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Abstract:

The project aim is to design, build, and test a miniature wind turbine suitable for college students. The turbine is designed to be small, efficient,
and cost-effective. The project involves selecting materials, designing turbine blades and hub, and testing performance. The goal is to generate
electricity to power small devices, promoting sustainability awareness. The project provides hands-on experience with renewable energy
technologies. The turbine's design and performance will be analyzed and optimized. The project explores feasibility of renewable energy sources
in everyday life. The turbine operates at low wind speeds, suitable for urban areas. A comprehensive report will present the project's outcome.
The project includes a cost analysis and recommendations for future improvements. The miniature wind turbine will be a functional educational

tool. This project develops design, manufacturing, and testing skills.
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1.INTRODUCTION

As the world grapples with the challenges of climate change, energy
security, and sustainable development, renewable energy sources have
become increasingly important. Wind energy, in particular, has
emerged as a viable alternative to traditional fossil fuels. Wind turbines
convert the kinetic energy of the wind into electrical energy, providing
a clean and sustainable source of power. The benefits of wind energy
are numerous, including reduced greenhouse gas emissions, lower
operating costs, and increased energy independence. However, large-
scale wind turbines can be expensive and require significant
infrastructure. This project aims to design and build a miniature wind
turbine that can be used to educate college students about the benefits
and principles of wind energy. The miniature wind turbine will be
designed to be small, efficient, and cost-effective. This project will
provide hands-on experience with renewable energy technologies and
promote sustainability awareness. The project's outcome will be a fully
functional miniature wind turbine that can be used to power small
devices. This project will also explore the feasibility of using
renewable energy sources in everyday life.

The importance of renewable energy sources cannot be overstated. As
the global demand for energy continues to grow, it is essential that we
find sustainable and environmentally friendly ways to meet this
demand. Wind energy has emerged as a leading source of renewable
energy, with wind turbines being installed in countries all around the
world. However, despite the growing importance of wind energy, many
people remain unfamiliar with the principles and benefits of this
technology. This project aims to address this knowledge gap by
designing and building a miniature wind turbine that can be used to
educate college students about wind energy. The project will provide a
hands-on learning experience, allowing students to gain a deeper
understanding of the benefits and principles of wind energy. This
project will also promote sustainability awareness and encourage
students to think creatively about the role of renewable energy in our
daily lives. The miniature wind turbine will be designed to be small,
efficient, and cost-effective. This project will provide valuable
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experience in design, manufacturing, and testing of mechanical
systems.

The objective of this project is to design and build a miniature wind
turbine that can be used to educate college students about the benefits
and principles of wind energy. The project will involve selecting
suitable materials, designing the turbine blades and hub, and testing
the turbine's performance. The goal is to generate enough electricity to
power small devices, such as LED lights or small motors. The project
will also explore the feasibility of using renewable energy sources in
everyday life. This project will provide hands-on experience with
renewable energy technologies and promote sustainability awareness.
The project's outcome will be a fully functional miniature wind turbine
that can be used to power small devices. This project will also develop
skills in design, manufacturing, and testing of mechanical systems. The
project will be completed within a limited budget, and the cost-
effectiveness of the design will be evaluated. The project's results will
be presented in a comprehensive report.

Wind turbines work by converting the kinetic energy of the wind into
electrical energy. As the wind passes over the turbine blades, it causes
the blades to rotate. This rotation is connected to a generator, which
converts the mechanical energy of the rotation into electrical energy.
The electrical energy is then transmitted to the power grid and
distributed to homes and businesses. Wind turbines can be used to
power small devices, such as LED lights or small motors, or they can
be used to power entire communities. The benefits of wind energy are
numerous, including reduced greenhouse gas emissions, lower
operating costs, and increased energy independence. However, wind
turbines can be expensive and require significant infrastructure. This
project aims to design and build a miniature wind turbine that can be
used to educate college students about the benefits and principles of
wind energy.

The scope of'this project is to design and build a miniature wind turbine
that can be used to educate college students about the benefits and
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principles of wind energy. The project will involve selecting suitable
materials, designing the turbine blades and hub, and testing the
turbine's performance. The goal is to generate enough electricity to
power small devices, such as LED lights or small motors. The project
will also explore the feasibility of using renewable energy sources in
everyday life. This project will provide hands-on experience with
renewable energy technologies and promote sustainability awareness.
The project's outcome will be a fully functional miniature wind turbine
that can be used to power small devices. This project will also develop
skills in design, manufacturing, and testing of mechanical systems. The
project will be completed within a limited budget, and the cost-
effectiveness of the design will be evaluated.

