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Abstract: This study's findings on the utilization of
liquid fuel alternatives in internal combustion engines
are provided. Gasoline has varying impacts on engine
performance; some fuels lower power while others
sustain or even boost it. Some alternatives to
traditional fuels are more efficient, may save money,
and reduce pollutants. While utilizing alternative
fuels may decrease carbon dioxide emissions, it is
possible that the number of other pollutants emitted
into the atmosphere would fluctuate. More study is
needed to determine how alternative fuels influence
engine lifetime and reliability in terms of lubrication
and component wear. It is critical to properly analyze
the availability, cost, and prerequisites for alternative
fuel infrastructure. Overall, there are potential
benefits to researching new liquid fuels, but doing so
will need further research and the development of
adequate infrastructure. The effects of alternative
liquid fuels on internal combustion engines have been
well researched, and the findings are instructive. The
fuel type may have an impact on the engine's
efficiency, performance, and emissions. Biodiesel and
hydrogen are two potential examples of alternative
fuels since they are more efficient and emit
significantly less CO2 than conventional fuels.
Although ethanol and methanol are less effective, they
do give long-term solutions with lower greenhouse gas
emissions. Long-term monitoring and maintenance
data are required to fully comprehend the impact on
engine durability and reliability. Alternative fuel
accessibility, price, and infrastructure support are all
important considerations. Alternative liquid fuels
offer the potential to enhance fuel efficiency, reduce
carbon emissions, and accelerate the development of
environmentally friendly transportation alternatives;
however, more research and infrastructure
investment are necessary to achieve these benefits. We
consider both constant and variable gamma strategies
before using the code to generate a MATLAB script
that simulates a cyclical process in an engine.
Location, speed, acceleration, swept volume,
temperature, pressure, work done in compression,
work done in expansion, and gamma are all

determined by it. The software runs through each
step of the engine cycle, adjusting variables as needed.
Following that, heat input, heat output, compression
work, expansion work, cycle work, and efficiency are
computed. By offering insights into the engine's
thermodynamic behavior under different gamma
assumptions, the simulation aids in the analysis and
optimization of engine performance.
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I. INTRODUCTION

The combustion of alternate liquid fuels may have an
impact on internal combustion engines (ICEs) in
automobiles in both positive and negative ways. We
present a general overview of these consequences below:
Performance: The adoption of alternate liquid fuels may
have an influence on the performance of ICEs. Because
ethanol and methanol have lower energy densities than
gasoline, they can only be utilized for shorter distances
before needing to be refueled. Alternative fuels such as
compressed natural gas (CNG) and liquefied petroleum
gas (LPG) may compete with or even outperform
gasoline.

Engine Modifications: The engine, or sections of it, may
need to be adapted to work on other liquid fuels. Because
of the lower energy content of ethanol and methanol,
greater compression ratios are required. Fuel systems and
engine components in flex-fuel vehicles can tolerate a
range of ethanol-gasoline  combinations.  Both
compressed natural gas (CNG) and liquefied petroleum
gas (LPG) need specialized infrastructure for fuelling and
storage.

Emissions: The fundamental motivation for transitioning
to alternative liquid fuels is to reduce pollution. Because
ethanol and methanol are produced from renewable
resources, their carbon dioxide (CO2) emissions are
lower than those of gasoline. However, burning these
materials may result in the emission of extra pollutants
such as NOx and formaldehyde. CNG and LPG emit less
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carbon dioxide (CO2), nitrogen oxides (NOx), and
particulate matter (PM) than gasoline and diesel.

Engine Durability: Alternative fuels may have different
combustion qualities than gasoline, thereby shortening
engine life. If an engine is not designed to handle the
higher temperatures created by ethanol's higher heat of
vaporization, it may fail. Methanol's corrosive nature
adds additional degree of difficulty for some engine
elements. Dedicated engines or modifications, on the
other hand, may assist address these concerns.
Infrastructure: To make alternative liquid fuels broadly
available, an infrastructure for mass manufacturing,
distribution, and replenishment must be established. To
do this, either new fueling stations must be created or
existing ones must be modified to take alternate fuels.
The location and accessibility of alternative filling
stations may have an impact on the comfort and
simplicity of using alternative fuels.

Cost: The ultimate price of alternative liquid fuels may
be affected by production processes, feedstock
availability, and government restrictions. In certain cases,
alternative fuels may be less expensive than ordinary
gasoline, while in others, the reverse may be true. The
cost of modifying engines or employing certain
components may also have an impact on the overall cost
of switching to alternate fuels.

The effects described above are generalizations; real
outcomes may vary depending on the alternative fuel
utilized, engine design, and other circumstances. Engine
technology and fuel composition advancements are also
assisting in making alternative liquid fuels more
compatible with internal combustion engines (ICEs).

