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PREFACE

This thesis is the culmination of the work conducted as a graduate student in the Department
of Mechanical Engineering at Altinbas University. The focus of this thesis is on the ground

effect during the take-off of aircraft launched from aircraft carriers.

In order to understand and analyse the effects of wind speed and ship speed on the take-off
process, a model was developed using MATLAB Simulink, and this topic was examined in
detail. This study aims to comprehend the aerodynamic and physical challenges faced by
aircraft during take-off from aircraft carriers and to provide valuable insights for future

aircraft carrier designs and operations.
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ABSTRACT

MODELING AND SIMULATING AIRCRAFT TAKEOFF
PERFORMANCE ON AIRCRAFT CARRIERS

YILMAZ, Mirag

M.Sc. Mechanical Engineering, Altinbas University,
Supervisor: Asst. Prof. Dr. Yaser ALAIWI
Date: 06/2024
Pages: 119

Aircraft carriers are strategically significant military platforms in today's world and
constitute crucial elements that bolster the strength of naval forces. They provide maritime
mobility, enabling the execution of various missions, particularly playing critical roles in
tasks such as air defense, sea control, attack operations, and humanitarian aid. Aircraft
carriers contribute to the achievement of strategic objectives such as ensuring air superiority

and controlling maritime regions.

Catapult systems, a significant component of aircraft carriers, are utilized to accelerate the
takeoff of aircraft and ensure their safe ascent from the vessel. These systems facilitate
operational flexibility and efficiency by enabling aircraft to accelerate and take off over short
distances. Catapult systems enhance the operational capacity of aircraft carriers by enabling

aircraft to take off with heavier loads and over shorter distances.

In line with this, within the scope of the thesis, suitable aerial vehicles for aircraft carriers
have been modelled using MATLAB Simulink, and the accuracy of theoretical information
has been observed. This research represents an important step in understanding the effects
of catapult systems, a critical aspect of aircraft carriers, and aims to provide valuable

contributions to future aircraft carrier designs.

Keywords: Aircraft Carriers, Catapult System, MATLAB, Modelling, CFD.
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OZET

UCAK GEMILERINDE UCAK KALKIS PERFORMANSININ
MODELLENMESI VE SIMULASYONU

YILMAZ, Mirag
M.Sc. Makine Miihendisligi, Altmbas Universitesi,
Tez Danigmani: Dr. Ogr. Uyesi Yaser ALAIWI
Tarih: 06/2024
Sayfa Sayisi: 119

Gliniimiiz diinyasinda ugak gemileri stratejik olarak onemli askeri platformlardir ve deniz
kuvvetlerinin giiciinii artiran kritik unsurlar arasinda yer alir. Deniz hareketliligi saglarlar ve
ozellikle hava savunmasi, deniz kontrolii, saldir1 operasyonlar1 ve insani yardim gibi ¢esitli
gorevlerin icrasinda 6nemli roller iistlenirler. Ugak gemileri, hava tistiinliigiiniin saglanmasi

ve deniz bolgelerinin kontrolii gibi stratejik hedeflerin gergeklestirilmesine katkida bulunur.

Mancinik sistemleri, ucaklarin daha agir yiiklerle ve daha kisa mesafelerden kalkis
yapabilmesini saglayarak ugak gemilerinin operasyonel kapasitesini artirir ve gemiden
giivenli bir sekilde havalanmalarini saglamak i¢in kullanilir. Bu sistemler, ucaklarin kisa
mesafelerde hizlanarak kalkis yapmalarina olanak taniyarak operasyonel esneklik ve

verimlilik saglar.

Bu dogrultuda, tez kapsaminda ugak gemileri i¢in uygun hava araglart MATLAB Simulink
kullanilarak modellenmis ve teorik bilgilerin dogrulugu gézlemlenmistir. Bu arastirma, ugak
gemilerinin kritik bir yonii olan mancinik sistemlerinin etkilerini anlamada 6nemli bir adimi
temsil etmekte olup, gelecekteki ucak gemisi tasarimlarina degerli katkilar saglamay:

amaclamaktadir.

Anahtar Kelimeler: Ucak Gemileri, Mancinik Sistemi, MATLAB, Modelleme, CFD.
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1. INTRODUCTION

1.1 PURPOSE OF THIS RESEARCH

This thesis aims to investigate the phenomenon of ground effect during aircraft take offs on
aircraft carriers. Specifically, it will conduct detailed analyses of the effects of ground effect
on the take-off of the light combat aircraft (LCA) under different speeds and catapult lengths

when taking off from an aircraft carrier.

This study endeavors to contribute to a better understanding of ground effect, which is a
critical element in the safety and efficiency of aircraft carrier operations. The findings may
have a significant impact on future aircraft carrier design and operational strategies, while
also providing valuable insights to enhance the operational capabilities. This thesis aims to
contribute to the body of knowledge in military aviation by offering design
recommendations and engineering solutions for optimizing ground effect in aircraft carrier
take offs.

1.2 GENERAL INFORMATION ABOUT AIRPLANES

An airplane is a powered air vehicle and aircraft that can stay aloft and ascend in the air by
creating a pressure difference between the upper and lower surfaces of wing-profiled
components, primarily the wings, thanks to the airflow [1], [2]. Airplanes operate based on
aerodynamic principles. They generate lift by creating low pressure on the upper surface of
the wings and high pressure on the lower surface. Many types of aircraft, whether powered
by piston engines or jet engines and featuring fixed wings, belong to the category of
airplanes. In today's context, the fundamental airplane types are known as passenger aircraft,
fighter aircraft, and cargo aircraft, with specialized aircraft customized for various

geographic conditions also existing.

Passenger Aircraft: These are aircraft used for transporting passengers and are typically
employed by commercial airlines.
Cargo Aircraft: These planes are used for carrying cargo and freight and play a significant

role in commerce and logistics.



Military Aircraft: They are used for defense purposes. Various types fall under this category,
including fighter aircraft, bomber aircraft, and transport aircraft.

Private Aircraft: These are aircraft used for individual purposes, such as personal use or
business jets.

The main components of an aircraft are the wings, which provide lift to keep it airborne, the
tail that stabilizes the wings, flight controls that alter the aircraft's attitude and position, and
the propulsion system, including the aircraft's engines and propellers, which provide the
necessary thrust [3]. The fuselage houses passengers and cargo, while the cockpit

accommodates the flight crew and flight systems.

1.2.1 Parts of the Aircraft and Their Functions

VERTICAL
STABILIZER
(FIN)

HORIZONTAL
AILERON STABILIZER

RUDDER

ENGINE
EXHAUST

ELEVATOR

ENGINE ENGINE
AIR INLET NACELLE

RADOME
FAIRING GEAR

NOSE
LANDING ANID405
GEAR

Figure 1.1: Principal Structural Units on an F-14 Aircraft [1].
1.2.1.1 Fuselage

The fuselage is the main structure of an aircraft, typically cylindrical in shape, that houses
the crew, passengers, cargo, and other essential components of the aircraft. It is essentially
the body of the aircraft and serves as the central structure to which the wings, tail assembly,
and engines are attached. The fuselage plays a crucial role in aerodynamics, structural
integrity, and overall performance of the aircraft. It is usually designed to be streamlined to

reduce drag and optimize flight efficiency.



1.2.1.2 Engine

The primary role of the engine in an aircraft is to generate power to propel the aircraft
forward. For an aircraft to maintain straight and level flight, it requires thrust equal and
opposite to the drag force acting on it. This thrust, or thrust force, is provided by an
appropriate type of aircraft propulsion engine. This thrust force enables the aircraft to
progress through the air and move in the desired speeds and directions. Additionally, engines
typically also power the aircraft's electrical and hydraulic systems. Aircraft engines typically

burn fuel, converting it into energy to propel the aircraft [2].

1.2.1.3 Radome

A radome serves as a protective covering or structure for an antenna, shielding it from the
elements of its surroundings [3]. The radar antenna located at the aircraft's nose serves two
primary functions: detecting precipitation for weather radar and operating the Ground
Proximity Warning System (GPWS). Notable advancements in aviation technology include
Traffic Alert and Collision Avoidance System (TCAS) for tracking nearby aircraft,
Enhanced Ground Proximity Warning System (EGPWS) for terrain and obstacle awareness,
satellite-based navigation systems for precise runway localization, real-time air-ground

messaging systems, and cockpit camera systems for monitoring wings and landing gear [4].

1.2.1.4 Cockpit

The cockpit, also known as the Flight Deck, is the area where pilots are seated. It houses the
flight controls responsible for manoeuvring the aircraft, along with the array of buttons and

switches necessary for operating its systems [5].

1.2.1.5 Canopy

Canopies, transparent components in aircraft, are used to enclose the cockpit and provide
visibility and protection to the pilot. Canopies can be produced in various sizes, shapes, or
functionalities [6], [7]. For instance, canopies can be hinged or removable for rapid entry
and exit by the pilot [8]. They are preferred especially in aerobatic and fighter aircraft for
isolating noise and meteorological effects, enhancing visibility, and reducing friction. They
began to be widely used particularly after World War I1.

3



1.2.1.6 Ailerons

Ailerons constitute essential control surfaces within the wing structure of an aircraft. They
are movable segments typically attached to the aileron spar or rear wing spar and are
activated either by lateral movement of the control stick or by turning the wheel on the yoke
[9]. Positioned at the trailing edge of the wing, typically one on each side, they operate in
opposition to each other: as one is raised, the other lowers. For example, during a left turn
initiation, the left aileron rises to reduce lift, while the right aileron descends to increase lift,
causing the aircraft to bank left and execute the turn. This mechanism remains fundamental

in steering fixed-wing aircraft [5].

1.2.1.7 Flaps

Trailing-edge flaps, including plain flaps like ailerons and elevators, cover the rear portion
of the wing [10]. These flaps adjust their position by moving up or down to alter the wing's
camber, thereby influencing lift [11]. Wing flaps are used to provide extra lift to the aircraft.
By reducing the landing speed, they shorten the landing distance, which facilitates landing
in small or obstructed areas by allowing an increase in the glide angle without the need for
a significant increase in approach speed. Moreover, deploying flaps during take-off
decreases the required take-off distance [9]. It's not surprising that increasing the size of flaps

has been demonstrated to result in greater alterations in lift [12].

1.2.1.8 Wing

The wing is primarily responsible for generating the majority of the lift needed for aircraft
flight. Its design is tailored specifically to the aircraft it serves. In many aircraft, the interior

space of the wing is utilized for storing the fuel necessary to operate the engines [10].

1.2.1.9 Winglet

Certain aircraft wings incorporate an extra feature known as a winglet, situated at the wing's
extremity. Its function is to diminish the drag encountered as the wing moves through the
air. Consequently, this enables the aircraft to achieve higher speeds and consume less fuel,

thereby extending its range between refuelling stops [5].



1.2.1.10 Rudder

The rudder is responsible for controlling the aircraft's movement along its vertical axis,
known as yaw. Its operation is managed by the left and right rudder pedals. When the rudder
is angled into the airflow, it generates a horizontal force in the opposite direction. Depressing
the left pedal, for instance, causes the rudder to move left, altering the airflow around the
vertical stabilizer/rudder and producing a lateral lift that shifts the tail to the right, resulting
in a leftward yaw of the aircraft's nose. In propeller-driven aircraft, the slipstream passing

over the rudder enhances its effectiveness [13].

1.2.1.11 Elevator

The fundamental principle of the elevator is to change the pitching moment of the horizontal
tail. Due to the deflection of the elevator up or down, the lift coefficient (Cl) of the horizontal
tail will decrease or increase, respectively. Therefore, the two main objectives of the elevator

are longitudinal control and longitudinal trim [14].

1.2.1.12 Stabilizer

An aircraft's stabilizing surfaces consist of vertical and horizontal wing profiles. These are
called vertical stabilizer (or fin) and horizontal stabilizer. These two wing profiles, along

with the rudder and elevator, form the tail section [1].

The horizontal stabilizer functions as an inverted wing, serving to apply downward thrust on
the tail. Historically, aircraft have tended toward a nose-heavy layout, necessitating this
downward force to maintain alignment with the remainder of the aircraft. Conversely, the
vertical stabilizer is engineered to stabilize the lateral movement of the aircraft [9].

1.2.2 Flight Principles

Bernoulli's Principle: As the air accelerates over the top surface of the wings, the pressure
decreases, causing the aircraft to lift.

Thrust: Engines create thrust to propel the aircraft forward.

Weight and Altitude: The aircraft counteracts the force of gravity due to its mass and

velocity.



1.3 WHAT IS AN AIRCRAFT CARRIER?

An aircraft carrier is a type of warship whose primary mission is to deploy and recover
aircraft, serving as a floating airbase at sea. Aircraft carriers are typically considered the
flagship of a fleet [15]. Aircraft carriers are typically ships that are larger, faster, and more
maneuverable compared to large, heavily armored battleships. An aircraft carrier is the
largest and most complex of all warships [16]. Aircraft carriers come in a wide range of
sizes, costs, and capabilities [17]. Its construction is extremely expensive, and its protection

is paramount [15].

Throughout history, it has been proven that the technological advancements, new tactical
capabilities, and versatility developed by aircraft carriers have changed the face of warfare
and contributed to wartime situations [18]. With their capabilities, aircraft carriers have been
the most powerful military and political tools for a century since 1918. The purpose of
aircraft carriers is to enable the overseas deployment of aircraft operations without the need
for a domestic airbase to control and organize them. In addition to providing air support,

aircraft carriers also serve as naval forces [19].

Aircraft carriers are designed as platforms to deploy aircraft that can detect the enemy fleet's
position before it reaches the horizon, thus allowing for maneuvering the carrier and its own
battle line to the best advantage. The carrier will move to position its fleet's battle line
between itself and the enemy and cannot be exposed to risk without its own substantial
defense. Thus, aircraft carriers have become nests for combat aircraft that can fulfill the roles
of scouts, engage in combat against enemy fleets, and achieve air superiority [16].
Additionally, aircraft carriers can be utilized in peacetime missions such as humanitarian aid
operations [20]. Speed holds immense importance for aircraft carriers as they require swift
deployment to various global locations and must possess the agility to avoid detection and
targeting by hostile forces. These vessels boast speeds of up to 31 knots. Historically, prior
to the advent of arrester gear and "accelerators,” such high speeds were indispensable for
aircraft carriers. This was necessary because, in calm or light wind conditions, they had to
travel swiftly enough to generate the requisite wind speed over the deck for launching and

recovering aircraft [21].



One advantage of aircraft carriers is their ability to sail in international waters due to their
vast range of vision, thus avoiding interference with any territorial sovereignty. As a result,
this obviates the necessity of securing overflight clearances from external nations,
diminishes flight durations and transit distances for aircraft, and notably prolongs the

duration spent within the operational theater [18].
1.4 WHAT IS A CATAPULT SYSTEM?

The catapult, or trebuchet, is a simple war machine used to hurl projectiles over long
distances. It served as a fundamental siege engine, particularly during the Ancient and
Medieval periods [22]. Initially developed as a large bowl, the catapult was employed to
launch massive arrows at enemies. Throughout history, it has been utilized for military
purposes, notably in castle sieges and naval warfare. Despite significant variations from its

historical predecessors, the catapult continues to find utility in contemporary contexts [23].

