1 ke =0.225x5.90
— 1.327kg

2 A v

UA0Y 1 kg AOINITOINA =1.327

AIUUTAT 1IN Air/Fuel Ratio, A/F =1.327/1

= 1.327kg Air/kg Fuel
911177 30°C 1 atm, AMANUHUMUY, p = 1.217kg/m’
Y a ©
AoIMIoIMATUMINAANY =1.327/1.217

=1.09 m’ Air/kg Fuel

b4
v @

Y x ] ' <
WiuAEes 1 kg ApIm31Ff5iaerne 1.09 m* itemswn Tuded1aauysal

3.3.2 (oIwaunaY

msfmuSuaeneen ndfauysel
9
aunaen luy
C, H, O N, S, + [A+B/4+E - C/2] O,+ (0.79/0.21) [A+B/4+E-C/2] N,

[A] CO,+ [B/2]H,0 +[E] SO, + [(0.79/0.21)(A+B/4+E-C/2)+D] N, +Heat

YSaemanangug
CH, ., O, + [(X)0, +3.76(X) N, ]
Lﬁ"ﬁ)
X = A+B/4+E - C/2
X = 1+1.59/4+0.00044-0.67/2
= 1.062
CH, 5, O, + [(1.602)0, +3.76(1.062) N, ]
2431 45.92
1 631

4
unaY 1 kg AoIMI NI IndauysaiauNg b 6.001 kg
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Equivalent Ratio = 0.225
Ysmnaemealumsnaamesanunay 1 ke =0.225%6.001
=1.5306336kg

unay 1 kg S;ljﬂﬂﬂﬁ’fﬂﬂWﬁ =1.5306336

Yy 9
v 3

AIUUBATIFIU Air/Fuel Ratio, A/F =1.5306336/1
=1.5306336kg Air/ég Fuel

INAT 30°C 1 atm, MANUHUY, p = 1.44kg/m’

doamsomalumsnanns =1.5306336/1.44

=1.062 m’ Air/kg Fuel

v
[ Y

4 ] t4
WAy 1 kg AoIN3 19USua011A 1.062 m’ oM Tnifog1aauysol

a ul Jha A d=y
3.4 szuuwan IlhalmnseseunyInia
mMsmuaagnseenuuuaIuagvesszuunaa liihoindaunadmsuguru

v @ a s A L & a a
Momunad lieesuuwatieimalraaniu iumseenuuuTagrz doudomacdia
v 9 a (4] 2 9y 1 o Aan o Y Y <3 2] a o J
salad 1 lumwdauna vntuazidgnszuaumsunasinay uda 1dunnandaimsi

= o Y v A I < @ = a I
ponu1 Fvzii 1 1dnunsessudamavuiaan 4 991z gnguideatazamisonaaiu

¥ 0 ¥ g A = ¢ A
T Idmsmunanazmsesnuuuin flumsesnuuuieAnyudames a1 voesZUDA
o Y - a A 9 v < @ 7 & a
mlszuniiidszaninmgeganinmsldBaiadsaianuinglseasd dszuuwaa Trlih

=

a 0w Y, @ A ¢ 2 2 Yo {
%’]ﬂclf"]ll']aﬁ’]ﬁTUG]qﬁJG]fu@'Jle?l’]lLﬂﬁG]fhlcV\lL@ﬂillﬂﬂ!u@uﬂﬂ’]ﬂ’lﬁqﬁaa\iuﬁ'lu'ﬁﬂllﬁﬂthﬂ@Q'iﬂcﬂ

U

3.1 a0l
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H a a [ 4 A
31 3.1 uwugiivesszuunda lwihanguadismunad Tvieesuuuwaiia

21e Inaag
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Blower Biomass

Gasifier ﬁ

Tar

Cyclone

Cooler Gas

Gas Tank

Power 10 kW

3 a a Y A 4 2
517 3.2 uwug® szuuwaa Idhandanadromunad lWieesuuniwatia

U
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4 d 4 o A
3.5 S1gazRgava NI eUaIazn oIt uTia lulvh

3.5.1 INF0LUAAIFA YIIAEN (Small Diesel Engine)

Ndoyaniunailn

d‘ d
- IA3RIBUA/JU
A 7
- LUUIATBITUA
- VeNIzUeNgY X 99N
- 151959990
90’ % 1 d’
- anu i urandu
- 9AS1EIUNITON
- MAUgIga
o o Ao C 4
- MAIMHUAADILea

- ussiiagaga

[}
= Bol Y

- szyuRIuuLesll
(% Y Y v A
- anvazrewn lMiiaziing
- LUUTTUUTZUEANNS 0U
- YHAYDITTUVITUMTIAUIATD

o

3 A 7
- UINUNIATONIURN

:TGD 1100

| IFTOIBUAAIYA 4 S9ME gRgUIRL)
:92x90 mm

:598 cm’

:2.3 liter

:21:1

:8.21 KW, at 2400 rpm.

