
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Numerical Study of Combustion Characteristics,
Performance and Emissions of SI Engine Fueled
with Different Hydrocarbons Fuels
To cite this article: Oras khudhayer obayes et al 2021 J. Phys.: Conf. Ser. 1999 012039

 

View the article online for updates and enhancements.

You may also like
Novel Nonrotational Piston Gauge with
Weight Balance Mechanism for the
Measurement of Small Differential
Pressures
A Ooiwa

-

A new model of fluid flow to determine
pressure balance characteristics
P Wongthep, T Rabault, R Noguera et al.

-

CFD analysis of linear compressors
considering load conditions
Sanghyun Bae and Wonsik Oh

-

This content was downloaded from IP address 37.239.138.22 on 23/06/2023 at 02:48

https://doi.org/10.1088/1742-6596/1999/1/012039
https://iopscience.iop.org/article/10.1088/0026-1394/30/6/012
https://iopscience.iop.org/article/10.1088/0026-1394/30/6/012
https://iopscience.iop.org/article/10.1088/0026-1394/30/6/012
https://iopscience.iop.org/article/10.1088/0026-1394/30/6/012
https://iopscience.iop.org/article/10.1088/0026-1394/50/2/153
https://iopscience.iop.org/article/10.1088/0026-1394/50/2/153
https://iopscience.iop.org/article/10.1088/1757-899X/232/1/012070
https://iopscience.iop.org/article/10.1088/1757-899X/232/1/012070
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsudQJ-1_Jm4c-7gWEsHwCsKLXRY-HYumNSzikaNgrPSGrWg8VuVGkx6WIT9pntWGCDK7SVb92xkrF-lQLUAypAJwr96_EJ_jAIaVzyQrI0cY0bkI00IMUyWiyMXFFvuT2sP5hhtXuTlxG9sn9u30g_OrHwv72zOXhJT71Up0eEvmSgCD6iRDFYilbLf9kTof3GuI_HFFJnC1Yw9yidGgs9QUasNCXOIYTIwkQX0CyDduWMQqyHPbrw-grde9mGIuvsBvVakNy_jOtUYf2y2aW0HMNGA-0ExJNrtVYLjbYEaGNIXZTwR&sai=AMfl-YSMmLHbZamxkMGMazYPiz-lr_qA0QXm8CCQpICP0S55lH3Mf0w5GhWO2WIw1n3lrHqMkngzYMdHJpSultY&sig=Cg0ArKJSzHepAvwfkp2P&fbs_aeid=[gw_fbsaeid]&adurl=https://issuu.com/ecs1902/docs/2023-ecs-opportunities-boston-gothenburg-fillable-%3Ffr%3DsNDk5OTUwMDQyODg%26utm_source%3DIOPAds%26utm_medium%3DBanners%26utm_campaign%3D244Exhibit


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

2nd International Virtual Conference on Pure Science (2IVCPS 2021)
Journal of Physics: Conference Series 1999 (2021) 012039

IOP Publishing
doi:10.1088/1742-6596/1999/1/012039

1

 

 

 

 

 

 

Numerical Study of Combustion Characteristics, Performance 

and Emissions of SI Engine Fueled with Different 

Hydrocarbons Fuels 

Oras khudhayer obayes, Mohanad Aldhaidhawi, and Muneer Najee 

 

1
 Mechanical Department, Al-Furat Al-Awsat Technical University, Babil, Iraq 

2
 Mechanical Department, Al-Furat Al-Awsat Technical University, Kufa, Iraq 

Oras.obais@atu.edu.iq 

 

 

Abstract. A numerical approach has been designed and modified with Advanced Simulation 

Technologies Boost to examine the impact of the piston face temperature on the performance 

of the spark ignition engine, combustion characteristics and emissions when using liquefied 

petroleum gas (LPG) and petrol fuels at an engine speed of 2500 rpm with a constant throttle 

position. In this work, a four-cylinder four-stroke spark ignition engine was used. The results 

show that when the piston face temperature increased, the brake power and the effective torque 

were reduced. No alteration in the specific brake fuel consumption for both fuels selected at 

higher piston face temperature has been observed. The peak fire pressure decreases while the 

peak fire temperature grows slightly when moving from lower to higher temperatures on the 

piston face. Liquid petroleum gas produced lower effective power and an effective torque 

compared to the gasoline fuel at all the selected piston face temperature. For both fuels, carbon 

monoxide and NOx emissions increased, while unburned hydrocarbon emissions decreased 

dramatically when the temperature of the piston face increased. The LPG emitted lower 

exhaust gas emissions than the gasoline hydrocarbon fuel at all piston temperatures. 