The catapult system, commonly employed for accelerating the take-off of aircraft carriers
and certain military aircraft, plays a pivotal role in sea-based air operations, augmenting the
strategic importance of modern warships. Its primary objective is to facilitate aircraft in
achieving faster take-off speeds over shorter distances. By providing the necessary speed
and acceleration during take-off, catapults enable aircraft to lift off with heavier payloads
and within reduced take-off distances. This method propels aircraft to speeds of
approximately 270 km/h in less than 3 seconds over a distance of fewer than 100 meters.
Particularly crucial for military aircraft operating in confined spaces like aircraft carriers, the

catapult system can also be mounted on land-based runways in rare instances [24].

Catapult-assisted takeoff is a versatile and dynamic process with various interconnected
systems and degrees of freedom [25]. Traditionally, the launch process encompasses the
movements of the sea, ship, aircraft, atmosphere, and all associated interactions.
Additionally, considering the influences of the pilot and/or commander, it involves human-
machine collaboration. Specifically, concerning the ship, deck motion, catapult force, and
deck effects are involved, while regarding the aircraft, factors include the movement distance
of landing gear, engine power, and pilot control. Special wind effects are also pertinent
concerning the atmosphere [26], [27].



Consequently, the catapult launch of ship-based aircraft exemplifies a typical instance of
multiple-body dynamics with different natural frequencies. Deck motion, landing gear

characteristics, engine power, and wind effects are the primary influencers on the process.

Catapults must meet exceptionally high standards of design and construction to operate
efficiently. As expressed by an American specialist, even a 99 percent performance rate is
considered inadequate. Additionally, aircraft carriers must possess substantial power
capabilities to generate the energy required for catapult operations, especially when

navigating against the wind for flight operations [28].



2. LITERATURE REVIEW

2.1 AIRCRAFT ENGINE

Aircraft engines are the propulsion systems responsible for the movement of aircraft and
generating thrust during flight. Aircraft engines are designed and selected based on a variety
of factors including power, efficiency, noise levels, and aircraft type. The choice of which
type of engine to use depends on the intended use and performance requirements of the
aircraft. Aircraft engines are categorized into two main types based on their operating
principles: piston engines and jet engines. Each type of engine has different characteristics

and operating principles.

Piston engines, also known as internal combustion engines, operate based on the four-stroke
principle and convert mechanical energy into motion, powering vehicles. These engines can
be categorized into diesel or gasoline-powered, V-type, inline, or radial in piston
arrangement, and water-cooled or air-cooled in cooling system. Piston aircraft engines are
commonly found in small general aviation planes like training and agricultural aircraft,
chosen for their cost-effectiveness, especially for speeds below 400 km/h. However, they
can be affected by atmospheric conditions during cruise flight due to their operating

principles.

Jet engines, also referred to as turbine engines, are widely utilized in long-distance
commercial aviation. They are a subset of internal combustion engines, operating on the
principle of converting heat energy into mechanical energy. These engines adhere to
Newton's third law of motion, which dictates action and reaction. Gas turbine engines,
following the Brayton Cycle, compress air, combust it with fuel, and utilize turbines to
convert the resulting high-energy gases into mechanical power. Jet engines deliver
substantial power and velocity, facilitating aircraft in reaching high altitudes and cruising
speeds. They are used in various types of aircraft such as airplanes, helicopters, rockets, and
other aerial vehicles. Jet engines are fuel-efficient and are used in large passenger aircraft
like the Boeing 747 or Airbus A380. They operate based on a fundamental working principle

that includes intake, compression, combustion, and exhaust stages.



The main components common to all jet engines include a gas compressor at the inlet, a
combustion chamber, and a turbine at the outlet, which is on the same shaft as the

compressor.

Gas turbine engines can be categorized into four main groups based on their purposes:
Turbojet, Turboprop, Turbofan, and Turboshaft. Each type has different applications and
design features, selected based on the aircraft's purposes, sizes, and design requirements.

Turbojet engines represent a basic form of gas turbine engine [29], initially crafted for
military aircraft during World War 11. The inception of the first centrifugal-flow turbojet can
be credited to Frank Whittle of the Royal Air Force in 1930, while a parallel engine design
was patented by Hans von Ohain in Germany in 1935 [30]. Apart from their superior speed
compared to piston engines, turbojets are recognized for their enhanced reliability. As the
oldest form of jet engines, turbojets are classified as reaction engines. Their operation
follows Newton's third law of motion, which dictates that every action results in an equal
and opposite reaction [31]. Turbojet engines generate significant thrust, enabling aircraft
equipped with them to rapidly attain supersonic velocities. However, their efficiency
diminishes at lower speeds due to the high velocity of the exhaust jet. Consequently, turbojet
gas turbines exhibit reduced effectiveness and higher fuel consumption during subsonic
flight [32]. Because of the fast jet, turbojet gas turbines produce a high level of noise, limiting
their utility [33]. In contrast to turboprop engines, turbojets feature a smaller frontal area and
emit higher exhaust velocities. This characteristic enables turbojet-equipped aircraft to
operate at elevated altitudes, achieving superior speed and fuel efficiency [34]. Turbojet
engines comprise several components, including an inlet for air intake, a compressor for
pressurizing the incoming air, a combustion chamber for fuel ignition, a gas turbine that

powers the compressor, and a nozzle for directing the exhaust gases [31].

Turbojet engines are internal combustion engines that utilize fuel combustion to heat air
directly. The resulting hot gases are then expelled through an exhaust nozzle to generate
propulsion [35], [36]. The operating principle of turbojet engines involves intake,

compression, combustion, and thrust stages.
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Turbojet engines consist of a thrust-nozzle gas turbine. Within the gas turbine, there exists
an air inlet, a compressor, a combustion chamber, and a turbine (which drives the
compressor) [37]. The air, pressurized and consequently heated within the compressor,
progresses towards the combustion chamber. Fuel is injected into the pressurized and heated

air through various means, promoting combustion.

As a result, the combustion gases, reaching high temperatures, pass through the turbine,
generating power. The power produced here is sufficient to meet the needs of the compressor
and mechanical components. The combustion gases exiting the turbine are accelerated
through the exhaust nozzle and expelled into the surrounding environment. Thus, the thrust

required for the aircraft's motion is achieved [38], [39].

Turbofan engines are internal combustion engines that belong to the jet engine family and
are commonly used in commercial passenger aircraft. Turbofan engines offer many
advantages over other types of aircraft engines, such as higher efficiency, lower noise levels,
and lower emissions. Additionally, they are generally easier to maintain due to having fewer

moving parts compared to other jet engine types [40].

Turbofan engines feature a large fan at the front that replaces the propeller found in
turboprop engines. This fan serves a critical role in the air intake process and is typically
measured by its diameter. Similar to a propeller, the fan's function is to enhance air pressure
before it reaches the compressor and to augment the volume of air entering the engine per
unit of time [38], [39]. A significant portion of the air bypasses the engine externally, making

the engine quieter and providing more thrust at lower speeds.

A turbofan engine, a variant of the turbojet engine, incorporates a sizable, enclosed fan
positioned on a shaft ahead of the compressor [11], [41]. In a turbojet engine, every bit of
air that enters through the intake travels through a gas generator comprising a compressor,
combustion chamber, and turbine [42]. In turbofan engines, only a portion of the incoming
air goes to the combustion chamber. The high-pressure and hot gases resulting from
combustion are expelled through a jet exhaust nozzle to produce thrust. At the same time,
the fan creates a mixture of compressed air with external air, and a portion of this mixture is

used to straighten the airflow around the fan. This feature contributes to turbofan engines
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being quieter and more fuel-efficient. When energy is added, the air remains at a relatively
constant pressure but increases in volume, increasing its velocity as it exits the engine [43].
The rest of the air is directed through a fan or a low-pressure compressor, where it is either
expelled directly as a "cold" jet or combined with the exhaust from the gas generator to create
a "hot" jet. This bypass system aims to enhance thrust without escalating fuel consumption.
Turbofan engines are manufactured in two types: low-bypass and high-bypass.

The total thrust produced by a turbofan engine is the sum of the thrust generated by the fan
blades and the jet expelled from the exhaust nozzle. Consequently, the efficiency of a

turbofan engine surpasses that of a turbojet engine [11].

Turbofan engines with a large frontal area are most suitable for commercial aircraft, as they

generate the highest thrust at low (takeoff) speeds [44].

Turboprop engines are a type of jet engine commonly utilized in aircraft designed for short-
distance flights. These engines are created by integrating a propeller into a basic gas turbine
aircraft engine. The propeller's function is to pressurize the air prior to its entry into the
engine, thereby augmenting the airflow. They are categorized as single-shaft or two-shaft
engines. In single-shaft turboprop engines, akin to turbojets, power from the combustion
gases is transmitted by the turbine to both the compressor and the propeller via a single shaft.
In two-shaft turboprop engines, an additional turbine known as the free turbine or power
turbine is present. While one shaft turbine channels power to the compressor, the second

shaft directly conveys power generated by the free turbine to the propeller [38], [45].

In turboprop engines, approximately 85% of the thrust comes from the propeller, while the
remaining 15% comes from the jet exhaust. Turboprops are efficient powerplants operating
in the range of 300 to 500 miles per hour; one of the prime examples of this application is
the Lockheed Electra transportation in the 1950s [11].

Turboprop engines do not possess a high capacity for generating energy; thus, most of the
produced energy is utilized to rotate the propellers [46]. Turboprop engines exhibit optimal
efficiency at speeds below 725 km/h due to the moderate speed of the propeller. In contrast
to piston engines, turboprops boast a superior power-to-weight ratio, enhancing reliability

and reducing take off durations [34].
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In advanced turboprop engines, there are two independently controlled variables: fuel flow
and propeller blade angle, which enable the propeller to rotate at variable speeds while
maintaining a constant pitch. Therefore, turboprop engines can generate more power with
less fuel consumption [47]. Over time, as advancements have occurred, turboprops have

replaced turbojets in slower aircraft due to their lower fuel consumption [33].

a. Air Intake: The engine draws in ambient air from its surroundings, a process involving

the intake of external air, typically filtered to remove contaminants.

b. Compression: The incoming air is compressed by a compressor, increasing the density
of air molecules, and thereby elevating the oxygen content for enhanced combustion

efficiency.

c. Fuel Injection and Combustion: The compressed air is mixed with fuel injected by a fuel
injector and subsequently ignited by an ignition system. This combustion process yields

high-temperature gases.

d. Expansion: The high-pressure and high-temperature gases resulting from combustion are

utilized to drive a turbine, generating energy in the process.

e. Propeller Drive: The energy produced by the turbine is transmitted via a shaft to drive a

propeller. The propeller generates thrust, propelling the aircraft forward.

f. Thrust Generation: The thrust generated by the propeller facilitates the forward
movement of the aircraft. Simultaneously, the rotational motion produced by the

propeller is transferred to another shaft via a gearbox, facilitating energy transmission.

Turboprop engines possess the capability to regulate thrust levels based on the aircraft's
speed and flight conditions. This enables effective maneuvering at low speeds and ensures

optimal performance during takeoff and landing procedures.

Turboshaft engines are small turbojet engines designed to take advantage of the high-speed
capabilities of jet engines [48]. They exhibit characteristics such as high-power output, high
reliability, small size, and light weight. The operating principles of turboshaft and turboprop

engines are similar. The difference between turboprops and turboshafts lies in the

13



mechanical part that transfers energy [49]. The fundamental distinction is that turboshaft
engines do not produce thrust from the exhaust section, whereas turboprop engines utilize
the remaining thrust from the expansion gases in the exhaust [50]. Unlike turbojets,
turboshaft engines feature a transmission-like power transfer system that rotates the rotor
blades. Through this transmission, it converts the mechanical energy obtained from the
turbine into rotating the rotor blades. Efficiency for turboshaft engines is defined by the ratio

of the obtained output to the shaft power.

The energy obtained in turboshaft engines is used to rotate the shaft. The rotation of the
propellers and blades connected to the shaft generates thrust [38]. Turboshaft engines can

operate at low speeds and high power, thus exhibiting good fuel economy.

Turboshaft engines are utilized in various applications such as helicopters, ships, trains,
tanks, pumping units, and various industrial gas turbine applications [51]. One notable
distinction of turboshaft engines is the inclusion of a reduction gearbox, which is powered
by the compressor front shaft. This gearbox not only reduces speed but also converts
horizontal motion into vertical motion to rotate the propeller. Additionally, turboshaft
engines feature two separate turbine groups rotating in opposite directions, unlike other
engines where turbines rotate in the same direction. The first turbine operates the compressor
for engine function, while the second turbine drives the gearbox. Through the gearbox,
motion is proportionally reduced and transferred to the helicopter's rotor blades via a vertical
shaft. Unlike jet engines, turboshaft engines cannot utilize jet engine thrust. Instead, the
rotation of the blades controls the helicopter's axial movement, while the tail rotor prevents

the helicopter from rotating in place [48].
2.2 HISTORY OF AIRCRAFT CARRIERS

In 1909, six years after the Wright brothers' historic flights, a group of officers began
advocating for the Navy to invest in aircraft. By 1910, Glenn Curtiss, a civilian aircraft
builder, and Eugene Ely, a civilian pilot, demonstrated to the Navy and the world the
feasibility of aviation at sea. On November 14, Ely accomplished the first successful take-

off from a specially constructed platform on the cruiser Birmingham.
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He further solidified this feat on January 18, 1911, by executing the first successful landing
on the armoured cruiser Pennsylvania in San Francisco Bay before returning safely to shore
[52].

Thus, November 14, 1910, is recorded as the date when the first aircraft took off from a ship.
The first successful landing of an aircraft on a ship occurred on January 18, 1911. Both
endeavors were undertaken by the United States Navy. The USS Birmingham cruiser, with
its deck converted into a makeshift runway, was used in the initial attempt. In the second
attempt, the USS Pennsylvania armored cruiser was equipped with the necessary arresting
gear [53].

While these attempts did not directly initiate the construction of aircraft carriers, they were
significant in demonstrating the capability of an aircraft to take off and land on a ship [54]
Moreover, it is noteworthy that in both attempts, the ships were observed to be anchored in
port. Indeed, the first flight from a moving ship took place on May 2, 1912, carried out by
the British Royal Navy. The HMS Hibernia, a battleship, served as the platform hosting this
historic flight [53]. One of the first platforms designed as an aircraft carrier was HMS Argus,
which entered service in 1918. HMS Argus was designed for the British Royal Navy and
was the first ship specifically equipped to carry aircraft. The conversion of HMS Argus was
completed in September. Subsequently, HMS Hermes was designed as an aircraft carrier and
entered service in 1924 [55].

The Ark Royal marked the Royal Navy's inaugural modern aircraft carrier. In contrast to
other carriers in the Fleet, which were converted from existing warships, the Ark Royal was
meticulously designed from the outset to serve as an aircraft carrier. Built in Birkenhead,
England, from 1935 to 1938, the newly constructed carrier boasted an impressive overall
length of 244 meters and a displacement exceeding 23,000 tons upon its commissioning in
November 1938. It possessed a maximum speed of 31 knots and had the capacity to
accommodate up to seventy-two attack aircraft [56]. The name of Ark Royal, which was
also used in testing systems for the loading and unloading of seaplanes onto the ship, was
changed to "Pegasus" in 1934 [57].
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The development of aircraft carriers continued in the period between World War | and World
War 11 [58]. Unlike their relatively limited role in World War 1, aircraft carriers played a
crucial role in World War 1. It is widely accepted that aircraft carriers completely altered
the course of World War 1. The Second World War witnessed a series of naval battles that

prominently featured aircraft carriers [59].