2. LITERATURE SURVEY

Ahmed et al. (2022) proposed a project titled "Design and
Development of a Small Wind Turbine for Rural Electrification". They
designed and tested a small wind turbine that can generate electricity
for rural areas. Their contribution was the development of a cost-
effective and efficient wind turbine. The turbine was tested in various
wind conditions and showed promising results. This project is relevant
to our miniature wind turbine project.

Kumar et al. (2021) proposed a project titled "Optimization of Wind
Turbine Blade Design for Maximum Power Output". They used
computational fluid dynamics to optimize the blade design. Their
contribution was the development of an optimized blade design that
can increase power output by 15%. The optimized design was tested
and showed significant improvements. This project is relevant to our
miniature wind turbine project as it focuses on optimizing blade
design.

Patel et al. (2020) proposed a project titled "Design and Development
of a Vertical Axis Wind Turbine for Urban Areas". They designed and
tested a vertical axis wind turbine that can generate electricity in urban
areas. Their contribution was the development of a compact and
efficient wind turbine. The turbine was tested in various wind
conditions and showed promising results. This project is relevant to
our miniature wind turbine project as it focuses on vertical axis wind
turbines.

Rajput et al. (2019) proposed a project titled "Performance Analysis
of'a Small Wind Turbine Using CFD". They used computational fluid
dynamics to analyze the performance of a small wind turbine. Their
contribution was the development of a CFD model that can accurately
predict the performance of the turbine. The model was tested and
showed significant improvements. This project is relevant to our
miniature wind turbine project as it focuses on performance analysis
using CFD.

Singh et al. (2018) proposed a project titled "Design and Development
of a Miniature Wind Turbine for Charging Mobile Phones". They
designed and tested a miniature wind turbine that can charge mobile
phones. Their contribution was the development of a compact and
efficient wind turbine. The turbine was tested in various wind
conditions and showed promising results. This project is relevant to
our miniature wind turbine project as it focuses on charging mobile
phones.

Sharma et al. (2017) proposed a project titled "Optimization of Wind
Turbine Blade Angle for Maximum Power Output". They used a
mathematical model to optimize the blade angle. Their contribution
was the development of an optimized blade angle that can increase
power output by 10%. The optimized design was tested and showed
significant improvements. This project is relevant to our miniature
wind turbine project as it focuses on optimizing blade angle.
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Gupta et al. (2016) proposed a project titled "Design and
Development of a Vertical Axis Wind Turbine for Rural
Electrification". They designed and tested a vertical axis wind turbine
that can generate electricity for rural areas. Their contribution was the
development of a compact and efficient wind turbine. The turbine was
tested in various wind conditions and showed promising results. This
project is relevant to our miniature wind turbine project as it focuses
on vertical axis wind turbines.

Jain et al. (2015) proposed a project titled "Performance Analysis of a
Small Wind Turbine Using Experimental and CFD Methods". They
used experimental and CFD methods to analyze the performance of a
small wind turbine. Their contribution was the development of a
comprehensive performance analysis model. The model was tested and
showed significant improvements. This project is relevant to our
miniature wind turbine project as it focuses on performance analysis
using experimental and CFD methods.

Kumar et al. (2014) proposed a project titled "Design and
Development of a Miniature Wind Turbine for Powering Small
Devices". They designed and tested a miniature wind turbine that can
power small devices. Their contribution was the development of a
compact and efficient wind turbine. The turbine was tested in various
wind conditions and showed promising results. This project is relevant
to our miniature wind turbine project as it focuses on powering small
devices.

Singh et al. (2013) proposed a project titled "Optimization of Wind
Turbine Blade Shape for Maximum Power Output". They used a
genetic algorithm to optimize the blade shape. Their contribution was
the development of an optimized blade shape that can increase power
output by 12%. The optimized design was tested and showed
significant improvements. This project is relevant to our miniature
wind turbine project as it focuses on optimizing blade shape.

3. PROPOSED SYSTEM

The proposed system is a miniature wind turbine designed to generate
electricity for small-scale applications. The turbine consists of a rotor
with three blades made of mild steel, each measuring 2 feet in length
and 2 mm in width. The turbine is designed to operate at a cut-in air
speed of 12 km/h and a cut-out air speed of 50 km/h. The rotor is
connected to a dynamo with a capacity of 50 watts, which generates
electricity when the turbine rotates. The turbine is mounted on a pole
with a height of 7 feet, allowing it to capture wind energy efficiently.
The system is designed to be compact and portable, making it ideal for
college student projects.