.7.09 KW , at 2400 rpm.

:3.5 kg-m, at 1800 rpm

: Bosch

- oue Ivuseuuy Swirl chamber

Y ¥ o 2
: HUBDUITIAN

& ¢
S HOUYUTANIN

117 kg.

3.5.2 inseamiianszualiiinszuaady (Altermative Generator)

=% a 1 dy
Ndoyamanniinae 1il

- %o : Super Folk - Puld - 1 Phase
- %lUa : AC Altermative

- mmﬁ:}ia‘uqqqﬂ : 1500 rpm.

- MAvgaga : 5 KW.

- USIAU :220 VAC

- nszualih :22.5 Amp

- AanudnsTuE : 50 Cycle
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o [ A d
3.6 fn§f’nu’)ﬁn"nﬂ‘1Waﬁﬂ1u!!a$ﬂ1§$mﬂﬁlﬂ§f’)ﬁﬂuﬂ

3 d v
3.6.1 m%wumuw?ummmﬁn 499138

3.6.1.1 YHIANDINYVD A3 DIWUAVIIAEN
A s A <3 o = 9
INTOIIUAMVUTUVUIAEN 43912z YU 1gngy Taslidoya
Y

aaae lUTl
- YAMaIgaga 8.21kW, 2,400rpm.
- vinardurIugUSNaNNszUeNgY 92 mm.
- 3282%n (Stroke) 90mm.

- 15nnsnszuengu598cm’

o (Y] g a v tﬁ' J
3.6.1.2 mimmmﬂ%mmammmﬁﬂauwmwmmnmmﬂum
A A 14 a o J dy a J %} Y
WOIATEIIUAUFUYTINIU TAINITIUTDINAILUUTINUBIUINY
a 1 [ [
FUUSUITINNUUNTBINID
6}1‘16]95} Vair = €ﬁ§1ﬂ'lillﬁaéllﬁl\1®1ﬂ1ﬁ
[ [
Vgas = 0A51013 IMaveuna®iuag

0w Y s o A A 7
ﬁ'lﬁﬁﬂﬂ'lilw'lllﬂﬂﬂﬁﬂuﬁmﬂlﬂﬂ UNEBINIA Glulﬂﬁ@\?ﬂuﬁ
CO + %0, = CO,
1 =
H, +% 0, = 2H,0

9 . ) o 9
- AWABINS O, / gas ratio, dmsumswn v CO

16(% 0, moles)*25(CO %)>100(0,%)
- 28(1 CO moles)

=0.143

- ANUABINS O, / gas ratio, dmsumswn Tval H,

_ 16(% O, moles)*10(H,%)>100(0,%)
2(1 Hy moles)

=0.8

S ABRIIANNADINT TAeTIN= 0.143 + 0.8 = 0.943
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[ A a Y A 4 a
3.6.1.3 MINIDATINMIUITIYYDINAUVUATDILIUALL WYY
v f a 4 14 a o o
MINIBATINITUTTPFOINAUTUATEIOURDUTULTINIE Taoiiviua
Y 1 9 ¢ o o = < A X o o Jo
sasiaaumaw ludauysaiiu 1: [ihouiinuEasen 15005004111 Faduwusiny
4 o a { a a a 4 4
mieania ldiifidszd@nsain 0.9awsowda lida 18 50 Hz nazinSecouad

Uszansmn 0.253deamsnan Tlihauia 10 kW

WIMTMOUVDIUNAITINA Shaff Work = 10 kW /0.9
=11.11 kW

WSinausemasidluudadiadu Fuel Gas =11.11kW /0.2
= 55kW

MIMIBATINTUTTYFOINAUTUATOIWUALIUFY 910
0= SSKW . 3600 ki/hr
4000 kJ/m> 1 kW

Q = 49.5m3/hr
4 o 1 Y ¢
e dasraaumaen lidauysandu 1 : 1
b4
ANUU Q,= Qg

o ¥ a 4 o
s ammﬁ‘uiim%mawmgﬂ%wuw1mﬂ Qa+Qg=49.5+49.5=99m3/hr.

