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Study on Combustion Characteristics of Biogas Fuel using S.I. Engine
(Improvement of Engine experimental device and
combustion experiment)

Takuya HATTORI, Yoshinori NAGASE, Shigeki TOMOMATSU

Abstract

The biogas is produced by excrement of the animal or the food waste. Because the combustion is carbon neutral theoretically,
the biogas is attracted attention as an alternative fuel. However, supply of the biogas of the stable composition is difficult because a
component and the generation condition in raw materials influence composition of generated gas. In the conventional research, the
artificial biogas which mixed methane and carbon dioxide was burned in the spark ignition engine, and the buming characteristics of
the gas were compared with those of propane. However, enough number of combustion experiments were not carried out by the
malfunction of the experimental device. In this research, experimental device for the test engine is improved and buming
characteristics are investigated from the in-cylinder gas pressure when buming the biogas which methane concentration was
changed from 50 to 70% in the MBT conditions of the engine. It is found that the indicated thermal efficiency is improved by
driving the engine in MBT. To control the ignition timing is effective for thermal efficiency improvement in the combustion of the
biogas. The concentration of the carbon dioxide in the fuel influences combustion speed. In addition, it is confirmed that the methane

concentrations of 45% is able to burn.
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Table 1 Specification of engine Table 2 Experiment conditions
Engine type 4 Cycle single cylinder Engine speed [rpm] 1000

Combustion chamber Pancake type Charging efficiency [%] 50

Bore x stroke [mm] 84.0x90.0 Water temperature [‘C] 80

Displacement [cc] 498.8 Oil temperature [C] 70

Connecting rod length [mm] 166.0 Inhalation mixture temperature [‘C] 65

Compression ratio 6.0 Equivalence ratio 1.0
THAY Y7 MEEEESEFHEA S U o7~y RIEEZ Density of CHy in biogas [%] 70,60,50

BHNNVT EBRFEICHIE D FETH D, v v F~y Sampling internal [us] 20
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Table 3 Valve timing

Timing .
Valve Open interval [deg.]
[degATDC]

Open 25
Intake 210

Close 235

Open 208
Exhaust 246

Close 38
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Table 4 Result of experiment for the MBT

Indicated mean
MBT Indicated work )
effective pressure
[deg. BTDC ] [J]
[MPa]
C;Hs 8 148.1 0.2991
CH4-70% 13 126.8 0.2926
CH4-60% 22 117.7 0.2747
CH,4-50% 27 95.5 0.2466

Crank angle [deg. ATDC] Crank angle [deg. ATDC]

Fig.8 p-0 diagram
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Table 5 Result of combustion experiment

Table 6 Comparison of Heat release rates

Density of CH, in biogas [%] Heat release Max.
CsHg Ignition o Heat
70 60 50 45 . timing Heat
Timing release
Fuel flow [g/s] 0.1916 0.1388 0.1342 0.1283 0.1155 Fuel [deg. ATDC] . release
[deg. period
Indicated work rate
148.1 126.8 117.7 95.5 70.5 ATDC] Start End [deg.]
[J] [J/deg.]
Indicated mean C3Hg -8 -5 24 29 57.5
effective 02970 | 0.2543 | 02359 | 0.1914 | 0.1414 CH,-70% 13 7 26 33 36.0
pressure [MPa] CH4-60% -22 -14 20 34 355
Indicated CH4-50% -27 -16 20 36 27.7
thermal 13.91 15.23 14.62 12.41 8.310 CH4-45% 230 -18 25 43 19.1
efficiency [%]
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Fig.10 Heat release rate
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