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Abstract— The conventional petroleum fuel is exhausting at a very fast rate. The diesel in CI engine and gasoline in SI engine are used 

as fuel. The exhaust of these fuels causes serve environmental pollution as they release harmful gases like CO, CO2, HC, NOx and 

smoke emissions into the atmosphere. The liquefied petroleum gas (LPG) is most attractive alternative fuel to conventional fuel for both 

CI and SI engines. The physio-chemical properties of LPG make it promising fuel for IC engine. The LPG in both CI and SI engines can 

use as fuel with minor modifications in the exiting engine. The LPG can be used alone or it can be used are in dual fuel mode both with 

diesel and gasoline. Further, the emissions from LPG are much less than gasoline and diesel fuel. This article reviews about the research 

work done by the past researchers on LPG fuelled CI and SI engines in order to improve the performance, emission and combustion 

characteristics of LPG fuelled engine under various operating conditions. 

 

Index Terms— LPG, Dual Fuel, CI Engine, SI Engine, Performance Characteristics, Emissions. 

 

 

 

ABBREVIATIONS 

 

BTDC  Before Top Dead Centre HC  Hydrocarbon 

BTE  Brake Thermal Efficiency IMEP Indicated Mean Effective Pressure  

BSFC  Brake Specific Fuel Consumption LPG  Liquefied Petroleum Gas 

DI  Direct Injection LPLi  Liquefied Petroleum Liquid Injection  

CI  Compression Ignition NOx  Oxides of Nitrogen 

CO  Carbon Monoxide RPM  Revolution Per Minute 

CO2  Carbon Dioxide SFC  Specific Fuel Consumption 

CMD  Count Median Particle Diameter SI  Spark Ignition  

CV  Calorific Value SOHC Single Overhead Camshaft 

CVCC  Constant Volume Combustion Chamber ULP Unleaded Petrol 

EGR  Exhaust Gas Recirculation WOT Wide Open Throttle 

 

I. INTRODUCTION  

     In the recent times the consumption of petroleum products has increased immensely due to the increased use of automobile, rapid rate of 

industrial and technological development throughout the world. The petro-diesel is the commonly used fuel in automobile [36]. The petro-

diesel are derived from crude oil, the cost of the petro-diesel is rising because of the limited reserves of the crude oil. Moreover, the limited 

reserves of the conventional fuel will not be sufficient to meet the energy demand of very near future and the problem of fuel scarcity will 

become very grave [26]. Further, the environmental issue due to the automotive emissions has been one of the most important concerns all 

over the world. The environmental pollution and the diversification of energy sources arises the need of alternative fuel for automotive 

application [22]. The alternative fuel can be classified as synthetic gasoline, alcohols and gaseous fuels. Among the various alternative fuels, 

the gaseous fuels are more promising because of their inherent characteristics like high octane number, lower polluting exhaust emissions, 

higher calorific value and economical costs [23]. The Liquefied Petroleum Gas (LPG) is widely used is most attractive gaseous fuel and it 

believed to be a cleaner fuel than petro-diesel [11]. The LPG is widely used as an alternative vehicle fuel in the US, Canada, the Netherlands, 

Japan and several other countries [24].  

 

II. INTRODUCTION TO LPG 

     Among the various clean gaseous fuel available such as LPG, LNG, DME (Dimethyl-ether), LPG is one of the best promising alternative 

fuel [5]. LPG is obtained from hydrocarbons produced during refining of crude oil and from heavier components of natural gas [27]. 

Although this fuel mainly consists of propane and butane, it may also include different hydrocarbons such as propene, isobutane, isobutene 

and n-butane in various proportions as shown in Table 1 [23, 30]. LPG is a useful alternative fuel because a sufficient supply infrastructure 

and higher heating value. LPG also has merits in the operating characteristics under the high compression ratio because it has higher octane 

value [21]. It can be liquefied in a low pressure range of 0.7–0.8 MPa at atmospheric temperature. LPG has lower density and stoichiometric 

fuel air ratio than petro-diesel, and thus, it could reduce the specific fuel consumption. If a LPG fuelled engine operates at the same 

equivalence ratio as a similar petro-diesel fuelled engine, higher effective power could be expected due to the higher calorific value of LPG 

[23, 28]. LPG combustion results in lower emissions of regulated pollutants and greenhouse gases. Moreover, the LPG has higher ignition 

temperature than gasoline, which delays the auto-ignition of the fuel and hence prevents knocking [32]. 
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Table 1: Composition of LPG. 

S. No. Components % mol. % wt. 

1 Ethane 0.34 0.20 

2 Propane 45.93 39.26 

3 Propene 0.00 0.00 

4 n-butane 52.77 59.47 

5 Isobutane 0.77 0.87 

6 Isobutene 0.19 0.21 

 

III. LPG IN INTERNAL COMBUSTION ENGINE 

  In the last decade the LPG driven vehicles are being rapidly developed as economical and low-pollution vehicle [5-7]. The potential 

benefits of using LPG in IC are both economical and environmental friendly. Both the SI and CI engine can be modified easily to run on 

LPG [10, 19]. In the dual fuel gas engines, the gaseous fuel is inducted along with the air, and this mixture of air and gas is compressed like 

in conventional engines [25, 27]. Since the major components of LPG are butane and propane, the LPG engine can operate under a high 

compression ratio. Thus, it has a greater thermal efficiency than a gasoline engine owing to its higher octane number [8, 14, 21]. 

