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ABSTRACT

The development of a prototype hovercraft represents a comprehensive effort to design,

fabricate, and test a versatile transportation solution capable of traversing water, land, and

marshy terrain. This final year project, carried out by the author to fulfill the requirements

for the award of the degree of Bachelor of Mechanical Engineering, aimed to address the

challenges of stability, maneuverability, and energy efficiency inherent in hovercraft

technology while exploring opportunities for innovation and optimization. The prototype

hovercraft was designed with a focus on achieving reliable performance, efficient

propulsion, and a durable skirt system to maintain the air cushion necessary for lift. Through

iterative design iterations, material selection, and fabrication processes, a small-scale

hovercraft prototype was constructed, integrating advanced battery technology, a

lightweight aluminum structure, and an optimized skirt design. Extensive testing and

evaluation were conducted to assess the craft's capabilities across various operating

conditions, including waterborne navigation, maneuvering on land, and stability in

challenging environments. The successful testing of the prototype demonstrated its potential

for applications in search and rescue, transportation, and environmental monitoring.

However, limitations such as limited battery life and skirt design inefficiencies were

identified, suggesting areas for further research and optimization. Overall, the project

represents a significant step towards advancing hovercraft technology and its practical

applications in addressing transportation challenges across diverse terrains.
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CHAPTER ONE

INTODUCTION

1.1 Background of study

A Hovercraft is a vehicle that floats above any terrestrial surface such as ice, sand, mud, grass,

and water. Hovercraft sometimes called Air Cushion Vehicle due to its ability to move by cushion

or skirt filled with air and cause the board to hover above the ground, and by the thrust engine it

runs forward and fills up the cushion as shown in figure 1.1.

figure 1.1.

Over time, efforts to minimize friction between moving parts have driven innovation in

transportation. The hovercraft, a relatively recent development, emerged from early attempts to

reduce drag on ships. Engineers conceived the idea of using a cushion of air between the vessel

and the water to diminish friction, leading to the hovercraft as we know it today – a vehicle that

floats on a cushion of air generated by one or more fans.

The earliest recorded design for an air cushion vehicle date back to 1716, proposed by Swedish

designer and philosopher, Emmanual Swedenborg. However, the concept was short-lived. In the
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mid-1870s, Sir John Thornycroft experimented with model craft to explore the effects of an 'air

cushion' and patented designs involving air-lubricated hulls. American and European engineers

continued to refine the concept, but it wasn't until the early 20th century, with the advent of the

high power-to-weight ratio internal combustion engine, that hovercraft became feasible.

This idea eventually led to what is known today as the hovercraft, basically a vehicle that uses

one or more fans to float on a cushion of air. These fans serve a dual purpose, to push air below

the craft and forcing it off ground, and to create forward thrust by pushing air out the back of the

craft. The first recorded design for an air cushion vehicle was by Swedish designer and

philosopher, Emmanual Swedenborg, in 1716. The project was rather short lived however. In the

mid-1870s, Sir John Thornycroft built a number of model craft to check the 'air cushion' effects

and even filed patents involving air lubricated hulls. Both American and European engineers

continued to work the problems of designing practical craft. Not until early 20th century was a

hovercraft possible because only the internal combustion engine had the very high power to

weight ratio suitable for hover flight.

The commercially viable model of a hovercraft was designed by the English inventor Christopher

Cockerell in 1955. It's different from traditional vehicles because it has no surface contact when

it's in motion. Cockerell continued work on hovercrafts through the 1960's, was knighted for his

services to engineering in 1969 and is credited with coining the word hovercraft to describe his

invention. Since then, many types of land, marine and amphibious air cushion vehicle have

developed. The Hovercraft has paved its way for new expeditions and so many other things.

Hovercrafts' versatility and unique characteristics make them useful in a variety of applications,

including emergency response, military operations, transportation, and recreation.
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Hovercraft have been employed in military operations for amphibious assault, reconnaissance,

and troop and cargo transfer. Their capacity to move on both land and water surfaces makes them

useful in some tactical settings. Also, In disasterstricken locations where traditional transportation

infrastructure may be destroyed, hovercrafts can bring help, medical support, and supplies quickly

and efficiently.

1.2. PROBLEM STATEMENT

To propose a small-scale prototype amphibious vehicle that can traverse over land and water.

which can solve the transportation limitation of land and water

transportation

1.3. RESEARCH OBJECTIVES AIM:

To design and fabricate a prototype hovercraft to demonstrate the practicality of the air cushion

effect

1.4 OBJECTIVES:

1. The model will be well designed and powered

2. The working model hovercraft will perform basic functions of hovercraft and be able to travel

on terrestrial and water surface

The model will be controlled remotely by an RC radio controller
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1.5. PROJECT SCOPE

II. To find the design fundamental for small working model hovercraft.

III. Make the research for small hovercraft background and construction.

IV. Find principles dimension for hovercraft.

V. To find the best material used to build this small hovercraft.

VI. To recognize all hovercraft applications and limitations and offer possible

improvements

1.6 SIGNIFICANCE OF THE STUDY

This research has important implications for the development of sustainable transportation

solutions, particularly in tough terrains. By resolving the constraints of hovercrafts, the research

findings hope to show the practicality of the hovercraft design, and to encourage the integration

of hovercraft into emergency and military operations in Nigeria. The integration of hovercraft

technology into emergency and military operations in Nigeria is not a luxury, but a strategic

necessity.

The country's distinct geographical constraints necessitate novel solutions that can improve the

speed, flexibility, and efficacy of response activities. Nigeria can strengthen its capabilities in

disaster management, search and rescue, and military operations by adding hovercraft into its

fleets, thereby protecting the country and its people from a variety of threats. Embracing

hovercraft technology is a critical step toward a more secure and resilient Nigeria. Hovercrafts,

with their capacity to traverse water, land, mud, and marshy places, provide an unequaled level

of versatility.
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Nigeria's diverse geography, which includes marshes in the Niger Delta, large river networks,

and difficult terrains, frequently impedes the rapid movement of traditional vehicles. Integrating

hovercrafts into emergency and military fleets would enable seamless navigation in these

conditions, resulting in faster reaction times and more efficient operations. Nigeria frequently

experiences flooding and other natural disasters, especially during the rainy season. Hovercrafts,

with their shallow draft and capability to operate in flooded areas, can provide rapid response

and evacuation services. This is particularly crucial in reaching remote communities that may be

cut off by floodwaters, where traditional vehicles cannot operate efficiently. In military

operations, the integration of hovercrafts introduces a new dimension of agility and surprise.

Hovercrafts can swiftly transition from water to land, enabling rapid deployment of troops and

equipment in amphibious assaults. This capability is especially relevant for Nigeria, which has

an extensive coastline and faces security challenges in the maritime domain.

1.7 DEFINITION OF TERM.

I. Hovercraft: A hovercraft is an autonomous vehicle designed to traverse imperfect

surfaces using a flexible skirt. It operates by generating a cushion of slow-moving, high-

pressure air beneath it, enabling it to move seamlessly over both ground and water without

relying on either for propulsion.

II. Skirt: The skirt is essential for maintaining the air cushion beneath the hovercraft.

Positioned around the craft's perimeter, the skirt must be water and airtight, flexible

enough to conform to uneven surfaces and waves, and capable of containing and

maintaining sufficient air mass and pressure to keep the craft hovering above the surface.

III. Lift: Lift refers to the air cushion created beneath the hovercraft by the skirt.

IV. Thrust: Thrust is the force generated to overcome drag and propel the hovercraft forward.
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V. Drag: Drag is the force that acts in the opposite direction to thrust, hindering the forward

motion of the hovercraft.

VI. Air Cushion Pressure: - The force exerted by the air cushion on the surface

VII. Payload Capacity: - The maximum weight the hovercraft can carry. • Rudder: - A control

surface for directional stability.

VIII. Thrust Fans: - Fans or propellers that provide forward or directional thrust.

IX. Lift Fans: - Fans responsible for creating the air cushion.

1.8 LAYOUT OF THESIS

There will be five chapters that make up the thesis's overall content. The first chapter covers the

introduction to the topic, followed by the theory and literature review in the second chapter.

Chapter three will include a discussion and explanation of the research methodology,

encompassing all the techniques and components necessary for mechanical design. The results

and discussion for the project are presented in chapter four. Finally, chapter five will contain the

project's conclusion and recommendations.

