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ABSTRACT

The transportation sector predominantly relies on conventional fossil fuels such as gasoline and diesel, which
are primarily sourced from gulf countries, making India heavily dependent on imports. However, rising fuel
costs, limited fossil fuel reserves, and increasing environmental concerns have driven global efforts toward
sustainable and renewable energy solutions. Alternative fuels, including ethanol, methanol, and biodiesel,
liquefied petroleum gas (LPG), and compressed natural gas (CNG), have emerged as promising substitutes to
address energy crises and pollution problems. Among these, CNG has gained significant attention due to its
abundance, lower cost, and cleaner combustion characteristics. Comprising mainly methane, CNG is stored
under high pressure (200-248 bar) and offers substantial reductions in vehicle operating costs—up to 70%
compared to conventional fuels. Its high octane rating (120—130) allows for higher compression ratios without
abnormal combustion, resulting in improved thermal efficiency and lower emissions of CO, HC, and CO..
However, CNG engines typically exhibit higher NOx emissions and a slight reduction in power output and
volumetric efficiency relative to gasoline engines. One of the critical factors affecting engine performance is
mechanical friction losses, which are influenced by parameters such as cylinder dimensions, engine speed,
compression ratio, oil viscosity, and piston ring configuration. The piston ring—cylinder liner assembly
contributes significantly to these losses, making tribological analysis crucial. Proper selection of lubricating
oil and additives plays a key role in minimizing friction and improving overall engine efficiency. This study
focuses on understanding the impact of CNG as an alternative fuel on engine performance, emission
characteristics, and tribological behavior to optimize efficiency and sustainability in spark-ignition engines.

Keywords:- CNG, fuel, performance characteristics, spark ignition engine ,efficiency etc.

I. INTRODUCTION

Most vehicles today operate using conventional fossil fuels such as petrol (gasoline) and diesel. These fuels
are obtained through refining processes after crude oil extraction, and a major portion of this crude oil is
sourced from Gulf nations. India relies heavily on imports from these regions to meet its energy demands. [1]

With the rapid depletion of fossil fuel reserves, rising international fuel prices, and increasing concerns about
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emissions, the global energy landscape is shifting toward sustainable solutions. Greater attention is now being
given to improving energy efficiency and adopting renewable alternatives to conventional fuels. [2]

Due to the growing energy crisis and severe environmental issues, extensive research and development
activities have focused on reducing fuel consumption and minimizing the release of harmful combustion by-
products. Various liquid and gaseous fuels—such as ethanol, methanol, biodiesel, liquefied petroleum gas
(LPG), and compressed natural gas (CNG)—are being explored as potential substitutes. Over the past two to
three decades, stricter emission norms and fuel economy regulations have led to significant modifications in
petrol engines to reduce their environmental impact. [3]

Among these alternatives, CNG has emerged as a clean, economical, and abundant energy source that supports
cost-effective and efficient transportation. This has encouraged deeper studies into optimizing fuel—air mixing
and combustion characteristics to achieve better engine power, higher fuel efficiency, and reduced harmful
emissions. The growing interest in CNG is driven by its lower operating costs and cleaner exhaust, making it an
attractive option to address issues of rising fuel prices and air pollution. [4]

CNG is produced by compressing natural gas—primarily composed of methane (CH4)—to less than one
percent of its original volume at atmospheric pressure. It is stored in strong cylindrical or spherical containers
under high pressure, typically between 200 and 248 bar (2,900-3,600 psi). Due to these storage conditions,
empty CNG cylinders themselves weigh around 68—70 kg, and a typical cylinder can hold 810 kg of fuel.
Using CNG can reduce vehicle running costs by approximately 70% compared to conventional fuels. [5]

One of the notable advantages of CNG is its high research octane number, which ranges from 120 to 130. This
allows engines to operate at higher compression ratios without knocking or detonation. Natural gas also has a
higher ignition temperature than petrol or diesel, contributing to cleaner combustion. As a result, CNG has
gained widespread use in spark-ignition (SI) engines globally, significantly lowering greenhouse gas emissions
compared to other fossil fuels. [3,5]