1. Introduction 

       The depletion of oil resources has been a popular problem among other countries recently. 

Excessive use of fossil fuels exhausts reserves and also increases air pollution [1]. Researchers and car 

manufacturers are forced to concentrate on finding alternatives to conventional oil fuels. An 

alternative fuel shall be technically feasible, economically competitive, environmentally acceptable 

and readily available [2]. Multiple potential renewable resources, such as natural gas, biodiesel, 

methanol, ethanol, hydrogen and liquefied petroleum gas (LPG) have been planned [3]. Among 

alternative fuels, as environmentally and economically friendly fuels, LPG can help keep planetary 

people moving by reducing the effect of road transport on climate, weather, natural resources and 

public health [4]. 
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      For many purposes, such as cooking, heat, energy production, transportation and various 

other applications, LPG fuel is used as a fuel around the world. The LPG appears in gaseous form at 

ambient pressure, but with moderate pressure it will become a liquid that has a high power that is 

useful for transport and storage. The LPG is also largely constituted as a by product for the production 

and refining of natural gas and crude oil, but can also be constituted as a by-product of processing and 

some other biofuels manufacturing processes. There is an indication of the use of LPG as fuel for 

combustion engines shortly after its extensive development in the early 20th century as cooking and 

lighting fuel [5].    

  A significant increase in LPG fuelled vehicles was driven by the oil crisis of the 

1970s and rising oil prices [6]. Most of these vehicles were originally designed to operate on gasoline 

and were subsequently modified to operate on LPG. The LPG conversion systems for road vehicles 

follow the example as charging systems and pollution control technologies advance and become more 

complicated and compatible with existing vehicle equipment. The LPG (also known as "Autogas") is 

an oil refining gas consisting primarily of propane, propylene, butane and other light hydrocarbons [7].  

  About 60% of the total quantity of LPG produced is naturally derived from oil 

resources, in the event that no real refining is required. The resulting 40% is produced as by-product 

from the distillation stage or after treatment processes along the refining of crude oil [8]. Due to the 

high number of Octane and therefore a low number of Cetane identical to 105 and also having a high 

calorific value compared to other gaseous fuels, the LPG is acceptable and efficient as fuel for the 

combustion engine [9]. The benefits in terms of efficiency and efficiency can be attributed by the 

higher octane of LPG octane compared to gasoline. In contrast to gasoline available at most fuel 

stations, it is possible to use higher ignition times and a higher compression ratio with less sensitivity 

to the pre-ignition or knock can be used [10]. 

  At reduced pressure, with an amount of 0.7 to 0.8 MPa and low environmental temperatures, 

LPG can be liquefied. The higher self-ignition temperature, higher flame speed and higher 

flammability limits make LPG a better fuel for spark-ignition engines (SI) than gasoline [11]. Gasoline 

is a transparent flammable liquid derived from petroleum that is mainly used for most internal 

combustion engines as a fuel. Initially, it contains organic molecules, integrated into a variety of 

additives, generated by fractional distillation of the oil. On average, up to 72 liters (19 liters) of crude 

oil will produce a 160-liter (42 gallons) barrel. On average, after processing into an oil refinery, a 160-

liter barrel of crude oil (42-U.S. Gallon) will produce about 72 liters (19 liters US) of petrol, based on 

the analysis of crude oil and on which other refined products are also processed [12].  Based on the 

literature [13] the use of LPG instead of traditional gasoline would mean a 7 % reduction in the BP 

engine, a 30 percent reduction in the CFSB, where the engine was converted to work in gasoline or 

LPG when it used the fuel injection into the four-stroke spark ignition engine. 