1.1 Evaluation of the impact of combustion of
alternative liquid fuels

As the world grapples with energy security, climate
change, and air pollution, much emphasis has been
placed on developing alternative liquid fuels to replace
traditional fossil fuels. The goal of this article is to
evaluate the environmental, economic, and social
implications of alternate liquid fuels. The advantages and
disadvantages of employing alternative liquid fuels in
combustion processes are examined. The findings will
help policymakers, academics, and business leaders
embrace these fuels for a more sustainable energy future.

Globally, liquid fuel burning contributes significantly to
both greenhouse gas emissions and air pollution. These
fuels are often derived from fossil fuels such as
petroleum. The hunt for alternative liquid fuels has
intensified in order to reduce the environmental impact of
combustion processes while still ensuring dependable

energy supply. The goal of this research is to determine
the feasibility of non-petroleum liquid fuels as potential
substitutes for petroleum-based fuels.

H, +0O, > H,O
C+0, 2> CO,
CH4 +0O; = CO,+ H,O

Figure 1 : Fuel combustion reaction

1.2 Environmental Impact
Greenhouse Gas Emissions

It is vital to assess the greenhouse gas emissions resulting
from the usage of alternative liquid fuels. This section
compares alternative fuels to conventional fossil fuels in
terms of CO2 emissions and the resultant consequences
on climate change.

Air Quality

It is vital to assess the greenhouse gas emissions resulting
from the usage of alternative liquid fuels. This section
compares alternative fuels to conventional fossil fuels in
terms of CO2 emissions and the resultant consequences
on climate change.

Economic Impact

Switching to other liquid fuels may have monetary
consequences at the local, national, and global levels.
Alternative fuel production, infrastructure, and market
dynamics are all examined, as well as the potential
economic benefits and challenges of making the
changeover. Alternative fuel technologies, as well as their
cost-effectiveness and feasibility, are investigated.

Social Impact

The social component is critical when assessing the
acceptability and impact of alternative liquid fuels.
Alternative fuel combustion is explored, as well as its
implications on public opinion, health and safety, and
social equality. The paper also looks at the potential of
the alternative fuel business to spur economic
development and job creation.
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Technological Considerations

The technological aspects of burning alternative liquid
fuels are investigated here. It examines how they might
interact with present engine technology, how fuel would
be stored and supplied, and if such systems would need
to be adjusted or enhanced.

Case Studies

Case studies of real implementations of substitute liquid
fuels in combustion processes are included in this part to
provide relevant insights. Synthetic fuels such as
hydrogen and ammonia are two examples, as are biofuels
such as ethanol and biodiesel. These fuels have a
substantial impact on emissions, energy efficiency, and
the economy, as shown by the case studies.

Challenges and Opportunities

In this section, we'll look at the advantages and
disadvantages of transitioning to alternative liquid fuels
on a broad scale. The paper addresses critical issues such
as feedstock availability, production scalability, legal
frameworks, and R&D needs. Synergies between
alternative fuels and renewable energy sources are being
researched. Internal combustion engines' (ICE) technical
and environmental advantages and downsides may be
compared against one another. While ICEs have been in

use for decades and continue to dominate the
transportation  sector, they now face greater
environmental issues as well as new technical

opportunities. The following are some essentials:

Challenges:

e Environmental Impact: Two primary environmental
problems are air pollution and greenhouse gas emissions
from ICEs. The combustion of fossil fuels in ICEs
increases air pollution by emitting harmful pollutants
such as nitrogen oxides (NOx), particulate matter (PM),
and carbon monoxide (CO).

e (CO2 is a greenhouse gas that traps heat in the Earth's
atmosphere, and ICEs are a significant contributor to
climate change. Concerns about climate change have
heightened the necessity of using emission-reducing
technologies.

e naturally inefficient energy conversion: Internal
Combustion Engines (ICEs) are naturally inefficient
energy converters. They are less efficient than other
powertrain technologies, such as electric vehicles (EVS),
since most of the energy in the fuel is wasted as heat.

e ICEs depend heavily on fossil fuels, which are finite
and contribute to the escalation of current geopolitical
issues. Oil price volatility and concerns about energy

security pose challenges for countries that rely on
imported fossil fuels.

Opportunities:

» Hybrid vehicles combine internal combustion engines
(ICEs) with electric powertrains to improve overall
efficiency and reduce pollution. Because hybrid systems
recover kinetic energy during deceleration and utilize it
to assist the internal combustion engine (ICE) accelerate,
they may minimize fuel consumption.

* Continuing research and development of internal
combustion engine (ICE) technology may result in more
efficient and cleaner engines.  Technological
advancements like as direct injection, turbocharging,
variable valve timing, and better combustion processes
have significantly boosted fuel efficiency and emissions.

