www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

APy, 'NTERNATIONAL JOURNAL OF CREATIVE
@aa? RESEARCH THOUGHTS (1JCRT)

An International Open Access, Peer-reviewed, Refereed Journal

PERFORMANCE TEST OF BEEF FAT OIL BIO
DIESEL BLEND ON VCR ENGINE

1st Mr. R. HARISUDHAN 2nd AL SAJEEDH HUSSAIN K 3rd GANGULI K
Assistant Professor — Automobile Automobile Engineering Automobile Engineering
Paavai College of Engineering Paavai College of Engineering Paavai College of Engineering
(Anna University Affiliated) (Anna University Affiliated) (Anna University Affiliated)
Namakkal, India Namakkal, India Namakkal, India
4th YOGESHWARAN P

Automobile Engineering
Paavai College of Engineering
(Anna University Affiliated)
Namakkal, India

Abstract: The quest for sustainable and eco-friendly fuel alternatives has led to the exploration of animal fat oil blends as a potential
substitute for traditional diesel. This study investigates the performance and combustion characteristics of a VCR engine powered
by an animal fat oil blend. The experimental setup involves a single-cylinder VCR engine subjected to various compression ratios
to determine the optimal operational parameters. The blend, comprising a significant proportion of rendered animal fat and
conventional diesel, aims to reduce carbon emissions while maintaining engine efficiency. Preliminary results indicate that the
animal fat oil blend exhibits satisfactory performance, with a notable improvement in brake thermal efficiency and a reduction in
specific fuel consumption. The combustion analysis reveals a stable flame propagation and reduced soot formation, suggesting a
cleaner combustion process. Fuel properties of biodiesel obtained from animal fat oil were determined in the laboratory using
standard procedure and an experimental setup was constructed to study the performance of a diesel engine. We used different lower
blend of biodiesel such as B20. and various compression ratios CR14 and CR15.

Keywords — VCR Engine, Beef Fat Oil, Bio-Diesel, Testing, Animal Fat, Combustion Process.
I. INTRODUCTION:

Our dependence on fossil fuels has created a pressing need for sustainable transportation solutions. This project investigates
the potential of biodiesel, a biofuel derived from renewable sources, to address this challenge. Specifically, we focus on biodiesel
produced from beef fat oil, a waste product of the meat processing industry. This innovative approach aims to not only reduce
reliance on fossil fuels but also utilize waste materials effectively.

This study centers on the performance of this beef fat oil biodiesel blend in a Variable Compression Ratio (VCR) engine.
VCR engines offer unique advantages, adapting their compression ratio to optimize fuel efficiency and minimize emissions for
various fuel types. By testing the biodiesel blend in a VCR engine, we aim to unlock its full potential for cleaner and more efficient
transportation. The following sections will delve deeper into the existing research on biodiesel and VCR engines, detail the methods
used to produce the biodiesel blend and conduct the engine tests, and analyze the results obtained. We anticipate this project will
contribute valuable insights into the viability of beef fat oil biodiesel as a sustainable and effective fuel source for the transportation
sector.

The following sections will delve deeper into the existing research on biodiesel and VCR engines, detail the methods used
to produce the biodiesel blend and conduct the engine tests, and analyze the results obtained. We anticipate this project will
contribute valuable insights into the viability of beef fat oil biodiesel as a sustainable and effective fuel source for the transportation
sector. Furthermore, the findings can pave the way for the development of more efficient and environmentally friendly engines
optimized for alternative biofuels.
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II. EXISTING SYSTEM:

Fossil fuels have long dominated the transportation sector, but concerns regarding their environmental impact and resource
depletion are undeniable. This project emerges from the need for cleaner and more sustainable alternatives. Biodiesel has gained
traction as a promising biofuel, but its production often relies on vegetable oils. While effective, vegetable oil sources can compete
with food production.

This project explores beef fat oil, a waste product from the meat processing industry, as a potential feedstock for biodiesel
production. This approach tackles two challenges simultaneously: reducing reliance on fossil fuels and utilizing waste materials
effectively.