One of the most significant changes in the naval forces of major world powers in the 20th
century was the displacement of battleships by aircraft carriers. Particularly, developments
in the Pacific theater during the 1944-45 period played a crucial role in this shift [60].
Emerging as the primary capital ship during World War 11, the aircraft carrier continued its
development in the subsequent era, incorporating innovations such as angled flight decks

and steam catapults [58].
Ships with Decks Capable of Landing Wheeled Aircraft [18] ;

In England, the deck of the ship named HMS Argus was converted into a large runway where
aircraft could take off and land, and it joined the navy in 1918.

Japan's aircraft carrier named "Hosho" is the world's first purpose-built aircraft carrier and
entered service in 1922.

The US aircraft carriers USS Saratoga and USS Lexington were commissioned in 1927.
2.3 AIRCRAFT CARRIERS

An aircraft carrier can be defined as a warship capable of facilitating the takeoff and landing
of aircraft. Various design features characterize aircraft carriers across the world's navies.
While classifications based on size and propulsion systems exist, emphasis today primarily
revolves around the takeoff and landing configurations [58]. As delineated by methods of
aircraft launch and recovery, there exist four main types of aircraft carriers operational
worldwide [17]. Accordingly, aircraft carriers are categorized into four types: Catapult
Assisted Take-Off Barrier Arrested Recovery (CATOBAR), Short Take-Off Barrier
Assisted Recovery (STOBAR), Short Take-Off Vertical Landing (STOVL), and Vertical
Take-Off and Landing (VTOL).
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CATOBAR (Catapult Assisted Take-Off Barrier Arrested Recovery) is a non-traditional
horizontal takeoff technique commonly employed on aircraft carriers with limited space for
acceleration on the deck. Most modern CATOBAR systems incorporate steam catapults,

which have been widely used since World War 11 [61].

Contemporary catapult systems are employed for launching aircraft from aircraft carrier
decks. These catapults utilize steam as a power source to drive a piston along a linear path
on the carrier deck. The piston accelerates the aircraft, enabling it to reach take-off speed
within a minimal distance [23]. The primary challenge in launching the aircraft is to provide
sufficient steam pressure. As the aircraft accelerates, valves of the catapult pressure tank,
filled with high-pressure steam beneath the short runway, are opened, supporting a piston
with the force necessary to accelerate the aircraft to takeoff speed [61]. This method involves
aiding the aircraft in take off by pulling it with a high-speed sled. Catapults are mounted on
the flight deck surface of the ship and are powered by either nuclear reactors or steam boilers

[62]. Landing occurs when the aircraft's tailhook catches the wire on the deck of the runway.

The CATOBAR category necessitates immense vessels. Indeed, the United States Navy
currently restricts the term "carrier” for CATOBAR ships only. All other smaller carriers are
considered assault ships [17].

In the STOBAR configuration, another configuration, no catapult system is used for assisted
takeoff from the deck [63]. In STOBAR, the aircraft takes off under its own thrust. The
inclined ramp at the bow of the ship serves to facilitate takeoff. The aircraft is launched by
its own power using a ski-jump at the end of the runway to assist in takeoff [64]. Landing
on these types of ships occurs similarly to CATOBAR, with the aircraft's tailhook catching
the wire on the runway [58]. As of 2015, only Indian, Russian, and Chinese aircraft carriers
regularly employ this system [64]. Comparatively, maintenance and development of
STOBAR are more cost-effective due to the absence of any moving parts and thus requiring
fewer operators for successful launches. Moreover, STOBAR is easier to operate as it does
not require any additional power systems to generate force for initiating launches, unlike
CATOBAR configurations which may necessitate high-power equipment such as nuclear

reactors to support the launch mechanism.
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The launch sequence starts with the aircraft accelerating normally on the flat deck and ramp,
culminating in reaching the ideal take-off angle toward the end of the ramp. As the aircraft
takes off from the carrier via the ramp, it may not have attained enough speed for level flight,

but it does achieve a positive climb rate due to the ski-jump [58].

Technically, the construction and installation of the STOBAR system are simpler compared
to the CATOBAR system. On the other hand, the main disadvantage of this configuration is
the requirement for a high power-to-weight ratio for takeoff, which prevents aircraft from
taking off with their full payload [65]. Consequently, they are considered more suitable for
missions involving air defense or attacking ground targets that do not require long-range or

heavy weapon payloads [28].

The third type is the Vertical Take-Off and Landing (VTOL) carrier. A Vertical Take-Off
and Landing (VTOL) aircraft is capable of both vertical takeoff and landing, eliminating the
need for a runway. The VTOL aircraft achieves this by generating lifting force directly
upward using its engines, rather than gradually tilting the aircraft's nose upward [66]. VTOL
aircraft have simple requirements for takeoff and landing areas, can hover precisely in the

air, provide good maneuverability, and are highly flexible [67].

In rotary-wing aircraft, the fundamental principle of vertical takeoff remains consistent: Due
to the rotating wings, there is a decrease in pressure above the rotor and an increase in
pressure below it, resulting in the generation of thrust. To move forward, the aircraft slightly
tilts to direct a portion of its thrust forward. In the case of directed jet thrust, the aircraft's jet
engine and thus the thrust vector are vertically aligned to generate vertical lift but can later

change direction to move horizontally [68].

VTOL encompasses various types of aircraft, including fixed-wing aircraft as well as other
aircraft with motorized rotors such as helicopters, gyrocopters, and tiltrotors [69].
VTOL fundamentally comprises three configurations: wing-type configuration, helicopter-
type configuration, and ducted-fan configuration. In the wing-type configuration, there are
fixed wings or movable wings with vector thrust engines, in the ducted-fan type, there is a
ducted rotor that assists in providing lift, and in the helicopter type, there is a rotor mounted

on top to provide lift [70].
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The most well-known type of VTOL aircraft is the helicopter, which utilizes rotor blades to
generate vertical lift [71]. One of its earliest significant applications occurred during World
War Il, where helicopters swiftly transported soldiers from battlefronts with limited
runways. The success of VTOL aircraft during this period prompted major aircraft
companies such as McDonnell Douglas, Boeing, and Lockheed Martin to begin producing
and engineering VTOL aircraft [66].

The general characteristics include ease of use, rapid response time, and high engine stability
[72]. A significant advantage is that the aircraft can take off and land in almost any location
and requires very little space [61]. Compared to STOVL, the VTOL design sacrifices more
of the aircraft's operational capacity and allows for a slower ship. Opting for VTOL instead
of STOVL typically indicates that the ship is primarily intended for helicopter operations,
tailored for a specific purpose that restricts performance, or exclusively designed for non-
combat or general support tasks. The difference between STOVL and VTOL for fixed-wing
aircraft typically involves the presence of a ski-jump ramp at the front of the flight deck and

the ability to generate enough wind over the deck for takeoff [17].

In the fourth design, "Short Takeoff Vertical Landing™ (STOVL), the aircraft takes off using
its own thrust, typically from a sloped ramp, like STOBAR. The difference with these types
of ships lies in the vertical landing instead of using arresting gear for landing. Theoretically,
STOVL aircraft can also perform vertical takeoff. However, this is not practically preferred

due to the reduction in weapon payload and fuel quantity it entails [58].

The Short Take-off Vertical Landing (STOVL) aircraft's exhaust and lift fan generate two
thrust jets upon the landing surface. While these jets aid in take-off, hovering, and landing
manoeuvres, they also result in elevated structural loads, considerable acoustic emissions,
and surface abrasion on the landing surface [72]. Such aircraft are typically designed to
operate from confined spaces like aircraft carriers. The most common examples of STOVL
aircraft include the Harrier and the F-35B. The Short Takeoff Vertical Landing (STOVL)
variant of the F-35 Joint Strike Fighter (JSF) is a multi-role combat aircraft that provides the
capability to establish forward bases in challenging terrains and on small carriers [73]. The
use of STOVL aircraft on carriers offers advantages due to their smaller footprint on the

carrier's deck or in its hangar.
19



STOVL aircraft utilize speed as an additional weapon to reach a greater number of targets
in a shorter amount of time [74]. STOVL aircraft enhance the flexibility of aircraft carriers
and can perform safe landings in confined spaces and on decks, as well as easier and safer
landings at night and in adverse weather conditions due to the lack of traditional arresting
gear systems [75]. One of the most significant advantages of STOVL is its low construction
and maintenance costs. However, the disadvantage lies in the relatively shorter range of
STOVL aircraft, which particularly reduces their effectiveness in attack missions [17].
Understanding that the combat radius of the F-35 in its STOVL version (F-35B) is 833 km,
while in its CATOBAR version (F-35C) it is 1,111 km, helps clarify the difference [76].

Historically, the origins of catapults date back to ancient times. In ancient Greek and Roman
periods, there were simple catapults used as stone-throwing machines for military purposes.
However, the development and use of modern catapult systems emerged in the early 20th
century. The first aircraft carriers and catapult systems appeared during World War I. During
this period, landing and takeoff of aircraft from ships were quite challenging and time-
consuming. Therefore, the use of catapult systems on aircraft carriers enabled aircraft to take
off more quickly and increased operational flexibility. The initial catapult systems were

piston-based systems powered by hydraulic or steam power.

The selection of the ship's hull for the placement of the catapult system is associated with
two main reasons. Firstly, the ship's cranes were unable to lift aircraft at both ends. In this
case, it became necessary to place a temporary boom on the barrel of the turret gun and use
it as a crane. It was considered the most suitable option to place the catapult at the rear of
the towers according to the designers' plans. Additionally, it was a significant design
requirement for the catapult to be mounted forward and pass directly over the bow. Lastly,
it was anticipated that the risk of crushing the pilot and aircraft in case of failure to catch air
at the end of the run was an undesirable situation [77].

The importance and usage of catapult systems further increased during World War 1.
Following World War |1, with the development of jet-powered aircraft, more powerful and

sophisticated catapult systems were developed.
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Samuel Langley, a prominent figure in aviation and the Secretary of the Smithsonian
Institution, developed successful flight models and, in 1903, introduced a type of spring-
loaded catapult system to showcase his Aerodrome project, which, however, ended in failure
[78]. Similarly, in 1904, the Wright Brothers used a weight and crane-style catapult system
to assist their aircraft in taking off over a limited distance [79]. Subsequently, on July 31,
1912, Theodore Gordon Ellyson was recorded as the first person to be launched with the
Navy's catapult system, installing the improved compressed-air catapult system at the Santee
Pier in Annapolis, Maryland. On November 12, 1912, Lieutenant Ellyson successfully
conducted the Navy's first successful catapult flight, launched from a stationary coal ship.
Additionally, on November 5, 1915, Colonel Henry C. Mustin also took off from a ship

using a catapult system [80].

Steam catapults were developed by the British Royal Navy in 1952, utilizing pressurized
steam power derived from the carrier's engines. The shuttle, connected directly to two
pistons, propels along the rail and attaches to the aircraft's arresting cable. These catapults
are capable of launching jet-powered and heavy aircraft within the fleet, boasting a superior
maximum capacity compared to pneumatic and hydraulic counterparts. Utilizing steam from
the ship's boilers and water from the steam system, they generate the required pressure to
launch aircraft from the flight deck [64].

The operational principle of the system is briefly outlined below:

Steam catapults are installed on the flight deck surface of a ship. A tow bar attached to the
catapult moves within a holder located inside the nose wheel of the aircraft. Upon activation,
the tow bar pulls the aircraft along the catapult track, ensuring it reaches the necessary speed
for takeoff by the end of the runway. During this process, the aircraft is set to full throttle,
and the carrier is oriented as much as possible into the wind to aid takeoff. Additionally,

various control surfaces are adjusted to ensure the aircraft achieves a balanced takeoff.

During the launch process, if the force exerted on the aircraft by the shuttle surpasses the
tow bar's capacity, the aircraft is released to begin the take-off run. At this stage, the speed
of the aircraft and its readiness for takeoff are monitored.
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Subsequently, as the operation nears completion, the piston approaches the water cutoff
point. The piston is utilized to stop the shuttle, and a key is operated to close the launch
valves, halting the steam flow into the cylinder. Simultaneously, exhaust valves are opened
to expel spent steam. Throughout these procedures, a retraction motor is engaged to return

the shuttle and piston to the cocked position.

Hydraulically powered catapults utilize pressurized fluid to release energy and propel the
aircraft attached to the tow bar. However, due to unreliability and operational issues, this
system was quickly decommissioned [64]. Particularly, in May 1954, a catastrophic
hydraulic catapult explosion aboard the USS Bennington resulted in the loss of
approximately 100 crew members [81]. Following this incident, the utilization of hydraulic

catapults was abandoned due to the technical challenges and associated risks involved.

Hydraulic catapults are systems that operate using hydraulic fluids. Typically, fluids such as
hydraulic oil are employed, and hydraulic pressure, by pushing the pistons during launch,
rapidly propels the aircraft. These systems can be installed with less complexity and at lower
costs. On the other hand, steam catapults operate using steam pressure. Steam is usually
generated from steam boilers and kept under high pressure. During launch, this steam propels
the aircraft by pushing the pistons in the cylinders. While steam catapults may offer higher
launching power, their installation and operational costs are typically higher. Therefore,
hydraulic catapults are generally preferred as a simpler and more economical option,

whereas steam catapults can provide higher performance albeit at a higher cost.

EMALS is an innovative technology utilized on modern aircraft carriers to launch aircraft,
serving as a replacement for the long-standing steam-powered catapult system [82]. The
Electromagnetic Aircraft Launch System was first developed by the United States during
World War Il and successfully launched a 4.5-ton aircraft [83]. Implemented on the USS
Gerald R. Ford, the Navy's latest and most advanced carrier, the EMALS was incorporated
from the ground up. The vessel was specifically designed to integrate this new launch
system, featuring four EMALS catapults capable of launching aircraft weighing up to
100,000 pounds each [82]. While the typical cruising altitudes of conventional aircraft range
from 5000 to 6000 feet, on aircraft carriers, this altitude drops significantly to as low as 300

feet. This necessitates rapid acceleration for takeoff over a very short distance.
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The launch system is determined by factors such as the weight of the aircraft, its performance
characteristics, and various external conditions. These conditions can be effectively
managed on an aircraft carrier through electromagnetic launch systems [83]. EMALS
provided a launch energy of 122 MJ in conducted tests, representing a 29% increase over
the operational limit of traditional steam catapults, which typically stand at 95 MJ [64]. The
significant launch power demonstrated by EMALS underscores its capability to significantly
enhance aircraft carrier capabilities by efficiently launching larger and heavier aircraft.
Another notable advantage of EMALS is its potential to extend the service life of carrier-
based aircraft, reduce maintenance requirements, and decrease the frequency of aircraft body
inspections. This could improve operational efficiency by strengthening the durability of
carrier-based aircraft and reducing long-term maintenance costs. Additionally, reduced
stress on aircraft bodies may result in fewer inspections, further enhancing operational

reliability.

Achieving uniform acceleration along the catapult track will effectively provide a smoother
launch. This implies that pilots will experience a gradual increase in speed rather than the
initial jolt experienced with traditional catapult launches. This smoother acceleration will

also limit the initial stresses applied to the aircraft [84].