Numerous studies have confirmed that CNG operation leads to lower emissions of carbon monoxide (CO),
hydrocarbons (HC), and carbon dioxide (CO2) compared to petrol engines. However, nitrogen oxides (NOx)
tend to be slightly higher for CNG at equivalent power output. Additionally, SI engines running on CNG often
show reduced power and volumetric efficiency relative to petrol. One of the major factors influencing this
performance drop is mechanical friction loss, which includes rubbing friction, pumping losses, and throttling
losses.

These friction losses depend on several physical and geometric engine parameters such as bore size, stroke-to-
bore ratio, number of cylinders, compression ratio, engine speed, applied load, oil viscosity, piston ring
configuration, and cooling system design. Among these, the piston ring—cylinder liner assembly contributes
the largest share of friction losses. Consequently, understanding the tribological behavior of components like
the piston skirt, rings, and liner has been a major focus of research for many years. Recent work has involved
analytical modeling, small-scale experiments, and full engine testing to reduce these losses.

Furthermore, the choice of lubricating oil and additives is critical in controlling engine friction. Proper
lubrication reduces wear and mechanical losses, leading to improved performance and fuel efficiency in

engines operating on CNG. [6]
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II. PREVIOUS RESEARCH WORK

As per review of Literature, research scholars experimentally investigated the performance of S.I. engine,
emission characteristics, fuel economy for petrol as well as alternative fuel like LPG and CNG. But there is no
focus to find the effect of CNG on frictional power losses for enhancement of the performance of S.I. engine.
So, more efforts are required on the development and analysis of the S.I. engine fueled by CNG fuels for
frictional loss minimization. By minimizing the wear and thereby increasing the power output and volumetric
efficiency. Also to reducing the frictional loss, study of the effect of the lubricants are essential and future
Scenario for CNG vehicles Cost saving, longer life of the engine and less emission will attract the public for
making use of CNG run vehicles.

Pundlik N. Patil et al. 2019[1] says after conducting the experiment test the volumetric efficiency for LPG
fuel is always less than petrol fuel; frictional losses are also more for LPG fuel. Fuel consumption is at higher
side in case of LPG than petrol as well as thermal efficiencies is also high with petrol. Among all the above,
LPG fuel is having as better antiknock characteristics, high octane rating and cost effective and less emission
pollutant.

Bhupendra Singh Chauhan et al. 2011[2] says observed the properties of Petrol, LPG and CNG Fuel.
Engine tests were done in steady state part load and full load conditions for CNG, LPG and gasoline fuels and
concluded that thermal efficiency is the measure of the efficiency and completeness of combustion of the fuel.
As the brake power increases, there is considerable amount of increase in brake thermal efficiency for all fuel.
Brake thermal efficiency of CNG during whole range is high, gasoline is low and LPG lies between the two.
Thermal efficiency increases in CNG fuelled engine due to higher CNG calorific value. This is due to
reduction in short-circuiting losses and increase in air-fuel ratio.

Table 1 Physico-chemical properties of fuels

Properties Petrol LPG CNG
Chemical composition C4toC10 C3toC4 CH4
Specific density at15° C(kg/litre) 0.73 0.54 0.14
Boiling point at 1 bar (°C) 25to 110 -50to 0 -162
Lower heating value (MJ/kg) 43.5 46.1 47.7
Ignition temperature in air (° C) 220 400 540
Lower ignition limit (vol % gas) 0.6 1.5 5
Upper ignition limit (vol % gas) 8 15 15
Stoichiometric air/fuel ratio (kg/kg gas) 14.8 15.5 17.2
Fuel octane rating RON 95 105 120
Fuel octane at 25° C(bar) 82 97 120