X100 m°/hr.
¥ d a (v
WIVHIAVDUAIDILUAUUTY 4 DIXIY
N 3
1N D, X > x60=100 m’/hr
A A A s
) D, A9 VUIAVDUATOIYUS
A 3 A P
N 9D AUITITOUVDUATDYUA

D, x 5= x 60 = 100m’/hr.

D, =2.22x107m?
=2.22x107m3x
D, =2.2aa3

1000 liter
1 m3

g’/ FY A o a A a
L“Wﬁmzuufﬂz'lmlmmmmiawumuu%uﬂa 2.2q83
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3.7 miﬁ1mm1umsaammmmwamaﬁa

3.7.1 mswmfSnaeimanidlumswnlvid

= = 9 2 A A A
ﬂ1ﬂﬂ1'§ﬁﬂ‘l§1ﬂ'§$tﬂﬂﬂlﬂﬁ‘]§’)ﬂ’)ﬂ i]%%f‘]f’)il']ﬁiﬂﬂllﬂﬂﬂllﬁ$"lllaﬂEJ LHBNYINUAT

Y [l
anwdougs uazlilSumlidnios Taseimavzisznouludesondinn (0,)=23% ¥z

usrIAvedaIulszneununil Idainsg

d’ o a A aldy a
M3199 3.5 Mfmuamuaveseendun 15 umsen Iudi¥emas 1 ke

’tfhuigﬂﬁlﬂ % IﬂﬂN'Jﬁ ﬁﬁ»lﬂTiﬂ]‘ilh’iﬁ mammaan%muﬁﬁmmsﬁ
VOUFDINGY Womaa 1 kg
C 50.3 C+02:C02 —503 X 2:13413
' (12+32=44) 100 12
2H, + 0,=2H,0 27 % 22 0.4560
H, 5.7 4432 = 36 100 4
27 32 _
S 57 S + 0,=S0, 0050 0.0027
32432 = 64

v v 9
M3199 3.6 MIfIaNIaveseendu 15 lumswn ludikemas 1 kg(@o)

#IUIZNoY

1AV IVONTIAUNADINS /

PR % laguda FUMIM3 Ivia P
VDABDINAY WoINaa 1 kg
o
o, 410 ] 2 0.4100
N, 0.2 ; :

17aved O, Wanua = 1.3413 +0.4360 + 0.027 = 1.8kg

Y
uaoINEal O, agué’a 0.41 kg

Y
[ Y

SHU

ﬁmﬁﬂaaﬂ&wﬁﬁ’mmiﬁm Ao
1.8-0.41=1.39kg

Y
Tuoimeall 0,23% T zaziulFunaeIMAIZNINY
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100
53 ¥1:39-6.0435 kg =6 kg

Y
auiy Tumamn'lndsiuna 1 kglunvvuiadez 155menma 6 kg

3.7.2 MSHI9ATIMIUoUTINIG

° Y a e a 9 Yo A s A A

sualilSuanremas mnsaldauldtumssssudinenan i viuna

1 Aa A o 4 < % =y ¥ a {
10 kW. tagialszansmnnsmauveansossuanly 0.253au150v1Suaudemadn

w1 1vaT 18910
3600k)/hr kg 1MJ
1kW )(15 MJ)(IOOO

1
My =(10 kW)( (55

my, =12 kg/hr

k4

9 9
wmmﬂﬂmm"lwﬁl%maﬂmmazﬂﬂ %z"lﬁ’mﬁl,ﬁ'mazmu 40% uwazludaiun

D.

]
=1

A I 2 a o s ¥ ¥ = o A =
wmae 60% ﬁ]SL‘]_]L!LLﬂﬁNa@]ﬂm“ﬂ%"lﬂﬁl"lﬂﬂ"lim"lhl‘ﬁll FIF1NTOMUINTT YT INIan

Y a oY Y
ﬂaumnmwamma hlﬂiﬂﬂ

. kg 1
MB;jomass Feed (12 E ) x ( R ):20 kg/hr

3.7.3 ﬂ]ﬁﬁ1ﬂ3ﬂ!ﬁ1ﬂlﬂ1ﬂﬂ%ﬂ1ﬂ‘§!ﬂ]

A Y = A o Y S I v J ¥ o 1
L‘L!'ﬂﬂfl]"Iﬂ@@]3']ﬂ15ﬂ'f)1!615'311'3a1/lﬂ"|1!'Jﬂlﬂ@ﬂﬂ']llﬂuu Wuens1daIviIminae
[ A 9 g’/ o Y 2 A =< 9 =1
1391 I,L@]Gluﬂ']i’t]i’)ﬂllﬂﬂl@]']waﬂllﬂﬁuu suduaeans1vlsuiesnimuizay 99009Nng

° o ' ' = 9

ﬂ”ll!’)il!ﬁ?f’]ﬁi"lﬁ’lu‘iﬁllWIi@]f’JL’Jfﬂ “]N‘I’i”lulﬂi‘Hﬂ

Mass Flow Rate
Density

Qbiomass feed=

k 1m?
=00t x

hr 600 kg

Qbiomass feed:O‘O3 33 m3 /hr.