      According to [14], LPG fuel was found to have the capacity to reduce emissions; CO (-

30%), CO2 (-10%),  HC (-30%) and NOx (-41%) for the urban test cycle process (ECE 15) compared 

to gasoline. Meanwhile, the extra-urban cycle, the LPG  lowered the vehicles emissions; CO (-10 %), 

CO2 (-11 %), HC (-51%) and NOx (-51%) (-77%).  The contrast occurred when the Opel Zafira 

1800cc four-cylinder engine was used as a test vehicle with a Landi Renzo package. 

The experimental work was carried out by  [15] and noted that, in the case of the LPG engine, the 

brake power  is higher while the heat carried by sheltered water is covered by the exhaust gas and, in 

the case of the gasoline engine, the unacceptable losses are greater. They also noted that, unlike petrol, 

LPG has higher fuel consumption. 

     The influence of the difference in ignition time with the efficiency of a four-cylinder 

multipoint diesel engine that was rethought to operate with the LPG injection was analyzed in [16]. A 

better output was obtained when the ignition time is adjusted to 6 ° BTDC when LPG is used as fuel. 

Progress in idle time has also resulted in a decrease in CO (-1%) and HC (-50 ppm). But an increase (+ 

1400 ppm) in NOx emissions is demonstrated by the ignition time developed. 

        In the form of a statistical study conducted by [17] the coding of the environment using 

Matlab has been produced and experimental results are used to verify its results. The author observed 
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that the calculation engine model could be applied with a useful model to assess the efficiency and 

emission of a fuel used for the SI engine by alternative fuels such as hydrogen, ethanol, methane and 

methanol. Finally, it has been reported that gasoline generates a high resistance than the renewable 

fuel that is all being studied. The effective power provided by propane is 10% lower than gasoline. 

The BSFC of the propane-powered engine is about 9% lower than the petrol engines.  The work of 

[18] organized a calculation cycle model comprising propane and gasoline as part of a parameter 

estimation code that was created using this model. The comparison indicates that significant changes 

in vehicle emissions can be achieved if LPG-powered S.I. Engines are operated in cases similar to 

those fuelled with petrol. The LPG has reduced volumetric efficiency, thus reducing engine efficiency 

and thus increasing the actual fuel consumption. The objective of this work is to study numerically the 

influence of piston face temperature on the performance of the SI engine, combustion characteristics 

and emissions when using liquefied petroleum gas (LPG) and gasoline fuels at an engine speed of 

2500 rpm with a constant acceleration position. 

2. Simulation Procedure 

2.1 Fuels  

      In this investigation, the impact of the piston face temperature on SI engine output, combustion 

characteristics and emissions at an engine speed of 2500 rpm and constant throttle position is 

investigated by two types of hydrocarbon fuel. The forms are presented as follows: 

(A) Gasoline Fuel  

      A combination of a wide range of different hydrocarbons is industrial gasoline. Gasoline is 

produced by approaching a number of requirements for engine efficiency and various formulations are 

achievable. As a result, the precise molecular structure of the gasoline is unknown. Because it is 

allowed to start with the coldest engine, the output specifications often differ across the stations, 

within additional unstable compounds (additional butane) at the coldest time. The content of the 

refinery differs according to the raw oils it produces, the type of transformers present throughout the 

refinery, the operation of those units and the hydrocarbon flows that the refinery prefers to apply when 

mixing the final production [19]. 

      A uniform composition of thin and relatively light hydrocarbons between 4 and 12 carbon atoms 

per molecule ( popularly known as C4-C12) contains most of the standard gasoline [20]. This is a 

combination of paraffin, olefin and cyclo-alkane (naftene). For the oil industry, the use of paraffin and 

olefin instead of the usual alkane and alkene chemical nomenclatures is unique, respectively. All 

gasoline fuel properties are measured in the AL-Doura Refinery Laboratories, as shown in Table (1) 

[21].  

Table (1) Gasoline Properties by  AL-Doura Refinery Laboratories [21] 

Stoichiometric AFR 14.98 

Density (kg/l) 0.731 

Gravimetric LHV (MJ/kg) 43.12 

Volumetric LHV (MJ/l) 31.52 

Carbon intensity (gCO2/l) 2297.3 
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Carbon Intensity 

(gCO2/MJ) 

72.88 

RON (to ASTM D2699) 82 

MON (to ASTM D2700) 75.0 

(B) Liqufied Petrolum Gas (LPG) 

     A mixture of various types of hydrocarbons is defined as a liquefied petroleum gas (ethane, 

propane, butane and Pentane). The percentage volume of LPG compositions as shown in Table (2).  