EMALS eliminates complex components such as the intricate tube network, water brakes,
and auxiliary units used in traditional steam systems, thereby reducing the need for steam,
valves, pumps, hydraulic systems, motors, steam boilers, and gallons of sweet water for
hydraulic fluid transportation. Instead, EMALS simplifies the system by utilizing the launch
motor itself and reducing the number of auxiliary units, offering a less complex solution for
the launch process of carrier-based aircraft. Carriers equipped with EMALS will require
significant amounts of electrical power compared to the steam pressure required by steam
catapults [82]. All electromagnetic catapults employ four linear motors with individual
power exceeding 30 MW, and the total power can reach 100 MW. This is equivalent to the
amount of electricity used by a small town simultaneously [85]. The ability of an
Electromagnetic (EM) launch system to adjust speed and thrust to meet the requirements of
the launched vehicle makes a single catapult suitable for a wide range of manned and

unmanned aircraft bodies.
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This feature represents a significant advantage of EMALS in terms of flexibility and
versatility [86]. EMALS utilizes a method similar to an electromagnetic railgun to accelerate
the aircraft-holding shuttle. It derives power from the ship's enhanced electrical system,
comprising six primary subsystems: the launch motor, main power interface, power
conversion system, advanced launch control system, energy storage, and power distribution
system [87].

2.4 FACTORS AFFECTING AIRCRAFT TAKEOFF

Performance refers to an aircraft's capacity to fulfil specific objectives, making it functional.
For example, the ability to execute short take-offs and landings is vital for pilots operating
in constrained airfields. Airliners and executive aircraft rely on capabilities such as carrying
heavy loads, high-speed and high-altitude flight, and covering long distances. Key factors
influencing performance include take-off and landing distance, climb rate, ceiling, payload,
range, speed, manoeuvrability, stability, and fuel efficiency [88], [89]. The required takeoff
runway distance for an aircraft depends on its takeoff weight, air density, and the aircraft's

takeoff performance [89].

Aircraft design: Factors such as the aircraft model, wing design, engine power, aerodynamic
characteristics, and payload capacity directly influence takeoff performance. For instance,
large commercial aircraft require more thrust and may necessitate longer runways. The shape
and size of the wings determine the aircraft's ability to generate lift in the air. A well-
designed wing can lead to more efficient takeoffs. Additionally, the aircraft's aerodynamic
properties can reduce resistance during takeoff, facilitating the process. Furthermore, the
aircraft's fuselage structure and landing gear also impact takeoff performance. The size and
capacity of the aircraft are crucial factors to consider in designing the fuselage aerodynamics
since it should minimize drag depending on its size [90]. An optimized fuselage structure
and appropriate landing gear make takeoffs safer. All these factors underscore the significant

role of aircraft design in determining takeoff performance.

24



Aircraft weight: The takeoff weight of an aircraft is a crucial aspect of aircraft performance
[91]. Takeoff weight (TOW) is an important parameter for modeling or estimating other
aircraft performance characteristics such as climb/descent rate, range, endurance, ceiling,
and takeoff distance, in addition to the aircraft's orbit and fuel consumption [92]. Any item
that would increase the overall weight of the aircraft is undesirable from a performance
perspective. An aircraft that is overloaded may face difficulties during take-off and may
exhibit unexpectedly poor flight characteristics if it manages to take off. Excessive weight
negatively impacts flight performance in nearly every aspect. This includes higher take-off
speed, longer take-off distances, lower climb rate and angle, reduced maximum altitude,
decreased range, slower cruise speed, diminished manoeuvrability, higher stall speed,
extended approach and landing speed, longer landing roll, and excessive weight on nose or
tail wheels. The presence of excessive weight diminishes the safety margins available to the

pilot, posing greater danger when combined with other factors that impair performance [93].

Pilot skills and experience: Pilot experience is one of the most critical factors influencing
aircraft takeoff. Pilot skill is crucial for managing the dynamic and sometimes unpredictable
nature of takeoff and landing [88]. For aircraft to take off safely, pilots must consider these
factors and make appropriate decisions. Unfortunately, these factors are immeasurable, and

mathematical corrections are impossible.

Some factors that can significantly affect takeoff performance include [94]: the speed and
sequence of releasing brakes and applying power, the utilization of nose wheel steering,
differential braking, or rudder deflection for directional control, the frequency and extent of
directional control inputs, the positions of flaps and elevators during acceleration, airspeed
during turns, bank rate during turns, and angle of attack during take-off. Hence, it is essential
for the pilot to comprehend all factors influencing the aircraft's take-off and landing
performance and adhere to meticulous, professional operational procedures during these
phases of flight [95].

Air density: Aircraft performance is directly affected by air density, which influences lift
and drag forces, engine power, and propeller efficiency. Air density has significant effects
on aircraft performance [88]. As air becomes less dense, both engine and aerodynamic

efficiency decrease. Conversely, as air density increases (resulting in lower density altitude),
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aircraft performance improves. On the contrary, when air density decreases (leading to
higher density altitude), aircraft performance diminishes. A decrease in air density signifies
higher density altitude, while an increase in air density signifies lower density altitude.
Density altitude serves as a measure in determining aircraft performance. In standard
atmospheric conditions, each level of the atmosphere contains air with a specific density;
thus, pressure altitude and density altitude denote the same level under standard conditions.
Consequently, density altitude represents the vertical distance from sea level in the standard

atmosphere where a specific density is encountered [88].
There are three significant factors contributing to high-density altitude [96]:

a. Altitude: The effect of pressure on density diminishes with altitude as atmospheric
pressure decreases with altitude due to compression of air near the Earth's surface by the
air above it [88]. The higher the elevation, the lower the barometric pressure, and
consequently, the lower the air density [97]. In such situations, operations between
morning and afternoon can become extremely hazardous [96]. As altitude increases, the
decrease in pressure has a more dominant effect on density compared to the influence of

temperature [88].

b. Temperature: Temperature is a significant meteorological factor affecting the takeoff and
landing performance of aircraft [98]. Air density shows an inverse correlation with
temperature and a direct correlation with pressure. When temperature rises, density
decreases to uphold a constant pressure; conversely, when pressure rises, density
increases to maintain a constant temperature [99]. This results in the aircraft wing
producing less lift force at a given airspeed, potentially imposing a weight restriction on
a departing aircraft [100]. Low-density air conditions result in decreased lift force for
aircraft, significantly affecting an aircraft's maximum takeoff weight [101]. Higher air
temperatures will also decrease aircraft and engine performance. Since all aircraft
performances are compared and evaluated in a standard atmospheric environment, all
aircraft performance instrumentation is calibrated to the standard atmosphere [99].
Therefore, when it comes to performance, it is recommended to schedule operations
during the cooler hours of the day when unexpected temperature rises above normal are

not expected [96].
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c. Humidity: As humidity increases, there is a slight decrease in air pressure. When air
carries water vapor, its density is less than that of dry air because dry air is denser than
water vapor [94]. This means there are fewer air molecules passing over the wings,
resulting in less lift force compared to dry air. Similarly, moist air passing through a jet
engine will produce slightly less power as there will be less air available for combustion
[95]. Therefore, as the air's water content increases, the air density decreases, density

altitude increases, and performance decreases [88].

Wind: An aircraft's flight relies on airspeed, which can notably deviate from ground speed
in strong winds [88]. The presence of headwind enables the aircraft to achieve take-off speed
with a lower ground speed, whereas tailwind necessitates a higher ground speed to reach
take-off speed [94]. Departing into the wind results in a considerably longer climb distance
and a decrease in climb angle [88]. A headwind of up to 10% of the take-off speed reduces
the take-off distance by roughly 19%. Conversely, a tailwind of up to 10% of the take-off
speed increases the take-off distance by about 21% [94].

Runway length, slope and surface: The takeoff phase of flight involves various critical
factors that must be considered to ensure a successful departure. One of the most significant
factors is the length of the runway [102]. The required takeoff distance for an aircraft
depends on its takeoff weight, air density, and takeoff performance [89]. The runway length
must be sufficient to allow the aircraft to reach takeoff speed. Takeoff speed varies
depending on the size and weight of the aircraft, with larger aircraft potentially exceeding
speeds of 200 miles per hour. Runway conditions, including surface type and slope,
significantly influence aircraft take-off and landing performance. The runway's slope
denotes the degree of elevation change over its length and is typically expressed as a

percentage, like a three percent gradient.

A positive slope signifies an elevation increase along the runway, whereas a negative slope
indicates a decline in elevation. An uphill slope hinders acceleration, resulting in an extended
ground roll during take-off. Conversely, a downhill slope aids in acceleration, leading to
shorter take-off distances [94]. A two percent slope increases takeoff distance by
approximately 15 percent, while a two percent slope decreases takeoff distance by

approximately 10 percent [88]. Performance charts typically assume optimal runway
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conditions, such as smooth, flat, and dry surfaces. However, actual runways vary widely in
characteristics like slope and material composition, ranging from concrete and asphalt to
gravel, dirt, or grass. Uneven or soft surfaces increase rolling resistance during take-off,
impeding smooth tire movement. Although wet or muddy conditions may decrease friction
between the runway and tires, they can also create obstacles that may affect landing distances
[94].

Takeoff speed and angle: Takeoff speed is typically about 15 percent higher than the stall
speed, so an increase in weight will result in a higher takeoff speed. As the weight changes,
the airspeed required to fly at that CL will also change. In addition to the required high speed,
acceleration of a heavy aircraft is slower. Therefore, a longer takeoff distance will be
required. As a rule, a 10 percent increase in takeoff weight has an approximately 20 percent
increase effect on takeoff distance [88].

Elevating the angle of attack results in a heightened pressure disparity between the upper
and lower wing surfaces, consequently amplifying the lift force. At lower angles of attack,
lift force is primarily generated by the pressure drop on the upper surface. However, at higher
angles, both the pressure decreases on the upper surface and the pressure increase on the
lower surface contribute to the lift force [103].

Wing surface: The presence of frost, ice, or snow on the surface affects any type of wing
profile, including propellers. Small hangar dents or dents on lifting surfaces or propellers

will also decrease performance [88].

Engine power and efficiency: The aircraft's engine power generates the thrust required to
accelerate takeoff. Efficient engine operation positively affects takeoff performance. Engine
Pressure Ratio (EPR) represents the ratio between the exhaust pressure (jet output) and the
inlet (static) pressure within turbojet or turbofan engines. Pilots rely on the EPR indicator to
gauge engine power output, with higher EPR values indicating greater engine thrust. EPR
serves to prevent engine overspeed and allows for adjustments to take-off and climb power
as needed. This data is crucial pre-take-off as it influences the aircraft's performance

assessment [94].
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3. METHODOLOGY

In the methodology section of this study, a model of an aircraft taking off from an aircraft
carrier has been developed using MATLAB Simulink software. In the created model, three
different catapult types, namely C13-0, C13-1, and C13-2, have been investigated. The
lengths and launch weights of these catapult types have been researched and integrated into
the model according to the relevant formulas. Additionally, various factors affecting the
aircraft's takeoff have been incorporated into the model, and the accuracy of these values has
been emphasized. Subsequently, different configurations have been created for the three
different catapult types, and the values of the aircraft dependent on the wind speed and ship
velocity have been calculated. Thus, the takeoff distance and takeoff velocity of aircraft with

different weights have been examined, considering the wind speed and ship velocity.

3.1 AN INVESTIGATION INTO THE AERODYNAMIC PRINCIPLES
GOVERNING AIRCRAFT FLIGHT

The four primary factors affecting an aircraft in cruise flight (weight, lift, drag, and engine
thrust) are illustrated in Figure 3.1. Throughout this phase, the aircraft maintains equilibrium.
Air pressure and friction strains contribute to a unique aerodynamic force, comprising two
components: lift and drag. As the aircraft advances, lift, perpendicular to the direction of
flight, compensates for its weight. Conversely, drag, the tangential component of this

aerodynamic force, opposes the aircraft's motion.

thrust

weight

Y

Figure 3. 1: Representing the Four Main Forces Acting on An Aircraft [104].
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These two aerodynamic forces, lift L and drag D, can be expressed via the equations (3.1)
and (3.2):

L1
L =5pSV3Ce; (3.1)
S

D =5 pSV2Cyes (3.2)

In this equation, p represents the air density at the flight level, S denotes the wing surface
area of the aircraft, V signifies the true airspeed of the aircraft, and €, and Cp are two
dimensionless coefficients influenced by the wing's geometry, angle of attack, and flight
conditions. By applying Newton's second law of motion, the total sum of these forces
balances out to zero during the cruise phase, characterized by a steady speed and altitude.
Thus, the thrust generated by the engines plays a pivotal role in sustaining a consistent
aircraft speed, ensuring the generation of lift to counteract its weight, and offsetting the drag
force [104]. There are four forces that affect a plane: thrust, drag, gravity, and lift. Each of

these forces act on the airplane in different directions [105].
3.1.1 Lift

Lift, the primary force enabling an aircraft to ascend and remain airborne, is generated by
the wings and acts perpendicularly to the aircraft's motion. Its magnitude varies based on
factors like wing shape, size, and speed. The pressure disparity on the wings' upper and lower
surfaces generates lift. Lower pressure atop the wings and higher pressure beneath them
create this difference, facilitating lift. Overall, lift empowers the aircraft to take off, climb,

and execute maneuvers [106].

Bernoulli's principle was important in the Wright brothers' success in gaining flying in the
air with their heavier-than airplane. It's because of the wing's upper curved curvature. As the
plane flies forward, the airflow on the upper side of the wing differs from that on the bottom
side. The lower side, on the other hand, is flatter, therefore airflow speed is unaffected,
resulting in higher pressure. Lift is created by pressure differences above and below the wing,
which allows the plane to fly [107].
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It's worth noting that Bernoulli's principle can also be derived directly from Newton's second
law. If a small volume of fluid is moving horizontally from a high-pressure area to a low-
pressure area, there is more pressure behind it than in front of it. This causes a net force on
the fluid, accelerating it along the flow path [108], [109].

3.1.2 Weight

Weight is the force pulling the aircraft downward due to gravity. All of the aircraft's mass is
affected by gravity, and this force prevents the aircraft from falling to the ground. The lift
force is the balancing force of weight. For the aircraft to stay airborne, the lift force must
balance the weight. [110].

3.1.3 Thrust

Thrust, the force propelling an object, changes its speed or direction. Newton's third law of
motion dictates that every action results in an equal and opposite reaction. In aviation, thrust,
often from aircraft engines, is crucial. Engines intake, compress, and heat air, then mix it
with jet fuel, producing temperatures up to three thousand degrees. This heated air turns
turbines, eventually expelling backward and propelling the engine forward, as per Newton's

law. Thrust is vital for various flight manoeuvres in aviation [110].
3.1.4 Drag

Drag is the aerodynamic force that opposes the forward motion of the aircraft. It acts in the
opposite direction of the aircraft's motion. During the aircraft's movement, air molecules
frictionally interact with the aircraft's surfaces, creating this frictional force known as drag.

Drag slows down the aircraft's speed and acts against the thrust generated by the engines.