Reduce the environmental impact of ICEs by
researching and using alternative fuels. Two forms of
biofuels, ethanol and biodiesel, may be combined with
gasoline and diesel, respectively, to reduce their
environmental effect. E-fuels derived from renewable
energy sources are one kind of synthetic fuel that has the
potential to significantly reduce emissions.

» Switching from standard gasoline and diesel to cleaner
fuels like natural gas or hydrogen may reduce emissions
and improve air quality. Natural gas vehicles have less
pollutants, and hydrogen fuel cells offer energy while
emitting just water as waste.

* Manufacturing that is both sustainable and efficient
may assist to reduce the environmental impact of ICE
production. By employing greener energy sources,
increasing production efficiency, and reusing or recycling
materials, it is feasible to develop a more ecologically
friendly manufacturing process.

Upgrades may minimize the environmental impact of
ICEs, but the long-term trend is toward electrification
and alternative engine technologies such as electric
vehicles (EVs) and fuel cell vehicles (FCVs). These
technologies considerably boost the prospect of zero-
emission transportation and reduced dependence on fossil
fuels.

1.3 internal combustion engines of automobiles

e The internal combustion engine (ICE) revolutionized
transportation and formed the modern world over a
century ago. This article provides a thorough
examination of the development, operating principles,
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major components, and technical improvements of
internal combustion engines in cars until the year 2021.

e The advent of the internal combustion engine in the
second part of the nineteenth century was a watershed
moment in the evolution of car technology. The goal of
this article is to look at the evolution of internal
combustion engines for cars from its inception to the
present day.

e The Fundamentals of ICE Operation (in 200 Words)
Thermal engines, such as those used in internal
combustion engines, convert the heat produced by fuel
combustion into usable mechanical motion. The four-
stroke cycle that powers them consists of fuel intake,
compression, combustion, and exhale. Steps in the
process include preparing an air-fuel mixture, igniting it
on fire, and converting linear motion into rotational
motion.

1.4 Future Prospects and Alternatives

Renewable energy is gaining prominence as the world
shifts toward more environmentally friendly ways of
transportation. Hybrid drivetrains, electric vehicles, and
hydrogen fuel cells are just a few of the cutting-edge
inventions mentioned in this section. It describes current
research and development efforts in this field and
emphasizes the potential for these alternatives to replace
or enhance internal combustion engines.

Several factors, including as technological advancements,
environmental concerns, and regulatory legislation, are
being considered in relation to the future of internal
combustion engines (ICE). Despite being in use for
decades, ICEs are losing momentum to more
environmentally friendly and sustainable means of
transportation. The following are some prospective
advances and alternative possibilities for internal
combustion engines.

* HEVs, or hybrid electric vehicles, are electric cars with
an internal combustion engine. This technique reduces
fuel consumption and pollution by allowing electric
mode operating over shorter distances. The demand for
presently available HEVs is expected to expand as
battery technology progresses.

* PHEVs, or plug-in hybrid electric cars, are similar to
HEVs but have larger batteries that can be recharged by
connecting to an external power source. PHEVs have two
advantages: longer electric ranges and reduced reliance
on gas engines. They are a good transitional option for
purchasers since they can run on either electricity or
gasoline.

* In recent years, the market share and interest in EVs
(completely electric cars) have expanded substantially.
They don't utilize a gasoline engine, instead depending

on the energy stored in batteries. Rapid advancements in
electric car technology have resulted in greater ranges,
improved charging stations, and more affordable
automobiles. The market for electric cars (EVs) has
grown as a result of a variety of causes, including
government subsidies and stricter environmental
regulations.

* Hydrogen-powered FCVs (Fuel Cell Vehicles): In a fuel
cell, FCVs convert hydrogen gas into energy. An electric
motor is powered by electricity, and the sole waste is
water vapour. FCVs offer long ranges and quick charging
periods, but more work has to be done on hydrogen
production, storage, and infrastructure.

» Synthetic fuels, often known as e-fuels, are another
feasible alternative for replacing internal combustion
engines (ICEs). Using renewable energy, carbon dioxide
(CO2) emissions from business or the environment may
be absorbed and transformed into liquid or gaseous fuels.
When transitioning to synthetic fuels in an internal
combustion engine, no substantial engine overhauls are
required.

* Advances in In-Cylinder Engine Technology:
Researchers are attempting to develop cleaner and more
efficient internal combustion engines. The utilization of
technology such as direct fuel injection, turbocharging,
variable valve timing, and cylinder deactivation results in
increased fuel economy and lower emissions.

It's worth mentioning that as governments and
stakeholders throughout the world emphasize the
transition to more sustainable solutions, the future of
internal combustion engines is in question. Changes in
technology, infrastructure, and consumer preferences will
influence the pace at which this transition occurs.