° Y = o ' = 7]
ﬂ’lﬁuﬂiﬂﬂﬂ’lﬁﬂ@u%?ﬂ?ﬁnﬂﬂ 2"11'3111\‘1 ﬁ’]ll']3ﬂﬂ1ﬂ11ﬁu’l@]iﬂl@ﬁ%3u’]ﬂl’lﬂ%'}ﬂ

. = X
Vblomass Qbiomass feed t
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m3
=0.0333 — x2 hr.
hr.

=0.0666 m*

1 ' ] 4
nmcl,ummzﬁmmmmmﬁmwumLﬁumug{uﬂﬂmq 0.072 m. 17 0.75 m.

vy
mmaamﬂ?mmmmm%mﬂ

2
Vpipe_ nr-h
2

0.072
=7t><( 7 )><0.75

=0.0031 m*

S UTINATUOUM = Viiomass T Viipe

=0.0666 + 0.0031

=0.0697 m’.

Y
v @ [ a (2 o
\TL!‘L!’B%ﬂ'TJJ']3EWT']ﬁﬁfléll’f)\im"lWaﬂllﬂﬁulﬁ}’ﬂ']ﬂﬁuﬂ']ﬁ Tﬂﬂﬁ]gﬂWﬁuﬂiﬁ}ﬂQTNq\ﬁlﬂ\i!ﬁW
Ao 1 m.

r: —
th

0.0697m?3
<l m

=0.149=0.15 m

a [ A =S 9 ] 4
SUYUINVDAUANAAUNT AD 3 1 m. uagauAIuguenane 0.30 m.
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3.7.4 MINANNIOUHIUNITINIINTZ VBN

[

Tagfin1 kuesnuiusian1egail
a1 k vounan=44.96 W/m-K
a1 k voussiin liwes = 0.220 Wmk

a k duanull =1.87 Wm-K

&

d’ o @ A 4
i‘l.lﬂ 33 ﬂ'liﬂﬁ]ﬂ!LUUN‘LN‘VI?Qﬂigﬂﬂﬂlﬁ'lllﬂﬁclf]l‘V\llﬂﬂi

U
o o 9 1 o ?111
INTUNITHIDAITINITUIANUIDUNTUNUIU WYY UUDINTINTEUDN

_ (Tsl 'Ts2) _ (Tsl _TSZ)
2 R nd
In (rl) 2nLK co

v
SANUDUAUAZRUIUNINUA

R1=150 mm. R2=220 mm. R3=223 mm. R4=270 mm. R5=273 mm.

(Tool 'Too4)

N 7 N N ) R 2
I + n + 3 4
2nlK5  20LKg,  20LKgnganmes 270K 4,
o (1200-35)

) @), ) )
2ax1x1.87  2mux1x44.96 2mx1x0.220 2mnx1x44.96

O=6811.28 W. 13068.1128 kW.
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3.7.5 mAanuaUgaEaslm

0 hy=f=—
D 2g

{ 1 4 v o 1
Tagfimga 1 m.Avuaduriuguena190.3 mamisnieluinn aounsanuluiia

ANNVTVTL 3 mm.

19 Q=AV
fariu v=2="22 _47829 m/s
A 0.07068
nag Re= pbV

dle p=0.42095

p=3.43x107° N.s/m>

v _ 0:42095 x 0.30 X 0.2829
€= 343 x 10-5

=1041 .575

1 o @ o 1 o 1 I~ @ g}.; ]
AnTo fuwasiading1 20008013 ums InauuusuE sudaium

64
f=—=———+-=0.0614

M) L V2
2218 hy 1 u=f=—
e

00614 1 0.2829
e 0.32x9.81

=0.0008348 m.