The analysis of the components of a LPG fuel was carried out at the Al-Hillah gas plant, as shown in 

Table  (3) [22].  

Table (2): Compositions of LPG [22] 

Items C2H6 C3H8 C4H10 C5H12 

Volumetric Fractions (%) by Volume 0.9 36.3 62.3 0.5 

Table (3) LPG Fuel Component Analysis by Al-Hillah Gas Factory [22] 

Material Analysis by 

Volume 

Molecular Weight (Kg/Kmol) 

C2H6 0.9 30 

C3H8 36.3 44 

C4H10 62.3 58 

C5H12 0.5 72 

2.2 Injection System Technology 

      LPG-fuelling technologies have been very adapted to those of gasoline-fuelled engines. Port Fuel 

Injection (PFI) indicates the most important LPG power technologies at present with regard to spark 

ignited engines. 

     The port fuel injection LPG has advantages over single-point power systems. The PFI methods 

represent quasi-imitation in multi-port electronic control injection systems that have been commonly 

used over the last two decades for petrol engines. In fact, most vehicles equipped with LPG port 

injection were structured specifically for gasoline and later transformed for LPG operating. In 

addition, there is a range of LPG offerings from original equipment manufacturers (OEMs), especially 

in Asiatic and European. Two variable types of conversions like bi-fuel, enable users to change the 

LPG and gasoline, and dedicated, allowing only the operation of LPG. The two-fuel system needs 

additional fuel injectors for LPG to be mounted, whereas dedicated systems substitute LPG injectors 

for gasoline injectors. This is important due to the lower energy per LPG volume. Based on air flow 

variations between the cylinders, individual injectors can operate on a sequential PFI system to obtain 

more or less fuel for particular cylinders. This allows the engine as a whole to better control the ratio 
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of air fuel and therefore a more effective three-way catalyst (TWC) activity to minimize hydrocarbons 

(HC), carbon monoxide (CO) and nitrogen oxides (NOX) in production at the same time output. In 

addition, these injectors are generally installed relatively close to the suction valve in the suction 

manifold, providing a faster response to the engine's transient operation and controlled adjustments in 

the A:F ratio. Compared to gasoline engines, more than injection of LPG can appear lower controlled 

and uncontrolled emissions. Similarly, due to the fact that the engines were originally built for 

gasoline, LPG modifications and even OEM LPG offerings are always at a disadvantage. In relation to 

conventional fuel, a higher octane number of LPG enables more improved ignition time and increase 

compression ratios. Without adjusting the OEM petrol ignition time guides or the compression ratio, 

combustion efficiency will eventually decreased by generating higher HC and CO emissions, with the 

significant difference in lower NOx emissions from the exhaust gas. Therefore, it is necessary to 

identify the technology used current gasoline just after analyzing emissions converted to apply it to 

LPG in relation to gasoline vehicles [5]. 

2.3 Numerical setup 

A model was developed by AVL Boost to predict engine efficiency, combustion characteristics, and 

exhaust emissions to achieve this project and collect data. To complete this search, a four-cylinder SI 

engine was identified. The Vibe 2 zone combustion model and the Woschni 1990 heat transfer model 

were selected as submodels for more detailed results. All tests were conducted at the engine speed of 

2500 revolutions/min, the piston face temperature (300, 320, 340, 360 and 380 
o
C) and the LPG and 

gasoline fuel constant throttle. The components of the test engine, including the cylinder 

configuration, the input and output manifolds, the air filter, the unit boundaries, the catalyst used on 

the basis of the actual values, were taken from the test engine and connected by pipelines (Figure 1). 

Major engine specifications are given in Table 4. 



