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The Development and Performance Test of a Small Wood Boiler
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Abstract

In the present study, a new wood boiler was developed through the performance test. The
efficiency of the boiler was obtained up to about 63.7%, which is 67% higher than that of
conventional wood boiler, about 38.2%. The structure of the new boiler is more complicated than the
conventional boiler. The passage of combustion gas is sufficiently long to exchange heat well with
heating water. Therefore, the obtained efficiency is so high, and the temperature of exhaust gas was
lower than 200°C, which is as low as that of light oil boiler. The composition of exhaust gas was
measured, and the CO gas concentration was obtained more than 3000 ppm. So, it seems that more
study is needed to lower the concentration of CO gas.
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Fig. 1 Schematic of developed wocd boiler
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Fig. 2 Schematic of conventional wood boiler
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Table 1 Heating values of wood

Higher Lower
Ref heating | heating Usage
value value
[MJ/kg] | [MYkg]
&) | 17~21 Heating
6) | 12~21 12~15 | Heating, Cooking
(7) 9.6 Incinerator

Table 2 Higher heating values and physical
components of wood”

Components(%) Hig}}er
. Heating
Kind of wood Vola- )

.~ |Carbon{Lime| Vaiue

tile [MJ/kg]

Fir 873 | 12.6 | 0.1 20.37

Bark of fir 73.6 | 259 | 0.5] 21.93
Pine 87.0 | 12.7 |03} 19.89

Bark of pine 739 | 243 | 08| 21.98
Red alder 87.1 | 125 104 | 19.30
Bark of red alder | 77.3 | 19.7 | 3.0 19.44
Black oak 85.6 | 13.0 | 1.4} 18.65
Bark of black oak | 81.0 | 16.9 | 2.1 17.09
Leftovers of Grape | 74.4 | 214 | 42| 21.81
Olive Seed 80.0 | 169 | 3.1 19.37
Peach Seed 79.1 | 19.8 { 1.1 19.42
Chaff 63.6 | 15.8 |20.6| 14.89
Walnut shell 812 | 174 [ 14| 19.51

7o #FH W, Te®*F T,KE 747
v diae ff - 27eAMe 2xoln, ()
@ AlgAlRtelH.

A, AE FEA A 7 BAsta e
& n@afof gt
AY F8A 298 W5t 48 FEF
FolA WEaA Tan Poldl: 9%, Q,
(kcal):
Qu=m,C,(T:— Ty 3

A7A m ke EHTY F4%, TKS T,
K= 22 AlE FEAS AFA e 2ol
ASME PTC(Power Testing Code)® Z7|2A%
) BED ostd BdFe ML dH A9
o g ¢ g el vz Jepd 4 9]
o 48 didvAe 9893 (1), 9489 ¢4
FHH dol5208 TAHEH, dolFde X



494 A A

o F 4

Table 3 Chemical components of solid fuel(weight %)®

Carbon Hydrogen Sulfur Oxygen | Nitrogen Lime Water
T of fuel
o © _ (H) (S) () ™| @) (W)
Anthracite coal 80~90 2~4 05~1 1~4 =1 2~10 1~4
Soft coal 65~80 4~5 =1 5~10 1~2 4~12 2~10
Brown coal 45~65 4~6.5 05~2 12~20 1~2 5~15 10~25
cokes 80~85 ~0.5 0.5~1 ~1 - 10~18 ~3
Wood 40 8.8 - 33.6 0.8 0.8~5 125~1.4
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Table 4 Experimental results for conventional wood boiler
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Water Trans- Remai- | Total Total
C| flow Tglmffp Exp. Ma;s ferred Nf)a; ) Tglr;‘lfp ning theat ouf Wi(l)1rk HefzteIOf heat in | Heat Heat per Efﬁ'
2 rate | thru |time ﬁciel heat |water|during] heat | (Qu | (o) (@ |per time] rfn;slsl CI(ensy
e | (m) | boiler (Qu)|(m)| exp. | (Qu) |[+Qp] T e wy e B
Ipm| T |hour| kg | kcal | kg T kcal | kcal | kcal | kcal kcal | kcal/h |kcallkg| %
Ol 3.23 [2.34]6.74] 9,520 15.6 | 1,920 | 11,440| 200 |28,650| 28,850 | 4,890 | 1,700 | 39.7
02 3.36 [2.32(7.05} 9,820 5.8 714 110,540 199 |29,960| 30,160 | 4,540 | 1,500 | 34.9
03 21.0 3.80 |2.67|8.14 12,780 123 9.4 | 1,150 [13,930| 229 |34,600| 34,830 | 5,210 | 1,710 | 40.0
04777 | 331 |2.568.12,10,670 10.8 | 1,330 | 12,000 219 |34,510] 34,730 | 4,690 | 1,480 | 34.6
03] 3.99 |3.68 | 11.1 18,500 7.5 919 |19,420) 315 | 47,180 47,500 | 5,270 | 1,750 | 40.9
06 3.98 [3.57|11.4 (17,860 9.1 | 1,120 | 18,980 | 306 |48,450 | 48,760 | 5,320 | 1,660 | 38.9
AVERAGE 4,970 | 1,630 | 38.2
Table § Experimental results for developed wood boiler
Water Trans- Remai- | Total | Work Total
C| flow Tglrfl‘lfp Exp. Mass| g red Ni,afss ng}p ning |heat ouf in HefztelOf heat in | Heat Heat per Efﬁ'
2 rate | thru |time fuoil heat |water|during| heat | (Qu | (W, (0) (Q; * |per time oltfl?isel c1(en§y
e | (m) | boiler (Qu) | (m)| exp. | (Qu) |~ @) |+ W) 7 Wt W) 7
lpm| C |hour| kg | kcal | kg T kcal | kecal | kcal | keal kcal | kcal/h {kealkkg| %
NI 7.07 |2.69 | 9.60 {24,560 30.2 | 1,250 |25,810| 346 | 41,300 | 41,650 | 9,590 | 2,690 | 62.0
N2 8.35 [4.29|17.3 146,230 28.8 | 1,250 {47,480 552 | 74,030 | 74,580 | 11,060 | 2,750 | 63.7
N3/ 21.5| 6.72 | 4.50 | 14.0 139,030| 83 | 18.4 | 1,190 | 40,220, 579 |60,000; 60,580 | 8,940 | 2,890 | 66.4
N4 6.16 |3.64|10.9 |28,940 25.1 | 1,170 30,110 468 |46,830| 47,300 | 8,270 | 2,770 | 63.7
NS5 5.85 |7.07[20.3 53,300 17.0 | 1,470 | 54,770 | 909 | 86,780 | 87,690 | 7,750 | 2,710 | 62.5
AVERAGE 9,120 | 2,760 | 63.7
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Table 6 Measured components contained in the exhaust gas of the new boiler

0 co €O, | Comb. | FEX¢ess | cp NO NO: 50,
Case Air Ratio

(%) (ppm) (%) Eff.(%) (D (%) (ppm) (ppm) (ppm)
El | 26 3435 102 | 959 | 113 0.34 19 0 80
E2 | 26 3197 102 | 958 | 113 0.33 14 0 78
E3 | 26 3002 162 | 952 | L4 0.32 15 0 74
E4 | 27 3255 162 | 952 115 0.29 4 0 63
E5S | 6.1 2655 13.1 940 | 141 0.30 17 0 78
E6 | 80 2408 72 939 | 156 0.29 18 0 97
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