Furthermore, LPG has a good potential for the lean burn condition because of its wide inflammable range. LPG burns cleaner with less 

carbon build-up, oil contamination, engine wear is reduced and the life of such components such as piston rings, bearing is much longer than 

with gasoline [15, 27, 36-37]. The high octane of LPG also minimizes wear from engine knock [9]. Several researchers have worked with 

LPG as an alternative fuel for both SI and CI engines. A number of suggestions were put forward by them to improve the engine 

performance using this new fuel. The comparison of physical and combustion properties of LPG and conventional fuel is shown in Table 2.  

 

Table 2: Physical and Combustion Properties of Diesel, Gasoline and LPG [8, 14, 18, 23, 28, 32]. 

S. No. Properties Diesel  Gasoline LPG 

1 Formula C12 H18 C8 H18 C3H8  

2 Molecular Weight (kg/Kmol) 170 101.213 44.1 

3 Density, kg/m
3 

780-860  710-770 510-580 

4 Cetane Number 40-55 13-17 <3 

5 Octane Number 20-30 86-94 105-112 

6 Boiling Point, °C 163 204 -42 

7 Flashpoint, °C >52 -46 -104 

8 Auto Ignition Temperature, °C 210-257 246-280 405-470 

9 Stoichiometric Air Fuel Ratio, Mass 14.5:1 14.7:1 15.6:1 

10 Calorific Value, kJ/kg 42,500 44,000 46,300 

11 Flammability Limit 0.6-7.5% 1.4-7.4% 1.8-9.5% 

 

IV. PREVIOUS RESEARCH WORK DONE ON LPG IN CI ENGINE 

      Diesel engines are still used widely in the transportation sector. Modern diesel engine has become much more efficient and ecological [1, 

5-6]. Diesel engines have high thermal efficiency and durability [8]. The key problem of the diesel that still exists is the emissions specially 

of oxides of nitrogen, smoke and particulates that are causing the environmental pollution [3-4]. The one of the probable solution to this 

problem is the use of dual-fuel engine owing to its low emissions. Currently, LPG as fuel in diesel engine has been taken considerable 

attention because of the properties comparable to diesel and low emissions characteristics than diesel [10-12]. Several researchers have 

worked in that context of using LPG as fuel in CI engines.  

      Jian Dong et al. [1] developed a new type of dual fuel supply system to economically convert the conventional diesel engines into the 

dual engines like LPG/diesel or CNG/diesel. With new developed fuel supply system, the engines were capable of using either single diesel 

fuel or dual fuel mode of diesel + LPG or diesel + CNG depending upon the requirement. In comparison to diesel fuel mode, it was found 

that there was significant reduction in NOx, and CO emission. Further, the power output was slightly improved but the volumetric efficiency 

was lowered in dual fuel mode. This newly developed fuel system was successfully applied to the diesel baseline buses of public 

transportation of Guangzhou city of china.   

      Luft Sławomir and Michalczewski Andrzej [2] examined the combustion process and the probability of knocking in dual fuel CI 

engine, LPG as main fuel while the diesel fuel as pilot fuel to initiate combustion only. The test was performed at compression ratio of 16.  

The schematic of the LPG Fuelled CI engine is shown below in Figure 1. The study revealed that volume of ignition diesel oil dose and 

injection timing strongly influences overall efficiency, maximum engine torque and emissions and value of combustion process parameters. 

The optimal regulation of dual fuel engine was found at 20° BTDC. The pilot fuel for this mode of fuelling made up 30% of the total fuel 

energy for full load. At optimal parameters, combustion process in dual fuel mode gives the lower maximum pressure and average rate of 

pressure rise without any resignation and knocking in comparison with standard fuelling. 

 

 

 

 

 

 

 

 

 

 

Fig.1. Schematic of the LPG Fuelled CI Engine [2]. 
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      Sudhir C.V.  et al. [3] modified the exiting 4-S, single cylinder, naturally aspirated, water-cooled, direct injection, diesel engine to run it 

on dual fuel supply. The engine was tested on dual fuel mode, diesel-LPG (70% Butane + 30% Propane). The test concluded that NOx 

emissions (up to 40-60%) were reduced for entire load range. However, at full load condition NOx emissions were increased by 38 % at and 

smoke density was reduced by 40 % to 60 % compared to full diesel operation. Furthermore, beyond half load operation the thermal 

efficiency was increased and at full load up to 4 % improvement was observed in comparison to diesel operation.  

