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Abstract - Renewable gas fuels such as biogas and landfill gas are obtained from the biodegradable organic
wastes so that they inherently have carbon-neutral nature which can respond global warming. Therefore, atten-
tions are paid to use this renewable gases as a main fuel for internal combustion engines. However, the compo-
sition of the fuel varies by its origin or conversion process, it is necessary to make stable combustion and ac-
complish high efficiency when used in power generating spark ignition (SI) engines. In this study, efforts have
been made to investigate the effect of the composition of renewable gas fuel on the engine performance and ex-
haust emissions. In addition, a new spark plug with a long electrode was tested and compared with a base spark
plug as a way to improve engine efficiency and reduce harmful emissions.
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Table 1. Specifications of the base engine

Number of cylinder 6
Bore (mm) 111

Stroke (mm) 139
Displacement volume (cc) 8,071
Fuel CNG

Maximum power 176.5 kW / 2,300 rpm

Table 2. Spark gap projection for each spark plug

Spark plug Spark gap projection (mm)
Type A (Base) 3.8
Type B 9.5
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Fig. 1. Schematic of experimental setup.

B3l L5 Z 8§ bar, 40 CTE A FAA F
MFC (Brooks Instruments)& 71# Surge tankZ 35
St Ao AS AstALAE A5 B3
7187121 ¥ 4719 MFC (Bronkhost High-Tech
B.V)E #A Surge tankoll F=3t51tt. ojd] ¥st=
249 AR 7tad 8 E THEY] S8l FA 3 ONG
MFCO|A Z+zZke] 3ol thdt A A& B33
ok E=3h AR e ok WEe] AR fFel HH
= dgke B2 98 A7 Am T Wbl Surge
tankE AX3H 2™ Surge Tank 7 HIE
A5 A2ty olF B8 NG N2E ThA &
o2 BA AR 7tad Tt Ao Soj7)]
Aol FL7 Eifol o] FolA =S Fhgch,

oM ATNNE EF hAAR 24 W]
FHoz Uy = Y= W3 A7), AW
T, BN, AEF, 225 W0 AL 5 TF
ARl Ao AsS AL AT F Ue
A 7t ARG A Ao z~He A
wheted <lzle] AL-stHth

AR ZEHY 2 AR 3)HAF AAE A3
Direct current 3 HAIE AMHE3I9 oM, X 2=
Zo]= =0 (Autonics, F4058)S A3tste] o] &
FH 5% d3E A E A7 Aofe} AAAA
AHEBFTE vl Y] diUE T BN F
zrete] FAME RUEY st om dste 3]
g 93] Y 225 ¥H =E 2439 Y =
g, w717k E417)(HORIBA, MEXA-8120)E ©]-&
sto] Mz WSt weh gEkAE W)k AR
< AT

IFret 1pr for

- 20 -

Table 3. Engine test conditions

Spark ignition timing MBT

Nitrogen blending ratio

with respect to CNG (Vol %) 0, 20, 40, €0, 80

Engine speed (rpm) 1800
Air / Fuel ratio 1
Power (kW) 60
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Fig. 2. MBT spark timing variations for both types
of spark plugs as a function of N dilution
rate.
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Fig. 3. Thermal efficiency variations for both types
of spark plugs as a function of N dilu-
tion rate.
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Fig. 4. NOx emissions variations for both types of
spark plugs as a function of N, dilution
rate.

2500
—o— Base spark plug (Type A)
2000 T TypeB
E
g
S 1500}
1]
c
o
G
2 1000 |
I [e]
(]
2
I so00f
ol : v ' '
0 20 40 60 80

N, dilution rate (vol. %)

Fig. 5. THC emissions variations for both types of
spark plugs as a function of N dilution
rate.
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Fig. 6. Exhaust gas temperature emissions varia-
tions for both types of spark plugs as a
function of N dilution rate.
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CNG : Compressed natural gas
MFC : Mass flow controller
MBT : Maximum brake torque
BTDC : Before top dead center
CAD : Crank angle degree
NO, : Nitrogen oxides
THC : Total hydrocarbon
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