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Development of a Combustor in Portable Pellet Stoves Using
Wood Pellets to Improve Combustion Efficiency and to Reduce
Carbon Monoxide (CO) Emission

ABSTRACT

Pellets are manufactured using wood by-products. The combustion efficiency of pellets depends on the pellet manufacturing process,
the types of materials mixed while manufacturing and the wood pellet stoves themselves. In this study, we developed a multi-layer
combustor to be used in a wood pellet stove, for the purpose of reducing environmental pollution and energy waste due to incomplete
combustion. The multi-layer combustor was designed to compensate for the shortcomings of existing combustors. A CAD (Computer
Aided Design) model was verified using a 3D printer and a prototype was developed. The combustion experiments were conducted on
commercial and proposed combustors using pellets of the same brand, manufacturing date, place and specifications. From the
experiments, it was found that the proposed combustor produced the lowest carbon monoxide (CO) emission and highest thermal
efficiency.
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TR} o2 31 dARe] AR e 2AEHR QIS A2
W7t 4AZslAn 21878 Agollui e il st oigk
Aol 7kl JTkKim et al., 2009). $-2jue} €A 2017
AL ZYIA] 2 Hlgo] 8.08 %R W HE-S sk wkd
w1l 7fdbe)] =3kl dri(Korean Energy Agency, 2019). ©]2gk
g8 Folx Ahdnto] Qv (forest biomass)2] & F-F< EA)E
2 SATA A ek 314 dARS] tiAURAR AL
9Jti(Use EFB Pellet as Renewable Energy, 2015). &2to|u}
%, T OE dusd vlE) A2 R g2 9 d
glon, 2k Bu|g QI3 2Rk} Hio] golsiri(Melzer, 2010).
g ¢ 7H) A T8 IR, xR dSEte] T SAIEE
715 3} K framework convention of climate change)dl]A]
2k o] gl AoR QIgRgith

SEuplres 27H] 55 B3l vid duR|R o83
= oluR] T 2ugkm’ wREe) Ui} viER|a ek o] gle.
2 TESo] o83 739 vipd 457K U AMS E U F 9loH,
nid oF 1377k =29] oISt Eoks E3F7} Qlk(Kim, 2019a).

