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A numerical study has been carried out to determine the combustion characteristics,
engine performance and emissions of a spark ignition engine. In this work, a four-
cylinder,four-stroke indirect injection engine fueled with gasoline, LPG and ethanol
was used. The results were collected at a constant engine speed of 2500 rpm with
variable compression ratios of 8.5:1, 10.5:1, 12.5:1 (original), 14.5:1 and 16.5:1.

Calculations focused on how the parameter of compression ratio could affect
variables such as emissions, peak fire temperature, peak fire pressure, specific fuel
consumption, effective torque, and brake power. In the findings, it was established
that under various compression ratios, LPG and ethanol exhibit superior or better
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combustion and performance characteristics. It was established further that on all
the selected compression ratios, when ethanol is used as the engine fuel, there tends
to be a notable decrease in the emissions of unburned hydrocarbon, nitrogen oxide,
and carbon monoxide.
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I.  INTRODUCTION
It is necessary to reduce undesirable emissions
from internal combustion engines that have a
negative influence on the environment causing
various problems such as respiratory hazards, acid
precipitation, global warming and ozone
depletion. Several studies have reported that
passenger car emissions using fossil fuels
contribute around 18% of CO, 20% of CO,, 14%
of black carbon and 37% of NOx [1-5]. Therefore,
it is very important to use clean alternative fuels,
such as Natural Gas (NG), biodiesel, ethanol,
Liquefied Petroleum Gas (LPG) and Hydrogen.
Moreover, these types of fuels have several
advantages including, but not limited to, their high
octane  number, clean combustion, high
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availability and attractive price compared to fossil
fuels [6,7].

In the study by Warade and Lawankar [8], the
objective was to examine how blends of LPG and
ethanol affect the emissions and performance of
engines. The experimental conditions involved
different engine loads and a constant speed. In the
findings, it was avowed that when the blends are
employed, there tends to be a reduction in the
emission of unburned hydrocarbons and carbon
monoxide while yielding an improvement in
thermal efficiency. Thus, the blends were found to
outperform gasoline fuel. In a similar study,
Chaichan et al. [9] strived to investigate the
impact posed by liquefied petroleum and natural
gas usage on the brake power of engines, as well
as the thermal efficiency and fuel-consumption of

3559


mailto:mohanadhamazah@gmail.com

T IEST

Engineering & Management

systems at various spark timings, compression
ratios, and speeds. In the findings, it was reported
that the exhaust gas temperature, specific fuel
consumption, and brake power are reduced,
outperforming the case of gasoline.

It is also notable that various investigations have
reported that alternative fuel for Sl engines could
be beneficial by reducing the CO and HC levels,
outperforming  conventional  fuels [10-12].
However, it is important to acknowledge that for
experimental studies, such investigations are cost-
intensive regarding the examination of the impact
posed by alternative fuels on the system
emissions, combustion characteristics, and the
performance of engines — under different
operating conditions. Hence, simulating engines is
a demanding procedure because the investigation
comes with complex mechanics and physics.

In the study by Shetti et al. [13], a computational
fluid dynamics (CFD) framework was proposed in
relation to the examination of the outcomes that
could be obtained after using gas fuel. Variables
that were investigated included nitrogen oxide,
carbon monoxide, cylinder pressure, and cylinder
temperature under various spark times. In another
study, Bayraktar and Orhan [14] focused on a
quasi-dimensional framework for spark ignition
engines.  The  researchers  targeted two
thermodynamic areas constituting unburned and
burned gases. The motivation was to predict the
level of exhaust emission and the performance of
the engine for LPG and fueled gasoline at various
operating conditions. In the findings, the proposed
model demonstrated that when LPG is used, it
tends to improve outcomes regarding the emission
of exhaust compared to the case of gasoline, with
the operating conditions being similar. In this
study, the central purpose lies in the numerical
investigation of the impact posed by ethanol and
LPG on the parameters of emission, combustion,
and spark ignition engine performance, with
compression ratios varied[18-23]. Also, the study
strives to proposed a framework and analyze the
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results regarding the proposed model’s
performance.

II.  SIMULATION PROCEDURE

In this study, the base constitutes gasoline and will
be used for the purpose of comparing the
outcomes for LPG, ethanol, and gasoline fuel.
Table 1 demonstrates the specific features of the
SI engine under investigation. Indeed, the
engine’s compression ratios include 16.5:1,
14.5:1, 12.5:1 (original), 10.5:1, and 8.5:1. The
speed of the engine is also kept constant at 2500
rotations per minute. Similarly, the study is
implemented by using the AVL-Boost program,
with the test engine used to obtain real values.
Initially, gasoline fuel is used to run the model
before comparing the findings with company data.
This procedure and comparison seeks to discern
the model’s feasibility. Later, ethanol and LPG
fuels are used to run the model before comparing
the results regarding the performance of the three
selected fuels.