       Sethi V. P. and Salariya K.S [4] depicts their work on exhaust analysis and performance of a single cylinder diesel engine on dual 

fuels. The study was done on 100% diesel, diesel-kerosene blends and air-LPG mixtures. The study reported that the engine performance 

was improved and for the same brake power output the BSFC was found be minimal at 30% kerosene blending and decreased by 3.7%, 

while for LPG air mix the BSFC observed to be minimal at 20% and decreased by about 20% when compared with 100% diesel. 

Furthermore, with diesel-kerosene blends minimum exhaust emissions were observed at 30% kerosene blend, while in case of air-LPG 

mixtures, minimum exhaust emissions were observed at 20% LPG mixing in comparison to 10% diesel. The fuel operating cost reduced by 

3.6% at 30% kerosene blend and further reduced by 9.6% at 20% LPG mixing with air.  

      Lee Kihyung and Ryu Jeaduk [5] determined the combustion process of the heavy duty LPG engine of constant volume combustion 

chamber (CVCC) and LPLi type. The flame propagation measurement by laser deflection showed good reliability with maximum error lower 

than 5% in comparison to high speed camera technique. The flame propagation speed in the CVCC reached maximum at the stoichiometric 

equivalence ratio. Further, the effect of equivalence ratio on flame propagation is greater than the effect of ambient conditions like initial 

pressure and temperature. The flame propagation speed of LPG fuel is increased as initial unburned mixture temperature increases and as 

initial unburned mixture pressure decreases.  

      Helin Xiao et al. [6] presented experimental and numerical study on the spray and atomization characteristics of high pressure injection 

of different fuels viz. diesel, LPG, diesel with 30% LPG blend and diesel with 50% LPG blend respectively. The experimental test was 

conducted on a high-pressure constant volume vessel with high-speed photography while the numerical modeling of the spray characteristics 

was done using KIVA-3V code with KH-RT hybrid model. The experimental results revealed that at same injection condition the spray tip 

penetration of the LPG was shorter among the four fuel tested and the spray cone angle of the LPF was smaller than that of the diesel fuel. 

The spray tip penetration became shorter with increasing the ambient pressure. Furthermore, the numerical modal satisfactorily predicted the 

spray tip penetrations at the initial stage of injection and there was good agreement between experimental data and the numerical results. 

However, there was difference between predicted and experimental results at the late injection stage because of the lower sensitivity of the 

high speed photographic instrument.   

       Qi D.H. et al. [7] compared the engine performance and exhaust emissions of single cylinder direct ignition (DI) diesel engine by 

running it on conventional diesel and LPG blended fuels (0%, 10%, 20%, 30%, 40%). The diesel engine was modified to run on dual fuel 

mode using a high pressure fuel feed pump and injector nozzle. The direct injection of the blended fuel was done in liquid phase for this a 

compressed nitrogen tank was used to maintain the liquid LPG. The test case examined by the author is shown below in Table 3. The 

experiment revealed that blended fuel operation results in lower peak cylinder pressure. Moreover, when the LPG mass fraction is higher 

than 20%, the peak heat release rate is evidently decreased and the combustion duration extended and the NOx concentration were decreased 

and was lowered in comparison to diesel operation.  

 

Table 3: Test Cases Examined [7]. 

Load (%) b.m.e.p (MPa) Z (%) 

1500 r/min 2000 r/min 

ṁDies 

(kg/h) 

ṁBlend 

(kg/h) 

ṁDies 

(kg/h 

ṁBlend 

(kg/h) 

15 0.08 0 0.54 0 0.66 0 

  10 0 0.65 0 0.72 

  20 0 0.66 0 0.74 

  30 0 0.55 0 0.66 

  40 0 0.56 0 - 

30 0.17 0 0.75 0 0.87 0 

  10 0 0.69 0 0.76 

  20 0 0.77 0 0.88 

  30 0 0.88 0 1.12 

  40 0 0.8 0 - 

45 0.26 0 0.95 0 1.15 0 

  10 0 1.02 0 1.07 

  20 0 1.15 0 1.19 

  30 0 1.13 0 1.17 

  40 0 0.94 0 - 

60 0.35 0 1.18 0 1.38 0 

  10 0 1.27 0 1.49 

  20 0 1.37 0 1.47 

  30 0 1.17 0 1.5 

  40 0 1.2 0 - 

75 0.44 0 1.39 0 1.61 0 

  10 0 1.42 0 1.64 

  20 0 1.44 0 1.66 

  30 0 1.5 0 1.62 

  40 0 1.42 0 - 

90 0.53 0 1.62 0 1.9 0 

  10 0 1.59 0 1.81 

  20 0 1.63 0 1.9 

  30 0 1.59 0 1.87 

  40 0 1.67 0 - 
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      Jothi Miller N.K. et al. [8] analyzed effect of exhaust gas recirculation (EGR) on homogeneous charge ignition engine. For 

experimentation work, a four stroke, single cylinder, direct injection (DI) diesel engine was modified to produce 3.7 kW at 1500 rpm in 

HCCI mode. For proper ignition of fuel diethyl ether (DEE) was added as LPG as low cetane number (<3). The result of experiment showed 

that the brake thermal efficiency was increased by about 2.5% at part load condition using EGR operation and at full load, NO concentration 

reduced considerably to about 68% as compared to LPG operation without EGR. The peak pressure at maximum load was significantly 

reduced and the combustion rate was affected at higher EGR percentage. 

