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Abstract. LPG has emerged as an alternative fuel due to several reasons such as to establish the energy security for
future usage. The usage of LPG in spark ignition engine has been around since few years ago. The LPG fuel injection
technology has evolved from gas injection into liquid injection. Since the liquid phase injection is a latest technology, the
present study aims to perform an analysis and comparison of LPG liquid phase injection and gasoline at idle state
condition. The torque and performance curve were also been analyzed as an additional data. A four stroke 1.6L naturally
aspirated engine was used for the experiment and few devices were attached to the engine in order to collect the required
data. As summary, emissions of carbon based product of liquid phase LPG injection were found lower than gasoline and
the combustion stability of LPG was observed in acceptable limit. Other than that, liquid phase LPG injection also
capable to produced higher power output as compared to the gasoline.

INTRODUCTION

The motivation for using alternative fuels in internal combustion engine for internal combustion engine are
attributed to several factors such as (i) to meet the stringent emissions regulation and improve the engine
performance through superior of physical or chemical properties of the alternative fuel, (ii) to reduce the unbalanced
petroleum based fuel usage, (iii) to extend the sustainability of conventional fuel and diminish the anxiety of limited
fossil fuel energy and (iv) to establish the energy security for future usage [1,2]. There are a few alternative fuels
that received lots of attention due to their promising ability to produce similar or better engine output either in terms
of performance or/and emissions. Among those alternative fuels are biodiesel, ethanol, methanol, natural gas and
LPG.

Focused on LPG, it is generally used as a common fuel in the cooking activity and the properties contained in the
LPG makes LPG suitable to be used as an alternative fuel in the internal combustion engine. In view of properties,
higher octane rating of LPG indicates higher compression ratio may be employed while using LPG as fuel and this
would give better thermal efficiency. Other than that, it also may produces lower engine knocking phenomena [3].
Other than that, higher vapor pressure of LPG compared with the gasoline will improve the mixing process and
decrease the local rich mixture region during the combustion process. Consequently, the emissions of NOy produced
would be reduced as compared to gasoline [4]. For calorific value, LPG has higher value compared to conventional
fuels. With this higher value, LPG will significantly improve engine operation and engine life. However, exhaust
gas temperature of LPG is found to be higher than gasoline fuel [4,5]. The mileage per charge of LPG is smaller
than that of gasoline due to lower energy density per unit volume. This is because gasoline has higher specific
gravity than that of LPG [6]. Table 1 summarized few main properties of LPG as compared with gasoline.
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TABLE 1. Comparison of LPG properties with gasoline [7-9].

Fuel Properties LPG Gasoline
Chemical C3Hs/ C4Hio CsHis
Research octane number (RON) 96.5 - 105 89 - 98
Motor octane number (MON) 90 - 97 80 -90
Vapor pressure (kPa) 803 700
Calorific value (kJ/kg) 45600 - 46500 42100 - 44000
Latent heat of vaporization (kJ/kg) 14.52 9.94
Carbon, % composition 82 85-88
Hydrogen, % composition 18 12-15
Stoichiometric air-fuel ratio (kg/kg) 155-15.8 14.7-14.9

The usage of LPG in gasoline engine has been aroud for few years ago and it has been evolved from gaseous
phase injection into liquid phase injection [10-12]. Liquid phase injection is the latest technology for LPG as an
alternative fuels and the study related to the LPG liquid phase injection is scarcely found. Some of the studies were
found related to the engine evaluation on performance and emissions of LPG liquid phase injection has been
conducted by earlier researcher [13-18]. Even so, the details study and clear information that focused on idling
condition were not clearly presented and discussed. It is highly crucial to established the information and database
on idling condition as the information is very useful for further analysis at various engine speed and load conditions.
Therefore this study aims to perform an analysis and comparison of LPG liquid phase injection and gasoline at idle
state condition. The analysis concentrate particularly on emissions and combustion stability were performed. In
addition, torque and power curve have been performed as well in order to gives general picture of LPG liquid phase
injection on spark ignition engine.

EXPERIMENT DETAILS

Malaysian LPG that commercially used as cooking purpose was used as the tested fuel and the results were
compared with gasoline RON 95. The fuels were tested on a 1.6L natually aspirated spark ignition (SI) engine and
the engine specification is shown in Table 2. The engine was retrofitted to the latest generation of LPG injection
method in order to enable the liquid phase injection similar as per reported in [19]. During the injection, fuel
pressure was maintained at 10 to 12 bar as to make sure the LPG is purely in liquid phase during injection process.
The exhaust emission was measured using 5 Gas Autocheck emission analyzer. The emission analyzer measure
carbon dioxide (CO;), carbon monoxide (CO) and oxygen (O) in percentage (%) meanwhile the emission of
nitrogen oxide (NOy) and hydrocarbon (HC) in part per million (ppm). The probe of emissions analyzer was inserted
at the center of the exhaust muffler as per standard operation procedure of emission analyzer. First cylinder of the
engine was installed with pressure sensor embedded in spark plug made by Kistler (6115B) in the interest to capture
the in-cylinder during combustion process. Rotary encoder with the resolution 0.1 degree was installed to the engine
to acquire the rotation angle of the engine as well as the engine speed. Recorded data from pressure sensor and
rotary encoder were synchronous using National Instrument combustion analyzer data acquisition system (NI 9222
and NI 9411). Figure 1 shows the schematic diagram of the experimental setup. The experiments were conducted at
idling speed for both LPG and gasoline. In addition, the engine was couple to the eddy current chassis dynamometer
manufactured by Dynpack in interest to plot the torque and performance curve of both tested fuels.
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TABLE 2. Engine specification.