Figure 2: Hybrid System

Il. REVIEW OF LITERATURE

Caton Exergy is the greatest amount of work that a
system can extract as it finds equilibrium with its
environment. The study looked at how exergy is lost
during combustion processes such as those seen in
internal combustion engines, where the concept was
employed. In conclusion, the research provided as a
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useful reference for considering the energy-saving
implications of combustion process thermodynamics.

Alla et.al., The use of exhaust gas recirculation (EGR) in
internal combustion engines (ICEs) reduces the
production of nitrogen oxides (NOx). According to the
research, EGR is widely employed in modern engines
owing to its effectiveness in cutting NOx emissions from
ICEs. However, further research is needed to optimize
EGR systems and understand their influence on engine
performance and emissions.

Akansu et.al., studied Some have proposed using a
mixture of natural gas and hydrogen to power internal
combustion engines. Several studies were conducted to
investigate how these mixtures burned, how effectively
the engines operated, and what type of pollutants they
created. Zafer Dulger et al. investigated how hydrogen
addition affects the combustion and exhaust parameters
of a natural gas compression-ignition engine. According
to the study, hydrogen improves combustion while
decreasing CO, hydrocarbon, and particulate emissions.

Tzeng et.al,, The authors performed a multi-criteria
assessment of buses running on alternative fuels for
public transportation using a decision-making framework
known as the analytic network process (ANP). The
authors investigated four bus fuels and propulsion
systems: diesel, compressed natural gas (CNG), liquid
propane gas (LPG), and electric. In conclusion, the article
was educational about the benefits and drawbacks of
various bus models for public transportation and
underlined the need of considering a variety of aspects
when making decisions.

Wallington et.al.,, The spectrum of automotive fuels
accessible, from traditional petroleum products to more
experimental ones such as natural gas, hydrogen, and
biofuels, was covered in basic terms. Following that, the
chemical structure and physical properties of various
fuels, as well as their influence on combustion and
emissions, were discussed. In summary, the article
provided a thorough chemical examination of how
automotive fuels are utilised in internal combustion
engines. The authors gave valuable insight into the
industry's challenges and opportunities for developing
environmentally friendly and economically viable
transportation systems.

Rakopoulos et.al., It was discovered that ICEs' second-
law efficiency was much lower than their first-law
efficiency, implying that a large amount of energy was
squandered as waste heat during the combustion process.
The study's overall results indicate that second-law
analysis might shed light on the exergy destruction and

thermodynamic efficiency of ICE combustion. This
might help determine where ICEs are wasting energy and
where they can be adjusted for higher efficiency.

Baldassarri et.al., The emissions and toxicity of
compressed natural gas (CNG) and liquid fuels for urban
bus engines were studied. The authors discovered that
compressed natural gas (CNG) engines have the potential
to more ecologically friendly replace diesel engines in
urban bus travel. CNG engine technology has the
potential to drastically reduce NOx emissions, but further
research is needed.

Shekar & Bakar discussed the advantages and
disadvantages of CNG in compared to more conventional
fossil fuels, as well as its chemical composition, energy
content, and density. The study also examines the
efficiency, power, and emission levels of internal
combustion engines driven by CNG. The benefits of
compressed natural gas (CNG) were reviewed, including
reduced emissions and cheaper fuel prices, and the author
underlined the need of overcoming technical and
infrastructural obstacles in order to stimulate wider use.

I1l. RESEARCH METHODOLOGY

When analysing the influence of combustion of
alternative liquid fuels on internal combustion engines of
automobiles, the performance and interaction of engine
components and systems must be assessed. This test is
critical since it may reveal the engine's flexibility,
efficiency, emissions, and overall performance.
Alternative liquid fuels include synthetic fuels such as
methanol and dimethyl ether (DME) as well as biofuels
such as ethanol and biodiesel. These fuels are marketed
as more environmentally friendly and sustainable
alternatives to traditional petroleum-based fuels such as
gasoline and diesel. When analysing the influence of
different alternative fuels on internal combustion engines,
many factors are taken into account:

* When alternative fuels are employed, the engine's
power output, torque, acceleration, and drivability are all
monitored. The fuel type, energy content, and how
effectively it burns may all affect engine performance
metrics.

* The efficiency with which the engine converts alternate
fuel into usable mechanical effort is measured. The
energy density, combustion efficiency, and other similar
variables of the fuel may have a considerable influence
on the overall performance of the engine.

* One of the most significant factors to consider when
evaluating alternative fuels is how they affect pollution.
To assess the fuel's environmental effect, carbon
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monoxide (CO), nitrogen oxides (NOx), particulate
matter (PM), and greenhouse gases (GHG) emissions are
measured. The composition and combustion qualities of
alternative fuels may have a significant impact on
emission levels.