3.1.4.1 Aerodynamic

Aerodynamics is the study of the interaction of forces that propel an object through the air.
When we examine a cross-section of an airplane wing, we can observe that the upper surface
is more curved than the lower surface. Let's take a closer look at two air particles, one passing

over the upper edge of the wing and the other passing beneath it.
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The air surrounding the upper edge has a higher velocity compared to the air passing beneath
the wing [111]. According to proponents of fluid mechanics, the wing's curved shape causes
the air flowing horizontally over the upper part of the wing to have a higher velocity
compared to the airflow beneath the wing. This variance in velocity results in reduced air
pressure on the upper wing surface and elevated pressure beneath it, giving rise to the
creation of upward vertical lift force. Consequently, the aircraft is raised upwards due to the
pressure contrast between the upper and lower wing surfaces, particularly the decreased

pressure on the upper side of the wing [112].

The traditional Newtonian theories of ‘momentum’ and ‘downwash' lift suggest that wings
alter the direction of relative airflow by redirecting it downward, resulting in the transfer of
momentum from the aircraft to the surrounding air. This leads to equal and opposing forces
that push the aircraft upwards [112].

In order to create lift force, a wing must interact with the air in some way. The action
performed by the wing on the air is what generates lift, and the lift itself is the response or

reaction to this action [113].
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Figure 3. 2: Common Depiction of Airflow Overa Wing. This Wing Has No Lift [113].
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Let's compare two illustrations used to depict the airflow (streamlines) over a wing. In Figure
3.2, the air approaches the wing directly, bends around it, and then separates directly behind
the wing. In Figure 3.3, the streamlines are shown as they should be. The air flows over the
wing and is bent downward. The bending of the air is the action, and the reaction is the lift

force on the wing [113].
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Figure 3. 3: True Airflow Showing Upwash and Downwash [113].
3.2 FORMULAS USED IN MATLAB SIMULINK MODEL

The calculations within the Equations of Motion block are illustrated by the following
formulas. Initially, the computation of Lift Force is derived from Equation 3.1 as presented
above. Subsequently, the computations within the Drag block are performed according to
the formula outlined in Equation 3.2. The Total Drag calculation is the aggregate of parasitic
drag and induced drag formulas. Following this, for the calculations within the mass/weight
block, the formulas provided in Equation 3.5 and Equation 3.6 are employed to ascertain the

weight/mass values.

Parasitic Drag;

szp

D =cy X X A (3.3)
Induced Drag;
c=—Cb 3:4)
II X AR X e
W=mxg (3.5)
F=mxXa (3.6)
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The Catapult Acceleration Calculations block initially computes the aircraft's acceleration.
Subsequently, the lift required for the total weight is determined. Finally, the required
acceleration for the catapult is derived by subtracting the aircraft's acceleration from the total
required acceleration. Following this, to determine the catapult force, the masses of the
aircraft and the catapult are summed, and then multiplied by the acceleration of the catapult.
Then, the catapult force is calculated by multiplying this result by the selected distance value

corresponding to the catapult type.
Catapult Force = Catapult Acceleration X (Shuttle Mass + Jet Mass) (3.7)

The Distance-Velocity calculation block computes ground speed, airspeed, and distance.
Initially, distance is calculated according to Formula 3.8, where it is observed that the
integral of acceleration yields distance. The resulting value is then multiplied by 1.94 to
convert it to Knots. Subsequently, airspeed is calculated based on Formula 3.9, where wind
speed, ship speed, and the integral of acceleration are utilized to determine airspeed. The
resulting value is then multiplied by 1.94 to convert it to Knots. Finally, as indicated in

Formula 3.10, distance is determined by integrating airspeed.

fAir Speed = Distance (3.8)
Air Speed = Wind Speed + Carrier Speed + fAcceleration (3.9
fAcceleration = Ground Speed (3.10)

The Atmosphere Calculations block conducts computations according to the following
formulas. Initially, pressure is computed using Formula 3.11, followed by the calculation of
air density using Formula 3.12 derived from the calculated pressure formula.

&
ppyx(1-gXn)" 3.11)
cp X Ty
P
_ 3.12
P=oxT (3.12)



3.3 MODELING OF AN AIRCRAFT TAKING OFF FROM AN AIRCRAFT
CARRIER IN MATLAB SIMULINK

In this section, the modeling of an aircraft taking off from an aircraft carrier using MATLAB
Simulink will be examined. The purpose of this study is to determine the takeoff speed of a
light attack aircraft with an unknown takeoff speed and to investigate the effect of the

catapult distance on the aircraft's takeoff performance.

The formulas described above have been used to create a model using MATLAB Simulink.
In the process of creating the MATLAB Simulink model, the specified formulas are step-
by-step applied, and calculations are performed to ensure the accurate estimation of the
aircraft's takeoff speed. This model enables the accurate simulation of the aircraft's takeoff
speed through the proper adjustment of input values and the implementation of specific
mathematical operations based on scientific principles.

Thus, this model created using MATLAB Simulink represents the mathematical foundation
of certain formulas and the principles of flight dynamics. It allows for the analysis and
prediction of the aircraft's takeoff speed and the effect of the catapult distance on the aircraft's

takeoff performance using a scientific approach.
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Figure 3. 4: Main Diagram of the MATLAB Model.

The main diagram of the model, depicted above, provides a comprehensive representation
of the various factors influencing the aircraft's takeoff performance. These factors
encompass a range of aerodynamic, mechanical, and environmental variables crucial for
accurately simulating the aircraft's behavior during takeoff. Additionally, the diagram
incorporates the main formulas utilized within the model, which govern the calculations and
interactions among these factors. These formulas encapsulate fundamental principles of
physics, aerodynamics, and engineering, ensuring a rigorous and precise simulation of the
aircraft's performance. Together, the factors and formulas depicted in the diagram form the
backbone of the model, enabling detailed analysis and prediction of the aircraft's takeoff

dynamics under different conditions.
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Figure 3. 5: Inside of the Catapult Acceleration Calculation.

In this section, the required acceleration for the catapult is determined. Initially, modeling is
conducted for three different catapult types. The characteristics of the catapult types are
researched, and based on the gathered information, the lengths of the catapult types are
inputted. Subsequently, we calculate the acceleration of the aircraft along the distance
covered by the catapult, thus determining the necessary total acceleration. Next, to ascertain
the catapult's acceleration, we first determine the acceleration of the aircraft. Then, by

subtracting the obtained acceleration from the total acceleration, we find the required

acceleration for the catapult.
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Figure 3. 6: Inside Equation of Motion Block.

The detailed version of the 'Equation of Motion' block depicted in Figure 3.5 is presented.
This block encapsulates the key parameters influencing the aircraft's take-off performance.
Specifically, the force exerted by the catapult and the thrust contribute positively to the
aircraft's take-off. A higher catapult force results in an increased take-off speed of the
aircraft. Additionally, the calculation of drag, representing the resistance experienced by the
aircraft, is considered. Another significant factor impacting take-off is air density,
extensively discussed in the literature review section. Figure 3.6 illustrates the impact of air
density on lift and drag forces, demonstrating their variations with changes in density.
Furthermore, the flight control block is designed to simulate the vertical movement of the

aircraft, involving estimation of the aircraft's altitude during the simulation.
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Figure 3. 7: Inside the Catapult Force Block.

In this section, the force required for the catapult and the distance at which this force will be
applied are calculated. The required catapult acceleration, obtained from a different block,
along with the masses of the aircraft and the shuttle, are utilized to determine the force to be
exerted by the catapult. Calculations are conducted for three different catapult types: C/13-
0, C/13-1, and C/13-2, with lengths of 76.1492m, 94.4m, and 93.5m, respectively. In the
current simulation, the catapult type is selected, and the distance at which the force will be

applied is determined using a Look-Up Table (LUT).
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Figure 3. 8: Inside the Drag Block.

Drag force is a force that acts in the opposite direction to the direction of motion of the
aircraft and is an obstacle that the aircraft must overcome during takeoff. Total drag is the
sum of parasitic drag and induced drag forces. Parasitic drag is the resistance caused by the
shape, surfaces, or assembly of the aircraft that acts in the opposite direction to the aircraft's
motion. This type of drag is associated with the external surface of the aircraft and arises
from non-aerodynamic elements. Induced drag is a consequence of the lift force generated
on the wings of the aircraft. While wings produce lift force by directing the airflow, they

also create induced drag, which is a type of opposing force.

39



This drag occurs due to the turning and swirling effects at the tips of the wings. This force
slows down the aircraft and requires the engine to produce more thrust, negatively affecting
takeoff performance. Therefore, it plays a significant role in MATLAB calculations. The

drag force has been calculated using the relevant formula.
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Figure 3. 9: Inside of Lift Force Block.

The lift force is the force generated by the wings of the aircraft, which enables the aircraft
to be lifted upward. The pressure difference between the low pressure on the upper surface
of the wings and the high pressure on the lower surface creates the lift force. The CL value
(lift coefficient) is a measure of the lift force that an aircraft's wings can generate. Depending
on the characteristics of the wing profile and aerodynamic structure, the CL value varies
under different air conditions and flight situations. In the model shown in figure four, the
calculation of the lift force has been performed in Simulink. CL values for the F/A-18 aircraft
have been researched, and the obtained values have been used in the calculations. The lift

force has been calculated using the relevant formula.
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Figure 3. 10: Inside the Flight Control Block.

In Figure 3.10, the interior of the flight control block is depicted. In this section, the desired
climb angle is primarily calculated. During this calculation, the rate of climb value is
assumed to be an average of 5000 ft/min for jet aircraft. The desired climb angle is calculated

using the relevant formula.
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Figure 3.11: Inside the Distance-Velocity Calculation Block.

In this section, calculations for Air speed, Ground speed, and distance are performed. The
acceleration calculated by the dynamics of the aircraft is utilized here. Acceleration
represents the rate of change of velocity of an object. Integrating acceleration yields velocity
in meters per second (m/s). Simultaneously, integrating velocity yields distance in meters.
Two different speeds are obtained in this section. Ground speed indicates the speed of the
aircraft relative to the ground, while Air speed represents the speed of the aircraft relative to
the air. Ground speed is obtained by integrating acceleration. Other factors affecting the
aircraft include ship speed and wind speed. Ship speed and wind speed, acting in the opposite
direction to the aircraft's direction, positively affect the aircraft. Incorporating these into the

current speed yields airspeed.
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4. ANALYSIS AND MATLAB RESULTS

4.1 CFD ANALYSIS MODEL OF THE F/A-18 AIRCRAFT

In this section, a comprehensive analysis was conducted using Ansys software to calculate
the lift coefficient values of an aircraft at different angles of attack. Determining the
aerodynamic performance of aircraft and understanding their flight characteristics is a
crucial research area within the aviation industry. Therefore, accurately calculating
fundamental aerodynamic concepts such as lift holds critical importance in both the design
process and flight operations. In this study, the Ansys Fluent software was utilized to analyze
the aerodynamic behavior of the aircraft and determine the lift force.

Y
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Figure 4. 1: The Wind Tunnel Created in Ansys Fluent.

Initially, a 10-degree angle of attack is applied to the component under analysis using the
Solidworks program. Subsequently, the component is transferred to the Ansys Fluent
program to commence the analysis. Within the program's geometry section, upon generating
the model, pertinent parameters are inputted into the Enclosure section to facilitate the
creation of a wind tunnel surrounding the component. Increasing the values within the
Enclosure section offers the advantage of enhancing the precision of the analysis outcomes.
For this analysis, the dimensions along the x and y axes are designated as 3m each, while
the z-axis dimension is set at 6m to establish the wind tunnel. This decision stems from the
default behavior of the Enclosure command, which initially generates a cubic enclosure with

1m dimensions along each axis.
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To bolster accuracy and better simulate the airflow, dimensions of 3m along the x and y axes

are chosen, while dimensions of +z and -z are set at 6m to represent the direction of airflow.

Details View a
-|| Details of Enclosure

Enclosure Enclosurel

Shape Box

Mumber of Planes 0

Cushion Man-Uniform

FD1, Cushion <X wvalue (=0} |3 m

FD2, Cushion =Y value (=0} |3 m

FD3, Cushion =Zvalue (=0} [&m

FD4, Cushion -Xwvalue (=0} [3m

FD5, Cushion -Yvalue (=0} |3 m

FDe, Cushion -Zvalue (=0} [&m
Target Bodies All Bodies
Export Enclosure Yes

Figure 4. 2: Showing the Values Inputted for The Reference Set in Ansys Fluent.

In Computational Fluid Dynamics (CFD) analysis, a crucial step involves partitioning the
flow domain into distinct regions to determine the aerodynamic interactions of the aircraft.
For this purpose, the front and rear surfaces of the airflow domain surrounding the aircraft
are designated as "inlet" and "outlet," respectively. The "inlet" region serves as the point of
entry for the airflow into the domain, facilitating its ingress, while the "outlet” region
represents the exit point where the airflow exits the domain. The lateral surfaces are named
"walls" to delineate the boundaries of the airflow domain. To identify the aircraft within this
domain, the faces of the airflow domain are concealed, and the entire surface of the aircraft
is selected using the bulk selection command within the software, subsequently named as
"plane."” This naming process enables better definition of specific regions during the analysis

process and facilitates a more accurate interpretation of the analysis results.
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Figure 4. 3: The Part Called the Inlet Region.
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Figure 4. 6: The Part Called the Plane Region.

During the mesh generation phase, creating a mesh structure that aligns with the geometry
of the aircraft is a critical step. The quality and detail of the mesh directly impact the accuracy
and reliability of the resulting analysis. Initially, a mesh was applied using the default
settings recommended by the Ansys software but encountered errors during this process.
Consequently, mesh settings were adjusted to predominantly use tetrahedral elements, with
multi/zone mesh types assigned to specific regions of the aircraft's geometry, and the process
was reattempted. Upon completion of the mesh generation process, the quality of the
generated mesh was evaluated. In Computational Fluid Dynamics (CFD) analyses, mesh
quality is typically assessed by examining orthogonal quality values. These values provide
insights into the homogeneity and geometric suitability of the mesh, thereby enhancing the
reliability of the analysis results. Orthogonal quality values are presented in Figure 4.7.

Subsequently, the aircraft's mesh generation was completed in accordance with these values.

Orthogonal Quality mesh metrics spectrum:

Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00

Figure 4. 7: Orthogonal Quality Reference Values.
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Figure 4. 8: Mesh Visualization of Ansys Analysis.

Multiple combinations were attempted during the mesh generation for the aircraft. As a
result of these trials, the mesh with the best quality was achieved with an element size of
30mm. Due to the presence of curved regions in the aircraft's geometry, "capture curvature”
was enabled, while "capture proximity" was initially tested as enabled in previous attempts.
However, due to errors encountered during mesh generation, “capture proximity" was
disabled, and the mesh generation process was completed. When attempting mesh generation
using the default settings recommended by Ansys, the element size and adaptive size values
were excessively high, leading to the disabling of adaptive sizing and using a smaller element
size. The "check mesh quality” command was used with the option "Yes with errors” to
better visualize errors in the generated mesh. Additionally, to ensure higher orthogonal
quality values for the mesh, the target skewness value was left at the default setting of 0.9

(very good). The detailed table of the generated mesh is provided in Figure 4.9.
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Figure 4. 9: Details of Mesh.

