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Abstract — The purpose of this study was to investigate the reduction of exhaust gas temperature in a LPG
engine that had been converted from a diesel engine. A conventional diesel engine was modified to a LPG
(Liquefied Petroleum Gas) engine by replacing the diesel fuel injection pump with a LPG fuel system. The
research was performed by measuring the exhaust gas temperature upon varying spark ignition timing, air-
fuel ratio, compression ratio, and different compositions of butane and propane. Engine power and exhaust
temperature were not influenced by various butane/propane fuel compositions. Finally, among the parameters
studied in this investigation, spark ignition timing is one of the most important in reducing exhaust gas tem-

perature.
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1. Introduction

Diesel vehicles are most widely used for commer-
cial purposes because they have excellent thermal effi-
ciency, low fuel consumption and low carbon dioxide
emission. However, because the exhaust emissions of
diesel engines contain a large amount of PM (partic-
ulate matter), diesel vehicles pose a serious threat to
the environment and human health. Both NOx and
particulate emissions are affected by combustion tem-
peratures, albeit in opposite ways. Combustion tem-
perature, in turn, is related to injection timing. Thus,
NOx emissions generally increase and particulate emis-
sions decrease when injection timing is advanced. In
addition, for a realistic comparison of the effects of
diesel fuel quality on emissions, injection timing and
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exhaust gas temperature must be considered”.

LPG (Liquefied petroleum gas) has long been used
as an automotive fuel in light duty vehicles such as
passenger cars and taxies. LPG is suitable as automo-
tive fuel because it is free of sulfur and aromatic
compounds™, It has already been widely used as
fuel for gasoline engines. If LPG could be used in a
diesel engine, the PM emissions could be reduced
since LPG is a gaseous material and will vaporize as
soon as it leaves the injector. LPG was assumed to be
used in spark ignition engines primarily for its envi-
ronmental benefits; however, LPG also offers some
reduction of petroleum usage, since approximately 50~
60% of the LPG appropriated for motor fuel use cur-
rently comes from natural gas™.

As petroleum use increases worldwide as a result
of industrial expansion and an increase in the number
of automobiles, the dependency on petroleum is be-
coming greater each day. With the increase in the
number of automobiles, automobiles are replacing
commercial industries as the main culprit of environ-
mental pollution and are becoming a serious problem.
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Of these automobiles, diesel vehicles emit an espe-
cially large quantity of smoke and NOx. In Korea,
diesel vehicles only comprise 34% of the total vehicle
count, but they produce 65% of the total pollutants,
including 90% of NOx and 99% of PM. Because of
these reasons, regulations concerning NOx and PM
are incrementally becoming stricter. Clean fuel vehi-
cles must be developed in order to satisfy such regu-
lations, and research is taking place concerning alter-
native fuels. LPG is being considered as a prospec-
tive alternative fuel source since its use is advanta-
geous from an environmental as well as an economic
standpoint as much infrastructure already exists for its
use. Research regarding the conversion of diesel vehi-
cles to LPG vehicles is being conducted since diesel
vehicles account for a large portion of the environ-
mental pollution”™®,

Therefore, this research will study the effects of
spark ignition timing, compression ratio, air-fuel ratio
and change in fuel mixtures on power output and
exhaust gas temperatures of a LPG engine that had
been converted from a diesel engine.

2. Experimental Setup and Method

This experiment uses a water-cooled, 4 cylinder,
3568 cc, direct-injection diesel engine from a 2.5 ton
truck that had been converted to run on LPG. The
major specifications of the engine are shown in Table 1.

Unlike the conversion from a gasoline engine, the
conversion of a LPG engine from a diesel engine is
technically complex. In other words, the conversion
from a compression ignition engine to a spark igni-
tion engine requires major engine modifications. Ac-
cordingly, the piston head was modified to reduce the
compression ratio from 21 to 9. The before and after
shape of the piston is shown in Fig. 1.

Table 1. Engine specifications.

Fig. 1. Before and after images of the piston.

In order to supply combustion energy to the com-
bustion chamber, the injection nozzle was removed,
and the coolant path was utilized to install a spark
plug. Also, the ignition coil and the distributor were
installed. The diesel fuel spray pump was removed,
and the distributor was installed by connecting it to
the driving gear of the fuel pump. To control more
precise spark timing, an electronic, optical type dis-
tributor with 360 slits was used. Spark timing was
controlled by using an ECU.