This project explores beef fat oil, a byproduct of the meat processing industry, as a potential feedstock for biodiesel
production. This approach offers a two-pronged solution: reducing our dependence on fossil fuels and utilizing waste materials
effectively. Diverting beef fat oil from landfills or incineration not only reduces waste but also creates a valuable biofuel resource.

The use of VCR engines further enhances the project's potential. VCR engines can adjust their compression ratio based on
the fuel type, allowing for optimal performance and potentially cleaner combustion compared to fixed compression ratio engines
typically used with diesel fuel. By testing the performance and emissions of the beef fat oil biodiesel blend in a VCR engine, we
aim to gain valuable insights into its viability as a sustainable and efficient fuel source for the transportation sector.

III. PROPOSED SYSTEM:

This project investigates the performance of a biodiesel blend produced from beef fat oil in a Variable Compression Ratio
(VCR) engine. Beef fat oil, a waste product from the meat processing industry, offers a sustainable feedstock for biodiesel
production while diverting waste from landfills. The biodiesel blend will be produced through a transesterification process (details
can be provided if relevant).

VCR engines hold promise for optimizing performance and emissions with various fuels by adjusting their compression
ratio. In this study, the VCR engine will be operated at different compression ratios to determine the settings that yield the best
results for the beef fat oil biodiesel blend. Key performance parameters such as brake power, brake thermal efficiency, and exhaust
emissions will be monitored and analyzed to assess the viability of this biodiesel as a sustainable transportation fuel.
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Fig 3.1 Block Diagram
IV. THEORETICAL BACKGROUND:

Biodiesel emerges as a promising alternative to conventional diesel fuel, boasting renewability and sustainability. Derived
from vegetable oils, animal fats, or used cooking oils, biodiesel production primarily relies on transesterification. This process
transforms the feedstock's triglyceride molecules into fatty acid methyl esters (FAME) through a reaction with alcohol in the
presence of a catalyst. These FAME molecules form the core components of biodiesel.

Biodiesel offers several advantages. Firstly, its renewable nature contributes to energy security by reducing dependence on
finite fossil fuel resources. Secondly, its biodegradability minimizes environmental impact in case of accidental spills. Finally,
biodiesel combustion can potentially reduce emissions of harmful pollutants like particulate matter (PM) and carbon monoxide (CO)
compared to conventional diesel fuel.

However, for optimal engine performance and emissions, specific properties of biodiesel are crucial. Cetane number, a
measure of the fuel's ignition quality, plays a significant role. A higher cetane number indicates better combustion characteristics.
Additionally, viscosity affects fuel atomization and injection, requiring biodiesel viscosity to fall within an acceptable range for
proper engine operation. Lastly, cold flow properties, which determine the fuel's ability to flow at low temperatures, become
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particularly important for cold starts. Biodiesel derived from animal fats might require adjustments to improve cold flow properties
and ensure smooth engine operation under varying temperatures.

V. HARDWARE DESCRIPTION:
1. VCR Engine and Dynamometer:

Variable Compression Ratio (VCR) Engine: This is the core component where the performance of the biodiesel blend will
be evaluated. You'll need a VCR engine capable of operating across a range of compression ratios relevant for testing the biodiesel
blend.

Engine Dynamometer: This device absorbs the power produced by the engine and allows for measurement of engine
performance parameters like brake power, torque, and speed. The dynamometer needs to be compatible with the power output of
the VCR engine you'll be using.

2. Measurement and Data Acquisition System:

Fuel Delivery System: A system is needed to deliver the biodiesel blend to the engine at a controlled rate. This might
involve modifying the existing fuel injection system or using a separate fuel injection setup.

Exhaust Gas Analyzers: Instruments are required to measure the composition of the engine's exhaust gases. This typically
includes analyzers for pollutants like oxides of nitrogen (NOx), hydrocarbons (HC), and carbon monoxide (CO).

Data Acquisition System: A data acquisition system is essential to record and monitor various engine parameters throughout
the test. This system will collect data from sensors on the engine, dynamometer, and exhaust gas analyzers. Sensors might include
temperature, pressure, and flow rate sensors.

i T i )
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Load (kg)
Fig 5.2 SFC & Fuel Consumption

Additional Considerations:

Safety Equipment: Working with engines and fuels requires proper safety precautions. You'll need personal protective
equipment (PPE) and fire safety measures in place.