      G. Rao Amarendar et al. [9] performed experiments on the conventional CI engine operating on dual-fuel mode using diesel and LPG. 

The experiments were done at constant speed of 1500 rpm and under varying load conditions. The researcher indicated that with the dual-

fuel mode of operation, upto 80% of diesel fuel can conserved. However, they were able to conserve only 45% because of severe engine 

vibrations.  Moreover, the brake power of the engine was found to be about 15% more on the dual-fuel operation, while the brake specific 

fuel consumption was found to be about 30% lower than diesel fuel mode of operation. This could be due to better mixing of air and LPG 

and improved combustion efficiency. 

      Vijayabalan P. and Nagarajan G [10] performed experiment on the performance, emission and combustion characteristics of LPG 

diesel dual fuel engine using glow plug in a modified single cylinder vertical air cooled diesel engine. The primary fuel LPG, was mixed 

with air, compressed, and ignited by a small pilot spray of diesel. The result of the study showed that the brake thermal efficiency of was 

increased by 2% up to 80% load condition, but there is no significant variation at full load operation. Hydrocarbon (HC), carbon monoxide 

(CO), smoke emissions reduced by 69%, 50%, 9% respectively and there was marginal increase in the exhaust temperature in glow plug 

assisted dual fuel mode in comparison to dual fuel mode of operation without glow plug. Further, the peak heat release rate of glow plug 

assisted dual fuel mode was 59.7 J /°CA. 

      Rao G.A. et al. [11] demonstrated performance of a dual fuel (diesel + LPG) operated 4-stroke, single cylinder diesel engine. The diesel 

engine was modified by incorporating the LPG carburetor on the intake of engine side and altering the fuel injection system so that it injects 

only the pilot fuel. At constant speed of 1500 rpm under varying load conditions and for different proportions of LPG the performance of the 

engine was evaluated. From the test it was found that the LPG substitution can be done up to 50% at lower loads and up to 20% at higher 

loads.  The engine performance was better on 100% diesel up to engine loads of about 35%. At higher engine loads, the dual fuel mode was 

superior to the 100% diesel mode of operation. Moreover, the smoke density is considerably reduced on dual-fuel operation, compared to 

that of 100% diesel operation. The threshold load of transition from diesel fuel mode to the dual fuel mode was found to be about 35%. 

      Ayhan Vezir et al. [12] demonstrated the effect of LPG injection on emissions and performance characteristics. The amount of LPG 

inducted in the cylinder was 5,10, 15 and 25% based on mass basis of the standard engine fuel consumption. The test was conducted at 1200, 

1400, 1600, 1800, 2000 and 2200 rpm respectively. In dual fuel operation, the maximum brake torque of 65.2 Nm at 1600 rpm was obtained 

with a mixture of 25% LPG in standard diesel fuel. The minimum SFC and maximum brake efficiency was obtained with 15% of LPG 

between 1400 and 1800 rpm. In terms of performance and emissions the optimum injection rate was found at 5% LPG with engine speed of 

1600 rpm. At these conditions the SFC, NOx and somke emissions were decresed by 9, 27.6 and 20% respectively. Further, the maximum 

increase in volumetric efficiency was observed with the 25% of LPG injection rate. 

      Kumaraswamy A. and Prasad Durga B. [13] run the diesel engine on dual fuel mode operation LPG and diesel in CI engine. For 

running the engine on dual fuel mode, the LPG carburetor is incorporated on the air intake side of the engine. The fuel injection system is 

also altered so that it injects only pilot fuel. The contactless speed sensor along with the microcontroller unit is placed under the flywheel of 

the engine. When the engine attains the speed of 1000 rpm, the microcontroller will switch on the relay which is connected with the solenoid 

valve of the LPG line. The solenoid valve opens which causes the flow of LPG gas into air intake of the diesel engine. The result of the test 

showed that the brake power of the engine was found to be about 15% more on the dual fuel operation, while the brake specific fuel 

consumption was found to be about 30% lower than diesel fuel mode of operation. 

      Elnajjar Emad et al. [14] investigated the effect of LPG fuel with different composition of Propane to Butane (volume ratio of 100:0, 

70:30, 55:45, 25:75, and 0:100) and engine parameters on the performance of a dual compression engine. The experiment was carried out on 

single cylinder, naturally aspirated, four strokes, indirectly injected, water cooled modified Ricardo E6 engine. The result of the experiment 

indicated that the engine parameters are playing an important role on the engine’s performance. The overall efficiency of the engine 

increased at higher compression ratio below the level of knocking. While increasing the engine speed and advancing the pilot fuel injection 

timing causing the overall efficiency to decrease at the same time increasing the level of combustion noise. The effect of pilot fuel injection 

on engine parameters observed by the researcher is shown below in Figure 2. The all LPG blend fuels showed the tendency to have higher 

efficiency on increasing the mass flow rate and gave similar engine performance but there was difference in level of engine noise.  
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Fig. 2: The Pilot Fuel Ignition Delays as Function of Different (a) Engine Speeds, (b) Injection Timing, (c) Compression Ratios, (d) 

Engine Loads (Mass of Gaseous Fuel) and (e) Pilot Fuel Flow Rates [14]. 