Vehicle model Proton Gen 2
Engine model S4PH
Engine dicplacement 1.6L
Valve train DOHC 16V
Bore x stroke 76.0mm x 88.0mm
Fuel delivery method Indirect injection (MPI)
Compression ratio 10:1
Number of cylinders 4
Cooling system Water-cooled

Gasoline——> «——LPG
Intake

Crank angle

Chassis
dynamometer

In-cylinder
pressure
sensor

NI CompactDAQ Emissions Dynamometer
data acquisition system analyser acquisition system

FIGURE 1. Schematic diagram of experimental setup.

RESULT AND DISCUSSION

Idling is the condition where the engine is running at the very minimum TP opening in order to keep the engine
operates smoothly when the vehicle is not in motion. During idling, the tested engine is run at lean operating
condition with 0.95 equivalence ratio for both gasoline and LPG. The lean operation is highly required during this
condition since it is able to reduce the fuel consumption. Thus, the leaner combustion is better for engine idling.
Figure 2 shows the emission of idling condition for both tested fuels. Generally, the emissions of CO,, CO and HC
of LPG are lower than gasoline at idling condition. This is due to higher hydrogen to carbon ratio of LPG as
compared to gasoline. Unfortunately, the NOy is increased with the operation of liquid LPG injection with the
increment of 3.17% and the O emission for both fuels is recorded similar at this condition.

Figure 3 shows the in-cylinder pressure of both tested fuels during idling operation. Both fuels exhibit similar
patterns of in-cylinder pressure. The maximum peak pressure is observed also located at the similar crank angle
degree. Conversely, the in-cylinder peak pressure of LPG is slightly higher than gasoline. It is revealed that liquid
LPG injection has the capability to improve the engine performance relative to the gasoline operation. Thus, it is a
good indicator as the power of the engine might be improved with the liquid LPG operation.

In order to obtain further detailed analysis, 250 continuous in-cylinder peak pressure is collected at idling
condition and the data are tabulated as in Fig. 4. Based on the figure, it significantly illustrates that the maximum
peak in-cylinder pressure of liquid LPG injection at idling condition is always higher than gasoline throughout the
250 combustion cycles. The mean maximum peak in-cylinder pressure of liquid LPG injection is 4.76% higher than
gasoline.

However, based on the observation from the maximum peak in-cylinder pressure data and statistical analysis, it
is clearly indicated that gasoline has better engine stability at idling condition as compared to the liquid LPG
injection. It is confirmed through the COV calculation, where the COV of gasoline is 18.35% lower than the liquid
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LPG injection. Even though the liquid LPG injection has higher COV than gasoline, the COV value is still in the
acceptable range. Heywood (1988) stated that the COV of an internal combustion engine should be less than 10 in
order to make sure the vehicle driveability is in tolerable condition [20].

Figure 5 shows the torque and power curve of gasoline and LPG at 1500rpm until 6000rpm. The capability of
LPG to produce maximum torque and power was recorded at engine speed of 4383rpm and 5800rpm with
120.32Nm and 63.02kW, respectively. Gasoline recorded lower for both torque and power with the reduction of
3.90% for torque and 6.57% for power. This improvement of torque and power were found in agreement with the
study conducted by Fabbri et al., (2013).
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FIGURE 2. Exhaust emission of gasoline and LPG at idling condition.

Gascline

300 / \
150:/ ]

-80 -40 0 40 80
Crank angle degree

In-cylinder pressure [kPa|
T
\.

FIGURE 3. In-cylinder pressure of gasoline and LPG at idling condition.
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FIGURE 4. Plot of maximum in-cylinder pressure of gasoline and LPG at idling condition.
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FIGURE 5. Torque and power curve of gasoline and LPG.
CONCLUSION

As conclusion, the emissions of carbon based of combustion product from liquid phase LPG injection in the SI
engine are found to be lower than gasoline at idle condition. This is due to the advantages of LPG since it has lower
carbon content than gasoline. Unfortunately, NOx emission was higher for LPG compared to gasoline. In view of
performance, results of in-cylinder pressure proved that liquid phase injection of LPG is capable to produce slight
increase in power output and it is supported by the graph of power curve presented in Figure 5. COV of liquid phase
LPG injection also lies on the acceptable range and it indicated that liquid phase LPG injection is suitable to be used
as an alternative and commercial fuel in spark ignition engine.
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