During the analysis, a velocity value corresponding to 180 knots, which is 92.6 m/s, was
assigned at the inlet of the wind tunnel to calculate the lift coefficient of the aircraft.
Reference values and solution methods were determined based on research conducted for
the analysis. Figures 4.10 and 4.11 below respectively provide the velocity assigned to the

wind tunnel, solution methods, and reference values.
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Figure 4. 10: Velocity Magnitude.

Solution Method
" > @) Reference Values
Pressure-Velocity Coupling -
Schame Area [m?] 1
Coupled - ;
oupte Density [kg/m] 1.225
Flux Type
Rhie-Chow: distance based v Auto Select Enthalpy [I/kg] 0
Spatt.al Discretization LEﬂgth |:ITI] 1
Gradient
Least Squares Cell Based - Pressire [Pa] i
Pressure
—— - Temperature [K] 288.16
SCTIETLTL Velocity [m/s] 1
Second Order Upwind hd
Turbulent Kinetic Energy ViSCUSit‘_.’ [kgf[m S}] 1.7894e-05
Second Order Upwind hd

Specific Dissipation Rate Ratio of Specific Heats 1.4

Second Order Upwind - Yplus for Heat Tran. Coef. 300

Figure 4. 11: Details of Solution Methods and Reference Values.

The lift coefficient of the aircraft was found to be between 0.850 and 0.910 as a result of the
analysis. The graph of the lift coefficient, depicted in Figure 4.12 below, illustrates this

variation.
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Figure 4. 12: Lift Coefficient Value According To 10-Degree Angle of Attack.

Analysis results according to 4-degree angle of attack

In this section, in addition to the lift values of the aircraft calculated at a 10-degree angle of
attack, the lift values at a 4-degree angle of attack were also examined. Thus, in order to
evaluate the accuracy of our analyzes and increase the reliability of our results, a detailed
analysis was carried out by comparing the lift values obtained at different angles of attack.
This additional analysis will provide a more comprehensive view to understand and optimize
the performance of the aircraft. The lift coefficient of the aircraft was found to be between
0.390 and 0.514 as a result of the analysis. The graph of the lift coefficient, depicted in Figure
4.13 below, illustrates this variation.
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Figure 4. 13: Lift Coefficient Value According To 4-Degree Angle of Attack.
4.2 MATLAB SIMULINK RESULTS OF THE F/A-18 AIRCRAFT

C-13-1 Catapult: The C-13-1 catapult is commonly found on more modern aircraft carriers.
It boasts a more advanced design compared to the C-13-0, providing a higher takeoff
velocity. These catapults offer a faster and safer takeoff process by utilizing hydraulic

systems and more sophisticated technologies.

C-13-2 Catapult: The C-13-2 serves as an enhanced version of the C-13-1 and is typically
utilized on aircraft carriers equipped with the latest technologies. This catapult type features
advanced systems to ensure higher takeoff speeds and precise takeoff control. Additionally,

it delivers more reliable and efficient performance.
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Which type is best suited for a particular application or aircraft carrier may depend on a
number of factors, such as the size, weight and performance requirements of the aircraft to

be used.

Power stroke (in feet) and bITrack length (in feet) values of C-13-0, C-13-1 and C-13-2
catapult types shown in Table 4.1 below are referenced and used in the MATLAB Simulink

model.
Table 4.1: Steam Catapult Data [114].

Item C-13-0 C-13-1 C-13-2
Power stroke (in feet) 249-10 309-8 3/4” 306-9”
bITrack length (in feet) 264-10” 324-10” 324-10”
Weight of shuttle and pistons (in pounds) 6,350 6,350 6,350
Cylinder bore (in inches) 18 18 18
Power stroke displacement (in cubic feet) 910 1,148 1,527

Table 4.2: Values of the FA-18 Hornet Aircraft [115].

Empty weight 23,000 Ibs
Loaded weight 36,970 Ibs
Max. takeoff weight 51,900 Ibs
Wing Area 46.45 m?
Wingspan 13.62m
Angle of attack 10
Coefficient of Drag 0.02
Length 18.31m
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Table 4.3: Parameters of C/13-0 Type Catapult MATLAB Simulink Model.

Aircraft-Environmental Conditions Simulation Results
ID | Carrier | Wind Tak§off L.iﬁOff Liftoff Take-off Take-off Catapult Force
Speed Speed Weight | Distance Time (s) | Time (s) Speed (Nm)
(Knots) | (m/s) (LBS) (m) (Knots)
1 0 0 23000 52.79 1.61 1.94 153.35 268455.37
2 0 0 36970 62.14 1.49 1.65 179.39 782382.54
3 0 0 51900 66.53 1.35 1.45 205.64 1562279.65
4 30 0 23000 49.90 1.24 1.61 156.32 268455.37
5 30 0 36970 59.95 1.22 1.41 182.39 782382.54
6 30 0 51900 65.51 1.15 1.26 207.81 1562279.65
7 20 0 23000 51.91 1.37 1.71 154.54 268455.37
8 20 0 36970 61.13 1.31 1.49 181.39 782382.54
9 20 0 51900 65.54 1.21 1.32 206.62 1562279.65
10 30 5 23000 47.93 1.12 1.51 158.11 268455.37
11 30 5 36970 58.32 1.13 1.34 184.48 782382.54
12 30 5 51900 64.16 1.08 1.2 209.01 1562279.65
13 20 5 23000 49.90 1.24 1.61 156.32 268455.37
14 20 5 36970 59.95 1.22 1.41 182.39 782382.54
15 20 5 51900 65.51 1.15 1.26 207.81 1562279.65
16 30 10 23000 45.34 1 1.42 160.68 268455.37
17 30 10 36970 56.26 1.04 1.27 186.57 782382.54
18 30 10 51900 62.47 1.01 1.15 211.62 1562279.65
19 20 10 23000 47.93 1.12 1.51 158.11 268455.37
20 20 10 36970 58.32 1.13 1.34 184.48 782382.54
21 20 10 51900 64.16 1.08 1.2 209.01 1562279.65

According to the scenarios established, various simulations have been conducted. As a result

of these simulations, graphs have been obtained under four different fundamental headings.
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The graph titled "Aircraft Takeoff Distance Graph" illustrates the distance-time relationship
from the moment the aircraft begins its takeoff. Additionally, annotations on the graph denote
specific instances: "Liftoff Time" indicates the moment when the aircraft generates enough
lift force, with the assistance of catapult and jet engines, to overcome its own weight while
running on the runway. "End of Carrier Time" signifies the time at which the aircraft departs
from the carrier (Takeoff Time). "Distance" denotes the distance covered by the aircraft at

liftoft.

The graph titled "Aircraft Takeoff Speed Graph" presents the speed of the aircraft as a
function of time from the moment of takeoff initiation. Additionally, annotations on the
graph indicate the "Takeoff Time," marking the instance when the aircraft departs from the
carrier. The parameter "Airspeed" denotes the airspeed of the aircraft as it separates from the

carrier.

In the graph labeled "Pitch Angle Graph," the Pitch Angle of the aircraft is depicted as a
function of time from the moment of takeoff initiation. Here, an oscillation in the aircraft's
angle is observed from the onset of takeoff until the moment of departure. This oscillation
represents the motion resulting from the acceleration applied to the aircraft during takeoff.
Furthermore, annotations on the graph specify the "End of Carrier Time," denoting the
moment when the aircraft separates from the carrier. Beyond this point, the oscillation

ceases, and the pitch angle of the aircraft is provided.

The graph titled "Aircraft Altitude Graph" tracks the altitude of the aircraft from the moment
of takeoff initiation. It is assumed that the altitude value on the carrier is 20 ft. At takeoff,
the Rate of Climb (RoC) is taken as 5000 ft/min. The dashed red line on the graph represents
the point at which the aircraft separates from the carrier.
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Figure 4. 14: Results of Simulation Number ID:1.

Within the scope of scenario ID:1, the C-13-0 catapult type was employed, with an aircraft
weight of 230001bs assumed, and no carrier or wind velocity considered. In the conducted
simulation, upon examination of the "Aircraft Take-off Distance Graph," the Liftoff Time
was calculated as 1.61 seconds, while the Take-off Time was determined to be 1.94 seconds.
Upon reviewing the results, it was observed that the aircraft was able to reach lift force before
departing from the carrier, successfully achieving take-off. It covered a lift off distance 52.79
meters upon reaching the specified lift value. Further analysis of the "Aircraft Take-off Speed
Graph" revealed that the aircraft's speed at take-off was calculated to be 153.35 knots.
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Figure 4. 15: Results of Simulation Number 1D:2.

Within the scope of scenario ID:2, the C-13-0 catapult type was employed, with an aircraft
weight of 369701lbs assumed, and no carrier or wind velocity considered. In the conducted
simulation, upon examination of the "Aircraft Take-off Distance Graph," the Liftoff Time
was calculated as 1.49 seconds, while the Take-off Time was determined to be 1.65 seconds.
Upon reviewing the results, it was observed that the aircraft was able to reach lift force before
departing from the carrier, successfully achieving take-off. It covered a distance of 62.14
meters upon reaching the specified lift value. Further analysis of the "Aircraft Take-off Speed
Graph" revealed that the aircraft's speed at take-off was calculated to be 179.39 knots.
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Figure 4. 16: Results of Simulation Number ID:3.

Within the scope of scenario ID:3, the C-13-0 catapult type was employed, with an aircraft
weight of 519001lbs assumed, and no carrier or wind velocity considered. In the conducted
simulation, upon examination of the "Aircraft Take-off Distance Graph," the Liftoff Time
was calculated as 1.35 seconds, while the Take-off Time was determined to be 1.45 seconds.
Upon reviewing the results, it was observed that the aircraft was able to reach lift force before
departing from the carrier, successfully achieving take-off. It covered a lift off distance 66.53
meters upon reaching the specified lift value. Further analysis of the "Aircraft Take-off Speed
Graph" revealed that the aircraft's speed at take-off was calculated to be 205.64 knots.
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Figure 4. 17: Results of Simulation Number ID:9.

Within the scope of scenario ID:9, the C-13-0 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier is moving at a speed of 20 knots and there is no wind
velocity considered. In the conducted simulation, upon examination of the "Aircraft Take-
off Distance Graph," the Liftoff Time was calculated as 1.21 seconds, while the Take-off
Time was determined to be 1.32 seconds. Upon reviewing the results, it was observed that
the aircraft was able to reach lift force before departing from the carrier, successfully
achieving take-off. It covered a lift off distance 65.54 meters upon reaching the specified lift
value. Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's
speed at take-off was calculated to be 206.62 knots.
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Figure 4. 18: Results of Simulation Number ID:15.

Within the scope of scenario ID:15, the C-13-0 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier moving at a speed of 20 knots and there is wind velocity
at Sm/s considered. In the conducted simulation, upon examination of the "Aircraft Take-off
Distance Graph," the Liftoff Time was calculated as 1.15 seconds, while the Take-off Time
was determined to be 1.26 seconds. Upon reviewing the results, it was observed that the
aircraft was able to reach lift force before departing from the carrier, successfully achieving
take-off. It covered a lift off distance 65.51 meters upon reaching the specified lift value.
Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's speed at
take-off was calculated to be 207.81 knots.
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Table 4.4: Parameters of C/13-1 Type Catapult MATLAB Simulink Model.

Aircraft-Environmental Conditions

Simulation Results

i : . : :
Spesd | Spoed | Spood | Woght | Disaee | LI | TheorT | Takeor
(Knots) | (Knots) | (m/s) | (LBS) (m) peed (Knots)

| 0 0 0 23000 | 63.14 1.93 237 155.84

B 0 0 0 36970 | 75.19 181 2.03 180.91

% | 0 0 0 51900 | 8191 1.66 179 206.68

25 | 30 30 0 23000 | 59.96 1.49 1.96 157.93

26 | 30 30 0 36970 | 7245 148 173 183.26

27 | 30 30 0 51900 | 79.25 14 155 208.08

28 | 20 20 0 23000 | 61.97 1.64 2.09 156.80

29 | 20 20 0 36970 | 7391 159 183 182.47

30 | 20 20 0 51900 | 80.88 1.49 163 207.62

31| 30 30 5 23000 | 5721 134 185 16037

32 | 30 30 5 36970 | 7045 137 .64 184.93

33 | 30 30 5 51900 | 78.17 132 148 209.70

34 | 20 20 5 23000 | 59.96 149 1.96 157.93

35 | 20 20 5 36970 | 7245 148 173 183.26

36 | 20 20 5 51900 | 79.25 14 155 208.08

37 | 30 30 10 23000 | 5438 12 1.74 162.81

38 | 30 30 10 36970 | 63.74 127 156 187.49

39 | 30 30 10 51900 | 76.68 124 142 212.47

20 | 20 20 10 23000 | 5721 134 185 16037

| 20 20 10 36970 | 7045 137 1.64 184.93

2| 20 20 10 51900 | 78.17 132 148 209.70
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Figure 4. 19: Results of Simulation Number 1D:22.

Within the scope of scenario ID:22, the C-13-1 catapult type was employed, with an aircraft
weight of 230001bs assumed, and no ship or wind velocity considered. In the conducted
simulation, upon examination of the "Aircraft Take-off Distance Graph," the Liftoff Time
was calculated as 1.93 seconds, while the Take-off Time was determined to be 2.37 seconds.
Upon reviewing the results, it was observed that the aircraft was able to reach lift force before
departing from the carrier, successfully achieving take-off. It covered a lift off distance 63.14
meters upon reaching the specified lift value. Further analysis of the "Aircraft Take-off Speed
Graph" revealed that the aircraft's speed at take-off was calculated to be 155.84 knots.
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Figure 4. 20: Results of Simulation Number 1D:23.

Within the scope of scenario ID:23, the C-13-1 catapult type was employed, with an aircraft
weight of 369701bs assumed, and no carrier or wind velocity considered. In the conducted
simulation, upon examination of the "Aircraft Take-off Distance Graph," the Liftoff Time
was calculated as 1.81 seconds, while the Take-off Time was determined to be 2.03 seconds.
Upon reviewing the results, it was observed that the aircraft was able to reach lift force before
departing from the carrier, successfully achieving take-off. It covered a lift off distance 75.19
meters upon reaching the specified lift value. Further analysis of the "Aircraft Take-off Speed
Graph" revealed that the aircraft's speed at take-off was calculated to be 180.91 knots.

61



Alrcrajt Takeoff Distance Graph 8 Pitch Angle Graph

1000 Litel Time 1568

LitDes- 81.9144m

Distance (m)
8
o

Pitch Angle(®)

400 | /wt.m_ acnar Tioow A7
1.5} |
200 :
0 2 1
0 5 10 0 1 2 3 4
Time (s) Time (s)
Aircraft Takeoff Speed Graph Aircraft Altitude Graph
z _.28} !
¥ 200 € | '
° Q 26 | |
$ | Takeol Ture: 1708 S |
o Alrspesdd 206 6883kn1 £ 2 ‘ ;
#1100 . - R
= ! ‘ |
| 22 ! En t lw—
0 1 20!
0 5 10 0 1 2 3 E
Time (s) Time (s)

Figure 4. 21: Results of Simulation Number 1D:24.