 

      Rosha Pali et al. [15] evaluated the effect of EGR on performance and emission characteristics of diesel + LPG dual fuel engine at 

different loads (0%, 20%, 40%, 60%, 80% and 100%) at constant speed. The engine used in the experimentation work was a single cylinder, 

air cooled, constant speed with rated power output of 3.7 kW DI diesel engine. The engine was modified for dual fuel supply by fumigating 

LPG just before the inlet manifold. The hot EGR system was installed between the exhaust and intake pipe. The experimental test deduced 

that at full load the fuel consumption decreased by 8.75%, and BSFC and BTE improve by 29% and 28.9% respectively in diesel + LPG + 

EGR. Further the NOx, CO2 and Smoke emissions as compared to conventional diesel fuel alone. 

      Kumar Mohan K. and Dr. Azad D. [16] modified diesel genset to run the diesel genset on dual fuel, LPG and diesel. The engine 

performance test along with emissions test at different proportions of diesel and LPG including 100% diesel was done by the researchers on 

the modified diesel genset. The result of test revealed that, at full load condition the BTE and BSFC is improved by 30% at blend of 30% 

LPG and 70% diesel, while the cost of fuel consumption is 22% less than that of a 100% diesel at peak load condition. Further the emissions 

such as NOx & smoke reduced by 33% and 28% at full load condition. 

      Paul Jinson and Rajeswari B. [17] demonstrated the knocking characteristics of direct injection CI engine, fuelled with diesel and LPG 

in dual fuel mode. The kirloskar make naturally aspirated, single cylinder four stroke water cooled diesel engine with a rated power of 5.2 

kW was used for test. The diesel was used as pilot fuel and the LPG as main fuel. The LPG was inducted into the combustion chamber at a 

pressure slightly higher than atmospheric pressure using a bypass valve. The test indicated that combustion process retarded at the beginning, 

afterwards become faster and finished earlier than combustion of pure diesel fuel. At higher loads and higher mass flow rate of LPG the 

knocking was serve. The main factors that influence the knock were pilot fuel quantity, load, speed, gas flow rate and time interval of 

secondary ignition. 

      Rimkus Alfredas et al. [18] performed experimental test and numerical simulation using the AVL BOOST program on the CI engine 

operating on dual fuel mode (LPG and Diesel). The test was done at five different blends of LPG and diesel. The experimental test was 

carried out at 2000 rpm and at the brake torque load of 60 N-m. The diesel injection starts at every 2° rotation of crankshaft from 0° to 24° 

before top dead center. The supply of LPG into the engine cylinder was done with air through intake manifold. The experimental test and 

numerical simulation showed that at mixture of diesel and 60% LPG the BSFC was minimum while the maximum engine efficiency was 

achieved at mixture of diesel and 40% LPG. The advancement of diesel injection increases the concentration of CO2 and NOx and decreases 

the concentration of CO, HC in the exhausts and smoke. The Figure 3 illustrated below shows the rate of heat release (ROHR), temperature 

(T) and the cylinder pressure (p) calculated by the researcher using the vibe dual ignition combustion model of the AVL boost program and 

set of indicators.  

 

  
 

 
 

       

Fig. 3: Dependence of the (a) Rate of Heat Release (ROHR), (b) Temperature and (c) Pressure in Cylinder of LPG in the Fuel [18]. 
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V. PREVIOUS RESEARCH WORK DONE ON LPG IN SI ENGINE 

      In recent times, the increasing cost of liquid fuels derived from crude oil and growing concern about environmental pollution caused by 

the motor vehicles have increased interest in alternative engine fuels [27]. The exhaust emissions from SI vehicles consist of a hot and 

complex mix of both gaseous and particle phase. Further, the gaseous emissions from SI vehicles includes CO2 which is responsible for 

global warming [30-32]. Due to these concerns various alternative fuels suited for SI engines have been developed [20-22]. Recently, there 

has been a move towards the use of LPG as alternative fuel in SI engines as it is believed to be a cleaner fuel than petrol [24, 36].  

      Bielaczyc Piotr et al. [19] emission testing (CO, HC, NOx and CO2) using dual fuel gasoline and LPG or CNG in the SI engine. The 

tests were done on six different vehicles. The one vehicle was equipped with carburetor, two with single point injection and the remaining 

with multi point injection. The researcher observed that the CO and HC emissions were much lower in CNG fuelled vehicle while NOx 

emission were only in UDC cycle in comparison to gasoline fuel. In case of LPG fuelled vehicles differences in CO and HC emissions 

compare to gasoline were not clearly visible. However, the CO2 emissions were lower for both LPG and CNG operated vehicle than gasoline 

operated. 

