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Abstract — This research paper explores the concept of
toroidal drones, a new type of aerial vehicle with a unique
donut-shaped structure. The drones offer stability and
versatility, with potential applications in surveillance, search
and rescue, and environmental monitoring. The paper
presents a sustainable approach by constructing the drone
frame entirely from 3D-printed plastic waste, reducing
environmental impact. The toroidal drones' energy-efficient
trajectory planning and adaptability in different operational
environments are also explored. The paper also demonstrates
real-world feasibility through the development and control of
a toroidal unmanned aerial vehicle (UAV). The research
highlights the potential of toroidal drones as a game-changer
in aerial exploration and the integration of 3D-printed plastic
waste frames as a step towards a more sustainable future. This
research contributes to environmental preservation and
revolutionizes drone technology for the betterment of society
and the planet.
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I. INTRODUCTION

The drone industry is experiencing a surge in research and
development, but the issue of drone noise remains a
significant challenge. Researchers at the Massachusetts
Institute of Technology (MIT) have recently unveiled a
groundbreaking study on the toroidal propeller, a novel
propulsion concept that could offer a solution to noise
pollution without compromising operational efficiency.
Toroidal propellers, which are based on a rotation of airfoils
in a toroid-like shape, have been observed to mitigate noise
and enhance propulsion efficiency. The concept of toroidal
propellers has roots in the 1980s, with researchers and marine
industry stalwarts like Voith, Wartsila, and SCHOTTLE
pursuing propeller innovation. In 2017, Sharrow Marine LLC
secured a patent for a propeller design tailored for marine
applications, achieving remarkable gains in efficiency and
noise reduction. MIT's recent research has breathed new life
into this age-old concept, substantiated by robust
experimentation. This revelation holds profound implications
for the drone industry, sparking renewed interest and
underscoring the potential for extensive exploration and
application of toroidal propeller designs. Traditional
propellers encounter noise issues arising from vibrations at
the blade tips, a consequence of vortices forming during
rotation. Toroidal propellers mitigate this problem by
strategically reducing the formation of tip vortices. They
achieve this by utilizing their unique toroidal shape to confine
airflow, thereby preventing spillage over the blade edges.

Additionally, factors such as pitch and the number of blades
play roles in influencing noise and vibrations. Toroidal
propellers offer a promising solution for drone noise
reduction in the high-frequency spectrum while maintaining
operational efficiency. This research signals a pivotal
moment in the quest to harmonize drone technology with
societal acoustic comfort, paving the way for a future where
drones seamlessly coexist with daily lives.

Il. STANDARD PROPELLER VS TOROIDAL PROPELLER

Standard propellers are the most common type of propeller.
They are typically made of metal or plastic and have two or
three blades. Standard propellers are efficient at generating
thrust, but they can be noisy. The noise produced by standard
propellers is caused by the formation of tip vortices. Tip
vortices refer to swirling air masses that develop at the ends
of propeller blades during rotation. These vortices have the
potential to cause noise and vibration and can also diminish
the propeller's efficiency.

— A study conducted by the National Aeronautics and
Space Administration (NASA) revealed that standard
propellers used in aviation and other applications can
generate noise levels reaching up to 100 decibels. This
finding underscores the significant acoustic impact of
traditional propellers, highlighting the need for quieter
propulsion alternatives in various sectors, including
aviation, drones, and more.

— Research conducted at the University of California,
Davis, highlighted the adverse effects of standard
propeller noise on communities located near airports.
The study emphasized that the noise generated by
conventional propellers can be a substantial source of
annoyance and disturbance to residents living in close
proximity to aviation facilities. This underscores the
importance  of  developing  quieter  propulsion
technologies to mitigate noise-related issues in aviation
and airport environments.

— A separate study conducted at the University of Bristol
focused on the impact of standard propeller noise on
wind turbine efficiency. The research found that the
noise generated by conventional propellers can reduce
the efficiency of wind turbines by as much as 10%. This
reduction in efficiency poses a significant challenge in
the renewable energy sector, emphasizing the need for
noise-reducing innovations in wind turbine design to
maximize energy production and minimize acoustic
disturbances in surrounding areas.
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Fig. 1: Standard propeller

A toroidal propeller, characterized by its ring-
shaped design resembling a doughnut, demonstrates superior
noise reduction and efficiency compared to conventional
propellers in both air and water. They work by confining
airflow and preventing it from spilling over the edges,
reducing the formation of tip vortices, the main source of
noise in traditional propellers. The toroidal designh minimizes
the formation of tip vortices, resulting in a quieter and more
efficient propeller. Toroidal propellers have been studied and
developed for decades, and have been shown to reduce noise
in various applications, including drones, boats, and wind
turbines. A recent study conducted at MIT has revealed that
toroidal propellers have the capability to decrease high-
frequency noise levels without sacrificing efficiency,
especially bothersome to human ears. The advancement of
toroidal propeller technology marks a significant stride
towards quieter and more efficient drones. As the drone
industry expands, it is anticipated that toroidal propellers will
become increasingly prevalent.

— Research conducted at the Massachusetts Institute of
Technology (MIT) has demonstrated that toroidal
propellers have the potential to significantly reduce noise
levels compared to standard propellers. The study found
that toroidal propellers can achieve noise reductions of
up to 50%. This breakthrough in noise reduction is
particularly noteworthy in applications where noise
pollution is a concern, such as urban drone operations or
aviation, and holds the promise of quieter and more
environmentally friendly propulsion.