Pundlik N Patil et al. 2015[3] have mention that various consideration like performance variable, friction
behaviour and emission characteristics of S.I engine that the power output and volumetric efficiency are
decreasing with LPG but the brake thermal efficiency was found to be increased using LPG. The emission
characteristics are also improved. Approximately 17 to 25% of fuel energy is wasted for maximum utilization

in the form of frictional losses as direct losses like piston rings, main bearing, and cam shaft bearing etc. using
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LPG fuel in S.I. Engine. These losses are excess than S.I. Engine fuel as petrol. So it very important to reduce
frictional losses using both types of fuels and overcome wears of various parts and by applying proper
lubrication optimum utilization of the fuel energy, which is otherwise going to be wasted must be utilized
in such a way that it should not affect the engine performance adversely. Also the power output and volumetric
efficiency of engine would be improved for LGP as a S.I. engine fuel.

Md.Sourove Akther Momin et al. 2016[4] said that the emission and performance, it’s concluded that CNG
represents a good fuel alternative for gasoline and therefore must be taken into consideration in the future for
transport purpose. Apart from the fuel storage and delivery mechanism, CNG engine similar to LPG engines,
and deliver similar performance and good in combustion characteristics than LPG vehicles.

Pravin T. Nitnaware et al. 2019[5] says objective of this works on the effect of port fuel injection pressure of
CNG in 3-cylinder SI Engine at Wide Open throttle position using sequential port fuel injection system. All
trials are performed on 4-stroke, 796 cc MPFI S.I engine at injection pressure of 2.0, 2.2, 2.4, 2.6, 2.8 bar for
constant speed of 2500, 3000, 3500, 4000 & 4500 rpm.

Christina Ingo et al. 2024[6] mention that the experimental study was executed to investigate the performance
of a Sl-engine fueled with hydrogen-natural gas mixtures. The methane number and Wobbe index were
calculated for each gas composition and compared to the requirements set by Euromot, which is a MN higher
than 70.0 and a Wobbe index between 49.0 and 52.7 MJ/m3.

Mindaugas Melaika et al.2021[7] study found that the CNG fuel achieved a higher engine efficiency and
lower indicated specific fuel consumption with the PFI and DI systems at most tested engine points due to the
higher energy content of natural gas. The highest (8% to 10%) improvement in the engine efficiency compared
to GDI was achieved with DI-CNG at 6 bar IMEP load and 20002500 rpm engine speed. This was due to an
enhanced combustion process by the directly injected gas and higher turbulence in the cylinder.

Muhammad Imran Khan et al. 2015[8] study to found that Rising concerns about the harmful effects of
emissions of diesel and gasoline have made CNG a very promising alternative fuel for the road transportation.
The NGV sector has shown tremendous growth over the last 15 year in most of the gas producing countries to
offer a product which has behind it a tried and tested technology which guarantees the environment protection,
is inexpensive and affordable.

B.L. Salvi et al. 2013[9] says that the alternative fuels has been vitally important for quite some time. A variety
of methods and technologies are currently available for the production of alternative fuels, which can be
classified in different ways. Among the various technologies esterification and gas-to-liquid are the most
useful. Biodiesel fuels are primarily the methyl/ethyl esters of fatty acids derived from a variety of vegetable
oils and animal fats.

Zhe Zhao et al. 2022[10] study found that analyzes the impact of different CDIr and DIT on the combustion
and emission characteristics of compressed natural gas-ethanol engine. The control group in this paper is set as
100% ethanol port injection (EPI), and the black dotted line is used to indicate the situation of CDIr = 0.

Akari San Win et al. 2021[11] study that in experimental investigations carried out on a single cylinder, four
stroke air cooled SI engine to compare the performance results of this engine with the fuels of petrol and CNG.

It can be concluded that the brake mean effective pressures increase as the loads increase, the break specific
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fuel consumptions decrease with the loads increase, and the thermal efficiency increase with the load increasing
for the fuel using of petrol or CNG.