The mixture is controlled through an ECM (elec-
tronic control module) that receives signals from an
oxygen sensor mounted on the exhaust and calculates
the appropriate stoichiometric ratio. The schematic
diagram of the experimental apparatus is shown in
Fig. 2. In this experiment, the LPG composition was
changed by varying the ratio of butane and propane.

The engine used in the tests, which had been con-
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Fig. 2. Schematic diagram of experimental apparatus.
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Fig. 3. Vapor pressure of butane/propane fuel com-
position.

verted from a diesel to a LPG engine, was connected
to a dynamometer, and the RPM (revolution per
minute) and load were controlled. Fuel composition
was varied through the mass ratio by, for example,
filling the tank with the desired amount of butane and
then adding the propane to achieve the desired com-
position. In Fig. 3, the fuel composition was con-
firmed by measuring the tanks pressure and tem-
perature and comparing them to the appropriate vapor
pressure plot.

The tests were done by first finding the MBT
(Minimum spark advance for Best Torque) spark
ignition timing for 100% butane and then, using this
point as a reference, finding the MBT spark ignition
timing for each of the fuel compositions. The fuel
compositions used for the experiment were 100%
butane, 100% propane, 50% butane 50% propane,
70% butane 30% propane, and 30% butane 70% pro-
pane. The change in fuel rate resulting from the pro-
pane increase was controlled through the duty ratio of
the mixer. In this experiment, exhaust gas temperature
was measured by inserting a thermocouple 8cm away

from the end of the exhaust manifold where exhaust
gas is collected.

Spark ignition timing was controlled with an ECU
(electronic control unit), and the air-fuel ratio was
varied by either changing the duty value of the mixer
or changing the diameter of the main jet, which is
located in the main pathway of the fuel system.

3. Experimental Results and Discussion

Figure 4 shows power output and exhaust gas tem-
perature as a function of spark ignition timing at full
load. Exhaust gas temperature decreases about 30°C
for every 4° of spark advance. This decreases in tem-
perature is thought to happen because as spark timing
is retarded, ignition starts late and the extended com-
bustion process during the expansion stroke leads to
high temperature exbaust gas, but as spark timing is
advanced, the combustion period during the expan-
sion stroke is shortened and the exhaust gas temper-
ature becomes relatively lower. In addition, power
output increases due to spark advance and the corre-
sponding increase in maximum cylinder pressure, and
the increased expansion ratio that results from the
high pressure increases the expansion-cooling effect
and also decreases exhaust gas temperature.

Figure 5 shows cylinder pressure for varying spark
ignition timing at 3000 RPM and full Joad. The figure
shows that as spark is advanced, maximum pressure
increases, and the crank angle at maximum pressure
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Fig. 4. Power and exhaust gas temperature for var-
ious spark ignition timing.
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Fig. 5. Cylinder pressure curve for various spark
ignition timing at 3000 RPM and full load.

also increases. When the spark timing is at BTDC
(Before Top Dead Center) 8°, the severe retardation
causes a significant decrease in cylinder pressure, and
when compared to the spark timing of BTDC21°, the
maximum cylinder pressure is 42% lower. Also, max-
imum pressure occurs 41° after ignition at BTDCS°
compared to 37° at MBT spark timing. This is thought
to cause the exhaust gas temperature to increase as
spark timing is retarded.

Figure 6 shows the heat release rate curve. The
starting point of heat release is directly proportional
to spark timing, and since the period of heat release
also increases as spark is retarded, the end point of
heat release is delayed even more in such cases. As
the figure shows, the point of maximum heat release
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Fig. 6. Heat release curve for various spark ignition
timing at 3000 RPM and full load.
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Fig. 7. Power and exhaust gas temperature for var-
ious air-fuel ratios at 3200 RPM and full load.

is delayed about 23° for every 4° of spark retardation.
When the spark timing is significantly retarded to 8°
and BTDC12°, maximum heat release rate is low, but
the heat release period is long, causing the heat
release end point to be greater than ATDC (After Top
Dead Center) 40° and the exhaust gas temperature to
be higher as a result.