1.9 METHODOLOGY

To achieve the objectives outlined, a comprehensive methodology will be employed. The research

will commence with an extensive literature review to gather insights and understand the current

state of hovercraft technology. Following this, computeraided design (CAD) and simulations will

be conducted to visualize and analyze proposed design modifications. A prototype will be

developed based on these designs, and testing will be performed to collect relevant data on

performance metrics, power consumption, and user feedback.
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This multifaceted approach ensures a holistic examination of the research problem and the

generation of practical solutions.
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CHAPTER TWO

LITERATURE REVIEW

2.1 WHAT IS HOVERCRAFT?

In recent times there are several varieties of hovercrafts, however a definition of a hovercraft can

still be given: A hovercraft is a self-propelled automobile, dynamically supported via a self-

generated cushion of slow transferring, excessivestrain air that's ejected in opposition to the floor

below and contained within a flexible "skirt" such that it's miles definitely amphibious and has

some capacity to travel over less than best surfaces. A hovercraft is one of the children of the air

cushion vehicle (ACV) family that hovers above the earth's surface on a cushion of air. it's

powered by means of an engine that gives both the lift cushion and the thrust for ahead or reverse

movement. The hovercraft child is a real multi-terrain, year round automobile that may easily

make the transition from land to water because it slides on a cushion of air with the hovercraft

skirt and best slightly brushes the floor. In its best form, a hovercraft is composed of a hull that

could flow in water and is carried on a cushion of air retained by using a bendy 'skirt'. The air

cushion (or bubble), trapped among the hull and the surface of the earth by means of the skirt,

acts as a lubricant and offers the capacity to fly or slide over a diffusion of surfaces. Hovercraft

are boat-like vehicles, however they may be a good deal more than just a boat, due to the fact they

are able to journey over no longer simplest water, but grass, ice, mud, sand, snow and swamp as

nicely.

2.2. PROJECT BACKGROUND

The first recorded design for an air cushion vehicle was by Swedish inventor and philosopher,

Emmanual Swedenborg, in 1716. The design was rather short lived still. In themid-1870s, Sir
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John Thornycroft fabricated a number of model craft to check the' air cushion' effect and even

filed patents involving air lubricated hull. Both American and European engineers continued to

work on the problems of designing practical craft. Not until early 20th century was a hovercraft

possible because only the internal combustion engine had the veritably high power to weight ratio

suitable for hover flight.

The first hovercraft was designed and patented by English inventor Christopher Cockerell, in

1955 and Fig2.2 shows the first prototype. A few inventors antedating that date had fabricated or

tried to manufacture vehicles given the “ ground effect ” rule( the possibility that catching air

between a fast- moving vehicle and the ground can give addition lift and drop drag). These

endeavors were of defined achievements and didn't use the annular air pad that's known moment.

The original design for a hovercraft was attained from a British development in the 1950’s to

1960’s.

Fig 2.2: The First Hovercraft

In the early 1950s, engineers from the United States, Switzerland, and the United Kingdom were

seeking solutions to Sir John Thornycroft's long-standing problem of reducing hydrodynamic drag

on boat hulls using air lubrication. This problem eventually led to the development of the Air

Cushion Vehicle (ACV), commonly known as a hovercraft. Christopher Cockerell, from the
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United Kingdom, is recognized as the father of the hovercraft. Cockerell, who had made

significant contributions to radar and other radio equipment during World War II, retired to work

as a boat builder and became intrigued by Thornycroft's challenge.

Cockerell rejected Thornycroft's principle of using a plenum chamber, which pumps air directly

into a cavity beneath the vessel, because it was difficult to contain the cushion. Instead, he

theorized that air could be effectively contained by pumping it underneath the vessel through a

narrow slot that encircled its entire circumference. This design would create an external curtain of

air flowing toward the center of the vessel, a system known as peripheral jets. The pressure

beneath the craft would rise to match its weight, and the incoming air, encountering a sudden

change in velocity near the surface, would maintain higher cushion pressure and ground clearance

compared to the plenum chamber approach.

To test his hypothesis, Cockerell constructed a device using a blower and an upsidedown coffee

tin. Air was blown into the tin, which was suspended over the weighing pan of two kitchen scales,

and it forced the pan against the mass of several weights. Cockerell demonstrated that his method

could lift more than three times the weight compared to the single can plenum chamber effect by

adding a second tin inside the first and directing air through the space between them.

On December 12, 1955, Christopher Cockerell submitted his first patent application for the

hovercraft. The following year, he established Hovercraft Limited to further develop and

commercialize his invention. Cockerell's early reports and memoranda revealed a deep

understanding of the practical challenges of implementing his theory, many of which would

continue to challenge hovercraft designers for years. He foresaw the need for a secondary

suspension system in addition to the air cushion itself.
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Recognizing the potential of his invention to not only accelerate boats but also create amphibious

vehicles, Cockerell contacted the British Ministry of Supply, responsible for defense equipment

acquisition. In November 1956, the air-cushion vehicle was classified as "secret," and a

development contract was signed with Saunders-Roe, a manufacturer of seaplanes and aircraft. By

1959, the world's first practical ACV, the SR.N1, was introduced.

The SR.N1 initially could carry three men, weighed four tons, and achieved a top speed of 25

knots over calm water. Its design featured a 6-inch (15-cm) deep rubberized fabric skirt to contain

the cushion and peripheral jet, rather than a fully solid structure. This skirt allowed the air cushion

to be contained despite uneven ground or water surfaces. It quickly became apparent that the skirt

permitted the plenum chamber to be used effectively as a cushion producer again.

The development of skirts capable of withstanding friction from fast-moving water was crucial.

By early 1963, skirts made of a rubber and plastic mixture, 4 feet (1.22 meters) deep, had been

developed, significantly improving the hovercraft's performance. With the addition of gas turbine

power, the SR.N1's maximum speed was increased to 50 knots, and its payload capacity was

raised to seven tons.
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.

Fig 2.2.1: Hovercraft on the English Channel.

The SR.N1's initial English Channel crossing occurred on July 25, 1959, symbolically 50 years

after French aviator Louis Blériot's first flight over the same body of water. This event generated

global interest in hovercrafts, leading to manufacturing efforts in the United States, Japan,

Sweden, and France. By the early 1960s, more British companies also started producing

hovercrafts. However, only the British were manufacturing a range of craft by the early 1970s,

using the largest types in regular ferry service.

British architect Sir John Thornycroft began testing his theory in the 1870s that a ship's hull drag

could be decreased if it had an open plenum chamber at the base, essentially an empty box. He

reasoned that if the chamber could be pumped full of air, the ship would skim the water, reducing

resistance and allowing faster movement. However, he was unable to prevent the "air pad" from

escaping beneath the craft.
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Cockerell disregarded the plenum chamber principle, speculating that if air could be forced

beneath the ship through a narrow slot encircling it, the air would flow toward the center,

creating an outer curtain to trap the air rising beneath the hull. This system, known as a

peripheral jet, allowed the boat to hover. After filing a patent application in late 1955, he

founded Hovercraft Ltd. the following year. The first practical hovercraft, the SR.N1,

launched in 1959, featured an elastic skirt to contain the air cushion over rough or wet

terrain. This model crossed the English Channel in June 1959. It had a maximum speed of

ten miles per hour and could not overcome obstacles higher than a foot.

One of the shortcomings of the two basic hovercraft designs was partially addressed by the

Air Rider Hovercraft. Hovercrafts typically use a flexible plastic or elastic skirt to create an

air cushion and allow for movement over rough terrain, waves, and low obstacles. There are

two main types of skirts: the loop skirt, which encloses the craft's hull, and a loop/segment

hybrid design. The loop skirt works well on water, maintaining the air cushion but resulting

in a rough ride with significant splash and drag. The loop/segment hybrid, used by Air Rider

hovercraft, combines the advantages of both types. A loop skirt holds the sides and stern,

while a segmented bow skirt respects incoming waves, reducing splashing and slamming.

This design performs better on stony stream beds or river rapids than traditional designs.

Today, hovercrafts are used in many industries for transportation in unique environments.

Scientists, coast guards, the military, and even civilians use hovercrafts for various purposes.

The military has employed large hovercrafts to move tanks, soldiers, supplies, and

expensive equipment through icy and swampy terrain, while others use them to transport

people and vehicles across icy lakes and swamps in the Arctic.
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2.3 HOVERCRAFT PRINCIPLES

An amphibious hovercraft is actually one of the various varieties of hovercraft. In addition, the

model hovercraft is intended to be amphibious, meaning it will be able to travel both on land and

in water. The two primary concepts of lift and propulsion govern how hovercrafts operate.

Lift Mechanism:

1. Creating Lift: To function, a hovercraft needs lift, which allows it to travel on an air cushion

several inches above the ground. This is achieved by directing airflow beneath the craft.

2. Skirt Use: A skirt is used to contain the air under the craft, creating pressure that lifts the

hovercraft off the ground.

3. Airflow Management: The airflow must be properly regulated to maintain stability.

Excessive airflow causes the craft to hover too high, leading to instability and tipping, while

insufficient airflow keeps the craft grounded, negating its purpose.

Fan and Motor:

1. Fan Functions: The fan is crucial, providing both lift and thrust. It can be set to perform

one or both functions simultaneously, impacting the craft’s stability based on how air flows

through the opening to the air cushion.

2. Motor Position: The motor, usually the heaviest part of the vehicle, is often located at the

back. This requires additional pressure under the motor’s location to achieve proper lift.
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Propulsion System:

1. Ground Resistance: Hovercrafts do not contact the ground, eliminating ground

resistance and making them highly efficient.

2. Fan for Propulsion: Propulsion is achieved using a fan that moves air. However,

not just any fan will suffice. A typical fan creates a spiral motion in the air, so

engineers use turbines or stationary blades to straighten the airflow, directing more

kinetic energy to propulsion.

Body Shape and Stability:

1. Base Area: A larger base area increases stability, while longer, narrower shapes

enhance speed but reduce stability.

2. Typical Shape: Hovercrafts generally have rounded ends for a balance of speed and

stability.