      Dr. Ehsan Md. et al. [20] presented work on KUBOTA engine-generator (AE2400LX) consisting of single cylinder 200 CC, 4-stroke, 

air-cooled SI engine directly coupled with a generator of rated output capacity of 1.5 kW, 220 V, 50 Hz electricity. The air intake of engine-

generator set was modified for using LPG as fuel. The load on the engine was applied in the form of electrical load. The test showed that at 

same loading condition the fuel consumption was higher in petrol than LPG. At no load condition petrol flow was 0.52 kg/h and in full load 

was about 1 kg/h. While in case of LPG for zero to 400 watt the fuel was consumption was 0.55 kg/h and 0.62 kg/h. At maximum load 

condition of 1.3 kW the LPG fuel consumption was 0.78 kg/h. 

      Lee Hyung Ki et al. [21] studied the combustion characteristics and flame propagation of the LPG and gasoline fuel by laser deflection 

method and high speed schlieren photography in a constant volume combustion chamber. The author reported that with the increase of initial 

temperature and decrease of initial pressure the flame propagation speed of the fuel was increased in constant volume chamber. The flame 

speed, combustion pressure and the combustion duration of the fuel-air mixture were greatly effected by equivalence ratio. Further, the flame 

propagation comparison of LPG and gasoline showed that, for lean mixture (φ = 0.8) the flame propagation of LPG was faster than gasoline 

while for rich mixture (φ = 1.1) the flame propagation speed was very fast and the flame speed of gasoline is faster than that of LPG. 

      Mistry S. Chetan S. and Gandhi H. Anish [22] modified the conventional multi-cylinder, vertical, water-cooled petrol engine (Maruti 

make) to work on dual fuel mode with LPG and petrol as fuels. The Morse test of the modified engine was done under variable load 

condition and variable speed condition. From the result of morse test it was found that the friction power in the case of petrol was less as 

compared to LPG. While the brake thermal efficiency and indicated thermal efficiency were found to be higher for petrol than that of LPG. 

The brake thermal efficiency curve and the indicated thermal efficiency curve is shown below in Figure 4. Further, it was observed that the 

flame velocity of LPG is lower than that of petrol so the spark timing has to be advanced to create favorable ignition condition for LPG. 

 

 
                                                        (a)                                                             (b) 

Fig. 4: (a) Brake Thermal Efficiency v/s Load and (b) Indicated Thermal Efficiency v/s Load [22]. 

 

      Bayraktar Hakan and Durgun Orhan [23] developed the computer code to perform the numerical calculations over a range of engine 

speeds and fuel-air equivalence ratios. The governing equations of the mathematical model were mainly consisting of first order ordinary 

differential equations derived for cylinder pressure and temperature. The simulation was performed in the quasi-dimensional SI engine to 

predict the cycle, performance and exhaust emissions of an automotive engines for the cases of using gasoline and LPG. The comparative 

result of the simulation showed that LPG fuelled SI engines shows significant improvement in exhaust emission characteristics. Moreover, 

the researcher suggested to improve the engine cooling performance and structural elements should be produced from material that have 

better resistance to high pressure and temperature. 

      Ristovski Z.D. et al. [24] studied the particle and carbon dioxide emissions on a chassis dynamometer at four different vehicle speeds of 

0 (idle), 40, 60, 80 and 100 km/h. The study was done on a fleet of six dedicated LPG powered and five (ULP) powered Ford Falcon Forte 

passenger vehicles. In all operational modes, the particle number emission factor was over 70% less with LPG compared to ULP. 

Furthermore, the CMD ranged from 20 to 35 nm and was larger with LPG than with ULP in all modes except the idle mode, with the 

statistical analysis showing significant differences at 60 and 80 km/h. Moreover, CO2 emission factors with ULP were 10% to 18% greater 

than with LPG, with a statistically significant difference being observed at 100 km/h. 

      Ceviz M.A. and Yüksel F. [25] compared the cyclic variability and emission characteristics of LPG and gasoline fuelled SI engine at 

lean operating conditions. The experiment was done at four air-fuel mixtures 1.001, 1.090, 1.195 and 1.299 for gasoline ant at five mixture 

values of 1.000, 1.092, 1.212, 1.293 and 1.410 for LPG. The study concluded that increase in the relative air–fuel ratio increases the 

coefficient of variations in imep. However, the higher laminar flame speed of LPG and good mixing of gaseous fuels with air causes a 
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decrease in cyclic variations, and higher H/C ratio of LPG decreases the engine emissions. The LPG is more suitable fuel for lean burn 

combustion engine compared to gasoline. 