3.7.6 m3vanuuvya Cyclone

A @ Ay v a a =2 o q Y A @ o 2 o ¥
!‘L!’fN%Tf‘lLLﬂﬁ“VIllﬂﬁ]WﬂLﬂ']iJ’qmﬁaqu\i ﬁN‘V]ﬂ“ﬁ”l_liiﬂﬁisllﬂx‘ll!,ﬂﬂ""llﬂ'lﬂ@]’nflﬂ‘l]u AIUU
3

a

Y] [ A dg’ 9 94 ~ @

9031013 InaveunaIunuaIuAIe nngueund Nulsiuaugungil
P1Vy Py
T T,
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p
:

Vi 49.5m’/hr.

7004273 30+273
V,=158m>/hr.

Vi= Q= 158m3/hr (0.043 m?/s)
V=15m/s

).
)

muu1a Cyclonednnauns
/Q
D=3.162x |=
\%

< 1
V=Anu5neut1Cyclone

o Q=6m51M3 Iva

0.043
15

D=3.162x

=0.17 m.
Winnuaugydeved s Taaumsdy 19903 Inma. ngavn1ou 2548)

Ap=0.002xpxv? X Ny
ioN=6.4 1218 Ap=0.002x1.2x152 X 6.4
Ap =3.456 inchH,0
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sun 34 N;

mﬂgﬂﬁ 3.4 1ile b= 3.4cm,D =17 cmazl4 b/D = 0.2 uazcorrection Factor = 1.6 1ag
N=2.0

N=2.0x1.6=3.2

' _ 96.81b
11 d. = /—2-n-Nt-v- oo

e p,=850 kg/m® ,p=0.457 kg/m’ n = 3.55><IO'SLLazi'ﬁﬂﬁmmﬂmé%O pm

96.8-3.55 x 10°5-:0.034
2-1:32-15-(850-0.457)

=6.75 x10°m.
manlszansamvedlysInau 910
4
neff_a
_ 60
60+6.75
=0.89

=89 %


http://www.efunda.com/units/convert_units.cfm?From=480&mrn=1%2E79E%2D005#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=480&mrn=1%2E79E%2D005#ConvInto
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3.7.7 M3eenuuvyAangmtiHiiuna(Gas Cooler)

v
) a =

A o a o sAY Yo A Y o
Lu@ﬁﬂ1ﬂllﬂﬁWﬂﬁﬂﬂ!cﬂTlulﬂuullﬂﬂ!‘ﬁ'ﬂﬁJ‘ﬂﬁ\‘] %Qqﬂwﬂ13ﬂ1uﬂﬂ!@@ﬂllﬂﬂ°§ﬂﬂﬂ

qmwaﬁuﬁ”aéﬁumgﬁaﬁwaﬂqmwgﬁuﬁ”ﬁiﬁhﬂm ez luiduaTosudaelu Tas
smualdguungiufanidigamesogf T,=400°C&18n1M137 u=7.7 m/sgaitgd
uRafinonaingaiaes T,=50°Cuaz Tvaluiomdnmivnaduriuguinais D;=2.54 cm.
Tagmsvanudeuruerna T,=37°Ciaziini1usa 0.1 m/sanueiveiiu 1 m. Tasaz
hnsmdudsyantmsmemanuden anmdeuiiguid HazAEIe A
FanaauidveAdvifisudumsnaaauifveseinia Tasaziinsszuam

20N11 92 19
Gas @ 400°C; 673 K

p=0.5246 kg/m’

Cp = 1.0688 kl/kgeC
1=3.2483x10° kg/m-s
v=62.07x10°m>/s
k=0.05080 W/m°C

P,=0.683

A1 Reynolds Numbervaauna

_uD; _ 7.7%0.0254

Y 62.07x10° 3150.95

INANNT Re

109910 Re > 20003380315 ]ums InanuuTurbulence
1INeuM5Ve4 Dittus-Borlter 19181 b
k
hi: Nu 51
o N,=0.023(Re)* (Pr)*3
=0.023(3150.95)"%(0.683)°3

=129
unua lu h;= 12.9%

=25.8 W/m°C

taziMsdsznamgauauiaveeIMANUHNINasTE NI
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T= (4002+37) _

218.5 °C =220 °C

Air @ 220°C; 673 K
v=36.84x10"°m3/s
k=0.0398 W/m°C

P.=0.6805
11#1 Reynolds Numbervesemidt iideu,,,, =0.1 m/s
0.1x0.0254
NNAUNT Re=%D = x—_ = 68.94
v 36.84x1076