Skirt Design:

1. Bag Skirt: The common skirt type is the "bag skirt," which is a bag with holes that

allow air to lift the craft. The bag covers the base, inflating in sections for increased

stability and ease of repair.

2. Stability vs. Speed: More stable skirts reduce speed. Steering capabilities are

achieved with rudders, which must be lightweight due to their proximity to the

motor.
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Steering and Rudders:

1. Rudders: Positioned close to the motor, rudders steer the hovercraft. They must be
lightweight to avoid sinking the craft.

2. Shape Efficiency: The rudder's efficiency in moving air is determined by its shape.

Despite their unconventional appearance, hovercrafts are relatively simple in operation.

Understanding hovercrafts involves seeing them more as airships than boats or cars. They

belong to the air cushion vehicle (ACV) or Ground Effect Machine family, which includes

wing-in-ground-effect or ram wings, surface effect ships, sidewall hovercraft ships, and

surface skimmers. Among all vehicles supported by pressurized air, hovercrafts are the most

innovative, capable of traversing both land and water.

In summary, hovercrafts leverage lift and propulsion to hover above surfaces, using fans and

skirts to regulate airflow and maintain stability, while their design and structure balance

speed and maneuverability. They are versatile, efficient vehicles used in various

applications, from military operations to civilian transportation.

(Distribution of Air Along the Hovercraft)
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In the illustration, a hovercraft operates by flying over an air pad that is restricted by a fan,

which provides the necessary lift. The lift range, determined by the hovercraft's length,

varies between 6" and 108" (152mm and 2,743mm). The total weight a hovercraft can lift is

equal to the pad weight multiplied by the hovercraft's zone. To maximize efficiency and

prevent the air from escaping, a hovercraft skirt is used to contain the air.

Hovercraft Skirts:

• Designs: Skirts vary in design, ranging from packs to cells to fragmented fingered

areas.

• Material: Skirts are made of textured materials that provide a thick cushion,

allowing the hovercraft to clear obstacles.

Lift and Propulsion:

• Dual Function: In some designs, a single motor is used for both lift and thrust.

However, many hovercrafts use separate motors for each function.

• Air Stream: The fan creates an air stream, directing part of the air beneath the

hovercraft for lift and the rest for thrust.

Control and Stability:

• Rudders: Safe control of the hovercraft, which involves both lift and thrust, is

achieved using rudders.

• Handlebars: Handlebars control the rudders positioned behind the fan, allowing the

operator to steer the hovercraft.
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the effectiveness of a hovercraft relies on its skirt to contain the air cushion, the fans and

motors to provide lift and thrust, and the rudders and handlebars for control. This

combination allows the hovercraft to hover above surfaces, providing a unique and efficient

mode of transportation across various terrains.

Using body weight dislodging, an ability that comes with practice, is another way to control

direction. A significant amount of air that is slightly above air weight is delivered beneath

the frame of a hovercraft using blowers. Lift is created when the body is able to move over

the running surface due to the weight differential between the air above and below the frame,

which is composed of lower weight and lower pressure. Because air is typically forced

through gaps or openings around the outside of slots or holes for reliability, most hovercraft

have an adjusted rectangle as their defining shape. This pad is typically housed in a flexible

"skirt," allowing the car to pass small inspections without damage. A growing role for small

hovercraft is to pursue and safeguard commercial and military operations worldwide. In

practical terms, hovercrafts are advised for use in areas inaccessible to other types of

vehicles, such as mud pads, shallow streams, overflowed inland areas, intertidal zones, and

solidified water (ice). Each hovercraft, such as the SR-N6, has a minimum of one

independent motor. The motor's drive is divided via a gearbox in some hovercraft. The

vehicle is raised by forcing air under the hovercraft through the use of a single motor to

drive the fan, also known as the impeller. In this way, all of the air must leave through the

skirt, lifting the arc over the area where the craft is located. Considering that the objective is

to propel the hovercraft over the intended path, at least one additional motor is used to

provide a thrust. By directing a certain amount of airflow—typically one-third of the total
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airflow—to the skirt, some hovercraft use ducting to enable one engine to handle both lift

and thrust. The remaining airflow is then used as thrust to propel the hovercraft forward.

We will now explore the underlying theories and governing formulas that underpin the

operation of surface effect vehicles. In general, we are aware that cushion crafts, ground-

effect machines, hovercraft, surface-effect ships, and sidewalls are among the vessels that

profit from aerostatic force. There are three main types of air cushions that are created

beneath a craft by a downward air current, which produces the aerostatic force.

there are three general types:

a) plenum chamber craft:

b) peripheral jet craft:

c) sidewall craft:
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The plenum chamber craft is characterized by a design similar to that of the lawnmower. Air is

maintained in a plenum chamber and escapes around the periphery. Some rudimentary theory can

be deduced to give an idea of the importance of the various parameters.

• The potential represented by the gauge pressure in the plenum Pp is converted,

according to Bernoulli’s law into the kinetic energy of discharge.

Assuming that the discharge velocity Vj is large relative to the plenum air velocity,

• The rate of mass flow of air escaping from the periphery of length l is
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• Cd is a coefficient of discharge which is in practice dependent upon the angle

. In a steady state the weight of the vehicleW is equal to the aerostatic force F,

A is the planform area. For a circular body which gives the largest ratio of planform area

to periphery.

As a result, a fan whose required capacity ṁ decreases with the clearance h over the

surface can support the vehicle weight W. Additionally, when h is reduced during

operation, the body returns to its equilibrium position because the aerostatic force is

greater than the weight, i.e., vertical equilibrium exists. It is evident from a similar

argument that in the event of a tilt about a horizontal axis, there is also a stable

equilibrium. Due to the more controllable airflow, annular or peripheral jet craft are

more prevalent. The rudimentary theory is not as precise. Nonetheless, the significance

of a low value for h persists, and the designer encounters the challenge of attaining a

satisfactory lift with minimal ground clearance while requiring substantial ground

clearance to evade obstructions and waves in the ocean. This is solved by using a thick

rubber skirt to make the lower portion of the craft elastic. A great deal of research has

been required to create sufficiently sturdy skirts. Result: a truly amphibious craft. The

hovercraft has a low lateral resistance to wind disturbance because it is above the water.

If air propellers are used to power it, they might need to be vectorable in order to

regulate wind direction, and maneuver stability will need to be researched similarly to
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aircraft maneuverability. Thus, large air rudders are not unusual. The two side walls of a

rectangular hovercraft are extended into the water where a high level of lateral stability

is required. To keep the air cushion inside, rubber skirts continue to seal the craft's two

ends. Even though they are no longer amphibious, sidewall hovercraft still have many of

the benefits of true hovercrafts. Furthermore, if the walls have thickened, they offer a

vertical buoyancy force, reducing the requirement for a high aerostatic force. The

designer has to strike a balance between these elements that meets the specific

requirements. There is an indentation in the water that complies with

Archimedes' Principle when a craft hovers over it, i.e., the hovercraft's weight is equal to

its volume times the density of the water. Similar to a displacement ship, the indentation

moves with the craft as it moves, creating transverse and divergent wave systems as well

as wave resistance. Of course, there is a significant decrease in sea friction, but there is

also an increase in air resistance and an additional force from the dipping skirt.

Fig 2.3: Chart Of Shaft Power Against Speed
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There comes a point at which the wave resistance abruptly decreases as the craft's velocity

increases and the indentation is unable to compensate. The craft's overall resistance is

represented by Fig. 2.3. One of the craft's main benefits is that it can easily accommodate

various power units, which makes high speed feasible. The three components that make up a

hovercraft's resistance to motion are as follows:

1. aerodynamic resistance, which changes as (velocity)^2 and comprises parts for the

vehicle and the cushion itself;

2. resistance that creates waves and diminishes to a negligible value at low speeds;

resistance that varies linearly with speed;

3. resistance that represents momentum. Due to the air being drawn into the craft leaving it

at zero velocity with respect to the craft, there is resistance because the air's overall

change in momentum is proportional to the craft's velocity.

2.4 DESIGN CONSIDERATION

Before the designing process of hovercraft began, we developed a list of criteria which would

guide us. Four important criteria that we must consider in designing a working model hovercraft

including the performance, practicality, manufacturability, economic concerns;
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No. Consideration Priority Comment

1 Performance Essential Must transport over land and water

2 Practicality Essential Must adhere to engineering standards

3 Manufacturability Essential Must be constructed with limited resources

4 Economic High Must minimize cost

The hovercraft's performance was very important. The device's ability to lift and move the

craft's weight was the primary criterion for performance. A major influence on the device's

design was economics. Thus, ease of manufacture and design simplicity prevailed. The hull

needs to be strong, light, float in the water, resistant to light abrasion, and able to support

mounting hardware for different system parts. The skirt needs to be completely detachable

from the hull without causing harm to the remainder of the craft, and it should be made of

lightweight, water-resistant fabric that is easy to tailor. Since there are no major

environmental concerns associated with the craft's production or use, environmental and

sustainability criteria had little influence on the device's design. The user's health and safety

were taken into account, though this had little effect on the design.