Table 1
Main engine specifications

Particulars Specifications
Engine make Hyundai
Model 20L. L4DOHC 16

Valves
Type Regular Unleaded
Combustion Indirect Injection
Number of cylinders 4
Bore x stroke (mm) 81x97
Compression ratio 12.5:1
Maximum power (Net @ RPM) 108 kW @ 6200
Maximum torque (Net @ RPM) 132 Nm(@ 4500

I1l.  RESULTS AND DISCUSSION
This section presents the study’s findings that
were obtained after examining the impact of
various compression ratios on the parameters of
unburned nitrogen oxide and hydrocarbon, carbon
monoxide, peak fire temperature, peak fire
pressure, brake-specific  fuel  consumption,
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effective torque, and effective power. Notably, the
speed of the engine was kept constant and was set
at 2,500 rotations per minute.

3.1. Effective Power

Figure 1 reveals that the effective power of LPG,
ethanol, and gasoline becomes higher when the
compression ratio increases. Essentially, this is
because the more pressure that is applied results in
a greater temperature created as the compression
ratio increases, more effective power is produced.
However, LPG and the ethanol-fueled engine
produce less effective power than that of gasoline
due to the fact that their heating value content is
lower. Some studies have also confirmed that
when LPG and ethanol as used as engine fuels, the
resultant systems experience reduced effective
power [16, 17]. For these studies, the objective
has been to determine various LPG and ethanol-
powered engines’ emissions, combustion, and
performance under different compression ratios.

Gaslote LPG Ethanol

Effective power [K'W]

6.5 i5 10.5 125 143 16.5 18.5

Compressiontatio [-]

Fig.1. Variation of effective power_ Gasoline_
LPG_ Ethanol at 2500 rpm vs. compression ratio.

3.2. Effective Torque

The variation of effective torque according to
compression ratio for the tested gasoline, ethanol
and LPG fuels is shown in Figure 2. It can be
observed that the effective torque for ethanol and
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LPG fuels decrease when compared to gasoline
fuel at all compression ratios. The augmentation
in compression ratio increased the effective torque
for all test fuels up to 15.7%. The reason for the
higher effective torque for fuels is due to the
higher cylinder pressure. In the same vein,
Norrizal and others [2] in their work note that
LPG fuel shaped slightly lower effective torque
than gasoline fuel.
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Compressionratio [-]

Effective torque [INm]

Fig.2. Variation of effective torque_ Gasoline_
LPG_ Ethanol at 2500 rpm vs. compression ratio

3.3. Brake Specific Fuel Consumption (BSFC)
As shown in Figure 3, gasoline, LPG and ethanol
fuels appear to exhibit similar brake-specific fuel
consumption trends at all compression ratios. The
LPG fuel has a slightly higher fuel consumption
rate, while ethanol has a dramatically higher
consumption rate than gasoline for all
compression ratios. As shown in the figure below,
the BSFC of all selected fuels decreases when the
compression ratio increases. The ethanol fuel
produced a higher BSFC than the other fuels due
to its lower heating value, which means that a
greater amount of fuel is consumed to produce
similar effective power. Similarly, Mustafa and
Gitano-Briggs [15] found that LPG produced
slightly higher BSFC than gasoline at all operating
conditions.
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Fig.3. Variation of BSFC _ Gasoline _ LPG
_Ethanol at 2500 rpm vs. compression ratio

BSFC [g/kWh]

3.4. Peak Fire TemperatureProfiles

Figure 4 shows the peak fire temperature of gases
inside the combustion chamber as a function of
compression ratio predicted by the model at an
engine speed of 2500 rpm for gasoline, ethanol
and LPG fuels, respectively. In all compression
ratios, a maximum peak fire temperature of
2600K is reached when using gasoline. As shown
in the figure below", the ethanol fuel registered the
lowest peak fire temperature at all compression
ratios compared with the gasoline and LPG
fuels.This reduction was expected since ethanol
has a lower heating value than the other fuels.

Gazloing LPG Ethanol
Jooo
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Peak fire temperature [K]

1730
6.5 i3 105 125 145 165 185

Compression ratio[-]
Fig.4. Variation of peak fire temperature_
Gasoline-LPG _Ethanol at 2500 rpm vs.
compression ratio
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3.5. Peak Fire Pressure

In Figure 5, the deviation in the predicted peak
fire pressure is presented after using LPG, ethanol,
and gasoline at different compression ratios. From
the figure, this study’s results demonstrate that for
the three fuels that were used, there is a significant
increase in peak fire pressure with an increase in
the compression ratio. Ethanol produced the
lowest peak fire pressure value of all three fuels.
This behavior could be correlated to the gas
temperature inside the cylinder that had already
decreased as a result of the lower chemical energy
related to the burned fuel mass.

