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Abstract - When the landfill gas generated at the landfill site is released into the atmosphere, methane gas
with a high global warming potential is emitted, which adversely affects climate change. When methane con-
tained in landfill gas is used as fuel for internal combustion engines and burned to generate electricity, it is
emitted into the atmosphere in the form of carbon dioxide, which can contribute to lowering the global warm-
ing potential. Therefore, in order to use the landfill gas as fuel for power generation using an internal combus-
tion engine, it is important to increase the thermal efficiency of the engine. Thus, it is necessary to use a fuel
supply system in which gas is injected using an electronically controlled injector at an intake port for each cyl-
inder rather than a fuel supply technology using the conventional mixer technology. In order to use the elec-
tronically controlled gas injection method, it is important to accurately measure the mass flow rate according
to the conditions of using landfill gas. For this, a study was conducted to measure the injection amount and cal-
culate them in order for the intake port gas injection of landfill gas.

Key words : landfill gas, global warming potential, injection mass, methane, intake port injection,
duty
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28 7] uj PR )| A FAYs= v Y 2] 7F2~(Landfill
gas) = A28} 2] 4>(Global Warming Potential)
71212 vl §- =2 1] W& 7t2E 2 3ekar o] o 7]
o2 WEE A9 7|3 A4S o8l Al 5 )
7] W&ol LFGS] & d g A2l ol $- F8.3ka, oy
7FA LFG A 2] 2 A4 W ZF sl vigke] oy #]
(TEHE o 837] Y3t HH G AV |FH ISR
AHE3HE Zolth LFGE B2 4222 74 H%l 1,
UnkH o2 Ky 7]F 02 45 ~ 60 %2 W} 40 ~
60 % 2] o4tal et A A o] Hh gt AT i
2ba, bRy o}, B3lE 4, dikseks 9 EYE
2o gE WA, 3} dy 22 8 vg £7] 345
= (NMOC)5& 23FataL Ut g A] Abo] Eof| mp&
LFGe] 8 49| vl&37} HAE Table 139 2.
[2,3]

LFG2] A9 eke oF 5 kWh/Nm' = v g3} 1]
W3t ¢k 50 % FF0] 11, B AT A= LFGE W g
3} o) 4kSF kAR T4 (55 % : 45 % with uncertainty +
2%)9 AL 2 715t AT-E sk

B AT BALIFGE H7] & a7 3o 4
SE2 AEE A9l AR &8 SV HE
7t A = FE g F71 A A 7 es A
£317] 95l BAF 270l w2l LFGS] BAL S 5}
o}3}17] 918 Aotk

Il S22t 7™ 2AL LFG AZl

AR /4-83lE LFG A7 2F 50~65 %] &k}
27~40 % 2] °]4te Bl A B3 E ALT FIEE F
o] 9t} YukA © 2 LFG A2 S CNG AR L Hjo] 2~
Z EE A7) W&ol A9t LFGE] A4 B4

Table 1. Variation of LFG compositions depen-
ding on waste sites[2,3]

CH4 co2 N2 B A

Site#l | 45~60% | 40~60% | 2~5% 27.5~30.6
Site#2 | 47.4% 47% 37% 29.3
Site#3 54% 40% 4% 274
Site#4 56% 31% 10% 25.4
Site#S | 35~56% | 35~55% | 0~20% 28.3~32.6
B 41.6% 41.6% 6.2% 28.7
Hzp | £20.8% +7.4% +3.4% +£2.4%
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Fig. 1. Comparison of mixture formation systems
for spark ignition engines.[4]
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Fig. 2. Minimum ignition energy(MIE) of several
hydrocarbons as function of equivalence
ratio.[5]
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Fig. 3. A schematic of measurement system for
injection mass.
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Fig. 4. Diagram for injection duty(%), SOI and
EOI compared to intake valve lift.

Table 2. Specifications of experimental devices

Devices Model Specifications
Pressure sensor Sensys 0~5 bar, 0.15 % FS

Regulator Parker 0.5~8.5 bar

Vacuum pump Shinkang -
max. guage 1.7 bar
Injector Hana R;/i?itt:iielf\; ]C))}(lzm
H200L-AABIUe | bt 130 Limin
Pick & Hold 4A & 2A
Scale CUX-6200H +0.02g

g HlolHZHH ¢F0.62 %2 B 22H(deviation) 7}
WAL 7] W2l 4 A= Ag 7)7] 23 oy
A AR F4& T 4 QU

714 BANFS S43517] 98 4 3719 vgS
AHE3t] A EHS 3R LFG 988 o] 83 2§
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Table 3. Measured injection mass depending on

time(duty)
Injection | AP = 19 bar AP = 09 bar
mass
(®
Time (ms), c Air c Air
duty (%) H H
4 ms (6 %) 0.009 0.014 0.006 0.010
8 ms (12 %) 0.017 - 0.011 -
12 ms (18%) 0.023 - 0.014 -
16 ms (24 %) 0.029 0.044 0.017 0.031
20 ms (30 %) 0.032 - 0.020 -
1.0
08
o .
® 06 *
§ 0.56
T 04 -
(@)
wewe AP = 2.5 bar
0.2 | e AP=15bar
***** pCHd/ P air
0.0 ‘
0 5 10 15 20 25 30
Duty(%)

Fig. 5. Measured injection mass ratio for air and
methane.
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Fig. 6. Model for one dimensional compressible
flow through a valve.
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Fig 7. Comparison of measured injection mass
flow rate for CH4, air, LFG.
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Fig. 8. Measured injection ratio for CH4/Air and
LFG/Air, showing that LFG/Air is very
close to unity.
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