4 [~ . [ 4 [
11199910 Re < 20003390 1Hums lvanuy Laminarlagez 19a1 N, =3.66 tionia h,,

k
NNFAUNT h,= NuD_

0

0.0398
=3.66 —
0.0254

=5.7W/m°C

Tag lAaa AU UNMUANNAIINS 0 UVDINITIND

4
“rﬂﬁﬂJﬂﬁ%ﬁ‘l’]ﬁﬂTﬁﬂWﬂL‘ﬂﬂ’ﬂﬂJ%}ﬁ)uiﬂﬂﬁllfﬂi
1

U=—o
1,1
h; ho
o
q,1
258 5.7
= 4.6 W/m?-°C
WoaTIMIgdeauiou naums
QLZAUAT
= (1)(0.0254)(4.6)(400-37)
=133.24 W/m.
9 [ [l v '
wunmanszanegangilunsewantlasuanuiou vzm ldninnansguugimasasnnis
AT, -AT,
N 1NAUNT AT),= —2a—mn
ln max
ATmin
_ (400-45)-(50-37)
= (00-45)
5037,

ATy,= 103.4
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°C °C

400

AT, = 355°C

45°C
50°C
AT,

min

=13°C

37°C

a ' a A a =
T]J‘n 35 WA NYUHUIRAYDDNNIITNY

Y

Y

WU M UMINTz 8l 91nauMs

Q =AUAT;,

L2 _Q _ 13324

w214 A= Gare T T6x1034
= 0.28 m?

o 24
W'l'ﬂﬁﬁ'lﬂ']iqtyl%ﬂﬂ')’lll%@uﬂl@%lﬂﬁ NTUNIT

QGas: m.cp(Ti'To)
= 3.33x107(1068.8)(400-50)

=1245.6 W.
TT'Iﬂ'J'UJEJ'I'JGU@QVi@ﬁQWNﬂ 1N
L: QGas
QL
1245.6 W
133.24 W/m
=93 m.

S Yo A ¥ A = ¥ ° 1
NIIERATUU %3"1%mauﬂ@mﬁl%’“lumsasnmiamamﬂaﬂummseummu 9 neu
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3.7.8 M3eenuuUNINNuAa (Gas Tank)

° = dy a 2 4 1 o 9
namssamliunamseursemasveuniosoudanui Tu 192 Tuelsd
f a o 1) Y ~
wonas 12 kg. Tasdesmsmsdriseauna lddszana 5uni deeldiyemas 1 kg, Taoaw
[} 24 a o P a d
wiuduvenanansmain 14 Ao 0.493 kg/m3(g@Ind 1qal, 2552) szannsonnliues

v v 4] ]
ﬂlﬂﬁﬂ\iWﬂLLﬂﬁ”l@%j NNAUNITHIANUNUUIUU

m
p:_
\"

a2 il =T

ee

V70493
V=2.028 m?

v W =] o 9 v o 4 Y A (% A
NIVUIAUDIDINNLLNE IﬂﬂﬂWﬁu@iiju1ﬂﬂl@QﬂQWﬂ!LﬂﬁiﬂalﬂﬂQﬂﬂﬂfJTNgQﬂl@\ilﬁq Ao 1.8

m. ﬁmﬁﬂﬂﬂﬁ}’ﬂ”Iﬂﬁllmiﬂ”liﬂ”l‘lﬁi\lmﬂliﬂﬂiz‘]J?Jﬂ
v=nr?h
UNUAT 2.028 = nr2x1.8

r=0.598 m.

D=119m. =12m

. Y o v o O A A
SUYUATUAUAUINANUDIDINNUNAAD 1.210A5ANNFIAD].8 m.
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3.8 szuunan I denseseunsuna

1A% aeudA

INARLAH /|

TEUUNTEIBINH

AW PAWAT HAKOH @
- =0
o

KT

TxTaau

51l 3.6 szvuwaa Tihdemsessudsuia: urad liessiiaansinlad Il lnaas
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51 3.7 gnsaltlsznevszuuman lwihdonIesoudduia: unad lweesyiiawansd

a1 lvaaq



84

51/ 3.7 gnsaltlsznevszuundn llihdomiesoudduia: o laau

U
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3 7 a 4 o, A o
iﬂﬁ 3.8 Qﬂﬂimﬂigﬂﬂﬂiz‘ﬂﬂNﬁﬂul‘ll\lﬁ']ﬂyﬁlﬂ!ﬂ%’f)\wuﬂ%iujﬁi ﬂﬂﬁﬂqmﬂ{]ﬂllﬂﬁ

'
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a

51 3.9 gunsaitlszneuszuundn lWihdonsesoudsania: yaniuguamvgil

Y R4
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i

51 3.10 guUnsaltlseneuszuuman liihdrensessuddna: Hdnid

U
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511 3.1 ginsallsznevszuunda lrlihdrumnseseuasina: nsesdousinma