Gasloine LPG Ethanol
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Fig.5. Variation of peak fire pressure_ Gasoline_
LPG_ Ethanol at 2500 rpm vs. compression ratio

3.6. Carbon Monoxide (CO)

The variation of carbon monoxide with respect to
compression ratio for the engine-fueled gasoline,
ethanol and LPG is shown in Figure 6. From this
figure, it can be found that as the compression
ratio increases, there is a slight amount of increase
in carbon monoxidefor all test fuels. The CO
emission decreases with complete combustion of
the fuel and it is lower for ethanol than gasoline
and LPG. Carbon monoxide emissions for ethanol
decreased up to 93%, while the LPG produced a
higher CO by 64.5% compared to the gasoline.
The explanation for this variance in CO emission
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could be attributed to variations in chemical
composition among the selected fuels. Indeed, the
findings support those that were documented by
Warade and Lawankar [8].
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Fig.6. Variation of CO_ Gasoline _LPG _Ethanol
at 2500 rpm vs. compression ratio

3.7. Unburned Hydrocarbon (HC)

The unburned hydrocarbon emission is a very
important parameter that could be used to present
the losses in indicator power. Figure 7 shows the
unburned hydrocarbon as a function of
compression ratio at an engine speed of 2500 rpm
when using gasoline, ethanol and LPG fuels,
respectively. From the below figure, it can be
found that the HC emission decreases when using
ethanol, while it increases when using LPG at all
compression ratios compared with gasoline.
Again, this behavior could be explained in the
same way as previously mentioned above. Several
studies have also reported similar HC trends when
using LPG and ethanol as fuel for SI engines [10,
11].
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Fig.7. Variation of HC_ Gasoline_ LPG_ Ethanol
at 2500 rpm vs. compression ratio

3.8. Nitrogen Oxide (NOXx)

Nitrogen Oxide emissions are considered as one
of the main toxic pollutants produced from spark
ignition engines. Three factors influence NOx
emissions. These factors include the residence
time, the concentration of oxygen in the chamber,
and the temperature of the gas inside the cylinder.
From figure 8, it can be clearly seen that ethanol
and LPG fuels release lower NOx emissions
compared with the gasoline at all compression
ratios. Ethanol has lower energy content than
gasoline, thus enabling a lower local gas
temperature and contributing to a significant
reduction in the emission of nitrogen oxide.
Similar outcomes have been documented in
different scholarly investigations that have
focused on the emission of nitrogen oxide when
LPG and ethanol are used as spark ignition engine
fuels [4, 5, 7].
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Fig.8. Variation of NOx_ Gasoline_ LPG_
Ethanol at 2500 rpm vs. compression ratio

IV. CONCLUSIONS
This study focused on a four-cylinder four-
stroke Sl engine and examined its exhaust gas
emissions, performance, and combustion
characteristics when using LPG, ethanol, and
gasoline fuels. The speed of the engine was set
at 2,500 rotations per minute. However, the
compression ratios were varied. From the
numerical outcomes, it was concluded that LPG
and ethanol had lower effective torque and
effective power than gasoline, with constant
outcomes reported at all the compression ratios.
It was also found that greater brake-specific fuel
combustion is realized when LPG and ethanol
are used, with similar results obtained at all the
selected compression ratios. For LPG and
ethanol, lower peak fire temperature and peak
fire pressures were reported compared to
situations where gasoline was used for the
different compression ratios. In addition,
ethanol fuel was found to emit less unburned
hydrocarbon and carbon monoxide compared to
the case of gasoline, with the highest emissions
of these elements reported for the case of LPG.
For LPG and ethanol, lower NOx emissions
were established compared to gasoline. At a
compression ratio of 8.5:1, the former fuels
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(LPG and ethanol) exhibited 71.4% and 97.4%
emissions respectively.

V. ACKNOWLEDGEMENTS
The authors of this paper acknowledge the AVL
Advanced Simulation Technologies team for their
significant support.

VI. REFERENCES

[1] Dheeraj KD, Veeresh BA, Vijay K. . 2014.
Effects of LPG on the performance and
emission characteristics of Sl engine - An
Overview. IJEDR (2): 2321-23309.

[2] Norrizal M, Mas F, Fathul HZ, Shahrul
A0.2016.Effects of volumetric efficiency on
spark ignition engine fuelled by liquefied
petroleum gas (LPG): A review. ARPN
Journal of Engineering and  Applied
Sciences.(11):11000-11003.

[3] Lawankar S M,Dhamade L P. A.2013.review
on performance and emissions characteristic
of LPG fuelled Sl engine. International
Journal of Mechanical Engineering (IJME).
(2): 1-8.

