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Abstract - Hydrogen is usually produced by using syngas generated by the fuel reforming for natural gas so
far. The further process is needed for increasing the hydrogen yield of syngas. However, the process for
upgrading the hydrogen yield is accompanied by additional energy sources and economic costs. Thus related
studies on the method for using as a mixture in itself have been conducted in order to utilize more efficiently
syngas. The effect on the engine performance for methane/syngas mixture of 30kW spark ignition gas engine
for power generation has been investigated in this study. As a result, it was found that the combustion
phenomena such as the maximum in-cylinder pressure and crank angle at that time have been improved by
methane/syngas mixture. Through these, fuel conversion efficiency could be enhanced by about 98% of
methane/hydrogen mixture and NOy emissions could be reduced by about 12% of methane-hydrogen mixture.
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Table 1. Properties of CHs, H, and CO

CH, H, Cco

Molecular weight 16.04 2015 2801
(g/mole)

(kgm’ e | 07| 000 | 128

(l\]/ﬁ;Zg) 50.0 120.0 10.1

(MJ/m’ aLrHoYc latm) 360 108 | 1263
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Fig. 1. Schematic diagram of the experimental
setup. (1. gas tank; 2. pressure regulator;
3. mass flow meter for fuel; 4. load re-
sistor; 5. combustion analyzer; 6. radiator;
7. crank angle encoder; 8. gas engine; 9.
pressure sensor; 10. generator; 11. control
panel; 12. intercooler; 13. fuel/air mixer;
14. compressor of turbocharger; 15. tur-
bine of turbocharger; 16. gas analyzer; 17.
mass flow meter for air; 18. air filter).
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Table 3. Experimental conditions

Engine type Vertical water-cooled four-stroke engine
Number of cylinders 4
Bore
88
(mm)
Stroke
(mm) 94
Displacement 2286

(Liter)

Intake system Turbo charger

CH,
Fuel CH,; + 5% CO
ue CHy + 5% H,/CO
CHs; + 5% Hx
Relative air/fuel ratio (A) 12
Spark timing
( °. BTDC) 24, 20
Power output (kW) 15
Engine speed (RPM) 1800

Ignition method Spark ignition

Engine speed
1800
(RPM)
Compression ratio 13:1
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Fig. 2. Crank angle at the maximum in-cylinder
pressure for CHs, CHs + 5% CO, CH4 +
5% Hz/CO and CH; + 5% Ho.

- ®--BTDC 20°
--®--BTDC 24°

i
J

I
=3
1

I
[}

IS
IS

IS
@

S
N
1 1

IS

Maximum In-cylinder Pressure (bar)
—
o

w
©

CH

4

T T T
CH,+5% CO CH, +5% H,/CO CH,+ 5% H,

Fig. 3. Maximum in-cylinder pressure for CHa,
CH; + 5% CO, CHs + 5% Hy/CO and CH4
+ 5% H,.
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Fig. 4. Fuel conversion efficiency for CHs, CH4
+ 5% CO, CHs + 5% H/CO and CH, +
5% Ho.
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AB2|E
ATDC : after top dead center [0 ]
BTDC : before top dead center [0 ]
CcO : carbon monoxide
LHV : lower heating value
LPG : liquified petroleum gas
NO, : nitrogen oxides
RPM : revolutions per minute

Ja|A 2X}

A : relative air/fuel ratio
() : equivalence ratio
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