Fuel Handling and Storage: A safe and proper system for handling and storing the beef fat oil biodiesel blend is necessary.

Engine Control System: Depending on the specific VCR engine you use, you might need a way to control and adjust the
compression ratio during the tests. This could involve a computer-controlled system or a manual adjustment mechanism.
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Fig 5.3 ECU Control System
VI. WORKING PRINCIPLE:
Biodiesel: From Waste to Fuel

Biodiesel, a renewable biofuel alternative, is produced through a process called transesterification. Here's a closer look at
the key steps involved:

Feedstock Preparation: The journey begins with selecting a feedstock, such as vegetable oil, animal fat (like beef
fat oil in this project), or used cooking oil. This feedstock undergoes pre-treatment to remove impurities like water and free
fatty acids that can hinder the transesterification process.

The Power of Alcohol: The prepped feedstock is then mixed with an alcohol, typically methanol or ethanol. This
mixture is heated to a specific temperature, and a catalyst (often a strong base like sodium hydroxide) is introduced.

Molecular Transformation: The catalyst sparks the transesterification reaction. Triglycerides, the main components
of the feedstock, react with the alcohol to form fatty acid methyl esters (FAME) and glycerol as a byproduct. FAME
molecules are the heart of biodiesel.

Separation and Purification: After the reaction, the mixture settles. The FAME layer (biodiesel) floats on top due to
its lower density compared to the glycerol and other byproducts. This FAME layer is then separated, washed to remove
residual catalyst and alcohol, and finally dried to eliminate any remaining moisture.

This ingenious process effectively transforms waste materials like used cooking oil or animal fat into a clean-burning
biofuel alternative, promoting resource utilization and environmental sustainability.

VCR Engines: Adapting for Optimal Performance

Variable Compression Ratio (VCR) engines are a unique type of internal combustion engine where the compression ratio
can be adjusted while the engine is running. This adaptability offers significant advantages, particularly during performance testing:

Compression Ratio and Efficiency: The compression ratio refers to the volume reduction of the air-fuel mixture
within the engine cylinder during the compression stroke. A higher compression ratio generally translates to higher
efficiency by extracting more energy from the fuel during combustion. However, excessively high compression can lead to
knocking (pre-ignition) in some fuels.

VCR Engine Mechanism: VCR engines achieve variable compression through various mechanisms. Some engines
employ a movable cylinder head or piston crown that can be adjusted to change the combustion chamber volume. Others
utilize hydraulic systems to vary the position of the piston within the cylinder.

Fuel Optimization: By adjusting the compression ratio, VCR engines can be optimized for various fuels. Fuels with
high octane ratings, like gasoline, can benefit from a higher compression ratio for better efficiency. Conversely, fuels with
lower octane ratings, like some biodiesels, might require a lower compression ratio to avoid knocking.

In the upcoming performance test, the VCR engine's ability to adjust compression will be instrumental. By analyzing how
the engine performs at different compression settings, researchers can identify the optimal ratio for maximizing efficiency and
minimizing emissions with the specific beef fat oil biodiesel blend. This will provide valuable insights into the viability of this
biofuel as a sustainable and efficient transportation fuel source.
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Fig 7.2 Comparison Between Traditional Diesel & Bio Diesel B20

VIII. CONCLUSION:

The comprehensive study conducted the performance and combustion characteristics of a biodiesel blend derived from

beef fat oil using Variable Compression Ratio (VCR) engine has yielded promising results. the project's experimental analysis
demonstrated that the animal fat oil blend, particularly the B20 blend, can effectively operate in a VCR engine, offering a sustainable

alternative to conventional diesel fuel.

Break Mean Effective Power In results animal fat oil blend shows an output of 1.70 kw compared to normal diesel output

is 0.92 kw so there is slight improvement in BMEP.

