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An Experimental Study on Individual HC Emission Characteristics and
Startability for Various Composition Ratio of LPG Fuel on LPLi Engine

Seongwon Choi, Hochul Kwak, Cha-Lee Myung and Simsoo Park
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Abstract

The regulations for hydrocarbon emission from vehicles have become much more stringent in recent
years. These more stringent regulations request vehicle manufacturers to develop the advanced exhaust
system for reducing exhaust emissions. The exhaust emissions has many sources in vehicle. In order to
investigate the characteristics of hydrocarbon(HC) in the exhaust manifold, concentrations of individual
HC species were measured in exhaust process. Using sampling valve, the light hydrocarbon emissions
were captured in the exhaust manifold(catalyst before and after)and analyzed from LPLi engine exhaust
manifold(catalyst before and after) using different fuel properties. Then exhaust samples were measured
by gas chromatography(GC) and exhaust gas analyzer. Catalyst conversion efficiency for fuel properties
of Butane 100% was better than Propane 100%. Start delay of LPLi engine was observed as increment

of propane contents in LPG fuels.
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Table 1 Specification of test engine

Power-train 2.7L, DOHC
Type / Displacement V6 / 2,656cc
Compression ratio 100 : 1

MPI with injector driver
Fuel control system
module

IVO/IVC, EVO/EVC
(6/46, 44/8)

Valve timing

Table 2 Overview of LPG components for nations
(Source : Australian Government DEH)

) % Propane in .
Nation Nation
LPG market

Korea max. 35%

% Propane in
LPG market

min. 95%
50% to 100%
20% to 90%

Finland

Japan max. 30% UK
U.S.A. min. 95% Ttaly

Belgium 60% France 45%

min. 95%

Germany Portugal | min. 92%

Table 3 Details of GC specification method

HP 5890 series I with

chemstation

GC model

Sampling valve 10-port valco valve

Column 50m x 0.53mmx 15.0im

Carrier gas Helium Scc/min

Oven temperature 40C — 70C — 140C
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Table 4 Catalyst efficiency of MCC for different

fuel properties by GC (Unit : %)
propane 23% | propanc 50%
butane propane
+ +
100% 100%
butane 76% | butane 50%
A=095| 63.4 27.0 49.0 43.6
A=1.0 | 88.6 757 88.2 84.8
A=1.05| 90.7 80.5 92.4 86.8
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Table 5 Catalyst efficiency of individual hydrocarbon

by GC
(Unit : %)
butane proparf 23% propanf 50% propane
100% butane 76% | butane 50% 100%
ethylene | 96.67 94.48 92.91 90.04
propane 92.81 91.53 84.67
propylene| 98.66 95.77 93.33 91.42
i-butane | 96.52 97.87 97.26
n-butane | 92.6 94.99 92.34 89.39
acetylene| 99.78 99.46 99.86 98.98

Table 6 MIR of carter[Ox(g)/NMOG(g)]

(Source : AutoEnv. org)

Properties MIR Properties MIR

propane 0.48 ethylene 7.30

butane 1.02 propylene 9.41

T2 100%2] A3t&ol OE s M A
e ey ols TERY ASEXNY F
AzANA AEE BARE O A524E 54
o] Aloldto olg & ARE vebdt}.

34 LPG 982 54

Fapatubgo] A1 A EAR dIFHEA Pls
¢] CARB(California Air Resources Board)?l A& 7}
2R wE Faetgo] viXe A¥E A
3t7] €8 MIR (Maximum Incremental Reactivities)
AL S &3t YL Table 60 JERAATH

A e A2 WszAAST RAF(Reactivity
Adjustment Factor)Z2A A Fa Az ate] wiE7tx
2 e o dAgvig wjEsks R Zolst
o} o1 RASY st AHETT

2 [NMOG; x MIR;] 1
[NMOG,] M

RAF=



3 .

238 449 - %z
Table 7 RAF of various LPG fuel
Fuel RAF Fuel RAF
propane 50%
butane 100% 0.24 0.20
+ butane 50%
ropane 23%
prop ° 1023 | propane 100% | 0.18
+ butane 76%

THC Gonversion Efficiency (%)

[_IButane 100%

EZZ} Butane 23% + Propane 76%
EED Butane 50% + Propane 50%
Sl Propane 100%

NOX Conversion Efficiency (%)

Excess ait ratio ()
Fig. 5 Catalyst conversion efficiency
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Table 8 Injection pressure / flow according to
variable LPG composition

Fuel Injection Injection
composition | pressure(bar) | flow( ¢ /h)
800rpm | butane 100% 7.86 36
/ 6émsec |propane 100% 14.48 42
2000rpm | butane 100% 8.03 9.6
/ émsec |propane 100% 14.48 10.8
5000rpm | butane 100% 8.05 44.4
/ 12msec |propane 100% 14.12 45.6
butane 100% propane 100%
(a) 800rpm / 6msec 1) : Before start
. " “a @) @ [©)] {2) : Start stage
/"\ RN N (:l):AﬁerAsmrt R
é o M L, -
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(Secondary)y o s | 1s P 2 P

\

: W

30 [ t Elapsed time (sec)
1

Fig. 7 LPG Fuel pressure according to LPG
composition ratio
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composition ratio

Table 9 Starting delay time according to LPG
composition ratio

(Unit : sec.)
ropane 23% | propane 50%
butane prop N °|Prep . ’ propane
100% 100%
butane 76% | butane 50%
Delay
. 1.13 1.65 224 2.64
time
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