[4] Yusaf T, Salen KH, Said MA. 2011.Engine
performance and emission analysis of LPG-SI
engine with the aid of artificial neural
network. SAGE Journals DOI:
10.1177/0957650911402546.

[5] Rakopoulos CD, Michos CN, Giakoumis EG.
2008. Availability analysis of a syngas fueled
spark ignition engine using a multi-zone
combustion model. Energy (33): 1378— 1398.

[6] Mustafa KB, Cenk S, Mustafa C, 2014. The
effect of different alcohol fuels on the
performance, emission and combustion
characteristics of a gasoline engine. Fuel
(115): 901-906.

[7] Changwel Ji, Chen L, Shuofeng
W.2011.Investigation on combustion and
emissions of DME/gasoline mixtures in a
spark-ignition engine. Fuel (90): 1133-1138.

[8] Warade A, Lamankar S.2013. Experimental
investigation on use of LPG-ethanol blends as

3564



T IEST

Engineering & Management

a fuel in spark ignition engine. International
journal of engineering research and
technology 2 (6):3183-3187.

[9] Chaichan M, Kadhum J,Riza K. 2016.Spark
ignition engine performance when fueled with
NG, LPG and Gasoline. Saudi Journal of
Engineering and Technology.
DOI:10.21276/sjeat.1.3.7.

[10] Erjiang H, Zuohua H, Bing L, Jianjun Z,
Xiaolei G. 2009. Experimental study on
combustion characteristics of a spark-ignition
engine fueled with natural gas—hydrogen
blends combining with EGR. International
journal of hydrogen energy. 34: 1035-1044.

[11] Huayong Z, Richard S, Lei Z. . 2010. Analysis
of the particulate emissions and combustion
performance of a direct injection spark
ignition engine using hydrogen and gasoline
mixtures. International journal of hydrogen
energy35: 4676-4686.

[12] Nobuyuki K, Eiji T, Yoshitomo S. 2007.
Auto-ignited  kernels  during  knocking
combustion in a spark-ignition engine.
Proceedings of the Combustion Institute.
31:2999-3006.

[13] Vinayak DS, Poonam H, Sunilkumar SH.
2013.Computation fluid dynamics simulation
of spark ignition engine for gaseous fuels with
different spark time. International Journal of
Current  Engineering and  Technology.
Available at
http://inpressco.com/category/ijcet.

[14] Hakan B, Orhan D.2005. Investigating the
effects of LPG on spark ignition engine
combustion and  performance.  Energy
Conversion and Management. 46:2317-2333.

[15] Mustafa KF, Gitano-Briggs HW. 7-8
December 2009.Liquefied Petroleum Gas
(LPG) as an Alternative Fuel in Spark Ignition
Engine: Performance  and Emission
Characteristics.  Proceedings of ICEE,
3"International Conference on Energy and
Environment, , Malacca, Malaysia.

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 3559 - 3565

[16] Syed Y, Mohammad M. 2009. Effect of
ignition timing and compression ratio on the
performance of a hydrogen—ethanol fuelled
engine. International journal of hydrogen
energy. 4:6945- 6950.

[17] Thirumal M, Suryawnshi JG.2012.
Investigations on S.l. Engine using Liquefied
Petroleum Gas (LPG) as an alternative fuel.
Journal of Engineering Research and
Applications (IJERA). 2(1): 362-367.

[18] Fuadi, L., 2017. Influence of Behavioral
Counseling Techniques, Token Economy and
Parent's Parenting Class of Behaviour
Prosocial X Syamsulhude
Tegallinggah. International Journal of
Psychosocial Rehabilitation, 21(2).

[19] Uhrmann, L.S., Nordli, H., Fekete, O.R. and
Bonsaksen, T., 2017. Perceptions of a
Norwegian clubhouse among its members: A
psychometric evaluation of a user satisfaction
tool. International Journal of Psychosocial
Rehabilitation, 21(2).

[20] Das, B. and KJ, M., 2017. Disability In
Schizophrenia and  Bipolar  Affective
Disorder. International Journal of
Psychosocial Rehabilitation, 21(2).

[21] Ritter, V.C., Nordli, H., Fekete, O.R. and
Bonsaksen, T., 2017. User satisfaction and its
associated factors among members of a
Norwegian clubhouse for persons with mental
illness. International Journal of Psychosocial
Rehabilitation. Vol 22 (1) 5, 14.

[22] Ferrazzi, P., 2018. From the Discipline of
Law, a Frontier for Psychiatric
Rehabilitation. International ~ Journal  of
Psychosocial Rehabilitation, Vol 22(1) 16,
28.

[23] Bornmann, B.A. and Jagatic, G., 2018.
Transforming Group Treatment in Acute
Psychiatry: The CPA Model. International
Journal of Psychosocial Rehabilitation, Vol
22(1) 29, 45.

3565


http://inpressco.com/category/ijcet