2nd International Virtual Conference on Pure Science (2IVCPS 2021)
Journal of Physics: Conference Series 1999 (2021) 012039

IOP Publishing
doi:10.1088/1742-6596/1999/1/012039

6

 

 

 

 

 

 

 

Figure 1. Schematic of the Engine Symbolic Model ‎(AVL BOOST)‎ 

 

Table 4. Engine Specification 

Particulars Specifications 

Manufacturer  Hyundai 

Model 
2.0 L, L4 DOHC 16 

Valves 

Type Regular Unleaded 

Combustion Indirect Injection 

Number of cylinders 4 

Bore x stroke (mm) 81 x 97 
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Compression ratio 12.5:1 

Maximum power (Net @ 

RPM) 
108 kW @ 6200 

Maximum torque (Net @ 

RPM) 
132 Nm @ 4500 

 

3. Result and Discussion 

      This section explains all interactions between the combustion properties, efficiency and emissions 

of the spark ignition engine driven by two different types of fuels (gasoline, LPG) and the different 

temperatures on the piston face by applying a numerical analysis. 

3.1 Cylinder Pressure 

       Figure (2) shows the variations in cylinder pressure (bar) with the position of the crank angle [CA 

deg], the experimental and simulation outputs of  SIE engine at 2500 rpm with a constant position of 

the accelerator. There is a clear correlation between simulation and experimental trace. 

 

 

Figure 2. Comparison Between Experimental and Simulation Pressure Traces for Engine Speed 2500 

rpm 
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3.2 Effective Power 

        The variation in effective power according to the temperatures of the piston face for petrol and 

LPG fuels tested is shown in Figure (3). It can be observed that effective power decreases with 

increased piston face temperature for the LPG or gasoline due to the reduction in the volumetric 

efficiency.    

        In addition, at the same piston face temperature, LPG fueled engine produces less 

efficient power than its value in the gasoline-powered engine due to lower heating value and lower 

LPG volumetric efficiency. The reason for the decrease in volumetric efficiency of a gaseous fuel such 

as LPG is, at room temperature, that the gaseous fuels are vapors, so there will be no cooling effect on 

intake charge while vaporizing so that the density of the suction mixture will be reduced and, 

moreover, the decrease in volumetric efficiency is also due to a higher volume of fuel in intake 

mixture. 

 

Figure 3. Effective Power of Gasoline and LPG Fueled Engine at 2500 rpm with Piston Face 

Temperature. 

3.3. Effective Torque 

 The variation of the actual torque according to the temperatures of the piston face for tested 

petrol and LPG fuels. It can be observed that the actual torque decreases with the increase of the piston 

face temperature for LPG or petrol fuel due to the reduction of volumetric efficiency. Furthermore, at 

the same piston face temperature, LPG fueled engine produces a less effective torque of its value in 

the petrol-powered engine due to the lower density and volumetric efficiency of the LPG.  
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Figure 4. Effective Torque of Gasoline and LPG Fueled Engine at 2500 rpm vs. Piston Face 

Temperature 

3.4. Brake Specific Fuel Consumption (BSFC)  

     Brake Specific Fuel Consumption presents an analysis of how fuel can be used and converted in 

particular energy efficiency. Fig.(5) shows the effects of the different piston temperatures on LPG or 

the performance of the indirect injection engine fuelled to the supply of a specific fuel consumption 

(g/kWh). Fig. (5) also shows that the specific fuel consumption of the LPG or gasoline engine BSFC is 

increased with the increase in the temperature of the piston face. This is due to the fact that as more 

fuel is burned, the temperature of the gases inside the cylinder increases so the temperature of the 

piston face. Also,  it can be observed that the specific fuel consumption of the LPG-fuelled engine is 

higher than the value of gasoline fueled engine at the same piston face temperature due to the 

reduction in volumetric efficiency. 

 

Figure 5. BSFC of Gasoline and LPG Fueled Engine at 2500 rpm vs. Piston Face Temperature. 

3.5. Peak Fire Pressure 

      The maximum fire pressure can be defined as the highest pressure on an engine cylinder during 

combustion. Figure (6) shows the effect of various piston face temperatures on LPG or gasoline fueled 

indirect injection SI engine.  
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  As shown in below figure that the peak fire pressure is reduced by increasing the temperature of the 

piston face temperature of an LPG or gasoline due to reduced volumetric efficiency. Also, it can be 

noted that the maximum fire pressure of LPG fueled engine is higher than its value in gasoline-

powered engines according to lower volumetric efficiency. This means that we need to burn more fuel 

in LPG fueled engine compared with gasoline at the same temperature face piston. 

