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Effect of Coconut Shell Moisturizing on Combustion in Conical Swirling Fluidized Bed Combustor

o ¢ v &1 . 2 ¢ v a2 a £ 2
FVANNT LNINAT *, NAITIE ‘1ﬂ‘d’isgi , {]L‘Uﬂi UM , AUNS qassm

1 . 2 2 . 2
Rachadaporn Kaewklum *, Tossawat Thaipayon', Phubed Jandee , Smith Suwan

‘meAwTimnssunems, angdmnssumans, andtumealuladnszasundudinammnsaanseds, nammamues, 10520

1Department of Agricultural Engineering, Faculty of Engineering, King Mongkut’s Instutute of Technology Ladkrabang, Bangkok, 10520
“mAivimnssueiesna angdenssumand avavedeysin, vens, 20131

2Department of Mechanical Engineering, Faculty of Engineering, Burapha University, Chonburi, 20131

*Corresponding author: Tel: +662-329-8336, Fax: +662-329-8337, E-mail: kkrachad@kmitl.ac.th

UNANED

Trssms3deiifiingussasiiiofinuransenuvesanutudemasionsunlvllusmungBladiummssnsronuumiu
Tneldnzanugndradudomas fnssnsamuuuindenavnuing 160 luwnueu grilfifieadsmsedeufivuumyunisly
vl Fomdgniiumatulpenisanssin astudomiseysewing 10-35% neieun 600-850 pm gliduiun Tns
weflenugs 20 cm indlesnsyaneay Sasmstiewdomansd 45 kg h' Tnsidsuntasenimdiuiiu 40-100% a1nms
NARBINUIN qmuqﬁmmmmgwmm%ﬁaimﬁﬁmuuﬁﬂ'WiawfmaﬁmmLLaziﬂ%uﬁummﬂehuLﬁu wigaumgdlasunanseny
vesrmmuudomasesadiulddn erududuresiuniveueuenlsduaslulnsauuouenladanaiegnunn nanrigees
wrlumng n1svnaes esanuanszmutesmsanoimeayondaniunndigiounnlud fudu uafivaniveussuenluduay
llanauseuenludgnnuindaidesuin nuadusiildanmannans lunafiumosduldtudemasnsaenim uafiv
llpsaueuenledansnsogniilianads sndlsfonu uafivansuouneuenledifistu wituegfutiinuemadiuiu wafiy
msusuneuenludeglugas 100-350 ppm uaz 50-230 ppm dmsunafivlulmsiauseusnledlunsnlminganenimndng

Waguasrgy Usvauraiumele Wesmnussdvanmmawnivdeglugig 88-99%

ARty nzanuyniM, Usedvsnmniswnlng, uafie CO, uafiy NO, ALY

Abstract

This work aimed to study the effects of fuel moisture on firing in conical swirling fluidized bed combustor by using
shredded coconut shell as a fuel. Annular spiral distributor at 14 degree to horizontal axis was used to generate the
swirled motion inside the combustor. The fuel was moisturized by spraying water to acquire fuel moisture content from
10-35%. Sand particle size of 600-850 um was used as the inert bed material with 20 cm bed height. The fuel feed rate
was fixed at 45 kg hfl, for variable excess air (of 40-100%). The axial temperature profile in free board region were found
to be rather uniform and independent of excess air but noticeably affected by the fuel moisture. CO and NO
concentrations reduced drastically along the combustor height in all the test run affected by the injection of secondary
air from the burner. Therefore, CO and NO emissions were at a quite low level. As revealed by experimental results,
through moisturizing as-received coconut shell, NO emission could be reduced, however, CO emission increased, its
depend on the excess air. CO emission were found about 100-350 ppm and 50-230 ppm for NO emission. Firing
shredded coconut shell at the above fuel moistures could be achieved 88-99% combustion efficiency.

Keywords: Coconut shell, Combustion efficiency, CO emission, NO emission, Moisturizing
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Figure 1 Schematic diagram of the experimental set-up with the conical swirling fluidized-bed combustor.
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Table 1 Ultimate analysis (wt.%) and lower heating values (MJ kgfl) of coconut shell used in this study (W = fuel moisture,

A = fuel ash; LHV = lower heating value).

Test series No. W A C H O N S LHV
1 10.1 343 46.82 5.09 34.45 0.18 0.03 17.11
2 154 323 44.06 a.79 32.42 0.17 0.03 15.95
3 253 2.85 38.90 4.23 28.63 0.15 0.02 13.79
4 34.8 2.49 33.96 3.69 24.98 0.13 0.02 11.72
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Figure 2 Axial temperature (a) and O, concentraton (b) profiles in the conical SFBC firing 45 kg h' coconut shell with

variable fuel-moisture content at excess air of about 40%.
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Figure 3 Axial CO (a) and NO concentraton (b) profiles in the conical SFBC firing 45 kg h' coconut shell with variable fuel-

moisture content at excess air of about 40%.
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Figure 4 Effects of the fuel-moisture content on the radial CO (a) and NO concentration (b) profiles at different levels in

the conical SFBC for excess air of 40%.
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Figure 5 Effects of the fuel moisture and excess air on the CO (a) and NO (b) emissions from the conical SFBC firing

coconut shell at the 45 kg h' feed rate.
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Table 2 Heat losses and combustion efficiency (LHV9%) for the conical SFBC firing coconut shell at 45 kg h' and different

values of excess air for the selected fuel moistures.

Fuel moisture  Excess air Heat loss owing to Heat loss owing to Combustion efficiency
(Wt.%) (%) unburned carbon (%) incomplete combustion (%) (%)
10.1 40 1.71 0.12 98.17
80 0.78 0.08 99.14
154 40 4.92 0.13 94.96
80 2.57 0.08 97.35
253 40 5.02 0.14 94.84
80 11.65 0.10 88.24
34.8 40 1.81 0.16 98.03
80 10.71 0.14 89.16
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