&9
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51 3.13 gUnsaltlseneuszuuwan llihdensessuddna: gainude

U
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51 3.14 ginsaltlsenevsyuuwan lwihdonIesouddiuie: yansouns

U
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! ¢ a 4 7 : I
51 3.15 gunsai)sznevszuunaa Tldhdrunseseudsiuia: inseseudnon

w3eaiiu i
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Thermocouple Type K

Thermocouple Type K

51U 3.17 szvuenuna® lweisiaansinlar v lvaas

U
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d 4 %
3.9 gunsalazinIesiioIn
4 4 @ { ao g Jd o
ginsainaznsesiodanldlulnsimsideiilsznon ldreginssiiuiindoya
@ va ' @ [ A 4 a 4 a o ¢V
oa Tuliavuia 16 Fosdyarauaandgili 3.18 wieslasziaunnyes Tlsauaes
v ' 9 -
ueraaeg Ui 3.19 HaziAs09IAoRI 1M Iaveuimuuoans Tyila
d v K 9 o a 1 [
3.9.1 gnsaitiuiindoyada Tuliavuia 16 Foedyn
d v KX 9 [ va o A Y o o Y= a
ginsaitiuiindoyacn TudailugUnsainlddmsuiuningumgiinielum

a

» Aa 4 a < &Y 1 9 o < Y o a LAY

una® Iioos guugivesllsanseinsnewdigainanuduldnuTdsauwesmauaz
@ o < Y o a o &Y v KX 9 @ v o 1 =

naseonnngananunlinullsarwsesma ginsaliiunndeyasn Iudaainantyua

1 o { 4 T 4 v A % o { g Jd o

16 ¥odayaa B¥e SUBCON Tanyounanuaiomes ludlidlagewimrhndwswsesia

QNN

SUPCON

A a 4 a A
3.9.2 1AT0IATIZHAMA N s ANTR S N9
A a 7 a s Aq Y ao & a P
nsosaTziguanllsauyesmanldlulasinsiteliamsolniz

a g &Y a [ [ L4
aauamvesldsansesnialugdvesSuadiuludiudiu (ppm) vesesalsznou
@ 1 2w P s o P ) o
qa00 115 Measuouneuesn led maaisuou laoen laa g luTasmu ma'laTasou

%) S
HASNIFUINY
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a A a s = A Iy Y @
gﬂﬂ 3.19 Lﬂi?N'Jlﬂi"Igﬁﬂ?"‘h’]l@!,ﬁfluﬁgﬂﬂﬂJW?L@lﬂiTu@luﬂ

1 Y
393 m‘%'e']qm'e)@151m'i”lwammumumamﬂcvuﬂ
A v o %’ v A A a v dy v
Lﬂif)\‘l')ﬂf]@]‘i'lﬂTihlﬁﬁ“ll@\‘luHm‘U’E]ﬁﬂﬁ'liclfuﬂﬂclﬁujﬂiﬂﬂ'l'i'l%fluﬁ'mﬁﬂ'lﬂ
3 a o a
ﬂ@’li']fﬂﬁll‘ﬂa"llﬂﬂuﬂugﬂﬂl@ﬂﬂ@lﬁ?ﬂ"lillﬁmﬂf\i‘lﬁNTﬁi (mz/s) uazamwmi'lwmmma (kg/s)

[ o

Taglivanmsauiedumsaziouvesnaudesslisidwuazasuduyanadniinile
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o = = Y [~ 1 [ [
WﬁN"I“L!GD"JlJ’Ja3Jﬂ”ISGLGIN"IHﬂUL‘IJuﬁ’Ju{lﬁiy’GlLlGIle‘]J‘VIﬁUf’JQ‘]Jigmﬁhl‘i/lﬂu1ﬂ’n1ria1ﬂ

d' - a 9 gy A 2 A o q Y w a A ¥ A
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De
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o Y a [ d' d' a [ 4

vzl 1dlunseaandsaulugdsuuaiuadeninyu Tuvazindaduainiasiw
VoW A A A 2 4 VW = Y o

meluilsemanerinluszyiell a.8. 1980-1996 UAUNVIUDY 3 191167 TAglNI1T 1FNEI9Y
A 3 o < 1 o a [ g a

NNTAIANNIUDT 68% Wunaasldmiuni s llihnimsnaandsnuTaefiromacda
A 2 4 A o Y 1 a Y 9 o a o