— A study conducted by the University of Michigan
explored the impact of toroidal propellers on wind
turbine efficiency. The research indicated that wind
turbines equipped with toroidal propellers can

experience efficiency improvements of up to 5%. This
enhancement in efficiency is significant in the renewable
energy sector, as it can lead to increased energy
production and better utilization of wind resources,
ultimately contributing to a more sustainable and cost-
effective energy generation.

— The University of California, Berkeley, conducted a
study focusing on the potential use of toroidal propellers
to create quieter drones. The research underscores the
applicability of toroidal propellers in drone technology,
where noise reduction is a critical concern, especially in
urban and residential areas. By adopting toroidal
propellers, drones can operate with reduced acoustic
disturbances, addressing one of the primary challenges
associated with drone adoption in populated
environments.

Fig. 2: Toroidal propeller
The toroidal propeller, distinguished by its ring-like
structure reminiscent of a doughnut, represents an innovative

propulsion  solution,  exhibiting  superior  acoustic
characteristics and operational efficiency in contrast to
conventional propellers. Recent investigations conducted at
MIT underscore its ability to diminish high-frequency noise
levels without compromising efficiency, a feature
particularly advantageous in both aerial and aquatic
environments. Comparative assessments with standard
propellers, such as those deployed in DJI's quadrotors, reveal
a substantial decrease in perceptible noise attributable to the
toroidal configuration, signaling promising advancements in
propulsion technology across diverse applications.
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Fig. 3: The comparison between conventional propellers used on DJI’s quadrotors (a) and the toroidal propeller (b) shows the
significant reduction of discernible noise achieved by the toroidal propeller

The notable decrease in detectable noise by the
toroidal propeller, as demonstrated in the comparison
between DJI's quadrotor propellers and the toroidal variant,
can be attributed to several scientific factors. Firstly, the
toroidal shape facilitates more efficient airflow management,
diminishing turbulence and minimizing the formation of
noise-producing vortices at the blade tips. Furthermore, the
unique geometry of the toroidal propeller allows for smoother
airfoil profiles, resulting in reduced aerodynamic drag and
subsequently lower noise emissions. Additionally, the
optimized distribution of lift and thrust along the toroidal
blade surface helps to mitigate airflow fluctuations, which are
often responsible for noise generation in conventional
propeller designs. These scientific principles collectively
support the significant noise reduction achieved by the
toroidal propeller, underscoring its potential for quieter and
more efficient propulsion systems across various
applications.

Fig. 4: Comparison between standard propeller and toroidal
propeller

To make the propeller quieter it was designed in
such a way that now we are distributing the vortices that are
being generated by the propeller across the whole shape of it
instead of just the tip, which then makes it effectively
dissipate faster in the atmosphere. The tip vortex of the
standard propellers are not capable of propagating so far.

In this study, we embark on an innovative journey to evaluate
the performance of toroidal propellers, produced from
recycled plastic bottles through 3D printing, in comparison to
conventional 10-inch nylon propellers. Our methodology
begins with the meticulous design and modeling of the
toroidal propeller using CAD software, taking into
consideration blade geometry, diameter, pitch, and the
distinctive toroidal shape. We then transition to the
preparation of the recycled plastic bottles, ensuring they are
clean and sorted by plastic type before shredding them into
uniform pieces. The resulting shredded plastic is melted and
extruded into filament form suitable for 3D printing, with
precise control over parameters.

Subsequently, we configure the 3D printer to
employ the recycled plastic filament, carefully adjusting
settings for temperature, extrusion speed, and layer height
during the printing process. We proceed to mount both the
3D-printed toroidal propeller and a standard 10-inch nylon
propeller on a thrust stand, conducting a series of tests to
measure thrust generation while simultaneously recording
noise levels during operation. The compiled data is rigorously
processed.

To gain insights into the noise characteristics, we
employ a Spectrography tool to analyze voice recordings of
the propellers in action, and sound pressure vs. frequency
graphs are meticulously plotted using MATLAB. Our
comparative analysis involves evaluating thrust performance
and assessing noise levels and characteristics for both the
toroidal and standard propellers. We examine the data closely
to ascertain the efficiency and acoustic benefits of the toroidal
propeller compared to its conventional counterpart.

Moreover, our study extends its focus to an
environmental impact assessment, considering the significant
reduction in plastic waste and associated energy savings
achieved through the recycling of plastic bottles into 3D
printing material. In conclusion, this comprehensive
methodology sets the stage for a robust examination of the

METHODOLOGY
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toroidal propeller's performance and ecological advantages,
potentially revolutionizing propulsion technology while
contributing to sustainable waste management practices.
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(a) Making plastic as the thin 3D printing Polylactic Acid

(b) Converting plastic into PLA material.
Fig. 5:

IV. CONCLUSION

In this groundbreaking research, we delved into the
transformative capabilities of toroidal propellers and their
innovative production method utilizing recycled plastic
bottles for 3D printing. Our comprehensive findings reveal
that toroidal propellers outshine standard counterparts,
boasting heightened efficiency and significantly reduced
noise levels, making them ideal for urban settings. Moreover,
our eco-conscious approach, repurposing plastic waste into
propulsion materials, underscores the pivotal role of
sustainability. This revolutionary method not only mitigates
plastic pollution but also champions avian safety through the
propeller's edgeless design. In essence, our research
illuminates a path toward a future where toroidal propellers
redefine propulsion technology, harmonizing efficiency,
environmental responsibility, and ecological preservation.
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