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Abstract : To analyze the characteristics of ozone formation, measurements of the concentrations of individual
exhaust hydrocarbon species have been made under various engine operating parameters in a 2-liter 4-cylinder engine
for natural gas and LPG. Tests were performed at constant engine speed, 1800 rpm for two compression ratios of 8.6
and 10.6, with various operating parameters, such as excess air ratio of 1.0~1.6, bmep of 250~800 kPa and spark timing
of BTDC 10~55°. It was found that the natural gas gave the less ozone formation than LPG in various operating
conditions. This was accomplished by reducing the emissions of propylene(Cs;Hs), which has relatively high maximum
incremental reactivity factor, and propane(CsHs) that originally has large portion of LPG. In addition, the natural gas
show lower values in the specific reactivity and brake specific reactivity.

Higher compression ratio of the test engine showed higher non methane HC emissions. However, specific reactivity
value decreased since fuel species of HC emissions increase. brake specific reactivity showed almost same values under
high bmep, over 500kPa for both fuels. This means that the increase of non methane HC emissions and the decrease of
specific reactivity with higher bmep affect each other simultaneously. With advanced spark timing, brake specific
reactivity values of LPG were increased while those of natural gas showed almost constant values.

21 ), Specific reactivity(SR, @9 &3}
A A 2h), 1 PG(Liquified petroleum gas <43}

Key words : Maximum incremental reactivity(MIR, T4 & & Q.
FAaT 9 M), Brake specific reactivity(BSR, $+9| 28t} o
2] -§-7}2), NG(Natural gas X 3 7}2~)

il

N

LAMZE BF o2 Aof el wet ofof gigt HF
_ ol 77} A8 FolT),

AEAS Wi s T B cnae e oo AR EH |
N o . I o = v = A Fo}F th7) 1 A S(california air re-
"] X])= HC W& E-ofl 3k A7} 218 Folm, 53] board €] C e 19911 o] ] 7}] HC 2
HC 2433 50) 3aish wigo] Rojah sjojisp  SOMO Pourd Carter £ 1991 2] 7h I
o Ak shehE A ZHzho] B3t k8ol 3]st
o QFE AAAT = & EAE MIR(maximum
"To whom correspondence should be addressed. incremental reactivity) k- BFx shsict. waka )

cukim@kimm.re.kr

86



ofgy 71x] 28=o] mE JAdZAN oFEYa HY

HC A9 AH&-Z21 NMHC(non methane HC)% 5t
ol g} MIRE ©] 83 73 &9 HC A%Fd T4
}i= © Z2F2] SR(specific reactivity) ¥+ NMHC 3} SR
ol-g-s A T3t @] ¥ LA L9
A3t BSR(brake SR)= &7 E 71 A H L

it

gio
o r

(o4
o o
B

¥

—
=

)

o] AQIRP(Auto/Oil Air Quality Improvement
Research Program)i= 19893 o] & HC A & B4 %
S e ARstel kT d T g
of tHate] ATt e Kaiser 5-& @71 A&
o} g3t z}E @ A8 E4 tisiA] THCH} HC 4
& 248 1 A AR Aol meka THC
7 HC AJH-9) ghgo] dsten],? gt oy
Qurd o2 2 MIRGES 2 AR 7k
SRgkel F7kgvta R 2gm dHoE
gAdEel tE HC 42d ATE A9
Russell, Weaver, Poulsen, Russ 2 Kim 52 %2
AR ofe] A AAR DE D7
S

B QTN el A o] §5 7 S E
Q1 elAl A& A7kt LPG chsiA wi&7t
2 FHCY 2 AEE =5 20L 471F el A
A8 7HA] ARt AT EE A
2] LMol W2 LPG HA7F2= 9 EUAY
BT g gotstarat st

o i

,.
& 2 9

Surge

Air flowmeter tank

A8 208 E5F LPG 9A, 584, F
7], AR EA, W7 7k B Al 2flT vhs AR
ntE 2 (GOE T glom HA 2 N
EE Fig. 19 Jepidch o] AAe AL
Table 19 VERA ST

FAuE EA] YA FF KA €4
ol

A% S E AR HY ke Bale, A
o wi7)etelol A AE S shel Eatol g el 7l

BEL gL olE, o, obM R, Teg, 22
2, F-eb, AR 522 A S AFRN-S Table 2
o VERNSTE Table 30l B AFolA ALgR
LPGe} A7t Az BE4AE Yehglch

Table 1 Characteristics of the original engine
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TYPE in-line OHC
Number of cylinder 4
Bore x Stroke 85 x 88 mm
Displacement volume 1997 cc
Compression ratio 8.6, 10
Fuel supply type LPG Mixer

Data acquisition

Personal
computer

Pressure
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Engine

Fuel flowmeter Veporizer

EGR flowmeter

HC, CO analyzer
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Dynamometer Dynamometer
controller
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Fig. 1 Schematic of the experimental setup
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Table 2 MIR of hydrocarbon species™

Hydroc'arbon Molt?cular (2/1(1)1: /
species weight ¢ NMHC)
Methane 16.04 0.016
Ethane 30.07 0.325
Ethylene 28.05 8323
Acetylene 26.04 0.365
Propane 44.10 0.568
Propylene 42.08 11.043
i-butane 58.12 1.299
n-butane 58.12 1177 B
trans-2-butene 56.11 13.154
1-butene 56.11 10.597
i-butene 56.11 5.765
Cis-2-butene 56.11 12.627
i-pentane 72.15 1.705
n-pentane 7215 1.462

Table 3 Specifications and composition of fuels

Specifications LPG NG
Methane 0.040 90.437
Ethane 2.319 7.286
. Propane 95.062 1.415

Composition -
i-butane 1.606 0.356
n-butane 0.973 0.343
Remnants* - 0.163*
Molecular Weight 44.123 17.760
Q uv (MJ/kg) 46.397 49.516
Stoichiometric A/F ratio 15.674 16.995
Remnants* : i-CsHyz : 0.033, n-CsHjz : 0.032, N2 : 0.058, CO» :
0.04
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