VINUNNIUTUES taznmsnmasy laumsaaasulnimsldaunadsnudmaanslu

1 =Y =\ ld' dy o 1

sUveamsgimssnlssna msdudsumsasnuazmMoenngszieuNoes1uIeA0 NI
o A 2’, 1= A o s A o 9 dy a 1 &

auiunsaaall a.a. 1992 Tasldagilseaaimoaamsiuduromaninanlszime salu

] 1 o [ 1 v a [ 4
Tagtiuyanivesnisdudivesnasauinidszuia 7% ¥0IyanIHaA N M NIATIN
a @ [ I a 1
moluilszna Tuil a.a. 2003 Yszima Ines Tnandsnuswnuilutuyanilszum 1,000

v 9

< A I 1 a o s = 1 ) 9
HUHATUHUIN Gﬁﬁﬂﬂlﬂu 15% U9 gaﬂmaﬂﬂmmmasmmsﬂuﬂﬁzmﬁ Tﬂﬂmyammimm
[ v 9 ~ A Ao a a ~
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o [ [ 1 ~ 1 A o @ I 0 ]
uwfﬁwawmGluﬁﬂmum;fm@lslummzﬂﬁﬂam‘wmﬁ‘wawmmm%maﬂum’gwmmm
' = o 1 Y v o a3 Y = o Y o = A ~
mmmmﬂufmNa“lwmmgwﬂummmiwwmmﬂ%wawmmgunﬂumaaﬂmmmm
Y o A ' @ A 4 9
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womasoada luanlszmalasnwizedgalszmalugininedeldinisszdiu
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. . ' A o ya d o = A
INN1Z191299 (Non-Plantation Biomass) mfu“luﬂixmﬁﬁiaam”lmmﬁwﬁﬂamwmmmmam
1 @ A Qy 9 v v o ]
ogluglvesigquidonaninmanbasuaznngaamnisu il yadadinndgdaivuialug

Y A U o o v
"Uﬂ%!ﬂﬁﬂ1mm$uWLaU%Wﬂ‘i\NTL!Qﬁﬁ?ﬁﬂ‘iimWU?WﬁﬂﬁlﬂWWﬂNWﬁNWU%’JN’JaE‘ﬂWiH’ﬂ f.fl.
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Y
agananuwaandsanu iheg 1815 ua T nanualszaia 8.34 TWh 9.24 TWh uag

9.85 TWh auaia uazaals@ansninuean1snlasunaaaiui 25% (Perera et al. 2005)

R

dmsunsdszmiudnenmvosnasnumivaludsemadalduauununyiuadiulng
v o A 2 v J v J dal a 9 ' ~
agluglveusyiaquidenanamsineas yadainnlgdad wem@s liuazauTasTudl a.a.

@ = @ 1 A . a a a
2010 WAINIUTINIAAINAIVENAUTZUI 431 PJ (Elauria et al. 2005) Gluﬂszmﬁaumam

v I

k4 Y
wradmlvgszedlugdveudomasld myTagmasnanunanyasuazyadad $au1a
[ 1 = [ a 9 = a0
ﬂ\iﬂaiji\lﬁﬂﬂﬂw\l‘ﬂN‘WEN\?1u1ﬂﬂW%1§m1%1ﬂeUE]‘JJ”aiu‘]J f.71. 1997 ﬂizmm 5.14 EJ uazua

v Y
vyl a6 2010 138U 8.26 EJ (Ravindranath et al. 2005) Taaludiuve il szimaau

[ n’dy a

@ 1 1 ] o 2 v
waadadulvgazedlugluesiaguidenainiamsinyas yadadnnlgdad rema
9 2 o = @ 1 A o
L'l,ll sllEJ$!‘VIﬁﬂ"lallﬁguTLﬁﬂﬂTﬂTﬁﬁﬁuQ@]ﬁTWﬂﬁﬁJ Tﬂﬂmmaﬂmmmmwawuﬂszmm 8.1

EJ uaz 8.9 EJ 1udl a.¢. 2005 uazdl a.a. 2010 @ua1@y (Junfeng et al. 2005) d1vsulseing

=

Yy A o [ 1A J R o
Inglatimsisziiudnenmvenasnuiuialasnundmwiadiulvgedlugiveuayiag

¥
v o A a

Qy [ 4 90}
maeNanmsneas yadadnnldgdad @emaald vezmauiauazindenin s
=S 1 % gjl = =S =
gaa¥nI sy Tasawasnunaualull a.a. 19971 a.a. 2005 azll a.a. 2010 Uszum 525
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