Within the scope of scenario ID:24, the C-13-1 catapult type was employed, with an aircraft
weight of 519001bs assumed, and no carrier or wind velocity considered. In the conducted
simulation, upon examination of the "Aircraft Take-off Distance Graph," the Liftoff Time
was calculated as 1.66 seconds, while the Take-off Time was determined to be 1.79 seconds.
Upon reviewing the results, it was observed that the aircraft was able to reach lift force before
departing from the carrier, successfully achieving take-off. It covered a lift off distance §1.91
meters upon reaching the specified lift value. Further analysis of the "Aircraft Take-off Speed
Graph" revealed that the aircraft's speed at take-off was calculated to be 206.68 knots.
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Figure 4. 22: Results of Simulation Number 1D:30.

Within the scope of scenario ID:30, the C-13-1 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier is moving at a speed of 20 knots and there is no wind
velocity considered. In the conducted simulation, upon examination of the "Aircraft Take-
off Distance Graph," the Liftoff Time was calculated as 1.49 seconds, while the Take-off
Time was determined to be 1.63 seconds. Upon reviewing the results, it was observed that
the aircraft was able to reach lift force before departing from the carrier, successfully
achieving take-off. It covered a lilt off distance 80.88 meters upon reaching the specified lift
value. Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's
speed at take-off was calculated to be 207.62 knots.
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Figure 4. 23: Results of Simulation Number 1D:36.

Within the scope of scenario ID:36, the C-13-1 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier moving at a speed of 20 knots and there is wind velocity
at Sm/s considered. In the conducted simulation, upon examination of the "Aircraft Take-off
Distance Graph," the Liftoff Time was calculated as 1.4 seconds, while the Take-off Time
was determined to be 1.55 seconds. Upon reviewing the results, it was observed that the
aircraft was able to reach lift force before departing from the carrier, successfully achieving
take-off. It covered a lift off distance 79.25 meters upon reaching the specified lift value.
Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's speed at
take-off was calculated to be 208.08 knots.
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Table 4.5: Parameters of C/13-2 Type Catapult MATLAB Simulink Model.

Aircraft-Environmental Conditions

Simulation Results

D - : X .
e o | s | | o, | it [ mtcar | tacon
(Knots) | (Knots) (m/s) (LBS) (m) Time (s) | Time (s) | Speed (Knots)

43 0 0 0 23000 63.00 1.92 2.34 155.12

44 0 0 0 36970 74.19 1.79 2.01 180.71

45 0 0 0 51900 80.68 1.64 1.77 206.25

46 30 30 0 23000 59.60 1.48 1.95 158.31

47 30 30 0 36970 72.06 1.47 1.72 183.72

48 30 30 0 51900 78.79 1.39 1.54 208.56

49 20 20 0 23000 61.03 1.62 2.07 156.59

50 20 20 0 36970 73.59 1.58 1.81 182.12

51 20 20 0 51900 80.49 1.48 1.61 207.01

52 30 30 5 23000 56.80 1.33 1.83 160.04

53 30 30 5 36970 70.00 1.36 1.63 185.32

54 30 30 5 51900 77.66 1.31 1.47 210.10

55 20 20 5 23000 59.60 1.48 1.95 158.31

56 20 20 5 36970 72.06 1.47 1.72 183.72

57 20 20 5 51900 78.79 1.39 1.54 208.56

58 30 30 10 23000 53.91 1.19 1.73 163.08

59 30 30 10 36970 67.40 1.25 1.55 187.82

60 30 30 10 51900 76.11 1.23 1.4 211.65

61 20 20 10 23000 56.80 1.33 1.83 160.04

62 20 20 10 36970 70.00 1.36 1.63 185.32

63 20 20 10 51900 77.66 1.31 1.47 210.10
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Figure 4. 24: Results of Simulation Number 1D:43.

Within the scope of scenario ID:43, the C-13-2 catapult type was employed, with an aircraft
weight of 230001bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.92 seconds, while the Take-off Time was determined to
be 2.34 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a lift oftf distance 63 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 155.12 knots.
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Figure 4. 25: Results of Simulation Number 1D:44.

Within the scope of scenario 1D:44, the C-13-2 catapult type was employed, with an aircraft
weight of 369701bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.79 seconds, while the Take-off Time was determined to
be 2.01 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. it covered
a distance of 74.19 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 180.71 knots.
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Figure 4. 26: Results of Simulation Number ID:45.

Within the scope of scenario ID:45, the C-13-2 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.64 seconds, while the Take-off Time was determined to
be 1.77 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 80.68 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 206.25 knots.
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Figure 4. 27: Results of Simulation Number ID:51.

Within the scope of scenario ID:51, the C-13-2 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier is moving at a speed of 20 knots and there is no wind
velocity considered. In the conducted simulation, upon examination of the "Aircraft Take-
off Distance Graph," the Liftoff Time was calculated as 1.48 seconds, while the Take-off
Time was determined to be 1.61 seconds. Upon reviewing the results, it was observed that
the aircraft was able to reach lift force before departing from the carrier, successfully
achieving take-off. It covered a distance of 80.49 meters upon reaching the specified lift
value. Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's
speed at take-off was calculated to be 207.01 knots.
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Figure 4. 28: Results of Simulation Number ID:57.

Within the scope of scenario ID:57, the C-13-2 catapult type was employed, with an aircraft
weight of 519001bs assumed, carrier moving at a speed of 20 knots and there is wind velocity
at Sm/s considered. In the conducted simulation, upon examination of the "Aircraft Take-off
Distance Graph," the Liftoff Time was calculated as 1.39 seconds, while the Take-oft Time
was determined to be 1.54 seconds. Upon reviewing the results, it was observed that the
aircraft was able to reach lift force before departing from the carrier, successfully achieving
take-off. It covered a distance of 78.79 meters upon reaching the specified lift value. Further
analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off
was calculated to be 208.56 knots.
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4.3 CFD ANALYSIS MODEL OF LIGHT ATTACK AIRCRAFT

In this section, the same meshing procedure applied to the F/A-18 model has been replicated.
Initially, the aircraft was adjusted to a 10-degree angle of attack in the SolidWorks program,
and then the part was loaded into the Ansys program for analysis purposes. Here, the initial
step involved creating the wind tunnel. The parameters applied to the F/A-18 aircraft were
also implemented for this model. Dimensions along the x and y axes were set to 3 meters

each, while the z-axis dimension was determined to be 6 meters to form the wind tunnel.

Following this, a renaming procedure was executed to streamline the analysis process.
Drawing inspiration from the naming conventions employed in the previous analysis,
adjustments were made accordingly. The leading and trailing surfaces encircling the
aircraft's airflow zone were designated as the "inlet" and "outlet,” respectively. The "inlet"
zone serves as the entry point for airflow, facilitating its ingress, while the "outlet™ region
marks the exit point where airflow departs the area. The lateral surfaces were denoted as
"walls" to demarcate the boundaries of the airflow domain. Defining the aircraft within this
framework involved concealing the faces of the airflow region and utilizing a bulk selection
command within the software to encompass the entire aircraft surface, referred to
subsequently as the "plane.” This renaming protocol enhances the delineation of specific
regions throughout the analysis and contributes to a more precise interpretation of the

analysis outcomes.

Figure 4. 29: Light Attack Aircraft at 10-Degree Angle of Attack.
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In the mesh generation stage, creating a mesh structure that aligns with the aircraft's
geometry is a critical step. The quality and detail of the mesh directly influence the accuracy
and reliability of the results obtained. In our model, mesh settings were primarily set to
tetrahedron, but in certain specialized areas dictated by the aircraft's geometry, a multi/zone
mesh type was assigned for mesh generation. Other parameters in the Details of Mesh tab
were entered consistent with the analysis of the F/A-18 model. Following the completion of
mesh generation, we evaluated the quality of the generated mesh. These assessments provide
insights into the homogeneity and geometric conformity of the mesh, thereby enhancing the
reliability of the analysis results. The target skewness value was left at the default of 0.9

(very good) to ensure higher orthogonal quality values.

Throughout the analysis process, the determination of the aircraft's lift coefficient involved
assigning a velocity of 92.6 m/s, equivalent to 180 knots, at the entrance section of the wind
tunnel. Furthermore, after thorough research, appropriate reference values were inputted in

the Reference Values and Solution Methods section, deemed suitable for the analysis.

The analysis results indicated that the lift coefficient of the aircraft ranged between 0.480

and 0.560. The graph of the lift coefficient, as shown in Figure 4.30 below, illustrates this

variation.
0s00 Ansys
2022 R2
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0,800
0,700
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iteration
ir-cosl

Figure 4. 30: Lift Coefficient VValue for LCA at 10-Degree Angle of Attack.
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4.4 MATLAB SIMULINK RESULTS OF LIGHT ATTACK AIRCRAFT

In this section, Simulink analyses of a lightweight attack aircraft, with the specified weights,
were conducted. The analysis commenced with a simulation of take-off from an aircraft
carrier in Section 4.2, focusing on the performance of the F/A-18 aircraft. Subsequently, to
facilitate comparative analysis, modifications were made to the model to center the
investigation on the lightweight attack aircraft. These modifications encompassed
adjustments to parameters such as the engine specifications, aircraft weight, and lift
coefficient (CL value), tailored to the characteristics of the lightweight attack aircraft.
Following these adjustments, a similar simulation was executed to analyze the performance
of the lightweight attack aircraft. The objective of this study is to contribute to the design
and operational decision-making process by comparing the take-off performance of different
aircraft. The detailed results of the model simulations for the lightweight attack aircraft have
been thoroughly analysed, and the obtained data is comprehensively elucidated in the
subsequent section. These findings provide crucial insights for identifying the most suitable

aircraft for take-off from an aircraft carrier and enhancing operational efficiency.

Table 4.6: Estimated Values for Light Attack Aircraft.

Empty weight 9500 Ibs
Loaded weight 12825 Ibs
Max. takeoff weight 18825 Ibs
Wing Area 35m?
Wingspan 9.5m
Angle of attack 10
Coefficient of Drag 0.025
Length 13.6 m
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Table 4.7: Parameters of C/13-0 Type Catapult MATLAB Simulink Model.

Aircraft-Environmental Conditions

Simulation Results

D - : X .
e o | s | | o, | it [ mtcar | tacon
(Knots) | (Knots) (m/s) (LBS) (m) Time (s) | Time (s) | Speed (Knots)

1 0 0 0 9500 41.63 1.7 2.31 128.78

2 0 0 0 12825 47.12 1.65 2.1 140.86

3 0 0 0 18825 54.27 1.57 1.86 158.91

4 30 30 0 9500 37.72 1.18 1.84 131.53

5 30 30 0 12825 43.46 1.21 1.71 143.71

6 30 30 0 18825 51.74 1.23 1.56 162.33

7 20 20 0 9500 40.22 1.36 1.99 130.24

8 20 20 0 12825 45.59 1.36 1.83 142.09

9 20 20 0 18825 52.92 1.34 1.65 160.34

10 30 30 5 9500 34.86 1.01 1.72 134.47

11 30 30 5 12825 41.18 1.07 1.6 145.99

12 30 30 5 18825 49.99 1.12 1.47 164.32

13 20 20 5 9500 37.72 1.18 1.84 131.53

14 20 20 5 12825 43.46 1.21 1.71 143.71

15 20 20 5 18825 51.74 1.23 1.56 162.33

16 30 30 10 9500 31.13 0.84 1.6 137.41

17 30 30 10 12825 38.19 0.93 1.5 148.94

18 30 30 10 18825 46.99 1 1.38 166.31

19 20 20 10 9500 34.86 1.01 1.72 134.47

20 20 20 10 12825 41.18 1.07 1.6 145.99

21 20 20 10 18825 49.99 1.12 1.47 164.32
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Figure 4. 31: Results of Simulation Number ID:1.

Within the scope of scenario ID:1, the C-13-0 catapult type was employed, with an aircraft
weight of 95001bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.7 seconds, while the Take-off Time was determined to
be 2.31 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 41.63 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 128.78 knots.
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Figure 4. 32: Results of simulation number ID:2.

Within the scope of scenario ID:2, the C-13-0 catapult type was employed, with an aircraft
weight of 128251bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.65 seconds, while the Take-off Time was determined to
be 2.1 seconds. Upon reviewing the results, it was observed that the aircraft was able to reach
lift force before departing from the carrier, successfully achieving take-off. It covered a
distance of 47.12 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 140.86 knots.
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Figure 4. 33: Results of simulation number ID:3.

Within the scope of scenario ID:3, the C-13-0 catapult type was employed, with an aircraft
weight of 188251bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.57 seconds, while the Take-off Time was determined to
be 1.86 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 54.27 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 158.91 knots.
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Figure 4. 34. Results of Simulation Number ID:9.

Within the scope of scenario ID:9, the C-13-0 catapult type was employed, with an aircraft
weight of 18825lbs assumed, carrier is moving at a speed of 20 knots and there is no wind
velocity considered. In the conducted simulation, upon examination of the "Aircraft Take-
off Distance Graph," the Liftoff Time was calculated as 1.34 seconds, while the Take-off
Time was determined to be 1.65 seconds. Upon reviewing the results, it was observed that
the aircraft was able to reach lift force before departing from the carrier, successfully
achieving take-off. It covered a distance of 52.92 meters upon reaching the specified lift
value. Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's
speed at take-off was calculated to be 160.34 knots.
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Figure 4. 35. Results of Simulation Number ID:15.

Within the scope of scenario ID:15, the C-13-0 catapult type was employed, with an aircraft
weight of 188251bs assumed, carrier moving at a speed of 20 knots and there is wind velocity
at Sm/s considered. In the conducted simulation, upon examination of the "Aircraft Take-off
Distance Graph," the Liftoff Time was calculated as 1.23 seconds, while the Take-off Time
was determined to be 1.56 seconds. Upon reviewing the results, it was observed that the
aircraft was able to reach lift force before departing from the carrier, successfully achieving
take-off. It covered a distance of 51.74 meters upon reaching the specified lift value. Further
analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off
was calculated to be 162.33 knots.
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Table 4.8: Parameters of C/13-1 Type Catapult MATLAB Simulink Model.

Aircraft-Environmental Conditions

Simulation Results

D - : X .
e o | s | | o, | it [ mtcar | tacon
(Knots) | (Knots) (m/s) (LBS) (m) Time (s) | Time (s) | Speed (Knots)

22 0 0 9500 50.53 2.06 2.82 129.80 24394.92

23 0 0 12825 56.57 1.99 2.58 142.72 88052.01

24 0 0 18825 65.85 1.91 2.29 160.31 230212.31

25 30 0 9500 45.75 1.43 2.26 132.92 24394.92

26 30 0 12825 52.88 1.47 2.11 145.69 88052.01

27 30 0 18825 63.08 1.5 1.91 162.74 230212.31

28 20 0 9500 48.39 1.64 2.44 131.57 24394.92

29 20 0 12825 54.79 1.64 2.25 143.78 88052.01

30 20 0 18825 64.24 1.63 2.03 161.46 230212.31

31 30 5 9500 42.07 1.22 2.11 135.63 24394.92

32 30 5 12825 49.53 1.29 1.97 147.59 88052.01

33 30 5 18825 60.55 1.36 1.81 165.40 230212.31

34 20 5 9500 45.75 1.43 2.26 132.92 24394.92

35 20 5 12825 52.88 1.47 2.11 145.69 88052.01

36 20 5 18825 63.08 1.5 1.91 162.74 230212.31

37 30 10 9500 37.35 1.01 1.96 138.34 24394.92

38 30 10 12825 45.87 1.12 1.85 150.59 88052.01

39 30 10 18825 57.33 1.22 1.7 167.37 230212.31

40 20 10 9500 42.07 1.22 2.11 135.63 24394.92

41 20 10 12825 49.53 1.29 1.97 147.59 88052.01

42 20 10 18825 60.55 1.36 1.81 165.40 230212.31
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Figure 4. 36: Results of Simulation Number 1D:22.