Musthafah Mohd. Tahir et al. 2015[12] said to found that in experiment study, compressed natural gas
(CNG) produced low performance compared to liquid fuel. The power of CNG when compared to liquid fuel is
reduced to about 18.5%. The main reason for the lack of power due to using CNG is because of the volumetric
efficiency. CNG’s volumetric efficiency is lower than liquid fuel, due to its physical properties which is gas.
When the experiment result of pressure inside the cylinder is compared, the CNG have lower pressure than the
liquid fuel at ignition stage. The pressure inside cylinder for liquid fuel at highest engine speed (4500 rpm) is
nearly40 bar. However, for CNG at the same engine speed, the pressure inside engine cylinder is only 32 bar.
Akari San 2019[13] mention in study that on Comparative Analysis of a SI Engine using Petrol and CNG Fuel
with and without Supercharger.

Chetan S. Mistry 2005[14] his case study on Comparative Assessment on performance of Multi cylinder
Engine Using CNG, LPG and Petrol as a fuel and found that looking to the advantages of LPG and CNG fuel
related efficiency and looking safety aspects.

H R Mistry et al. 2011[15] study that of tribological parameters on S I Engine, The performance parameters
which reduce the efficiency of an I.C. engine are different mechanical losses, like direct friction losses,
pumping loss, blow losses, valve throttling losses.

Miqdam T Chaichan et al. 2016[16] study to aim examine that the possibilities of using two types of gaseous
fuels in a laboratory engine to find the performance rest equivalence ratios, and be minimal value was at too
lean ratios and the gasoline mechanical efficiency was greater than those of CNG and LPG. The LPG
mechanical efficiency was higher than NG ones due to the gasoline higher bp for all tested compression ratios
and equivalence ratios compared to the alternatives.

Quoc Dang Tran et al. 2022[17] study to mention that in experimental investigation the effect of piston bowl
geometry on the performance of converted CNG engines has been investigated. Based on the experiment and
calculation results, it is observed that the bowl depth and the position of the center bowl have strongly affected
engine performance.

Pundlik N Patil et al. 2020[18] study to found that Due to lower volumetric efficiency, the brake power is also
reduced and thereby the Mechanical efficiency are at lower side of LPG fuel by 5-7 %. Due to more fuel
consumption, indicated and brake thermal efficiencies are also affected by LPG fuel, as both efficiencies
become less for LPG and the frictional power losses are increased.

L.M.Yusri et al. 2018[19] said to mentioned the work on engine performance and exhaust emissions of
alternative fuels using response surface and artificial neural network methods.

A. Bakar et al. 2015[20] said found that in the result showed that pressure inside cylinder for CNG is 20% less
than gasoline. CNG fuel also produced 23% less heat transfer rate compared to gasoline. The results explained
why CNG produced 18.5% lower power compared to liquid fuel (gasoline).So; some improvement needs to be
done in order to use CNG as fuel.

Ibham Veza et al. 2022[21] said that ANN model can be beneficial especially when the system is too

complicated, and it is too costly to model it using a simulation program. ANN has been successfully applied
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and it now becomes an indispensable tool to rapidly predict engine performance, combustion and emission

characteristics.

I1. IDENTIFIED RESEARCH GAPS

Limited Tribological Investigations with Alternative Fuels

e  Most studies ([1], [3], [15], [18]) mention that mechanical and frictional losses are higher for LPG/CNG
compared to petrol, but very few have systematically analyzed tribological parameters (e.g., friction
coefficient, wear patterns, lubricant behavior) under different operating conditions for CNG- and LPG-
fueled SI engines.

e There is a lack of experimental tribological data linking frictional losses to engine performance with
different lubricants.

e There is also limited work combining performance, emission, and tribological analysis in a single

experimental framework for Gasoline and CNG engines.