      Lee Seokhwan et al. [26] conducted performance, emissions and combustion stability test at 1800 and 3600 rpm on 2.7 L spark ignition 

engine equipped with a liquid phase injection (LPi) system, fuelled with DME blended LPG fuel. The study deduce that the engine torque 

decreased as the DME content increased to 30%, the engine torque is decreased by 20% compared to pure LPG operation. While the BSCF 

was increased greatly with increased DME content due to the lower energy density of DME. The exhaust emissions such as HC and NOx 

increased slightly and were less than 350 ppm. However, with butane fuel, knocking was observed at high load conditions and less than 2000 

rpm, while with DME blended fuel, it occurred under every condition before reaching the maximum load. 

      Saraf R.R. et al. [27] presented comparative study on emission test of SI engine in gasoline and LPG mode as per Bharat stage III 

driving cycle. The test was carried out in urban cycle and extra urban cycle. For supply of LPG in the engine cylinder the vaporizer was 

incorporated which changes the liquid LPG into the vapor form. The LPG with composition of 60% propane and 40% butane having octane 

number of 88 was used. The researcher found that the emissions (CO, HC, NOx and CO2) were lower in LPG mode in both urban and extra 

urban cycle. The Table 4 shown below gives the emission data recorded by researcher in urban and extra urban cycle in gasoline and LPG 

mode. 

 

Table 4: Emission Data Recorded in Urban and Extra Urban Cycle [27]. 

Pollutant Urban Cycle Extra Urban Cycle 

Gasoline Mode LPG Mode Gasoline Mode LPG Mode 

CO (ppm) 147.89 103.1 43.11 38.8 

HC (ppm) 53.8 37.7 11.1 5.5 

NOx (ppm) 5.76 3.4 3.043 0.7 

CO2 (ppm) 8950.3 8051 16509.32 14693.3 

 

      Mamidi Thirumal and Dr. Suryawnshi J.G. [28] reported that in the LPG mode, the brake thermal efficiency of the SI engine 

increases as the compression ratio were increased. The burning rate of fuel was increased and thus the combustion duration is decreased in 

LPG mode. However, the CO and HC emissions were increased at the increased compression ratio but these were lower than that of 

gasoline. The test was carried out on single cylinder four stroke spark ignition engine at full throttling position and at different load 

conditions in gasoline and LPG mode at compression ratio of 4.67:1 and 5.49:1. 

      Pundkar H. Albela et al. [29] studied performance and emissions characteristics of LPG fuelled engines. The study revealed that in SI 

engines, the lean burn operation resulted in improved fuel consumption for both full and half load cases. Further in lean burn operation with 

LPG, the flame speed increases and the overall combustion duration decreases in comparison to gasoline because of higher burning velocity 

of LPG (0.46 m/s). Moreover, if LPG fuelled SI engines are operated at the same conditions with those of gasoline fuelled SI engines, 

significant improvements in exhaust emissions in both stoichiometric and lean burn conditions were observed.  

      Masi Massimo [30] compared the brake performance of four stroke 5-cylinder inline SI engine fuelled with LPG and petrol. The engine 

was converted to dual fuel operation by standard third generation kit. The kit is a sequential multi-point port fuel electronic injection system 

which delivers the gaseous LPG into the intake manifolds upstream of the petrol injectors. The engine was coupled to a Borghi-Saveri mod. 

FE-260S eddy current electromagnetic dynamometer. The result indicated that at the same testing condition the brake power of engine was 

more in petrol mode. The performance of LPG operation was degraded because of insufficient supply of LPG into the combustion chamber. 

      M.Y. Sulaiman et al. [31] analyzed the torque and engine speed under wide open throttle (WOT) condition in LPG fuelled SI engine 

using the universal dynamometer. The test was performed on single cylinder four stroke air cooled spark ignition engine having 

displacement of 148 cm
3
. During test the engine carburetor was replaced by external variable ventury piston type carburetor. The test was 

conducted on three modes viz. ULP fuel system mode, LPG vaporizer (LPG V) and LPG capsule valve (LPG B). The experiment result 

revealed that power produced from LPG V and LPG B mode is less than ULP mode by 3.00 % and 4.00% at 2600 rpm. Further, the SFC 

from LPG V and LPG B mode is less than ULP mode by 8.78% and 28.38% at peak rpm of 2600 respectively. 

      Bisen B. Hitesh and Suple Y.R. [32] presented emission study on modified, dual fuel (LPG and petrol) bajaj saffier, single cylinder four 

stroke SI engine coupled to a rope brake dynamometer. The injection of the petrol in the combustion chamber was done using carburetor and 

the direct injection of LPG was done through injector. The test was conducted at engine speed of 300, 400, 500 and 600 rpm respectively. 

The measurement of CO, CO2, NOx, O2 and HC emissions was done using advanced five gas analyser. At the same operating condition, the 

CO, CO2, O2 and HC emissions were less in LPG fuel as compared to gasoline fuel. While NOx emission were increased in LPG fuel than 

gasoline fuel. 

