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Abstract — In this study, the performance and emission characteristics of a liquefied petroleum gas (LPG)
engine converted from a diesel engine were examined by using mixer system and liquid propane injection
(LPi) system. A compression ratio of 21 for the base diesel engine, was modified to 8, 8.5, 9 and 9.5. The
engine performance and emissions characteristics are analyzed by investigating engine power, brake mean -
effective pressure (BMEP), brake specific fuel consumption (BSFC), volumetric efficiency, CO, THC and
NOx. Experimental results showed that the LPi system generated higher power and lower emissions than the

conventional mixer fuel supply method.

Key words : Liquid propane injection (LPi), Mixer, liquefied petroleum gas (LPG), Compression ratio, CO,
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1. Introduction

With the recent strengthening of automotive emis-
sions regulations and rising interest in environmental
pollution, demand for reductions in automotive emis-
sions and more fuel-efficiency technology are increas-
ing. In addition, as fuel prices keep rising and pro-
tecting the environment, especially from air pollution,
becomes more important, regulations on automotive
emissions will become even stricter’,

Due to the strengthening of environmental regula-
tions, the development of low-pollution engines has
become much more active. As part of this active
development, the research is being conducted to
reduce exhaust gases by using a clean fuel. Out of
clean fuels such as methanol, ethanol, hydrogen,
CNG, LPG, etc., LPG is being considered as the best
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alternative fuel due to its existing infrastructure in
Korea and low price. LPG has become the topic of
many tesearch in Korea and in other countries, and
LPG vehicles are already in wide use™.

Currently, most LPG fuelled vehicles use a mixer
type fuel supply system. However, many research are
being done recently on closed circuit, liquid atomiza-
tion methods. It has been reported that such LPG
atomization methods reduce exhaust gases, increase
the engine efficiency, and power output™'.

The conventional method of using LPG as fuel
uses a mixer and a gaseous fuel that has been heated
through the carburetor. Therefore, the density of the
fuel is reduced, and a reduction in power takes place
due to the decreased volumetric efficiency. Conven-
tional mixer type methods evaporate the fuel and mix
it with air inside the mixer. This process is controlled
electronically with some degree of precision, but
more precise control of air-fuel ratio is impossible
with this method. Due to the such imprecision in the
control of the air-fuel ratio, increased exhaust gases
and reduced power output are resulted, and because



188 Gyeung Ho Choi, Jin Ho Kim, Ung Lae Cho, Yon Jong Chung and Sung Bin Han

the mixer is installed on the inlet manifold, the back-
firing can occur frequently. On the other hand, the
LPi method pressurizes the fuel and supplies it in lig-
uid form. The precise control of the air-fuel ratio is
possible with the fuel injector. Advantages of this
method include reduced exhaust gases, increased
power output due to use of liquid fuel, and decreased
backfiring™®.

However, such high pressure fuel remains in the
fuel line even after the engine has been shut off and
leaks through fine gaps in the injector. Fuel that has
leaked in this manner remains in the intake system as
a dense mixture and is responsible for reduced start-
ing performance upon restarting the engine.

This research is an experimental investigation of
the effects of the fuel supply method, known as
Mixer and LPi methods, on engine performance and

emission characteristics. These experiments, in which -

an old compression ignition engine is converted into
a spark ignition engine, should contribute to a definite
reduction in automotive emissions. Therefore, this
research aims to reduce harmful emissions of diesel
vehicles and experimentally find out the optimum
compression ratio needed when converting an old die-
sel engine into a LPG engine. Also, the mixer and
LPi methods are tested with variations in compression

LPG
Cylinder

Vaporizer

ratio, relative air-fuel ratio, etc. in order to investigate
the effects of the two fuel supply methods on engine
performance and exhaust gas characteristics.

2. Experimental Setup and Method

The schematic diagram of the experimental appara-
tus is shown in Fig. 1. The engine used in the exper-
iment was a water-cooled, 4-cylinder, truck diesel
engine with a displacement of 3568 cubic centimeter.
The direct injection diesel engine was converted into
a LPG engine, and the main specifications are shown
in Table 1.

The desired compression ratio can be obtained by
changing the height of the piston crown. The process
of ‘converting a diesel engine into a LPG engine is,
unlike the process of converting a gasoline engine
into a LPG engine, technically very complex. Namely,
the conversion from a compression ignition engine to
a spark ignition engine requires major changes in the
engine’s parts. Consequently, in order to make the
compression ratio more suitable for a LPG engine,
the compression ratio of the diesel engine, which was
21, was reduced to 8, 8.5, 9, and 9.5 by varying the
crown height of the piston head.

A 2000cc-grade mixer was used. LPi fuel tank and
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Engine specifications.