IV.RESEARCH METHODOLOGY

This study focused on the performance of CNG when used in a single cylinder SI engine. The tested engine was
equipped with CNG kit, which represent as the CNG system in the vehicle. The system was tested using a
hydraulic dynamometer, which operates in two different fuel sources. The fuels are CNG and liquid fuel. The
data from these two different types of fuel were compared and analysed. Fig. 1 shows the schematic diagram of

the dynamometer with tested engine and the CNG Kkits.
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Fig. 1. Schematic diagram of experimental setup.
The fix variable during this experiment is backpressure from the hydraulic pump. The back pressure is only

applied about 50% of certain engine speed in revolution per minute (rpm). When 100% back pressure applies to
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the engine, it will cause the engine to stop and it indicates that the pressure is too high. Manipulated variable is
the engine speed (rpm). For the overall average heat transfer from the gas to the cylinder coolant,

convection
type heat transfer equations are used.
Q/A = h (T gas- Tcool)

where Q is overall heat transfer (W/m2 ), A is reference cylinder area (m2 ), Tgas is effective gas temperature
typically 800°C, Tcool is coolant temperature typically 80°C, h: heat transfer coefficient (W/m2 K) The
different engine speed will represent the performance of the tested engine with different types of fuel where in
this case is liquid fuel (gasoline) and natural gas. Table 3 shows the tested engine specification that was used in
this study. The result of this experiment indicates the performance of CNG in SI engine compared to the liquid

fuel.

Table 3. Engine Specification.

Item  Specification

Bore x stroke (mm) 67 x52

Piston displacement 183 cm3

Power (max/ rpm) 2.6 kW/3,600 rpm
Type Single cylinder
Stroke 4-stroke

Connecting rod length 91 mm

V Results and discussion

From the experiments conducted, the data for CNG in SI engine were analysed. Then the data were compared
with the liquid fuel data. The experiment results focus on the power, cylinder pressure, and volumetric
efficiency. The experiment was conducted by applying the pressure from the hydraulic pump to the tested
engine. Table 4 shows the pressure indicated from pressure gauge of the hydraulic pump.

Table 4. Experimental data.

Engine Speed (rpm)  Liquid Fuel Pressure CNG Pressure

(bar) (bar)
2,000 6 2
2,500 9 4
3,000 8 5
3,600 10 6
4,000 12 8

From the results shown in Fig. 2, the performance of liquid fuel is higher than CNG. During at low engine
speed, such as 2,000 rpm, the liquid fuel shows higher power output compare with the CNG. This behavior is
almost the same until at the end of engine speed which 4,000 rpm. Based on the engine specification in Table 4,

the maximum power for this tested engine is 2.6 kW at 3,600 rpm. Therefore, from Fig. 2, in this experiment
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liquid fuel as power source at 3,600 rpm give the power output about 2.7 kW.

3500
—@— Liquid Fuel (experiment)
—-O— Liquid Fuel (simulation)
3000 [ —w— CNG (experiment) =
—-A— CNG (simulation)
= 2500
=
]
=
=]
Q. 2000
1500
1000 L L ' s L
1500 2000 2500 3000 3500 4000 4500

Engine Speed (rpm)
Fig. 2. Performance of tested engine with different types of fuel.

When CNG were used as a power source, the power output for this test engine at 3600 rpm is only 2.2 kW.
This power drop by CNG engine is 18.5 %. Simulation model also have been done in order to validate the
result for the power. In Fig. 2 shows the dash line which indicated the simulation result. The simulation was run
based on the engine parameter. The simulation result also shows the same behavior where the power created by
CNG is lower than liquid fuel. The lower power for CNG is due to several factors. One of the main factors is
volumetric efficiency. The volumetric efficiency of CNG is lower than liquid fuel[2]. Figure 3 shows the
volumetric efficiency for liquid fuel and CNG. According to the figure, the volumetric efficiency for this test
engine is high when liquid fuel was used as the power source. However, when CNG was applied to this engine,
it results low volumetric efficiency compare to liquid fuel. The lower volumetric efficiency is due to CNG
physical properties, which is gas. During intake, CNG which consist of methane as the main particle does not

produce a cooling effect during this condition. This result is due to the CNG is in the gas phase and it is vapour