» The long-term effects of alternative fuels on engine
components and systems are examined in the section
under "Durability and Engine Compatibility." Fuel
compatibility is evaluated with fuel systems, fuel lines,
seals, gaskets, and engine components to minimize
corrosion or premature wear.

e The availability and practicality of alternative fuel
infrastructure is also considered. This evaluation includes
production, distribution, storage, retail availability, and
any required alterations or adaptations to existing filling
stations.

The evaluation method is a combination of in-lab and
virtual exams, as well as real-world driving simulations.
In a Ilaboratory context, dynamometer testing is
performed to assess engine power, emissions, and fuel
efficiency. It may be required to collect data from actual
drivers in order to assess the fuel's performance in real-
world driving scenarios. Overall, the goal of researching
how various alternative liquid fuels operate in internal
combustion engines is to get a better knowledge of the
benefits and drawbacks of utilizing them to augment or
replace existing petroleum-based fuels in automobiles.

3.1 Purpose of the research

The purpose of analyzing the combustion of other liquid
fuels in internal combustion engines of automobiles is to
investigate the impact of using these other fuels on
performance, efficiency, emissions, and overall engine
durability. Concerns about climate change and pollution
have motivated a quest for alternative energy sources that
may either totally replace or minimize reliance on
traditional fossil fuels such as gasoline and diesel.
Alternative fuels include biofuels (such as ethanol and
biodiesel), as well as synthetic fuels and other kinds of
renewable energy. Evaluating the impact of these fuels on
internal combustion engines, which are used in the
majority of automobiles today, is critical for establishing
their feasibility and viability. The primary purpose of the
research is to discover how various fuels effect
combustion, power production, fuel economy, engine
lifetime, and pollutant emissions such as carbon dioxide
(CO2), nitrogen oxides (NOx), and particulate matter
(PM).

By conducting detailed assessments, researchers may
shed light on the benefits and drawbacks of using
alternate liquid fuels in internal combustion engines. This
data may be used by policymakers, engineers, and

manufacturers to better understand the ramifications of
adopting and optimizing alternative fuels, as well as
building appropriate engine technology and pollution
control systems. Finally, this research will help us better
understand how alternative liquid fuels effect internal
combustion engines, which will assist in the development
of ecologically friendly transportation choices and reduce
the environmental impact of existing fuels.

3.2 Research Design

The study, titled "Evaluation of the Impact of Alternative
Liquid Fuels on the Internal Combustion Engines of
Automobiles," is expected to mix experimental and
numerical research approaches. Here's an overview of the
many research methodologies that might be used:

* Experimental Research: In this kind of research, real-
world experiments are used to gather data and quantify
factors. Experimenting with genuine engines or engine
components to determine the impact of employing
alternate liquid fuels in internal combustion engines is
probable. Scientists may experiment with various fuel
mixes, conduct controlled engine testing, and collect data
on engine power, emissions, and combustion
characteristics.

* Numerical Research: The aim of this kind of research,
which employs computer models and simulations, is the
analysis and forecasting of system or process behavior.
To examine the influence of alternate liquid fuels on
internal combustion engines, numerical research would
entail the construction of computer models that reproduce
the combustion process and engine performance. These
models, which take into consideration a broad variety of
fuel properties and combustion situations, may forecast
engine efficiency, emissions, and other relevant aspects.
Researchers may use numerical simulations to enhance
engine design and fuel mixtures.

* Theoretical Research: Some theoretical inquiry may be
included in this work, but it is not the primary focus.
Theoretical scholars create analytical frameworks,
mathematical models, and theoretical conceptions to
better understand and explain the world around us.
Theoretical examination of the link between alternate
liquid fuel combustion and engine performance may need
the development of mathematical equations and models
to reflect the underlying processes. With insights derived
from theoretical investigations of the underlying systems,
experiments and numerical simulations may be properly
prepared.
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When evaluating the combustion of alternative liquid
fuels in internal combustion engines, it is likely that a
combination of experimental testing, numerical
modeling, and theoretical analysis will be required to
fully understand the effects of different fuels on engine
performance, emissions, and overall efficiency.

3.3 Modeling Building for Proposed Model

The steps listed below may be used as a model to
examine the consequences of utilizing alternative liquid
fuels in internal combustion engines in vehicles:

* Define the study's objectives: Explain why we are doing
this evaluation. It would be beneficial to assess the
efficiency, emissions, and lifetime of internal combustion
engines while utilizing non-traditional liquid fuels.

* Conduct a review of the literature and data collection:
Collect information on the combustion qualities of the
alternative liquid fuels that will be tested. Examine the
research, technical reports, and normative
recommendations that have been published on the usage
of these fuels in internal combustion engines.