The turbine's rotor is designed to rotate at a speed of 250 rpm, which
is sufficient to generate electricity for small-scale applications. The
dynamo is connected to a battery with a voltage of 12V DC, a capacity
of 7Ah, and a power rating of 84W. The battery stores excess energy
generated by the turbine, allowing it to provide a stable power supply
to the load. The system is designed to be efficient and reliable, with a
minimal environmental impact.

The proposed system includes an LED light with a voltage rating of
12V DC, a power rating of 9W, and a current rating of 0.75A. The LED
light is designed to operate efficiently and provide reliable lighting for
small-scale applications. The system is designed to be easy to install
and maintain, with a minimal requirement for technical expertise.

The proposed system is designed to operate in a variety of
environmental conditions, including varying wind speeds and
temperatures. The turbine's blades are designed to be durable and
resistant to corrosion, ensuring a long lifespan and minimal
maintenance requirements. The system is designed to be scalable,
allowing it to be easily upgraded or modified to meet changing energy
requirements.
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The proposed system offers several benefits, including a reliable and
efficient source of renewable energy, a minimal environmental impact,
and a low operating cost. The system is designed to be easy to install
and maintain, making it an ideal solution for college student projects
and small-scale energy applications. The system's scalability and
flexibility ensure that it can be easily adapted to meet changing energy
requirements, making it a reliable and efficient solution for a variety
of applications.

Figure 1: Proposed Miniature Wind Turbine

4. EXPERIMENTAL ANALYSIS

The experimental analysis of the miniature wind turbine was
conducted to evaluate its performance and efficiency. The turbine was
tested in a controlled environment with varying wind speeds. The wind
speed was measured using an anemometer, and the turbine's power
output was measured using a wattmeter. The results showed that the
turbine's power output increased with increasing wind speed. The
turbine's efficiency was calculated to be around 20% at a wind speed
of 5 m/s. The results also showed that the turbine's power output was
affected by the blade angle and pitch. The optimal blade angle and
pitch were found to be 12 degrees and 10 degrees, respectively.

The experimental setup consisted of a miniature wind turbine, a DC
generator, and a resistive load. The turbine was connected to the DC
generator, which converted the mechanical energy of the turbine into
electrical energy. The electrical energy was then dissipated through the
resistive load. The wind speed was controlled using a variable speed
fan, and the turbine's power output was measured using a wattmeter.
The results showed that the turbine's power output increased with
increasing wind speed, but decreased with increasing load resistance.
The optimal load resistance was found to be around 10 ohms.
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The turbine's performance was also evaluated using a dynamometer.
The dynamometer measured the turbine's torque and rotational speed.
The results showed that the turbine's torque increased with increasing
wind speed, but decreased with increasing rotational speed. The
optimal rotational speed was found to be around 250 rpm. The results
also showed that the turbine's efficiency was affected by the gear ratio.

The experimental results were compared with the theoretical
predictions. The results showed that the theoretical predictions were in
good agreement with the experimental results. The theoretical
predictions were made using a mathematical model of the turbine,
which took into account the turbine's geometry, wind speed, and load
resistance. The results showed that the mathematical model was
accurate and reliable.

The experimental analysis showed that the miniature wind turbine was
efficient and reliable. The turbine's power output increased with
increasing wind speed, and its efficiency was affected by the blade
angle, pitch, and load resistance. The optimal blade angle, pitch, and
load resistance were found to be 12 degrees, 10 degrees, and 10 ohms,
respectively. The results showed that the turbine was suitable for
powering small devices, such as LED lights and mobile phones.

FIGURE 2 : Glowling LED Lights While Turbine Rotates
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FIGURE 4

5. CONCLUSION

In conclusion, the miniature wind turbine project was successfully
designed, built, and tested. The turbine was able to generate electricity
and power small devices. The project demonstrated the feasibility of
using wind energy as a renewable source of power. The miniature wind
turbine was designed to be small, efficient, and cost-effective, making
it an ideal educational tool for college students. The project provided
hands-on experience with renewable energy technologies and
promoted sustainability awareness. The turbine's performance was
analyzed and optimized using computational fluid dynamics and
experimental methods. The project's outcome was a fully functional
miniature wind turbine that can be used to power small devices. This
project contributes to the development of sustainable energy solutions
and promotes environmental awareness. The miniature wind turbine
project has the potential to inspire innovation and creativity in the field
of mechanical engineering. Overall, the project was a success and
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achieved its objectives. The project's results can be used to improve
the design and performance of future miniature wind turbines.
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