at ambient temperature.
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Fig. 3. Result of volumetric efficiency for both fuel.
Therefore, without cooling effect, it becomes low in volumetric efficiency compare to the gasoline fuel. Fig. 3
also showed that the highest peak in volumetric efficiency for each type of fuel is at 3,600 rpm. This indicates
that the highest is also achieved when the maximum power of the engine, referring to the engine

specification in Table 3, also state that the maximum power obtained at 3,600 rpm. Therefore, from this
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experiment, the highest peak of volumetric efficiency will be obtained at maximum power output of the
engine. Other than the volumetric efficiency effect, the pressure inside cylinder also gives the different result
between liquid fuel and CNG. The pressure inside the cylinder which also observed at all the stages of the
engine, but the main focus is

the ignition stage. According to previous studies, when the engine used CNG as a power source, during
ignition stage the pressure inside the cylinder is lower than liquid fuel.

Based from the experiment in this study, compressed natural gas (CNG) produced low performance compared
to liquid fuel. The power of CNG when compared to liquid fuel is reduced to about 18.5 %. The main reason
for the lack of power when using CNG is because of the volumetric efficiency. CNG’s volumetric efficiency is
lower than liquid fuel, due to its physical properties which is gas. When the experiment result of pressure inside
the cylinder is compared, the CNG have lower pressure than the liquid fuel at ignition stage. The pressure
inside cylinder for liquid fuel at highest engine speed (4500 rpm) is nearly40 bar. However, for CNG at the
same engine speed, the pressure inside engine cylinder is only 32 bar. The lower pressure obtained by CNG is
due to the low density of CNG itself compared to liquid fuel. The density is also resulting the low heat

generated by CNG. The low heat generated is based on the temperature during combustion.

VI. CONCLUSION

Extensive review has been accomplished to identify and compare different fuels properties of Gasoline, LPG
and CNG. Also reviewed various performance conducted by various authors and compared frictional power
loss in S. 1. Engine using different fuels like LPG,CNG etc.

From the literature review we are concluding properties of fuel and identified the compressed natural gas
(CNG) is the best alternative fuel for SI engine, it is good emission effects, less fuel cost and many other
benefits can also be achieved by SI engine with the using of CNG fuel.

Table 1 Physico-chemical properties of fuels

Properties CNG Petrol LPG Reference by
Chemical composition CH4 C4toC10 C3toC4
Specific density at15° 0.14 0.73 0.54
C(kg/litre)
Boiling point at 1 bar (° C) -162 25to 110 -50to 0
Lower heating value (MJ/kg) 47.7 43.5 46.1
Ignition temperature in air (° 540 220 400
9)
Lower ignition limit (vol % 5 0.6 1.5
gas) Bhupendra
Upper ignition limit (vol % 15 8 15 Singh Chauhan
gas) etal.
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Stoichiometric air/fuel ratio 17.2 14.8 15.5 2011]2]
(kg/kg gas)
Fuel octane rating RON 120 95 105
Fuel octane at 25° C(bar) 120 82 97
Properties CNG Gasoline Pravin T.
Octane/Cetane No 120-130 85-95 - Nitnaware et
Molar Mass (Kg/mol) 17.3 109 - al. 2019[5]
Stoichiometric (A/F) Mass 17.2 14.7 -
L.H.V (MJ/kg) 475 435 -
Combustion Energy 24.6 42.7 -
Flame Propagation 0.41 0.5 -
Speed(m/s)
Adiabatic Flame Temp C 1890 2150 -
Auto Ignition Temp 540 258 -
Wobble Index (MJ/m3) 51-58 - -

1. The review of various research paper found that the physical properties and chemical properties of Gasoline,

LPG and CNG fuel.

2. The methods adopted by various researchers for analyze the performance of S.I.Engine at considering the

various parameters by using Gasoline, LPG and CNG fuel and identified performing testing method for

S.I.Engine.

3. The research gap identified gives opportunity to investigation of the effects of CNG on frictional power loss

for Performance Enhancement of S. 1. Engine and compare with other fuel.
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