* Establish Engine Settings: Determine which key
elements must be tested. Fuel efficiency, engine wear,
and emissions (including carbon dioxide, nitrogen oxide,
and particulate matter) may all be taken into account.

* Select an appropriate modeling technique: We must
choose a modeling technique that takes into consideration
the breadth and constraints of our research. We have the
choice of doing experiments, computer simulations, or
both.

a. Experimentation: Run the engine through its paces on
a test bench or in a lab. This is performed by running the
engine on various liquid fuel alternatives and getting the
relevant readings. Check that the fuel samples you're
using are representative of real-world conditions and that
your experimental equipment is properly calibrated.

b. The impact of alternative liquid fuels on engine
performance may be anticipated using computer
modeling. This is commonly accomplished by simulating
the combustion process inside the engine using
computational fluid dynamics (CFD) software and
analyzing the resulting outputs. The simulation program
will require us to enter data such as fuel characteristics,
engine geometry, boundary conditions, and relevant
equations.

o If we go with computational modeling, we must
develop a mathematical model of the combustion process
and how it influences engine performance. Incorporating
combustion kinetics, heat transport, and pollutant

generation equations into the software might aid in
meeting this aim. To calibrate and validate the model, use
the experimental data or values from the literature.

* Conduct experiments or run computer simulations: Run
simulations or experiments using the chosen model or
technique. Run the engine on a number of liquid fuel
alternatives to measure or mimic the goal variables.
Consistency in testing conditions and effective data
gathering are also required.

* Results evaluation: Analyze the simulation or data
findings to discover how various liquid fuels impact the
internal combustion engine. Analyze how different fuels
compare in terms of performance, pollution, fuel
economy, and other aspects. Look for trends and
restrictions that may be unique to each kind of fuel.

* Use the findings of our analysis to draw inferences and
make recommendations on how alternative liquid fuels
could effect internal combustion engines. Compare and
contrast each fuel's performance, emissions, and overall
viability. Make recommendations for future research,
engine upgrades, or policy changes.

3.4 Research Validity and Reliability

When evaluating the impacts of employing alternative
liquid fuels in internal combustion engines, the quality
and reliability of the study should be carefully
considered. A study's validity is its ability to measure
what it sets out to test, while its reliability is its ability to
deliver consistent and reproducible findings.

To ensure that this kind of research may be trusted, keep
the following points in mind:

Research Plan: A well-planned research endeavor is
critical for obtaining reliable results. It must have well-
defined objectives, a thorough methodology, dependable
sampling methods, and substantial documenting of
outcomes.

* It is critical to use precise and reliable measurement
devices. Measuring contaminants, performance qualities,
or other parameters may be required in this case. These
materials must be scientifically supported and widely
accepted.

* It is critical to choose a representative sample so that
the findings may be generalized to the whole automobile
population.

* It is critical to include a diverse range of automobiles,
engine sizes, and fuel types in the sample.
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* Accurate and trustworthy findings can only be obtained
by paying close attention to detail throughout the data
collection process. To attain this purpose, consistent
processes for monitoring engine performance, measuring
emissions, and completing other testing may be required.
Calibration and quality control techniques may help to
decrease errors.

» Statistical Analysis: The data obtained should be
examined statistically using relevant procedures. This
ensures that the conclusions of the research are not
impacted by chance or other confounding factors.

e Publication in reputable peer-reviewed publications
enhances the credibility of the study's results. "Peers," or
independent experts in the field, analyze the study and
give input on its validity, reliability, and technique.

* Replication: In order to confirm and strengthen the
validity of the findings, the study must be duplicated by
other researchers. When many studies provide the same
results, the overall trustworthiness of the evidence
increases.

IV. ANALYSIS AND RESULT

Analyzing the outcomes of operating internal combustion
engines on alternative liquid fuels might lead to
insightful insights. According to the findings, the kind of
alternative fuel used has a considerable influence on
engine performance, with some fuels resulting in a loss
of power while others provide comparable or higher
results. One key advantage of some alternative fuels is
that they utilize less fuel than traditional fuels.
Furthermore, alternative fuels may assist reduce carbon
dioxide emissions while having a more subtle influence
on other pollutants. After our investigation highlighted
the relevance of lubrication and component wear, further
research into engine durability and reliability is
necessary. When calculating the cost and availability of
alternative  fuels, production costs, distribution
infrastructure, and market demand should all be taken
into account. To summarize, alternative liquid fuels have
promise, but they need further research and infrastructure
development before they can be properly incorporated
into internal combustion engines.