Furthermore, since hovercraft have been developed for a variety of purposes by numerous

societies across numerous countries, there aren't really any ethical, social, or political issues

that were taken into account.
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2.5 DESIGN CRITERIA

Design Criteria for a Scale Prototype Hovercraft:

• Performance Requirements:

Achieve a stable hover with a specified ground clearance.

Attain a reasonable forward speed.

Ensure maneuverability in various directions (forward, backward, sideways).

• Power System:

Select propulsion system (fans or propellers) capable of generating sufficient thrust.

Ensure the power system is compatible with the hovercraft's weight and size constraints.

• Skirt Design:

Design a skirt system that provides an effective air cushion while minimizing air leakage.

Ensure the skirt material is durable, flexible, and resistant to wear and tear.

• Structural Integrity:

Design a lightweight but structurally sound hull and frame.

Ensure the structure can withstand expected loads and impacts.

• Control Systems:

Develop a control system for maintaining direction
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• Testing and Validation:

Conduct thorough testing to validate performance, stability, and reliability.

• Cost and Manufacturing:

Keep manufacturing costs reasonable while ensuring quality and performance.

Utilize readily available materials and components where possible.

2.6 HOVERCRAFT DYNAMICS

I. Lift Generation: At the heart of hovercraft dynamics is the generation of lift. Unlike

conventional vehicles, hovercraft rely on a cushion of air to support their weight.

This air cushion is created by forcing air downwards through the skirt, which traps

the air beneath the vehicle, effectively lifting it off the ground. The skirt design is

critical in maintaining this cushion and preventing air leakage.

II. Propulsion: Hovercraft propulsion systems typically consist of one or more engines

driving fans or propellers. These systems serve a dual purpose: generating the air

cushion and providing forward thrust. The airflow generated by the propulsion

system not only lifts the hovercraft but also propels it in the desired direction.

Engineers must carefully balance thrust, airflow, and power requirements to ensure

efficient propulsion.

III. Stability: Achieving stability is essential for safe hovercraft operation. Stability in

hovercraft is influenced by various factors, including the distribution of weight, the
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design of the skirt, and the control system. Proper weight distribution helps

maintain balance and prevents the craft from

tipping over. The skirt design affects the airflow and cushion stability, while the

control system regulates altitude and attitude to keep the craft level.

IV. Control Systems: Hovercraft control systems play a critical role in maintaining

stability and maneuverability. These systems typically include sensors for

monitoring altitude, speed, and orientation, as well as actuators for adjusting thrust

and skirt pressure. Pilots or operators use control inputs to adjust the craft's attitude

and direction, while the control system continuously adjusts airflow and propulsion

to maintain stability.

V. Maneuverability: Hovercraft are known for their exceptional maneuverability,

allowing them to navigate tight spaces and rough terrain with ease. Their ability to

move in any direction, including sideways, is made possible by differential thrust

control and skirt pressure adjustments. This maneuverability is particularly useful

in applications such as search and rescue, where access to remote or inaccessible

areas is critical.

2.7 DESIGN AND SYNTHESIS OF A MODEL HOVERCRAFT

The design and synthesis of a model hovercraft involve the integration of various

engineering principles to create a functional and efficient vehicle capable of traversing

different terrains. This process encompasses aspects such as aerodynamics, propulsion,

structural design, and control systems.
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I. Requirements Analysis: The first step in the design process was to analyze the

requirements and specifications of the model hovercraft. This included

determining its intended use, payload capacity, speed, maneuverability, and

environmental considerations.

II. Design: Based on the requirements analysis, we developed conceptual designs for

the hovercraft, considering factors such as hull shape, propulsion system, skirt

design, and control mechanisms.

III. Propulsion System Selection: The choice of propulsion system was dependent on

factors such as power requirements, the weight constraints,

and desired performance. And propulsion systems we settled for was electric motors

to drive the fans and propellers.

IV. Skirt Design: The skirt is critical for creating the air cushion that allows the

hovercraft to float. We designed the skirt to be flexible, durable, and capable of

maintaining a seal with the ground surface. Skirt materials and geometry were

optimized to minimize air leakage and ensure stability.

V. Structural Design: The structural design of the hovercraft includes the hull, frame,

and support components. We ensured that the structure was lightweight and yet

sturdy enough to withstand operational loads and impacts.

VI. Control Systems Integration: Control systems are essential for maintaining

stability, and direction. These systems included a servo motor to precisely control

the rudder system.
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VII. . Testing and Optimization: The prototype hovercraft undergoes comprehensive

testing to evaluate its performance and identify any design flaws or areas for

improvement. Testing includes static tests, water trials, and dynamic maneuvers to

assess stability, maneuverability, and efficiency. Based on test results, iterative

changes may be made to optimize the design.

VIII. Final Evaluation and Refinement: After testing and optimization, the final model

hovercraft is evaluated against the initial requirements. Any necessary refinements

are made to ensure that the vehicle meets performance targets and operational

needs.

2.8 ADVANTAGES, LIMTATIONS AND AREAS OF IMPROVEMENTS

Hovercrafts represent a unique mode of transportation with distinct advantages, but they

also come with limitations and areas for improvement. Understanding these aspects is

crucial for optimizing their design and maximizing their potential across various

applications.

Advantages:

I. Versatility: One of the key advantages of hovercrafts is their ability to operate over

a variety of terrains, including water, land, mud, ice, and marshes. This versatility

makes them ideal for applications such as search and rescue, military operations,

and transportation in remote or inaccessible areas.

II. Minimal Infrastructure Requirements: Unlike traditional boats or vehicles,

hovercrafts do not require dedicated infrastructure such as roads, runways, or docks.
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They can travel over flat surfaces or bodies of water without the need for

specialized infrastructure, making them highly adaptable to different environments.

III. High Speed and Efficiency: Hovercrafts can achieve relatively high speeds

compared to other waterborne or off-road vehicles. Their air cushion reduces

friction, allowing for efficient movement over water or land, making them suitable

for rapid response and transportation over long distances.

IV. Low Environmental Impact: Hovercrafts have a relatively low environmental

impact compared to other forms of transportation. They distribute their weight over

a large area, minimizing damage to delicate ecosystems and reducing the risk of

soil erosion or habitat destruction.

V. Safe Operation in Shallow Waters: Hovercrafts can operate in shallow waters where

traditional boats or vehicles cannot navigate. This capability is particularly valuable

for search and rescue missions in coastal areas, marshlands, or river deltas.

Limitations:

I. High Power Consumption: Hovercrafts require significant power to maintain their

air cushion and propulsion systems. This high power consumption can limit their

range and endurance, especially for larger craft or when operating at high speeds.

II. Limited Payload Capacity: While hovercrafts can carry substantial loads, their

payload capacity is limited compared to other vehicles of similar size.

This limitation may restrict their use for transporting heavy cargo or large numbers

of passengers.
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III. Susceptibility to Weather Conditions: Hovercrafts are sensitive to weather

conditions such as high winds, waves, and rough terrain. Strong winds can affect

their stability and maneuverability, while rough seas or uneven surfaces may cause

instability or damage.

IV. Noise and Vibration: Hovercrafts can be noisy and produce vibrations, especially at

high speeds. This can be disruptive to passengers, crew, and wildlife in the vicinity,

limiting their use in noise-sensitive environments or residential areas.

V. Maintenance Requirements: Hovercrafts require regular maintenance to ensure

optimal performance and safety. Components such as skirts, propulsion systems,

and control mechanisms may experience wear and tear and require frequent

inspection and repair.

Areas of Improvement:

I. Efficiency Improvements: Developing more efficient propulsion systems, such as

hybrid or electric engines, can reduce power consumption and increase the range

and endurance of hovercrafts.

II. Payload Capacity Enhancement: Designing hovercrafts with improved structural

integrity and weight distribution can increase their payload capacity without

compromising stability or performance.

III. Weather Resilience: Enhancing hovercrafts' ability to withstand adverse weather

conditions through improved hull design, active stabilization systems, and advanced

navigation aids can improve their reliability and safety.
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IV. Noise Reduction: Implementing noise-reducing technologies such as quieter

propulsion systems, sound insulation, and vibration damping can mitigate the

environmental impact of hovercrafts and improve comfort for passengers and crew.

V. Automation and Control: Incorporating advanced automation and control systems

can improve hovercraft stability, maneuverability, and safety, reducing the reliance

on manual operation and enhancing overall performance.

VI. Materials and Manufacturing: Utilizing lightweight and durable materials, as well as

advanced manufacturing techniques such as additive manufacturing, can improve

hovercraft performance while reducing maintenance requirements and operational

costs.

2.9 APPLICATION OF HOVERCRAFT

Hovercraft technology has evolved significantly since its inception, finding diverse and

extensive applications across various industries and sectors. From transportation to military

operations, search and rescue missions to environmental research, hovercrafts have proven

to be versatile and invaluable assets in a wide range of scenarios. In this comprehensive

discussion, we delve into the extensive and detailed applications of hovercraft technology.

1. Transportation:

Hovercrafts play a vital role in passenger and cargo transportation, providing efficient and

versatile solutions in both civilian and commercial sectors. Their ability to traverse water,

marshes, ice, and rough terrain makes them ideal for:
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• Ferry Services: Hovercrafts operate as ferries, providing rapid and reliable

transportation across rivers, lakes, and coastal areas. They offer faster crossing times

compared to traditional vessels, reducing travel time and increasing accessibility for

passengers and vehicles.