      Bisen D. Sanjay and Suple R. Yogesh [33] in their work suggested LPG as alternative fuel for SI engine. The team of researchers 

performed experiment on 92.2 cc bajaj make single cylinder four stroke engine powered by LPG. The direct injection (DI) of the LPG into 

the combustion chamber was done using the fabricated nozzle fitted in the cylinder head. The test was performed at 400 rpm and variable 

load condition. The experiment revealed that brake thermal efficiency of the engine increased as the load is increased. While, the BSFC 

decreased as the load on the engine increased, this is because of the LPG (46.1 MJ/kg) has high calorific value than gasoline (43 MJ/kg) 

therefore the burning rate of LPG increases and the BSFC decreases. 

      Kale B. Tushar et al. [34] depicts work on installing the LPG kit on the two wheeler Scooty Pep + and running it with LPG. The LPG 

kit of 2 kg of volume, multivalve with five ports such as filler inlet port, outlet port, and three operating ports for regularization of feeling of 

gas and to pass the gas to the inlet suction of vaporizer was installed. The study reported that two wheelers can be successfully run on LPG 

with installing safety devices. 

      Santram Santosh Barai et al. [35] investigated performance of single cylinder, four-stroke spark ignition engine by running the engine 

with LPG fuel. The investigation was carried out at full throttle position of engine and at different loading conditions for gasoline and LPG at 

compression ratios of 4.67:1 and 5.49:1. The engine was coupled to a ropeway dynamometer to measure engine performance parameter such 

as brake power, brake fuel consumption and brake thermal and a 5-gas analyzer with non-dispersive infrared was inserted into the engine 

exhaust tailpipe for measuring the exhaust emissions. The test result indicated that LPG fuel have closer performance to Gasoline fuel. 

Further, the brake specific energy consumption shows an improvement with LPG. The concentration levels of CO, CO2 and unburnt HC 

recorded are found to be lower than the gasoline fuelled engine. 
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      Chung SungSik et al. [36] demonstrated the DI technology for inducting the LPG into the combustion chamber of SI engine. The LPG 

injection and combustion processes were digitally recorded with an intensified CCD camera. The Schlieren photography system makes use 

of the change in flow density gradients to take the LPG injection images. From the experiment it was found that high level of injection 

pressure led to high levels of spray velocity, thus reducing the ignition probability due to quenching of the kernel. The desirable ignition 

probability was found when ambient pressure was 0.14-0.22 MPa and the mixture can be ignited at an appropriate spark timing when 

injection pressure is within 0.7-0.9 MPa. 

      Patil Nivrutti Pundlik et al. [37] presented a comparative study on frictional power losses, brake power and other performance 

parameters of SI engine fueled by petrol and LPG under various engine operating conditions. The schematic of modified SI engine for LPG 

operation is shown below in Figure 5. The study concluded that by using LPG in SI engine the power output and volumetric efficiency are 

decreased but the break thermal efficiency was increased. Further, the brake thermal efficiency and indicated thermal efficiency were found 

to be higher for different speed because of lean burning nature of the gaseous fuel. 

  

 
Fig. 5: Schematic of Modified SI Engine for LPG Operation [38]. 

 

VI. CONCLUSION 

      This paper gives state of art review of the research work carried out by various researchers on the use of LPG as duel fuel in both CI and 

SI engines. This paper provides the base for further research work of M.Tech dissertation work on LPG fuelled,       4-stroke single cylinder 

Honda make SI engine having displacement of 197 CC and 2.98 kW power. The dual fuel mode operation found to be most effective and 

prominent way to overcome the problem of scarcity of fossil fuel and exhaust emissions. The performance, emission and combustion 

characteristics of the LPG fuelled engines have been reviewed from the various experimental research works. The studies indicated that by 

optimizing the engine operating parameters and design factors such as engine speed, loading condition, compression ratio, injection timing, 

pilot fuel supply, inlet manifold condition and ignition timing the performance, emission and combustion characteristics can be improved. 

The following conclusions are drawn based on the present work on an LPG as fuel for CI and SI engine:- 

 

1. The application of LPG in the CI and SI engine is cost effective, while retaining the instant interchange ability of the system back to 

conventional fuel. 

2. The use of LPG in the engine resulted in better mixing and combustion, lower fuel consumption and improved emission 

characteristics. 

3. The injection of LPG in the engine considerably improves the brake power, specific fuel consumption, brake efficiency and brake 

torque. 

4. The LPG is inducted into the combustion chamber in the form of gas which causes the air and LPG to form homogenous lean 

mixture. This homogeneous mixture causes the NOx emissions to decrease considerably.  

5. The brake specific fuel consumption is lowered in LPG fuelled engine in comparison to conventional fuel at same loading 

conditions.  

6. The higher calorific value of LPG results in increased rate of fuel burning decreasing the combustion duration, hence decreasing the 

brake specific fuel consumption. 

7. The use of LPG permits the higher compression ratio below the level of knocking, improving the overall efficiency of the engine. 

8. The cylinder pressure and temperature for LPG fuelled engines are higher than that of conventional fuelled engines. 
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