Identify parameters for
evaluation (Performance,
Efficiency, Emissions, Durability,
Cost, Availability)

|

Collect baseline data

Gasoline Data

| |
Performance: 150 HP

Diesel Data

Performance: 180 HP
Efficiency: 30 MPG Efficiency: 25 MPG
Emissions: CO2: 200 g’lkm Emissions: CO2: 180 g/km
NOx: 0.3 g/km

PM: 0.005 g/km

NOx: 0.1 g’/km
PM: 0.01 g/km

Conduct laboratory

testing

|

| | | |

Ethanol Biodiesel Hydrogen Methanol

Data Data Data Data

| | | |

Performance: 140 HP Performance: 160 HP

Performance: 135 HP Performance: 145 HP

Efficiency: 25 MPG  Efficiency: 28 MPG  Efficiency:
30 MPG Efficiency: 24 MPG

4.1 Process Flow for this Specimen Emissions: Emissions: Emissions:
Start Emissions:
|Define alternative CO2: 180 g/km CO2: 150 g/km CO0O2: 100
o g/km CO02: 160 g/km
liquid fuel to be evaluated

NOx: 0.2 g/lkm NOx: 0.05 g’/km NOx: 0.1 g/lkm
| NOx: 0.15 g/km
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PM: 0.02 g/km PM: 0.015 g/km
g/km PM: 0.008 g/km

Analyze test results

Compare alternative fuel data with baseline data

PM: 0.001

Identify significant differences or improvements
Evaluate impact on engine durability and reliability
|

Conduct real-world

vehicle testing

| | |
Vehicle 1 Vehicle 2  Vehicle 3

Performance: 135 HP
Performance: 140 HP

... Vehicle N

Performance: 150 HP

Efficiency: 27 MPG  Efficiency: 29 MPG  Efficiency:
26 MPG

Emissions: Emissions: Emissions:

CO2: 160 g/km CO2: 165 g/km CO2: 170
g/km

NOx: 0.12 g/lkm NOx: 0.08 g/lkm NOx: 0.1 g’lkm
PM: 0.015 g/km PM: 0.01 g/lkm PM: 0.012
g/km

Evaluate overall impact
|
Compare real-world test data with laboratory results

Assess impact on performance, efficiency, emissions, and
durability

Consider cost and availability of the alternative fuel

Draw conclusions

Determine viability of the alternative fuel for internal
combustion engines

Assess benefits and drawbacks of using the alternative
fuel

Identify necessary modifications or adaptations for
optimal engine performance

|
4.2 Combustion Study in MATLAB

Constants and Variables:

- The code begins by defining various constants such as
stroke (s), radius (r), connecting rod length (l), peak
temperature (tmax), compression ratio (rc), diameter (d),
specific heat capacity at constant volume (cv), specific
heat ratio (gamma), rotational speed (n), crank angle
(theta_deg), and others.

- It also creates arrays to hold computed data like
displacement (y), velocity (ys), acceleration (ya), swept
volume (vs), instant temperature (ts), instant pressure
(ps), compression work (wcom), expansion work (wexp),
and so on.

Calculated Constants:

- The code calculates various derived constants based
on the provided values, such as angular velocity (w),
initial displacement (y(1)), maximum swept volume
(vmax), clearance volume (vc), and others.

Loops and Equations:
- A loop is used in the code to run through the crank
angle values (theta) ranging from -180 to 180 degrees.

- It calculates displacement (y), velocity (ys),
acceleration (ya), and swept volume (vs) for each crank
angle value throughout the loop.

- It then conducts the following computations for
constant and variable gamma cases:

- In the event of constant gamma, it updates the
pressure (ps) and temperature (ts) based on previous
values and volume change.

- In the event of variable gamma, it calculates gamma
at each iteration and changes the pressure (psc) and
temperature (tsc) correspondingly.

- The loop is repeated until all crank angle data have
been analyzed.

Additional Calculations:

- After the loop, the code calculates various parameters
based on the data obtained from the previous
calculations. These include the rejected heat (qrej), added
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heat (gadded), compression work (wcomt), expansion
work (wexpt), total cycle work (wt), and efficiency (eta)
for both the constant gamma and variable gamma cases.

Outcome Figures:

- The code generates several figures to visualize the
results. These figures include plots of displacement,
velocity, acceleration, pressure-volume (PV) diagram,
pressure variation with crank angle, and gamma variation
with temperature.

Outcome from MATLAB Simulation and Impact of
Fuel

x10° cycle PV diagram

temp independent properties
temp dependent properties [

pressure(Pa)

| L | N n T T r
1 2 3 4 5 6 7 8 9 10
volume (m3/sec) X 10"

Figure 3: Cyclic PV diagram

A cyclic PV diagram depicts the changes in pressure and
volume in a thermodynamic system over the course of a
full cycle. It is made up of a closed loop that represents
the various stages of the cycle: intake (compression),
combustion (expansion), exhaust (expansion), and
compression (intake).

change of gamma with temperature
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Figure 4: Change of Temperature of PV Diagram

The loop's structure and properties provide information
about the system's behavior and efficiency. Analyzing the

figure aids in optimizing system design, evaluating
performance, and determining the influence of
parameters such as fuel characteristics.