• Tourism: Hovercrafts are utilized for eco-tours and sightseeing excursions in coastal

regions, marshlands, and natural reserves. Their ability to access remote and

environmentally sensitive areas provides tourists with unique and memorable

experiences while minimizing impact on fragile ecosystems.

• Logistics and Supply Chain: In remote or hard-to-reach areas, hovercrafts serve as vital

links in the supply chain, transporting goods, supplies, and equipment to areas with

limited infrastructure. They are particularly useful in regions prone to flooding, where

conventional transportation modes may be impractical or unavailable.

2. Search and Rescue Operations:

Hovercrafts are indispensable assets in search and rescue missions, offering unparalleled

access to areas where conventional vehicles or boats cannot reach.

Their ability to operate over water, land, and flooded terrain makes them invaluable for:

• Coastal Rescue: Hovercrafts swiftly respond to distress calls along coastlines,

providing rapid assistance to swimmers in trouble, stranded vessels, or individuals

stranded on islands or sandbars.

• Flood Response: During floods or natural disasters, hovercrafts navigate flooded areas

to rescue people, deliver essential supplies, and provide emergency medical aid. Their
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ability to operate in shallow water and over debris-laden terrain makes them essential

assets in flood-prone regions.

• Ice Rescue: In icy conditions, hovercrafts traverse frozen lakes and rivers to rescue

people or animals trapped on ice floes. Their ability to glide over thin ice without

becoming trapped or risking personnel safety is crucial in ice rescue operations.

3.Military and Defense:

Hovercraft technology has been adopted by militaries worldwide for various strategic and

tactical applications. Hovercrafts offer unique advantages in military operations, including:

• Amphibious Assault: Military hovercrafts facilitate rapid troop deployment from ships

to shore, bypassing beach obstacles and accessing shallow waters where conventional

vessels may be vulnerable to attack. They enable swift and stealthy amphibious assaults,

enhancing military capabilities in coastal regions.

• Surveillance and Reconnaissance: Hovercrafts equipped with surveillance systems

conduct patrols along coastlines, rivers, and marshlands, monitoring for illegal

activities, intrusions, or threats to national security. Their ability to operate in remote

and inaccessible areas provides valuable intelligence gathering capabilities.

• Humanitarian Missions: Military hovercrafts are deployed for humanitarian missions,

delivering aid supplies to disaster-affected areas and evacuating civilians from conflict

zones. Their versatility and capacity for rapid response make them invaluable assets in

disaster relief operations.
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4. Environmental and Scientific Research:

Hovercrafts contribute to environmental and scientific research by providing access to

remote or environmentally sensitive areas:

• Ecological Studies: Scientists utilize hovercrafts to study ecosystems in marshes,

wetlands, and coastal areas, allowing for non-intrusive observation and data collection.

Hovercrafts minimize habitat disturbance, enabling researchers to conduct

comprehensive ecological assessments.

• Wildlife Monitoring: Hovercrafts equipped with observation platforms and remote

sensing equipment monitor wildlife populations in their natural habitats. They facilitate

research on endangered species, migration patterns, and habitat utilization, contributing

to wildlife conservation efforts.

5. Commercial and Industrial Applications:

Hovercraft technology is utilized in various commercial and industrial sectors:

• Oil and Gas Industry: Hovercrafts transport personnel and equipment to offshore oil

rigs and platforms in remote or inaccessible locations. They provide reliable and

efficient access to offshore installations, reducing logistical challenges and enhancing

operational efficiency.

• Surveying and Mapping: Hovercrafts equipped with surveying equipment conduct

mapping and terrain analysis in coastal areas, marshlands, and other challenging

environments. They provide valuable data for infrastructure development,

environmental planning, and resource management.
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• Infrastructure Maintenance: Hovercrafts are employed for inspecting and maintaining

infrastructure such as pipelines, power lines, and levees in remote or hard-to-reach

areas. Their ability to access difficult terrain reduces the need for costly and time-

consuming ground transportation methods.

The application of hovercraft technology spans a diverse range of industries and sectors,

from transportation and rescue operations to military, environmental, and commercial

applications. Their versatility, efficiency, and ability to operate in challenging environments

make them indispensable assets in numerous scenarios worldwide. Continued research,

innovation, and development in hovercraft technology hold the promise of further

expanding their capabilities and applications, driving advancements in transportation,

exploration, and emergency response in the years to come.



37

CHAPTER THREE

METHODOLOGY

3.1 CREATION OF THE HOVERCRAFT

The hovercraft represents a versatile vehicle capable of traversing various terrains, including

both land and water. To ensure the successful development of a prototype hovercraft, a

meticulous design process is imperative. Utilizing advanced computeraided design (CAD)

software such as CATIA V5 can significantly aid in achieving our design objectives. Hence,

several critical parameters must be taken into account during the design phase, including:

• The rotational speed of the brushless DC motor.

• The dimensions and mass of the hovercraft chassis.

• Material selection for the hovercraft construction.

• Design specifications for the thrust duct.

• Evaluation of the thrust generated by the propeller.

Now that we have highlighted the above, we shall now have an elaborate look into them.
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1. The rotational speed of the brushless DC motor;

A brushless DC (BLDC) motor is an electric motor that operates using direct current (DC)

power. Unlike traditional brushed DC motors, which use brushes and a commutator to

control the flow of electricity to the motor's windings, BLDC motors utilize an electronic

commutation system. This system employs sensors or Hall effect devices to detect the

position of the rotor and determine the timing of the current switching in the motor's coils.

BLDC motors are known for their efficiency, reliability, and high power density. They offer

smoother operation, reduced maintenance requirements, and longer lifespan compared to

brushed DC motors. Additionally, BLDC motors are capable of delivering high torque

output over a wide range of speeds, making them suitable for various applications, including

robotics, automotive systems, industrial machinery, and aerospace technology. Overall,

brushless DC motors offer superior performance and versatility, making them a popular

choice for numerous applications where precise control, high efficiency, and reliability are

essential.

We utilized these special attributes of the BLDC and we employed them to generate the

power for the rotation of the propellers (lift and propulsion).

Now lets look at the specification of the brushless dc motor
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2. The dimensions and mass of the hovercraft chassis:

The mass of the hovercraft chassis plays a pivotal role in the overall design considerations,

primarily influencing two critical aspects: lift performance and obstacle traversal capability.

In aerodynamics and vehicle dynamics, the mass of the chassis directly impacts the lift

generated by the craft, a fundamental parameter determining its ability to hover above the

ground or water surface.

In the context of lift, the mass of the chassis affects the amount of air required to create an

adequate cushion beneath the craft. Heavier chassis necessitate greater airflow to generate
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the necessary lift force to counteract gravitational forces and elevate the craft. Conversely,

lighter chassis exert less demand on the propulsion system to generate lift, potentially

enhancing energy efficiency and maneuverability.

Moreover, the chassis mass significantly influences the hovercraft's ability to glide over

obstacles encountered during operation. A lighter chassis typically exhibits superior agility

and responsiveness when navigating uneven terrain, as it imposes less strain on the

propulsion system and reduces the likelihood of grounding or collision with obstacles.

Conversely, a heavier chassis may impede maneuverability and increase the risk of

instability or damage when traversing challenging surfaces.

In essence, optimizing the mass of the hovercraft chassis is imperative for achieving optimal

lift performance and obstacle traversal capabilities, thereby enhancing the overall

operational efficiency and effectiveness of the craft. This necessitates meticulous

consideration and engineering analysis during the design phase to strike a balance between

structural integrity, maneuverability, and performance requirements.

Secondly, the size of the hovercraft is a crucial factor in its design, with significant

implications for its overall functionality and performance. In simple terms, the dimensions

directly impact how much space is available inside the craft for fitting various components

and systems necessary for its operation.

One important consideration is how we allocate space for electronics, controls, and power

units. These include things like microcontrollers, sensors, and communication devices, all of

which need specific areas within the craft for proper installation. We have to carefully plan
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how these components are arranged to ensure easy access, prevent interference, and make

maintenance easier.

Additionally, the dimensions affect how the hovercraft performs in the air and on the water.

Factors like length, width, and height influence things like how smoothly it moves, how

stable it is, and how easily it can turn. We need to take all of this into account to make sure

the craft performs well in different situations.

By accurately assessing how much space we have to work with, we can design the craft to

meet these requirements while still maintaining its structural integrity and stability. And

also, by carefully analyzing and refining the design, we were able to strike the right balance

between space requirements, functionality, and performance to create a hovercraft that

meets our needs effectively.
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The overall length of the hovercraft including the skirt is approximately 67cm. while the

overall width is about 34cm.
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3.2 MATERIAL SELECTION FOR THE HOVERCRAFT CONSTRUCTION

In the process of material selection for the hovercraft components, our primary focus

was on acquiring a material a combination of lightweight, corrosion resistance, formability,

thermal conductivity, recyclability, and cost-effectiveness which was aluminum. Aluminum

is a true champion in hovercraft construction, and its importance cannot be overstated.