A gle 3RakskE(Sulfur Oxodes)¥ 2 22FsHE(Nitrogen
Oxide)?] BllEe] A 719, 712, F= e FAREe] S5H9)
=2l wet di7)qte 2 Q18 s AH) o s doA
B9 47t MASTHPopp et al., 2014). E9bddiE 1%
AAIBHEA(CO) 9] S AbelAlE 4 B Wafistod
Az 8 o ltk(Zhang and Smith, 2007). ©lE si&s}
7] $18] A B = o] S SR B 249
UEE2] Tl gk Azl =3k 7897 BrlJoo et al., 2019).
AR Avks 7] 913 kb o] Zheo A7tsaL
Qlow, s A5 Sl Agehe B A3l Blelsh %)
A5l dze] AP % ullel HE 54E BAsRs A9 v
wrliKang et al., 2011; Kim et al., 2014). 3}x]3+ 2ejojx
7] 9lo] AHRs 2] 2 vhwo] Bl A Hohir)
FSKang et al, 2009). E3), o] Wxg Pshs davle}
Bl s v 3] sk ) Ao FhAE 4] Bely
3} S ok, 2ANE w ARl Afsh FAE 7P
Fe 785 Q7 F45E Ba1 Jri(Kang et al., 2016). U
9 419de) s 22 40999l WP Fa FFomE
ZE|HHIF B 21.8 %, E=0] 204 %, F2] 185 %E 7Sk
AT(Kim, 2019b). $l¢} 22 &5 5 2T 39 E=0le
s, PR E A= AFEES] FF T shpt Hsld
2ot} Asldas SApdele] Aejet A4, 715, el uet
B ATt Aol AAFsteki(CO) HiEe] EoRItkJoo et
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AFo] 7HEEo] AETRE T Wtk 59 s VIRE
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Fig. 1. Combustor Currently on the Market (Single-Layer Structure)
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Fig. 2. Developed Combustor (Multi-Layer Structure)
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A2, 23 A2, 33F A&, 4xF o] TiE(Multi Layer) 2o 3|2 0.7 % oJa}, SIS 0.05 %, CI 0.05 %, N 0.3 %
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Fig. 3. Air Flow in Combustor Currently on the Market (Single-Layer
Structure)
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Fig. 4. Air Flow Developed Combustor (Multi-Layer Structure)
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Fig. 5. Cross Section of Developed Combustor Fig. 9. Actual Rear View of the Developed Combustor
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A Al(pellet) S SEote FHE TR G2 Aa AL PIH GABRIA(CO) viE A 9% A7) A
S48 ST IR 101 24 5 27 13] F3e] Bagks Widek L SE IRI= 103] 783 o] wgtelt): A3 A ARl
TU3H AITHlol) AFS WHEESho 2 RO AE Yieo] A% FlEar Sl A dAr)e] Hete e 419.6°CH T 7
AEPEE =90 255E FL 9EE82 YIS E, UETE HS(Multi Layer)7-208-21¢] S5l 147]9] 257} 457.4°C
F2 BIEACOMIEHE 50w 7l 43 5 34 2107 % 353 25 I 5 ATk
e vigo g FAREAS sk Table 2= Table 1] 7ike Th=(Multi Layer)7-34H2]2] &)
2] AFgS o)) Y8 S 2 dass S5 A ALr]e] 2=wst Z47S o]83te] ANOVA (Analysis
Sl HIEEA Ao 2EAE olgste] 1.5 m Dozl Agjelx of Variation) 415 3+ djo|t}. o] BfgAS ddslr]
S I LSRN COpETE S7g3l] Sl o Sl F-278S Asion], F-34285 fr¢] g5(P-value)
ABIRNCO) SA7IE ARg3te], vt daxd off ol ve= 0.000 FrefwlsiAl Uttt =, A5l dfEal Sl SAsl
WS (COYIEHS 243k a7 1ETh ke T(Multi Layen)72221e] Exjee)l ¢147]
o] dago] Fr= Ao THHI
3. 21 Table 32 Ul COIEHL] S47kS ol83] 7Ies
Al B B4E AT F 403)(N)e] HeE 313
ARl AL Sl BAEl 4ok B Atellx] Tt th 13)(N) 4L 55 9= 103] =43+ ghe] Fargholth
U5(Multi Layer)7-238-21¢] S5 47|18 S sl A A} Akshe(CO) v 7 t(Multi Layer)7-
27} gzkslod, Lrenistel QIS COMEE] viskds = zH] BB Q47 = B 173.9 ppm, Al B gl
Aato] ool e AAE AUtk ARSI AL ]9] Ltk (COYe] viETR] et 206.6 ppm<]
Table 1-& 2=RIsle] 2783k of83lo] 7leaAl B A Z4e ARk ul, XS AlERT JtE AkRe] ikshea(CO)e
PO AN & 405N ARS ABSTE 1SN)  wiEe] 158 % AT S Tl S ik
Table 1. Temperature Test Result (unit: °C)
N Averge SD SE Min Mix
Developed combustor 40 457.4250 15.75760 2.49150 411 485
Combustor currently on the Market| 40 419.6500 16.72331 2.64419 389 445
Table 2. Temperature Test Result of ANOVA Table
SS DF MS F P-value
Between groups 28539.012 1 28539.012 108.108 0.000
Within Groups 20590.875 78 263.986
Total 10257.8 79
*p<0.05, **p<0.01, ***p<0.00
Table 3. Carbon Monoxide Measurement Results (unit: ppm)
N Averge SD SE Min Max
Developed combustor 40 173.3000 68.51472 10.83313 78 301
Combustor currently on the Market| 40 206.6250 79.17805 12.51915 101 364
Table 4. Carbon Monoxide Measurement Results of ANOVA Table
SS DF MS F P-value
Between Groups 22211.113 1 22211.113 4.052 0.048
Within Groups 427573.775 78 5481.715
Total 449784.888 79

#p<0.05, **p<0.01, ***p<0.001
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Fig. 11. Developed Combustor (Multi-Layer Structure)
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