Indicated Mean Effective Power animal fat oil shows an output 5.28 kw and normal diesel has output 4.26 kw which is

also an improvement in IMEP.
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Mechanical efficiency mechanical efficiency for animal fat oil is 32.29%compared to diesel output 21.65% which is 10%
improvement in mechanical efficiency.

Volumentric efficiency for animal fat oil is 72.43% where as in normal diesel has a percentage of 77.23% which is more
compared to the animal fat oil blend due to high viscosity compared to diesel.

Air/Fuel Ratio The ratio of air and fuel ratio of animal fat oil blend is 25.10% whereas the output for traditional diesel is
38.34% the traditional diesel has more efficiency which is also due to the viscosity and property of animal fat oil blend. Since the
results shows a significant improvement in performance figures for animal fat oil blend compared to traditional diesel in performance
figures such as IMEP, BMEP and Mechanical efficiency there in more than 5% to 10% improvement in power figures but due to
high viscosity of the fat oil blend there is more than 15% reduction in air/fuel flow and volumentric efficiency which can also
improved by further research.

IX. RESULT AND DISCUSSION:

9.1 RESULT:

The performance test of the beef fat oil biodiesel blend in the VCR engine aims to gather data on several key aspects.
One crucial set of results will focus on engine performance itself. Brake power, which is the actual power output of the engine, will
be measured at various compression ratios. Ideally, the brake power achieved with the biodiesel blend at the optimal compression
ratio should be comparable to what would be obtained using conventional diesel fuel. Brake thermal efficiency, another critical
performance measure, will also be evaluated. This metric indicates how efficiently the engine converts the fuel's energy into usable
work output. Here, the expectation is to see similar or even potentially higher brake thermal efficiency with the biodiesel blend at
the optimal compression ratio compared to running on conventional diesel.

Another set of results will examine engine emissions. Oxides of nitrogen (NOx) are a major concern, and the VCR
engine's ability to adjust compression offers a potential advantage. By analyzing how NOx emissions vary with compression ratio
for the biodiesel blend, researchers can see if adjustments can be made to reduce NOx emissions compared to what you might see
in a fixed compression ratio engine using conventional diesel. Similarly, the test will monitor hydrocarbon (HC) emissions, which
can indicate incomplete combustion. The goal is to achieve HC emission levels that fall within acceptable limits across the different
compression ratio settings. Carbon monoxide (CO) emissions will also be tracked, as they provide another indicator of combustion
efficiency. Just like HC emissions, CO levels should ideally stay within acceptable limits throughout the testing.

There might be additional observations during the testing process. Knocking, a phenomenon. of pre-ignition that can
damage the engine, might be observed at higher compression ratios with the biodiesel blend. This is because the cetane number, a
measure of the fuel's ignition quality, might be lower in the biodiesel compared to diesel. The test results will indicate the specific
compression ratio at which knocking starts to occur. Finally, fuel consumption data might also be recorded during the tests. While
not a direct performance measure, it can offer valuable insights into the fuel economy of the engine when running on the beef fat
oil biodiesel blend.

By analyzing all these results, researchers can identify the optimal compression ratio for the beef fat oil biodiesel blend.
This optimal setting will maximize engine performance (brake power and brake thermal efficiency) while minimizing emissions
(NOx, HC, and CO) and avoiding knocking. This data will be crucial in assessing the viability of beef fat oil biodiesel as a sustainable
and efficient fuel source for the transportation sector.

9.2 DISCUSSION:

The performance test results will be analyzed to assess the viability of beef fat oil biodiesel as a transportation fuel. Key
metrics like brake power and thermal efficiency will be evaluated at different compression ratios to identify the settings that yield
optimal engine performance comparable to conventional diesel. Additionally, exhaust emissions of NOx, HC, and CO will be
monitored to determine if VCR engine adjustments can achieve lower emissions than fixed ratio engines.

Observations of knocking at higher compression ratios will inform the safe operating range of the biodiesel blend. Fuel
consumption data, though not a direct performance measure, can offer insights into the potential fuel economy benefits. Ultimately,
this analysis will reveal if beef fat oil biodiesel can deliver efficient and clean engine operation within a VCR engine, paving the
way for its potential adoption as a sustainable transportation fuel.
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