Here's why it's a top pick:

1. Lightweight Advantage: Hovercraft need to be lightweight to maximize lift and

minimize energy consumption. Aluminum's exceptional strength-to-weight ratio makes it

ideal for this purpose. It ensures the craft stays afloat efficiently without excessive weight

dragging it down.

2. Corrosion Resistance: Operating in diverse environments, hovercraft is exposed to

moisture, saltwater, and other corrosive elements. Aluminum's natural oxide layer

provides excellent corrosion resistance, ensuring durability and longevity even in harsh

conditions.

3. Malleability and Formability: Aluminum is incredibly malleable and formable,

allowing manufacturers to create complex shapes and designs crucial for aerodynamic

efficiency and structural integrity in hovercraft construction. This flexibility in shaping

enables designers to optimize the craft's performance.

4. Thermal Conductivity: Hovercraft engines generate significant heat, and efficient heat

dissipation is critical for performance and safety.
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Aluminum's high thermal conductivity helps in dispersing heat quickly, preventing

overheating and ensuring smooth operation.

5. Ease of Fabrication: Aluminum is relatively easy to work with compared to other

materials like steel or titanium. Its machinability and weldability streamline the

manufacturing process, reducing production time and costs.

6. Cost-Effectiveness: While aluminum may have a higher initial material cost than some

alternatives, its numerous benefits, including low maintenance requirements and

longevity, make it a cost-effective choice over the long term.

Aluminum's lightweight nature, strength, and corrosion resistance make it highly suitable

for hovercraft construction, enabling efficient lift, structural stability, and durability in

various operating conditions.

Property Explanation

Lightweight

Nature

Aluminium is significantly lighter than many other metals, which is crucial

for hovercraft to achieve efficient lift and manoeuvrability while

minimizing energy consumption.

Strength Despite being lightweight, aluminium exhibits impressive strength,

ensuring structural integrity and safety of the hovercraft under operational

loads.

Corrosion

Resistance

Aluminium naturally forms a protective oxide layer, providing excellent

resistance to corrosion from moisture and saltwater, essential for durability

in marine environments.

Key steps taken to the material selection of aluminum is the most suitable choice:
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1. Identified Requirements: We began by understanding the specific requirements of the

hovercraft, including desired performance characteristics, operational conditions, payload

capacity, and environmental factors.

2. Researched and Analyzed: We conducted comprehensive research on various materials

suitable for hovercraft construction, including aluminum and alternatives like fiberglass,

carbon fiber, or composite materials. We analyzed the properties and characteristics of each

material, focusing on factors such as weight, strength, corrosion resistance, formability, cost,

and availability.

3. Screened Materials: We screened and compared the materials based on their suitability for

meeting the identified requirements. We considered factors such as the weight-to-strength

ratio, durability, ease of fabrication, thermal conductivity, and compatibility with

manufacturing processes.

4. Conducted Feasibility Study: We evaluated the feasibility of using aluminum for hovercraft

construction by assessing its compatibility with the design specifications, manufacturing

techniques, and budget constraints. We considered any potential limitations or challenges

associated with using aluminum in the context of hovercraft construction.

5. Tested and Validated: We conducted material testing and validation to ensure that

aluminum met the performance and durability requirements
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of the hovercraft. We tested the material under simulated operating conditions, including

exposure to water, salt spray, and thermal cycling, to assess its corrosion resistance and

structural integrity.

6. Evaluated Suppliers: We identified reputable suppliers of aluminum materials and assessed

their reliability, quality standards, lead times, and pricing. We established partnerships with

suppliers capable of providing the required aluminum alloys in the necessary quantities and

specifications.

7. Integrated Design: We integrated the selected aluminum material into the hovercraft design,

considering factors such as component compatibility, assembly requirements, and structural

reinforcement. We collaborated with engineers and designers to optimize the design for

maximum performance and efficiency using aluminum components.

8. Continuously Improved: We continuously monitored and evaluated the performance of

aluminum components in the hovercraft during testing and operation. We implemented

design refinements and material enhancements as needed to address any performance issues

or optimize the hovercraft's overall performance and durability.

In our quest to optimize the performance of our hovercraft, we embarked on a meticulous

examination of the thrust duct's dimensions. we carefully considered the relationship

between duct length and the pitch of the propeller blades – a critical factor in propulsion

efficiency.
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Through rigorous research and questioning, we discovered that extending the length of the

thrust duct beyond the pitch of the blade yielded significant enhancements in thrust

generation. This observation stemmed from the fundamental principles of fluid dynamics,

where increased duct length correlates with a proportional increase in the acceleration and

velocity of the airflow passing through it.

By strategically lengthening the thrust duct, we effectively augmented the dwell time of the

airflow within the duct, allowing for greater interaction between the propeller's rotational

motion and the surrounding air. This prolonged interaction facilitated more efficient energy

transfer, resulting in heightened thrust output from the rotor.

In essence, our decision to extend the thrust duct was rooted in a nuanced understanding of

fluid mechanics and propulsion dynamics. It was a deliberate engineering choice aimed at

maximizing the performance potential of our hovercraft, ultimately contributing to its

overall efficiency and operational effectiveness.
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3.3 EVALUATION OF THE THRUST GENERATED BY THE PROPELLER

In our pursuit of precision and accuracy in thrust calculation for our hovercraft project, we

drew upon a comprehensive prior study MATEC Web of Conferences

215, 01013 (2018) ICTIS 2018

(https://doi.org/10.1051/matecconf/201821501013) which focused specifically on the

intricacies of thrust calculation in ducted fans. Leveraging the insights and methodologies

outlined in this seminal work, we were equipped with a robust framework to guide our own

calculations effectively.

By harnessing the wealth of knowledge distilled from the previous study, we streamlined

our approach to thrust calculation, simplifying the process while ensuring its reliability and

validity. Rather than reinventing the wheel, we opted to leverage the established principles

and equations tailored to the unique dynamics of ducted fan systems.

In practical terms, this involved inputting our specific parameters – such as fan diameter,

rotational speed (RPM), and other pertinent variables – into the preexisting thrust

calculation model. By doing so, we could derive accurate estimations of thrust output

tailored to the specifications of our hovercraft design.

This methodological approach not only expedited the thrust calculation process but also

instilled confidence in the accuracy of our results. By building upon the foundation laid by

previous research endeavors, we fortified the scientific rigor underpinning our engineering

analyses, thereby enhancing the credibility and robustness of our hovercraft project.

From the data of the study on the reference report we used the following were obtained.
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A thrust and Rotor Speed Relationship

Table 3.1 Table 3.2
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rotor parameters were measured only by self-loading weighing 165 grams.

Overall, the results are shown in Table 3.2

Calculations for the 5inch propulsion propeller:

By using 1400 KV / 5 Volt BLDC motor and blade which is has a radius r 0.12 m, and then

according to equation

Ct= 2.T/(π.ρ.r2 .v2 )

is obtained by the thrust coefficient (Ct) according to the wind speed as shown in the Table

3.2 Where:

Ct is thrust coefficient; T is rotor thrust; π is 3.14; ρ is the density of air = 1.225; r is the

radius of the blade; v is airspeed.

Total thrust Airspeed π ρ radius r Coefficient Thrust

(Newton) (m/s) (m) (Ct)

0 0 0 0 0 0

1.225 5.5 3.14 1.225 0.12 1.462219 1.255 5.9 3.14 1.225 0.12

1.270673

1.284 6.0 3.14 1.225 0.12 1.287646

1.568 6.2 3.14 1.225 0.12 1.47287

2.254 6.5 3.14 1.225 0.12 1.926322

2.597 7.0 3.14 1.225 0.12 1.913717

Average Ct = 1.723486
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various factors contribute to the convertible results, including the dimensions and

configuration of the blade, gravitational forces exerted by the Earth, air density, and

dynamic environmental variables. Given the specified conditions for the blade and an

ambient temperature of 27 degrees Celsius, a rotor coefficient (Ct) of 1.723 is attained.
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3.4 BILL OF MATERIAL(BOM):
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Isometric views of the hovercraft model
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Some components are not visually represented in the CAD model due to the complexity of

illustrating them. Nevertheless, comprehensive details of all components are provided below.

• 7inch Lift propeller: This propeller creates a high-velocity airflow underneath the

hovercraft, which creates a pressurized air cushion. This air cushion effectively lifts the

hovercraft, allowing it to hover above the ground or water without making direct contact.

By producing the required lift, the propeller enables the hovercraft to maneuver over

various terrains, including land, water, ice, or other surfaces, providing the essential

capability for mobility and versatility.

• 5inch propulsion propeller: This propeller draws in air from the surroundings and expels

it at high velocity behind the hovercraft, creating a reactive force that propels the craft

forward. By directing the airflow rearward, the propulsion propeller generates thrust that
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enables the hovercraft to move in the desired direction, allowing for controlled

navigation and movement across different surfaces.

• Servo motor: the servo motor serves the critical function of providing accurate and

controlled angular displacement, essential for steering and maneuvering the hovercraft.