 

Figure 6. Peak Fire Pressure of Gasoline and LPG Fueled Engine at 2500 rpm vs. Piston Face 

Temperature. 

3.6. Peak Fire Temperature  

     The maximum fire temperature can be defined as the maximum temperature of an engine cylinder 

during combustion. Figure 7 shows the effects of different piston temperatures on the performance of 

the LPG and petrol fuelled indirect injection engine SI. From this figure it is clear that the maximum 

fire temperature is increased by increasing the temperature of the piston face for both test fuels. In 

addition, it can be noted that, at the same piston face temperature, the peak fire temperature of the 

LPG fuelled engine is higher than its value in a gasoline-fueled engine according to lower volumetric 

efficiency. In addition, to achieve the same power for two engines, it is necessary to burn more fuel for 

the LPG needed to burn. 

 

Figure 7. Peak Fire Temperature of Gasoline and LPG Fueled Engine at 2500 rpm vs. Piston Face 

Temperature. 
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3.7. Carbon Monoxide Emission (CO)  

      Carbon monoxide occurs when a fuel is not completely burned. Effect of the various temperatures 

of the piston face on the indirect injection engine SI fuelled with LPG and gasoline shown in Figure 

8.This figure shows that carbon monoxide emission increases with the increase in the temperature of 

the piston face for both LPG or gasoline fueled. This behavior  due to the increasing in the dissociation 

of CO2.  Also, it can be noted that, at the same piston temperature, the emission of carbon monoxide 

from engine-powered LPG is lower than that of petrol fuel due to the lower ratio of carbon to 

hydrogen in LPG compared to petrol fuel. 

 

Figure 8. Co of Gasoline and LPG Fueled Engine at 2500 rpm vs. Piston Face Temperature. 

3.8. Unburnt hydrocarbon UHC  

       Hydrocarbons are produced by the incomplete combustion of fuels and the evaporation of fuels. 

HC is an essential component of photochemical smog and HC is considered to be a serious 

atmospheric pollutant, especially in urban areas. Figure 9 shows the effect of different temperatures of 

the piston face on the performance of the indirect injection engine fuelled with LPG or petrol.  

      Fig.(9) shows that unborn hydrocarbons have decreased by increasing the piston face temperature 

of an LPG or gasoline fueled SI engine. This return to the high piston face temperature enhances the 

combustion.  

      Also, it can be noted that, at the same piston face temperature, the unburned hydrocarbon of the 

LPG is lower than that of gasoline. This can be due to the better mixing process of LPG than gasoline 

and this leads to better combustion. 
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Figure 9. UHC of Gasoline and LPG at 2500 rpm vs. Piston Face Temperature. 

3.9 Oxide of Nitrogen NOx  

    Oxides of nitrogen (NO, NO2, N2O, etc.) are the compounds of N2 and O2. NOX  produces when 

fuels are burned at high temperatures, high pressures and excess oxygen in the engine combustion 

chamber. The effect of various piston face temperatures on  SI engine emission operating on LPG or 

gasoline fuels is shown in figure 10.  This figure shows that NOx emission has increased by increasing 

the temperature of the piston face when used both fuels . Also, it can be noted that, at the same piston 

face temperature, the oxide of nitrogen of engine fueled LPG  is less than that of  gasoline.  

 

Figure 10. Nox of Gasoline and LPG at 2500 rpm vs. Piston Face Temperature. 

4. Conclusions  

      The present study analyzed  exhaust emissions, performance and combustion characteristics of a 

four-cylinder SI engine when using LPG and gasoline. The engine speed was fixed at 2,500 rotations 

per minute. However, the temperatures on the piston face were different. It was concluded on the basis 

of the numerical results that:  

1- At all piston face temperatures, the LPG fuel produces a lower effective  torque and an 

effective power compared to a gasoline.  
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2- Liquefied petroleum gas fueled engine produces greater brake specific fuel consumption than 

that of gasoline fuel at the same piston face temperature.  

3- The LPG-powered engine produces peak fire temperature and peak fire pressure higher than its  

gasoline at all operating conditions.  

4- Liquefied petroleum gas fueled engine produces lower CO, unburnt hydrocarbon and oxide 

of nitrogen emissions compared to the gasoline for the various piston face temperature.   
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