Figure 7 shows exhaust gas temperature and power
output for various air-fuel ratios at 3200 RPM and
full load. In order to investigate the dependence on
only the air-fuel ratio, spark ignition timing was set at
BTDC21°, which is the MBT spark timing for A=1.
The experimental results show that while exhaust gas
temperatures decrease for both rich and lean mixtures,
the decrease was most significant for rich mixtures.
Also, power output increases for rich mixtures but
decreases for lean mixtures. Compared to the air-fuel
ratio of A=1, the exhaust gas temperature decreased
by around 30 and the power output increased by
around 5 HP (Horse Power) for A=0.92, but the
exhaust gas temperature decreased by only about 4
and the power output decreased by around 6 PS for
A=1.1.

When the mixture is rich, combustion speed be-
comes faster and the cylinder pressure increases. As a
result, increased cooling effect due to the larger ex-
pansion ratio and short combustion period is thought
to decrease the exhaust gas temperature and increase
the power output. When the mixture is lean, fuel con-
sumption in the combustion chamber is reduced, and
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Fig. 8. Power and exhaust gas temperature for var-
ious compression ratios at full load condition.

the combustion speed becomes slower. Combustion
chamber is decreased due to the resulting decrease in
cylinder pressure, but the cooling effect is low because
of the decreased expansion ratio. Also, the longer
combustion period leads to an increase in exhaust gas
temperature that is greater than the reduction in com-
bustion temperature.

Figure 8 shows power output and exhaust gas tem-
perature for varying compression ratios at full load.
In order to investigate the dependence on only the
compression ratio, spark ignition timing was set
throughout the experiment to the MBT spark timing
for the compression ratio of 9.

Experimental results show that as compression ratio
increased from 8 to 9, power output increased by an
average of 3PS at all engine speeds while exhaust gas
temperature decreased by an average of 18. It is
thought that the increase in maximum pressure causes
the power increase while the increase in expansion
ratio causes the decrease in exhaust gas temperature.
Therefore, it is thought that, in order to decrease
exhaust gas temperature and increase power, the com-
pression ratio should be raised so long as knocking
does not occur. However, the resulting change in
MBT spark timing and exhaust gas temperature must
be taken into consideration.

Figure 9 shows power output and exhaust gas tem-
perature as a function of engine speed at different
butane/propane compositions. Experimental results show
that power output and exhaust gas temperature do not
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Fig. 9. Power and exhaust gas temperature for var-
ious butane/propane fuel compositions at full load
condition.
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Fig. 10. Mass fraction burned versus crank angle
curves for various butane/propane fuel compositions
at 2400 rpm and full load.

change significantly for various fuel compositions.
Figure 10 shows the mass fraction burned for vary-
ing fuel compositions. Mass fraction burned was also
shown to have little dependence on varying the fuel
composition. Crank angle for 10% and 90% combus-
tion was almost identical at 3°BTDC and 17°ATDC,
respectively, and the crank angles for 10~90% com-
bustion was also almost identical at 20°. Accordingly,
it is thought that varying the fuel composition at the
same compression ratio of 9 will not have a signifi-
cant effect on power output and exhaust gas temper-
ature, and considering the fact that the spark timing
at knocking for 100% propane is about 3°more
advanced than that of 100% butane, higher compres-
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sion ratios should yield better results.

4. Conclusions

Upon modifying a diesel engine into a LPG engine
and investigating the effects of various experimental
parameters on power output and exhaust gas temper-
ature, the following conclusions could be made.

1) Power increases by an average of 4% for every
4° CA of spartk advance before MBT spark timing,
and exhaust gas temperature is decreased by about
30°C for every 4° CA of spark advance.

2) Compared to the air-fuel ratio of A=1, the
exhaust gas temperature decreased around 30 and the
power output increased by around 7% for A=0.92, but
the exhaust gas temperature decreased by only about
4 and the power output decreased by around 8% for
A=1.1.

3) As the compression ratio increases from 8 to 9,
power output at all engine speeds increase by around
4%, and the exhaust gas temperature decreased by an
average of 18.

4) With all other parameters held constant, MBT
spark timing did not change significantly for varying
fuel compositions, and the resulting power and exhaust
temperature trends were similar.

5) In conclusion, if the optimal compression ratio
for the given fuel composition is chosen and the cor-
responding MBT spark timing found, optimal power
output and exhaust gas temperature values should be
obtained.
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