Through a meticulously designed series of mechanical linkages and control systems, the

servo motor translates electrical signals into precise rotational motion, allowing for the

adjustment of the rudder position. This precise control over the rudder enables the

hovercraft to effectively change direction and navigate various environments with

accuracy and stability. The servo motor's ability to maintain specific angular positions in

response to input signals ensures optimal steering performance, contributing to the

overall agility and responsiveness of the hovercraft. Additionally, the servo motor's

reliability, speed, and torque characteristics are carefully considered to meet the
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demanding requirements of hovercraft operation, ensuring smooth and efficient control

of the craft's directionality.

• The Arduino microcontroller: The Arduino board serves as the central control unit

responsible for coordinating and managing the operation of various components within

the hovercraft system. Acting as the brain of the system, the Arduino board executes

programmed instructions and algorithms to regulate the behavior of motors, sensors,

actuators, and other peripheral devices. Through a combination of input signals, sensor

data processing, and output commands, the Arduino board facilitates real-time control

and automation of critical functions such as propulsion, steering, stability, and

communication.
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Furthermore, the Arduino board provides a versatile and flexible platform for

implementing custom control logic and decision-making algorithms tailored to the

specific requirements of the hovercraft application. Its programmable nature allows for

the integration of sophisticated control strategies, feedback loops, and sensor fusion

techniques to enhance performance, efficiency, and safety.

• The Electronic speed controller(ESC): The Electronic Speed Controller (ESC) serves as

a crucial component in the propulsion system of electrically powered vehicles, including

hovercraft. Its primary function is to regulate the speed and direction of electric motors

by controlling the power supply to them.

Speed Control: The ESC modulates the amount of electrical power supplied to the motor

based on input commands from the control system. By adjusting the voltage and current

delivered to the motor, the ESC regulates the rotational speed of the motor, thereby

controlling the speed of the hovercraft
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Direction Control: In addition to regulating speed, the ESC also manages the direction

of rotation of the motor. By controlling the polarity of the electrical signals sent to the

motor, the ESC can reverse the direction of rotation, enabling the hovercraft to move

forward, backward, or turn.

Motor Protection: ESCs often incorporate protective features such as overcurrent

protection, overtemperature protection, and voltage regulation to prevent damage to the

motor and ESC itself. These safety mechanisms help ensure the longevity and reliability

of the propulsion system.

Compatibility: ESCs are designed to work with specific types of motors and power

sources. They are available in various configurations to accommodate different motor

types (brushed or brushless) and power ratings. Additionally, ESCs may include

compatibility with different control protocols, such as PWM (Pulse Width Modulation)

or BLDC (Brushless DC) control signals.
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Wires, LED bulbs, and resistors: these are important circuitry elements that connects

various components in the hovercraft together
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• The RC (Radio Control) transmitter and receiver: form a fundamental part of the remote

control system used to operate various types of vehicles, including hovercraft. Below are

functions:

Transmitter Function:

Control Signal Generation: The RC transmitter generates control signals corresponding to

the movement commands input by the user. These signals are typically in the form of

modulated radio waves and are transmitted wirelessly to the receiver unit onboard the

hovercraft.

Channel Configuration: RC transmitters feature multiple control channels, each dedicated to

a specific function such as throttle, steering, pitch, roll, and auxiliary functions. Users

manipulate control sticks, switches, or buttons on the transmitter to generate signals for

different channels, thereby controlling various aspects of the hovercraft's operation.

Signal Modulation: The transmitter modulates the control signals onto a carrier frequency

suitable for transmission over radio waves. Common modulation techniques include

Amplitude Modulation (AM), Frequency Modulation (FM), and Spread Spectrum

Modulation (e.g., Frequency-Hopping Spread Spectrum or FHSS).

Power Control: RC transmitters may include options to adjust the power output of the

transmitted signals, allowing users to optimize range and signal strength based on

environmental conditions and operational requirements.

Receiver Function:
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Signal Reception: The RC receiver mounted on the hovercraft receives the modulated radio

signals transmitted by the RC transmitter. It demodulates the received signals to extract the

original control information encoded by the transmitter.

Channel Decoding: The receiver decodes the received signals into individual control

channels corresponding to specific functions. Each channel carries information about the

desired position or state of a particular control element, such as throttle, steering servo, or

auxiliary devices.

Pulse Processing: In digital RC systems, the receiver processes pulse-width modulated

(PWM) or pulse-position modulated (PPM) signals representing the desired positions or

commands for each control channel. It converts these signals into electrical signals suitable

for driving servo motors, electronic speed controllers (ESCs), or other actuators onboard the

hovercraft.

Signal Amplification and Filtering: The receiver may amplify and filter the received signals

to enhance signal quality, minimize interference, and ensure reliable operation in

challenging RF environments.

Output Control: The receiver outputs control signals to the respective actuators or electronic

components onboard the hovercraft, translating user inputs from the transmitter into

physical movements, adjustments, or operational states.
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• Rudder :the rudder works as a steering wheel of a any vehicle. The direction of rudder Is

the primary control of the hovercraft direction by moving opposite direction of the

deflecting the air hitting the rudders. Rudders are fitted with the duct in the back of the

hovercraft. This will allow control over the normal direction of movement with a

maximum degree of 30-45 degrees. It is made of

PLA in our project same as chassis material
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• The lipo 11s Battery: The LiPo (Lithium Polymer) 11S battery serves as the primary

power source for the hovercraft, providing the electrical energy necessary to operate its

various systems and components. The main functions of the LiPo 11S battery in the

hovercraft include:

1 Powering Propulsion: The LiPo battery supplies electricity to the propulsion system,

which includes the motors or engines responsible for generating thrust to propel the

hovercraft forward or backward.

2 Operating Electronics: The battery powers onboard electronics, including control

systems, sensors, communication devices, and navigation instruments. These

electronics play crucial roles in controlling the hovercraft's movement, monitoring

performance, and ensuring safe operation.

3 Energizing Servo Motors: Servo motors, which are used for controlling the hovercraft's

rudder, throttle, or other movable components, rely on electrical power from the battery

to function. The battery supplies the necessary voltage to drive the servo motors and

achieve precise angular displacement for control purposes.

4 Providing Backup Power: In some configurations, the LiPo battery may serve as a

backup power source or provide auxiliary power for essential systems in case of

primary power failure or emergencies. This ensures continuity of operation and

enhances overall reliability.

5 Supporting Onboard Accessories: The battery may also power auxiliary accessories or

devices mounted on the hovercraft, such as lights, cameras, or communication

equipment. These accessories may require electrical energy to operate and perform

their respective functions.
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Overall, the LiPo 11S battery plays a critical role in the operation of the hovercraft by

supplying electrical power to drive propulsion, operate electronics, control mechanisms, and

support various onboard systems and accessories. Its high energy density, lightweight

design, and rechargeable nature make it an ideal choice for powering modern hovercraft

applications.

3.5 MECHANICAL STRUCTURE AND DESIGN

The fabrication of the hull and structure of a small-scale hovercraft involved careful

planning, precise fabrication techniques, and attention to detail to ensure the craft's

structural integrity, buoyancy, and performance.

Aluminum, known for its lightweight, corrosion-resistant, and durable properties, is a

popular choice for constructing hovercraft hulls and structures.

Below is a comprehensive guide to the fabricating of the hull and structure of a prototype

small-scale hovercraft using aluminum:
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1. Design and Planning:

• Begin by creating a detailed design of the hovercraft, including the dimensions, shape,

and features of the hull and structure.

• Determine the required thickness of the aluminum sheets based on the size of the

hovercraft and intended use.

• Plan the layout of the hull panels, support frames, and other structural components to

optimize strength and weight distribution.

2. Material Preparation:

Obtain high-quality aluminum sheets with the appropriate thickness for the hull and

structural components.
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Cut the aluminum sheets to the required dimensions using a bandsaw, jigsaw, or CNC

cutting machine.

Deburr and smooth the edges of the aluminum panels to ensure a clean and precise fit

during assembly.

3. Hull Fabrication:

Begin by assembling the hull panels using techniques such as welding, riveting, or adhesive

bonding.

.
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4. Structural Frame Assembly:

Fabricate the structural frame components, such as ribs, and support beams, from aluminum

tubing or extrusions.

Assemble the frame components using mechanical fasteners, ensuring alignment and

squareness.

Attach the structural frame to the hull using fasteners, reinforcing key connection points for

added strength.

5. Surface Preparation and Finishing:

Grind and sand the joints to create smooth and uniform surfaces, removing any

imperfections or sharp edges.

Apply a protective coating or paint to the aluminum surfaces to prevent corrosion and

improve aesthetics.

Optionally, add non-skid coatings or textures to areas where traction is required, such as

walkways or deck surfaces.
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3.6. SKIRT DESIGN

The design and assembly of the hovercraft skirt are critical components in ensuring the

craft's stability, buoyancy, and efficiency. The skirt serves to create the air cushion that

allows the hovercraft to float above the surface, minimizing friction and enabling smooth

movement over water, land, or other terrain.

a. Conceptualization:

The skirt design process begins with conceptualization, where engineers determine the type

of skirt suitable for the hovercraft's intended use and operational environment. Common

skirt types include bag skirts, segmented skirts, and finger skirts. But for our model we will

be using the bag skirt
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b. Material Selection:

The choice of skirt material is crucial for durability, flexibility, and air retention.