Number of cylinder 4

Fuel supply Mixer, LPi
Displacement volume 3,568 cc
Bore x stroke 104105
Compression ratio 8~9.5

pressure regulator made by Vialle was used, and bot-
tom feed type LPi injectors made by Siemens were
used.

In addition, the spray nozzle located on the cylin-
der head was removed and replaced with a spark
plug. A spark coil and distributor were used to pro-
vide spark energy. The diesel engine’s fuel spray
pump was removed and replaced with the distributor.
Spark timing control was performed with MoTec’s
M8 ECU so that the desired spark timing could be
controlled during operation of the engine.

In order to promote smooth operation of each part,
the ignition control equipment was used to warm up
the engine using the arbitrarily chosen conditions of
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Fig. 2. Effect of compression ratios with mixer and
LPi system fuel supply methods on power.

8BTDC and 600 rpm. Also, all experiments took place
after the coolant temperature reached 80°C. Engine
operating conditions were at wide open throttle (WOT),
1400 rpm, minimum spark advance for best Torque
(MBT), relative air-fuel ratio of 0.8 to 1.3, and com-
pression ratios of 8, 8.5, 9, 9.5. The compression
ratios were controlled by using 4 different types of
pistons.

3. Experimental Results and Discussion

Figure 2 shows the engine’s power output charac-
teristics for mixer and LPi type methods at different
compression ratios as the relative air-fuel ratio is
increased from 0.8 to 1.3 at WOT, MBT, and 1400
rpm. For the mixer type method, the highest power
output was obtained with the compression ratio of
89 and relative air-fuel ratio of 0.9~1.0, but the
overall dependence of power on compression ratio
was not very significant. However, the LPi method
resulted in a relatively higher power output compared
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Fig. 3. Effect of compression ratios with mixer and
LPi system fuel supply methods on BMEP.
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to the mixer method. For example, with the relative
air-fuel ratio of 1.0, the LPi method exhibited 17%
more power than the mixer method at the compres-
sion ratio of 8, 17% more at the compression ratio of
8.5, 18% more. at the compression ratio of 9, and
16% more at the compression ratio of 9.5.

Figure 3 shows the dependence of BMEP on the
relative air-fuel ratio under the same testing condi-
tions as above. The results are almost identical to the
power output results shown in Fig. 2. Generally,
BMEP increases with compression ratio up to the
certain point, after which it decreases. Although the
dependence is slight, IMEP increases with the com-
pression ratio in this experiment. Since power and
BMEP start to decrease at around the compression
ratio of 9.5, compression of about 9 can be said to be
the optimum compression ratio based on power out-
put and IMEP. ; .

Figure 4 and Fig. 5 show the curves for -intake
temperature and volumetric - efficiency, respectively.
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Fig. 4. Effect of compression ratios with mixer and
LPi system fuel supply methods on intake temperature.
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The main reason for the power increase shown in
Fig. 3 is most likely attributed to the fact that the LPi
method results in an increased volumetric efficiency
over the mixer method. In the LPi method, the fuel is
evaporated due to a pressure drop that occurs just as
the liquid fuel is atomized, and because of the large
evaporation of heat at this point, the intake tempera-
ture becomes lower than the mixer method. In
extreme cases, icing can occur as the intake tempera-
ture falls below the freezing point. The spray nozzles
can become clogged due to icing, and the particles
formed during icing can fall off and damage the
valves or change the air-fuel ratio.

For the mixer type, volumetric efficiency is not sig-
nificantly affected.by changes in compression ratio as
seen in Fig. 5. The mixer type method shows a vol-
umetric efficiency of around 80~85%, and the LPi
type shows a volumetric efficiency of around 95%.
Therefore, likely due to the fact that the LPi method
exhibits an increased volumetric efficiency with lower
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Fig. 5. Effect of compression ratios with mixer and
LPi system fuel supply methods on volumetric efficiency.
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Fig. 6. Effect of compression ratios with mixer and
LPi system fuel supply methods on brake specific
fuel consumption.

intake temperatures, the power output and BMEP
increase as shown in Fig. 2 and Fig. 3.

Figure 6 shows the curves for brake specific fuel
consumption (BSFC). The figure seems to indicate
that BSFC is not affected significantly by the differ-
ent fuel supply methods and changes in the compres-
sion ratio. At first glance, it may appear that BSFC
for the LPi method should be higher since a lower
intake temperature and higher volumetric efficiency,
which means that more mixture is being injected into
the cylinder. However, the fact that Fig. 6 does not
show significant differences between the BSFC’s of
the two supply methods seems to indicate that the
LPi method exhibits a power increase due to the
increased volumetric efficiency that arises from the
increased intake air density.

