KIGAS Vol. 15, No. 5, October, 2011
v (Journal of the Korean Institute of Gas)

O

HiO|27tA0] & HETL AdX o 3

oIr

of =

- dgnr - ol Mg - Ay
d, AUt AT Y GFHHFA =W F 57
7, 20119 10 280 774, 2011 10 28< Ae)

rir
o

Effects of Biogas Composition Variations on
Engine Performance

Seunghyun Park** - Cheolwoong Park* - Youngmin Kim*
*Sunyoup Lee*,** - Changgi Kim*
"Korea Institute of Machinery and Materials, Daejeon 305-343, Korea

**Dept. of Environmental System Eng., Univ. of Sci. and Tech., Daejeon 305-333, Korea
(Received July 28, 2011; Revised October 28, 2011; Accepted October 28, 2011)

ko] © 7k Biomass, #7144 971 5] #7148 32 T 9 5 Y WEHA AR A
ool B7eh T F YA F4o] 917 Wl o] F Aol A gahel UAE AASLA S o]
A%k ol @bt 2] BF 2 #7148 4 2710 e 1 AR £50] 9ebd 5 gl ol
B 24 Wae A7 Aol 2 9L )2 5 7 w20 ool 07 A7/ Ba g Aol weiA oy A
oM TRFE B2 ZHE Hhol 71 AR ) BB 7 &S WEIAIA BAISL o 2 o] 5] o]
S7b ) BB & WE), 5 0 B S & GFL shetstsieh. 4
23 7 387 Gl e A2 YohAl7)E APt A on, B Wel A 28, 5 g, 7] A5l
w3 ek A Alsh s,

o

o
e
ok
N
N
2
™
oX
ofr
z !

Abstract - Biogas obtained from the biodegradable organic wastes in an anaerobic digester consists of CHs
and inert gases such as CO» and N,. Since the composition of biogas varies by anaerobic digester conditions
and the origin of wastes, it is necessary to respond to these variations so as to make stable combustion and
accomplish high efficiency when it is used as a fuel for power generating SI engines. In this study, efforts have
been made to investigate the effect of changes in the calorific values of biogas on the engine performance and
exhaust characteristics. The biogas was simulated by supplying of CH4 with N, dilution of various ratios, and
ECM was developed to achieve accurate control of ignition and combustion. The results show that as the CH,4
concentration of the biogas decreases, the optimal spark timing is advanced due to the elevated thermal
capacity and lowered O, concentration of the in-cylinder charge. Furthermore, since combustion temperature
was reduced by increased inert gas, NOx emissions decreased, whereas THC emissions increased.
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Table 1. Specifications of the base gas engine

Type Description
Number of cylinder 6
Bore (mm) 111
Stroke (mm) 139
Displacement volume (cc) 8,071
Fuel CNG
Max. power 176.5 kW / 2300rpm
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Fig. 1. Schematic of experimental setup.
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Table 2. Biogas engine test conditions

Experimental condition Description

Nitrogen blending ratio

0, 20, 40, 60, 80
with respect to CNG (Vol %) e T

Engine speed (rpm) 1800
Air | Fuel ratio 1
Power (kW) 30, 45, 60
1.0
—o— W/ Turbocharger
- © - W/O Turbocharger
__ 0.8+
©
=1
o
< 0.6
= 7
0.4

T T T
30kW 45kW 60kW
Power [kW]

Fig. 2. Comparison of MAP with and without tur-
bocharger (N, blending ratio 60%, spark
timing BTDC 22 CAD, 1800rpm, A=1).
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Fig. 3. Comparison of efficiency according to exis-
tence of turbocharger (Blending ratio N,
60%, spark timing BTDC 22 CAD, 1800rpm,

A=1).
1500
[ZZZ1CNG
1200 4 E20] Nitrogen
— \\\\i
= N
0. 900
2
2
& 600+
2
o
L 3004
0

N2_I60%
Blending Ratio of N2 [Vol %]

N2_20%

Fig. 4. Comparisons of flow rate of nitrogen accor-
ding to various N blending ratio (60kW,
A=1, W/O turbocharger, 1800rpm).
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Fig. 5. Comparisons of efficiency according to
various blending ratio of N, with various
spark timing (1800rpm, 60kW, A=1, W/O
turbocharger).
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Fig. 7. Comparisons of NOx emission according
to various blending ratio of N, with various
spark timing (1800rpm, 60kW, A=1, W/O
turbocharger).
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Fig. 8. Comparisons of THC emission according
to various blending ratio of N, with vari-
ous spark timing (1800rpm, 60kW, A=1,
W/O turbocharger).
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