Common materials include reinforced rubber, polyurethane-coated fabrics, and PVC-coated

nylon. Factors such as abrasion resistance, weight, and cost are considered when selecting

the material.

c. Shape and Dimensions:

Skirt is a basic part of the hovercraft. Lifting process depends on cushioning the air using

the skirt which surrounds the hull of the craft so as to keep the air inside the cushion area.

After some initial investigation it was found that there were three different types of

hovercraft skirt which could be used:

1. Bag Skirt: The simplest skirt to design and manufacture. Best suited to

multiterrain cruising hovercraft.

2. Finger Skirt: This design is more complex than the bag skirt. This is best suited to

light racing hovercraft due to its low coefficient of drag. Design also requires the use of an

air chamber to evenly distribute the air into each finger section.

3. Bag and Finger Skirt: The most complex skirt to manufacture. This design makes

the best of both the bag and finger skirts; low drag and multi-terrain capability
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d. Attachment Mechanism:

Determine the method of attaching the skirt to the hovercraft hull, ensuring a secure and

watertight connection. Options include welding, bolting, or adhesive bonding, depending on

the skirt and hull materials.

Skirt Assembly:

a. Cutting and Shaping:

Cut the skirt material to the required dimensions based on the design specifications.

Precision cutting ensures uniformity and consistency in the skirt's shape and size.

b. Seaming and Bonding:
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Join the skirt panels together using heat sealing, stitching, or adhesive bonding, depending

on the material. Reinforce seams with additional layers or tapes to improve strength and

durability. c. Attachment Points:

Install attachment points along the skirt perimeter for securing it to the hovercraft hull.

These may consist of straps, brackets, or fasteners, depending on the skirt and hull design.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Testing and Analysis

1. Performance Testing: The prototype underwent various tests to evaluate its performance,

including lift, thrust, maneuverability, and stability. Where we tested it on water and

various terrains including mud.
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2. Skirt Effectiveness: The effectiveness of the bag skirt in maintaining the air cushion was

assessed by observing the hovercraft's ability to lift off the ground and glide smoothly

over obstacles.

3. Control System Evaluation: The responsiveness and accuracy of the control system,

including the servo motor for rudder control and the RC transmitter and receiver, were

evaluated during testing.

4.2 Results:

The prototype demonstrated satisfactory lift and thrust, allowing it to hover above the

ground with a hover height of about 2.5cm and move in the desired direction.

The bag skirt effectively maintained the air cushion, enabling the hovercraft to glide

smoothly over various surfaces.
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The control system provided precise steering control, allowing the hovercraft to maneuver

effectively.

Overall, the small-scale hovercraft prototype successfully demonstrated the feasibility of the

design concept and provided valuable insights for future development.

4.3 DISCUSSION

The successful testing of the prototype hovercraft marks a significant milestone in its

development journey, signifying a step forward in achieving its intended functionality and

performance. The comprehensive testing regimen conducted on the craft provided valuable

insights into its capabilities and highlighted areas for improvement to maximize its

effectiveness in various operational scenarios. Despite demonstrating notable successes,

several limitations were identified, primarily related to battery capacity and skirt design,

which present opportunities for further refinement and optimization.

Success of the Prototype:

The prototype hovercraft exhibited commendable performance across multiple parameters

during testing. Its stability, a crucial aspect of hovercraft operation, was exemplary,

demonstrating the craft's ability to maintain control over diverse terrains including water,

land, and marshy areas. Furthermore, the craft's maneuverability was exceptional, allowing

for precise navigation and agile turns, essential for effective operation in dynamic

environments. The propulsion system performed reliably, delivering sufficient thrust to

achieve desired speeds and responsiveness, indicating the efficacy of the design and

fabrication processes employed in constructing the hovercraft.
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Identified Limitations:

Despite its success, the testing phase revealed several limitations that require attention for

further enhancement of the hovercraft's capabilities:

1. Limited Battery Life:

The primary limitation observed was the hovercraft's battery, which exhibited insufficient

capacity, resulting in a relatively short operational time before requiring recharging. This

limitation restricts the craft's usability for extended missions or continuous operation over

prolonged periods, impacting its range, endurance, and overall effectiveness.

2. Skirt Design Improvement:

The skirt design, while functional, revealed room for improvement during testing.

Although it effectively created an air cushion, there were instances of air leakage and

instability, particularly in rougher terrain. This compromise in efficiency and performance

necessitates further optimization to enhance sealing, durability, and overall effectiveness of

the hovercraft.

Areas for Improvement:

1. Battery Technology Enhancement:

Addressing the limitation of limited battery life requires exploration of advancements in

battery technology. High-energy-density batteries, such as lithium-ion or lithium-polymer

cells, hold promise in offering increased capacity and longer operational times without

significantly adding to the craft's weight or size. Additionally, incorporating regenerative
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braking systems or solar panels for onboard charging could extend the hovercraft's range

and endurance, further enhancing its operational capabilities.

2. Skirt Design Optimization:

Improvements in skirt design are essential to maximize the hovercraft's efficiency and

stability. This may involve:

Experimenting with different skirt materials and configurations to improve air retention and

reduce air leakage.

Implementing reinforced seams and attachment points to enhance durability and resistance

to wear.

Introducing adjustable skirt systems or active control mechanisms to optimize skirt pressure

and maintain stability across varying terrain conditions.

Conducting additional computational fluid dynamics (CFD) simulations and realworld

testing to fine-tune the skirt design and ensure optimal performance in diverse operating

environments.

In conclusion, while the successful testing of the prototype hovercraft represents a

significant achievement, the identified limitations underscore the need for continuous

improvement and innovation. By addressing these challenges through advancements in

battery technology and skirt design optimization, the hovercraft can achieve greater

efficiency, reliability, and usability, further solidifying its position as a valuable asset in

various applications and industries. Through a commitment to refinement and optimization,
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the hovercraft can realize its full potential and contribute significantly to the advancement

of hovercraft technology and its widespread adoption in practical use cases.
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CHAPTER 5

CONCLUSION

5.1 INTRODUCTION:

The development of the prototype hovercraft represents a culmination of rigorous design,

fabrication, and testing efforts aimed at creating a versatile and efficient transportation

solution. From conceptualization to prototype construction and testing, the project has

involved meticulous planning, innovative engineering, and iterative refinement to achieve

its objectives. As the project nears its conclusion, it is essential to reflect on the journey,

acknowledge successes, identify limitations, and provide recommendations for future

enhancements.

5.2 CONCLUSION

The successful testing of the prototype hovercraft marks a significant milestone in its

development journey, showcasing its capabilities and potential for various applications. The

craft demonstrated commendable stability, maneuverability, and propulsion efficiency,

validating the effectiveness of the design and fabrication processes employed. However,

several limitations were identified during testing, highlighting areas for improvement to

enhance the craft's performance, reliability, and usability.

The primary limitation observed was the hovercraft's limited battery life, which hindered its

operational time and range. To address this challenge, advancements in battery technology,

such as high-energy-density lithium-ion or lithium-polymer cells, should be explored to

extend operational duration and enhance endurance. Additionally, integrating regenerative
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braking systems or solar panels for onboard charging could further optimize energy

efficiency and sustainability.

Another area for improvement is the skirt design, which exhibited instances of air leakage

and instability, particularly in rough terrain. Enhancements in skirt material, configuration,

and attachment mechanisms are essential to maximize air retention, durability, and overall

effectiveness. Implementing reinforced seams, adjustable skirt systems, and active control

mechanisms can optimize performance and ensure stability across varying operating

conditions.

Despite these limitations, the successful testing of the prototype hovercraft underscores its

potential as a versatile and efficient transportation solution. With continued refinement and

optimization, the hovercraft can overcome existing challenges and emerge as a valuable

asset in various industries and applications. Its ability to traverse water, land, and marshy

areas with ease makes it well-suited for tasks such as search and rescue, transportation,

military operations, and environmental research.

5.3 RECOMMENDATIONS

1. Further Research and Development: Invest in continued research and development to

explore advancements in battery technology, skirt design, and overall hovercraft

performance. Collaborate with experts in materials science, propulsion systems, and

aerodynamics to identify innovative solutions and enhance the craft's capabilities.

2. Iterative Testing and Optimization: Conduct iterative testing and optimization to

validate design improvements and ensure compatibility with real-world operating
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conditions. Utilize computational modeling, simulation, and prototyping to refine key

components and subsystems before full-scale implementation.

3. Collaboration and Partnerships: Foster collaboration with industry partners, academic

institutions, and government agencies to leverage expertise, resources, and funding

opportunities. Establish strategic partnerships to accelerate innovation, facilitate

technology transfer, and expand market reach.

4. Market and Application Exploration: Explore diverse market opportunities and

applications for the hovercraft, including transportation, emergency response, military

operations, and environmental monitoring. Tailor the craft's design and features to meet

specific industry needs and regulatory requirements.

In conclusion, the successful development and testing of the prototype hovercraft represent

a significant achievement, laying the foundation for future advancements in hovercraft

technology. By addressing identified limitations and implementing recommended

enhancements, the hovercraft can fulfill its potential as a versatile, efficient, and sustainable

mode of transportation for various industries and applications. With ongoing commitment to

innovation and collaboration, the hovercraft has the potential to revolutionize mobility and

address pressing societal and environmental challenges in the years to come.
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