Figure 7 shows the CO emission levels for mixer
and LPi type methods at different compression ratios
as the relative air-fuel ratio is increased from 0.8 to
1.3 at WOT, MBT, and 1400rpm. The figure shows
that the greatest amount of CO is produced in the
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Fig. 7. Effect of compression ratios with mixer and
LPi system fuel supply methods on CO emissions.

rich region where air is insufficient, therefore almost
none is produced in the lean region where air is suf-
ficient. In addition, the results show that there is little
difference between CO emission levels for different
fuel supply methods or compression ratios.

Figure 8 shows the HC emission levels for differ-
ent fuel supply methods and compression ratios as
the relative air-fuel ratio is varied from 0.8 to 1.3.
Highest amount of HC is produced for the mixer type
at the compression ratio of 8, and HC emissions
decrease as compression ratio increases. Crevice/-+s
in the combustion chamber are the main source of
HC emissions from spark ignition engines fueled by
natural gas. The formation of combustion chamber
deposits in modern spark ignition engines is predom-
inantly derived from hydrocarbon fuels and occurs as
a consequence of the quenching action of the com-
bustion chamber walls on the flame. In general, HC
emission levels show similar trends as CO emission
levels in the regions where the relative air-fuel ratio
is rich. Furthermore, in rich regions with the unstable
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Fig. 8. Effect of compression ratios with mixer and
LPi system fuel supply methods on THC emissions.

combustion or in lean regions, HC emission levels
increase. It is generally known that HC emissions
decrease as an engine speed and IMEP increase. One
of the main reasons for HC emission is the incom-
plete combustion that stems from bulk quenching due
to slow combustion.

In Fig. 8, when comparing the mixer method and
LPi methods at the relative air-fuel ratio of 1.0, the
LPi method shows a 26% reduction in HC emission
levels at the compression ratio of 8, 21% reduction at
the compression ratio of 8.5, 23% reduction at the
compression ratio of 9, and 13% reduction at the
compression ratio of 9.5. Regardless of the fuel sup-
ply methods, emission characteristics obtained from
this experiment seem to indicate that the compression
ratio of 8~9 is the most optimal for a converted LPG
engine.

Figure 9 shows the NOx levels for different com-
pression ratios. The trend shown in the figure is very
similar to those of typical relative air-fuel ratio curves.
Namely, NOx levels are relatively low in the rich
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Fig. 9. Effect of compression ratios with mixer and
LPi system fuel supply methods on NOx emissions.

region and decrease past the ideal equivalence ratio
into the lean region. Also, it can be seen that NOx
emissions are affected by the exhaust gas tempera-
ture. When the compression ratio is high, the temper-
ature inside the combustion chamber, and NOx levels
increase as a result. When comparing the mixer
method and LPi methods at the relative air-fuel ratio
of 1.0, the LPi method shows a 12% reduction in
NOx emission levels at the compression ratio of 8,
19% reduction at the compression ratio of 8.5, 6%
reduction at the compression ratio of 9, and 6%
reduction at the compression ratio of 9.5.

4. Conclusions

A 4-cylinder diesel engine was converted into a
LPG engine, and the following results were obtained
as the compression ratio varies for mixer and LPi
type fuel supply methods.

1. Engine output was the highest at the compres-
sion ratio of 8~9 and relative air-fuel ratio of 0.9~1.0.
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At the relative air-fuel ratio of 1.0, a greater increase
in power is shown for the LPi method than the mixer
method as compression ratio is increased.

2. The results of CO emissions show that the great-
est amount of CO is produced in the rich region
where there air is insufficient, therefore almost none
is produced in the lean region where there is suffi-
cient air. In addition, the results show that there is lit-
tle difference between CO emission levels for different
fuel supply methods or compression ratios.

3. The LPi method shows a 26% reduction in HC
emission levels at the compression ratio of 8, 21%
reduction at the compression ratio of 8.5, 23% reduc-
tion at the compression ratio of 9, and 13% reduction
at the compression ratio of 9.5. Regardless of the fuel
supply methods, emission characteristics obtained from
this experiment seem to indicate that the compression
ratio of 8~9 is the most optimal for a converted LPG
engine.

4. When comparing the mixer method and LPi
methods at the relative air-fuel ratio of 1.0, the LPi
method shows a 12% reduction in NOx emission lev-
els at the compression ratio of 8, 19% reduction at
the compression ratio of 8.5, 6% reduction at the
compression ratio of 9, and 6% reduction at the com-
pression ratio of 9.5. The LPi method is better at
reducing NOx emission levels than the mixer method
at the relative air-fuel ratio of 1.0.
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