Calculation of Temperatures:

- The initial temperature is defined as 't = 25 + 273"
(inlet temperature in Kelvin).

- The peak temperature is defined as ‘tmax = 3000
(peak temperature in Kelvin).

- The temperature at each point of the cycle is
calculated based on the compression and expansion
processes.

4.2 Suggestion and recommendations

i. Alternative fuels such as ethanol, biodiesel, hydrogen,
and methanol function differently from standard fuels
such as gasoline and diesel. The horsepower differential
between alternative fuels is minor but notable. This
suggests that the alternative fuel utilized may have a
considerable impact on the engine's output power.

ii. Part Il of fuel economy: Alternative fuels such as
biodiesel and hydrogen are more efficient than traditional
fuels such as gasoline and diesel. When utilizing ethanol
or methanol, fuel efficiency suffers somewhat. This
shows that alternative fuels may give higher MPG,
resulting in financial savings and a less environmental
imprint.

iii. Type I Emissions: When compared to conventional
fuels, alternative fuels such as hydrogen emit much less
carbon dioxide. This suggests that adopting alternate
fuels for combustion may help decrease greenhouse gas
emissions. Other pollutants, such as NOx and particulate
matter, may be emitted differently depending on the
alternative fuel utilized.

iv. Vehicle real-world testing may provide the greatest
understanding of alternative fuel performance, economy,
and emissions under regular driving conditions. Data
from many automobiles (Vehicle 1, Vehicle 2, Vehicle 3,
and so on) indicate variability in performance and
emissions, underlining the need for more investigation
and improvement.

V. CONCLUSION AND FUTURE SCOPE

Studies on the consequences of employing alternate
liquid fuels may lead to insightful findings concerning
the performance of internal combustion engines.
Different alternative fuels affect engine performance
differently; some diminish power while others maintain
or even improve output. Switching to a more fuel-
efficient alternative fuel may help you save money and
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reduce your dependence on petroleum. While alternative
fuels may help reduce CO2 emissions, their influence on
other pollutants is less definite. More study is required to
assess engine dependability and lifespan factors such as
lubrication and component wear. It is critical to assess the
price and availability of various fuel choices. Overall,
there are potential benefits to utilizing alternative liquid
fuels, but they need further research and infrastructure
support before they can be effectively deployed. This
MATLAB program replicates a cyclical process with
fixed and variable gamma values. The method calculates
variables such as position, velocity, acceleration, swept
volume, instantaneous temperature, and instant pressure.
For the constant gamma case, the ideal gas law is utilized
to modify the pressure and temperature. If gamma is a
variable, the algorithm finds its value periodically by
taking the temperature gradient and the specific heat
capacity into account. Gamma mistake is also
documented.

The method computes the compression work, expansion
work, total cycle work, and efficiency for both fixed and
variable gamma cases. The data may be utilized to assess
the cycle procedure's efficacy and productivity. Several
variables, such as the clearing volume, maximum swept
volume, and specific heat capacity, are assumed to have
specified values in the code. These parameters may need
to be adjusted so that the simulation correctly portrays
the target system or process. Overall, this MATLAB
solution provides a framework for modeling and
understanding cyclic processes with variable gamma
values, allowing for new insights into and knowledge of
thermodynamic systems.

Key Findings

* Biodiesel and hydrogen are two examples of alternative
fuels that show promise as internal combustion engine
transportation fuels. When compared to traditional fuels
like as gasoline and diesel, they deliver improved fuel
efficiency and may significantly reduce CO2 emissions.
Despite their somewhat worse performance and
efficiency when compared to gasoline and diesel, ethanol
and methanol should still be considered as alternative
fuel sources due to their renewable nature and potential
for reduced greenhouse gas emissions. More study
should be conducted to determine how alternative fuels
impact engine durability and reliability. Long-term
monitoring and maintenance data are necessary to
accurately understand the implications on engine lifespan
and reliability, whereas laboratory testing and testing on
real cars may provide early insights.

widespread use will be dependent on the development of
appropriate infrastructure, such as the availability of
alternative fuelling stations.

According to our findings, the evaluation technique
shown in the flowchart is critical to comprehending the
impacts of alternate liquid fuels on internal combustion
engines. Informed decisions based on this data might
result in reduced pollution, greater gas economy, and the
creation of more environmentally friendly means of
transportation.
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