Within the scope of scenario ID:22, the C-13-1 catapult type was employed, with an aircraft
weight of 95001bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 2.06 seconds, while the Take-off Time was determined to
be 2.82 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 50.33 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 129.80 knots.
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Figure 4. 37: Results of Simulation Number 1D:23.

Within the scope of scenario ID:23, the C-13-1 catapult type was employed, with an aircraft
weight of 128251bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.99 seconds, while the Take-off Time was determined to
be 2.58 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 56.57 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 142.72 knots.
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Figure 4. 38: Results of Simulation Number 1D:24.

Within the scope of scenario ID:24, the C-13-1 catapult type was employed, with an aircraft
weight of 188251bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.91 seconds, while the Take-off Time was determined to
be 2.29 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 65.85 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 160.31 knots.
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Figure 4. 39: Results of Simulation Number 1D:30.

Within the scope of scenario ID:30, the C-13-1 catapult type was employed, with an aircraft
weight of 18825lbs assumed, carrier moving at a speed of 20 knots and there is no wind
velocity considered. In the conducted simulation, upon examination of the "Aircraft Take-
off Distance Graph," the Liftoff Time was calculated as 1.63 seconds, while the Take-off
Time was determined to be 2.03 seconds. Upon reviewing the results, it was observed that
the aircraft was able to reach lift force before departing from the carrier, successfully
achieving take-off. It covered a distance of 64.24 meters upon reaching the specified lift
value. Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's
speed at take-off was calculated to be 161.46 knots.
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Figure 4. 40: Results of Simulation Number 1D:36.

Within the scope of scenario ID:36, the C-13-1 catapult type was employed, with an aircraft
weight of 188251bs assumed, carrier moving at a speed of 20 knots and there is wind velocity
at Sm/s considered. In the conducted simulation, upon examination of the "Aircraft Take-off
Distance Graph," the Liftoff Time was calculated as 1.5 seconds, while the Take-off Time
was determined to be 1.91 seconds. Upon reviewing the results, it was observed that the
aircraft was able to reach lift force before departing from the carrier, successfully achieving
take-off. It covered a distance of 63.08 meters upon reaching the specified lift value. Further
analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off
was calculated to be 162.74 knots.
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Table 4.9: Parameters of C/13-2 Type Catapult MATLAB Simulink Model.

Aircraft-Environmental Conditions

Simulation Results

D - : X .
e o | o | | g, [ i [ mtcanr | ticon
(Knots) | (Knots) (m/s) (LBS) (m) Time (s) | Time (s) | Speed (Knots)

43 0 0 9500 49.97 2.04 2.8 129.97 25259.36

44 0 0 12825 56.48 1.98 2.55 142.27 89463.78

45 0 0 18825 65.05 1.89 2.27 160.32 23293291

46 30 0 9500 45.46 1.42 2.24 132.88 25259.36

47 30 0 12825 52.57 1.46 2.09 145.57 89463.78

48 30 0 18825 62.06 1.48 1.9 163.21 23293291

49 20 0 9500 48.16 1.63 2.41 131.14 25259.36

50 20 0 12825 54.55 1.63 223 143.73 89463.78

51 20 0 18825 63.97 1.62 2.01 161.31 23293291

52 30 5 9500 41.73 1.21 2.09 135.53 25259.36

53 30 5 12825 49.16 1.28 1.95 147.41 89463.78

54 30 5 18825 60.15 1.35 1.79 165.11 23293291

55 20 5 9500 45.46 1.42 2.24 132.88 25259.36

56 20 5 12825 52.57 1.46 2.09 145.57 89463.78

57 20 5 18825 62.06 1.48 1.9 163.21 23293291

58 30 10 9500 36.96 1 1.95 138.64 25259.36

59 30 10 12825 45.45 1.11 1.83 150.35 89463.78

60 30 10 18825 56.87 1.21 1.69 167.72 23293291

61 20 10 9500 41.73 1.21 2.09 135.53 25259.36

62 20 10 12825 49.16 1.28 1.95 147.41 89463.78

63 20 10 18825 60.15 1.35 1.79 165.11 23293291
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Figure 4. 41: Results of Simulation Number 1D:43.

Within the scope of scenario 1D:43, the C-13-2 catapult type was employed, with an aircraft
weight of 95001bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 2.04 seconds, while the Take-off Time was determined to
be 2.8 seconds. Upon reviewing the results, it was observed that the aircraft was able to reach
lift force before departing from the carrier, successfully achieving take-off. It covered a
distance of 49.97 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 129.97 knots.

87



OOAlrcrafg Takeoff Distance Graph 5 Pitch Angle Graph

10
| .
. 800 |LidDa 56 4873m G
E . '8
800 T
® | 2
E 400 i § Te
= =
200 ' G
| |
0 2 1
0 5 10 0 1 2 3 4
Time (s) Time (s)
Aircraft Takeoff Speed Graph 23 Aircraft Altitude Graph
300 : | |
= | '
S I = } ™ Camar Time 2 55 I
5 200 | ‘Z:, 22 ‘ Erd of Cam e '
2 =
$ 17 e Time 255s 2 |
o rspead 142 2775knt =
£ 100 < 21| :
< |
|
0! 20
0 5 10 0 1 2 3 4
Time (s) Time (s)

Figure 4. 42: Results of Simulation Number 1D:44.

Within the scope of scenario 1D:44, the C-13-2 catapult type was employed, with an aircraft
weight of 128251bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.98 seconds, while the Take-off Time was determined to
be 2.55 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 56.48 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 142.27 knots.

88



OONrcrafg Takeoff Distance Graph 5 Pitch Angle Graph

10
[ .
1] WADs: 65 0566m =
e & | <05
o B00 I=,
o I 2
% i < -1
_.E’:; 400 " § | L‘.i.i!f-l—enle
= 200 I a-1.5} |
I |
0 2 1
0 5 10 0 1 2 3 4
Time (s) Time (s)
40 Aireraft Takeoff Speed Graph o5 Aircraft Altitude Graph
! I
— | 24 ! |
¥ 200 * £ '
; | © 231 I
$ adeoff Time. 2274 E |
Alrspeed. 160 3217kn cred of Cantrier Tifres 2 27
Q 100 : \rspe 3257knt :_? 221  Endaotcanie 373
if I I
| 2\ |
0 L 20\
0 5 10 0 1 2 3 4
Time (s) Time (s)

Figure 4. 43: Results of Simulation Number 1D:45.

Within the scope of scenario ID:45, the C-13-2 catapult type was employed, with an aircraft
weight of 188251bs assumed, carrier is not moving and there is no wind velocity considered.
In the conducted simulation, upon examination of the "Aircraft Take-off Distance Graph,"
the Liftoff Time was calculated as 1.89 seconds, while the Take-off Time was determined to
be 2.27 seconds. Upon reviewing the results, it was observed that the aircraft was able to
reach lift force before departing from the carrier, successfully achieving take-off. It covered
a distance of 65.05 meters upon reaching the specified lift value. Further analysis of the
"Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off was calculated
to be 160.32 knots.
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Figure 4. 44: Results of Simulation Number ID:51.

Within the scope of scenario ID:51, the C-13-2 catapult type was employed, with an aircraft
weight of 18825lbs assumed, carrier moving at a speed of 20 knots and there is no wind
velocity considered. In the conducted simulation, upon examination of the "Aircraft Take-
off Distance Graph," the Liftoff Time was calculated as 1.62 seconds, while the Take-off
Time was determined to be 2.01 seconds. Upon reviewing the results, it was observed that
the aircraft was able to reach lift force before departing from the carrier, successfully
achieving take-off. It covered a distance of 63.97 meters upon reaching the specified lift
value. Further analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's
speed at take-off was calculated to be 161.31 knots.
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Figure 4. 45: Results of Simulation Number ID:57.

Within the scope of scenario ID:57, the C-13-2 catapult type was employed, with an aircraft
weight of 188251bs assumed, carrier moving at a speed of 20 knots and there is wind velocity
at Sm/s considered. In the conducted simulation, upon examination of the "Aircraft Take-off
Distance Graph," the Liftoff Time was calculated as 1.48 seconds, while the Take-off Time
was determined to be 1.9 seconds. Upon reviewing the results, it was observed that the
aircraft was able to reach lift force before departing from the carrier, successfully achieving
take-off. It covered a distance of 62.06 meters upon reaching the specified lift value. Further
analysis of the "Aircraft Take-off Speed Graph" revealed that the aircraft's speed at take-off
was calculated to be 163.21 knots.
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5. CONCLUSION AND ADVICE

The simulation results presented above are intended to compare several instances. According
to the table provided, an aircraft weighing 18,825 Ibs achieves a liftoff distance of 54.27m
without wind speed and carrier velocity, with a liftoff time of 1.57s and a takeoff time of
1.86s. Additionally, the takeoff speed of the aircraft is observed to be 158.91 knots. When a
carrier velocity of 20 knots is added to the aircraft taking off from the aircraft carrier of the
same weight, it is noted that the added carrier velocity reduces the liftoff distance by 2.6%,
decreases the liftoff time by 17.2%, and reduces the takeoff time by 12.7%. Moreover, the
takeoff speed increases by 0.9% as indicated in the table above. Subsequently, by
introducing a wind speed of 5m/s in addition to the carrier velocity, it is observed that the
combined effect of carrier velocity and wind speed reduces the liftoff distance by 4.9%,
decreases the liftoff time by 27.6%, and reduces the takeoff time by 19.2%. Furthermore, the

takeoff speed increases by 2.1% as seen in the table above.

Table 5.1: Simulink Values of A C-13-0 Catapult Type Aircraft.

D Catapul(tm I?istance Car(r}i(erroigeed Wind Speed (m/s) Take(oLffB\é\;eight
1 76.1492 0 0 18825
2 76.1492 20 0 18825
3 76.1492 20 5 18825
4 76.1492 30 10 18825

Table 5.2: Comparison of Simulation Results of the C-13-0 Catapult Type Aircraft.

. . Take- Take-
IflftOff Difference LlﬁOff Difference | off | Difference off Difference Catapult
ID | Distance Time . Force
(m) (%) ) (%) Time (%) Speed (%) (Nm)
(s) (Knots)
1 54.27 1.57 1.86 158.91 297952.95
2 52.92 -2,6% 1.34 -17,2% 1.65 -12,7% 160.34 0,9% 297952.95
3 51.74 -4,9% 1.23 -27,6% 1.56 -19,2% 162.33 2,1% 297952.95
4 46.99 -15,5% 1 -57,0% 1.38 -34,8% 166.31 4,4% 297952.95
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Finally, the simulation results from MATLAB Simulink analysis are compared by adding
the highest carrier velocity and wind speed. In this scenario, assuming a carrier velocity of
30 knots and a wind speed of 10m/s, the added carrier velocity and wind speed reduce the
liftoff distance by 15.5%, decrease the liftoff time by 57%, and reduce the takeoff time by
34.8%. Additionally, the takeoff speed increases by 4.4%. These findings demonstrate the
significant impact of carrier velocity and wind speed on the takeoff performance of the

aircraft.
Table 5.3: Simulink Values of A C-13-1 Catapult Type Aircraft.
Catapult Distance Carrier Speed . Takeoff Weight
ID (m) (Knots) Wind Speed (m/s) (LBS)
1 94.4 0 0 18825
2 94.4 20 0 18825
3 94.4 20 5 18825
4 94.4 30 10 18825

Table 5.4: Comparison of Simulation Results of the C-13-0 Catapult Type Aircraft.

. . Take- Take-
IflftOff Difference Ll.fmff Difference off | Difference off Difference Catapult
ID | Distance Time . Force
(m) (%) ) (%) Time (%) Speed (%) (Nm)
(s) (Knots)
1 65.85 1.91 2.29 160.31 230212.31
2 64.24 -2,5% 1.63 -17,.2% 2.03 -12,8% 161.46 0,7% 230212.31
3 63.08 -4,4% 1.5 -27,3% 1.91 -19,9% 162.74 1,5% 230212.31
4 57.33 -14,9% 1.22 -56,6% 1.7 -34,7% 167.37 4,2% 230212.31

According to the table provided, an aircraft weighing 18,825 Ibs achieves a liftoff distance
of 65.85m without wind speed and carrier velocity, with a liftoff time of 1.91s and a takeoff
time of 2.29s. Additionally, the takeoff speed of the aircraft is observed to be 160.31knot.
When a carrier velocity of 20 knots is added to the aircraft taking off from the aircraft carrier
of the same weight, it is noted that the added carrier velocity reduces the liftoff distance by
2.5%, decreases the liftoff time by 17.2%, and reduces the takeoff time by 12.8%.
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Moreover, the takeoff speed increases by 0.7% as indicated in the table above. Subsequently,
by introducing a wind speed of 5m/s in addition to the carrier velocity, it is observed that the
combined effect of carrier velocity and wind speed reduces the liftoff distance by 4.4%,
decreases the liftoff time by 27.3%, and reduces the takeoff time by 19.9%. Furthermore, the
takeoff speed increases by 1,5% as seen in the table above. Finally, the simulation results
from MATLAB Simulink analysis are compared by adding the highest carrier velocity and
wind speed. In this scenario, assuming a carrier velocity of 30 knots and a wind speed of
10m/s, the added carrier velocity and wind speed reduce the liftoff distance by 14,9%,
decrease the liftoff time by 56,6%, and reduce the takeoff time by 34.7%. Additionally, the
takeoff speed increases by 4.2%. These findings demonstrate the significant impact of carrier

velocity and wind speed on the takeoff performance of the aircraft.

Table 5.5: Simulink Values of A C-13-2 Catapult Type Aircraft.

D Catapul(tm I?istance Car(r}i(erroigeed Wind Speed (m/s) TakeE)EfB\é\;eight
1 93.5 0 0 18825
2 935 20 0 18825
3 935 20 5 18825
4 93.5 30 10 18825

Table 5.6: Comparison of Simulation Results of the C-13-2 Catapult Type Aircraft.

. . Take- Take-
Liftoff | Difference | Liftoff | Difference off | Difference off Difference | Catapult
ID | Distance %) Time %) Time %) Speed %) Force
(1) 0 0 0
(m) (s) o o (Nm)
1 65.05 1.89 2.27 160.32 23293291
2 63.97 -1,7% 1.62 -16,7% 2.01 -12,9% 161.31 0,6% 23293291
3 62.06 -4,8% 1.48 -27,7% 1.9 -19,5% 163.21 1,8% 23293291
4 56.87 -14,4% 1.21 -56,2% 1.69 -34,3% 167.72 4,4% 23293291
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The simulation results presented above are intended to compare several instances. According
to the table provided, an aircraft weighing 18,825 Ibs. achieves a liftoff distance of 65.05m
without wind speed and carrier velocity, with a liftoff time of 1.89s and a takeoff time of
2.27s. Additionally, the takeoff speed of the aircraft is observed to be 160.32knot. When a
carrier velocity of 20 knots is added to the aircraft taking off from the aircraft carrier of the
same weight, it is noted that the added carrier velocity reduces the liftoff distance by 1.7%,
decreases the liftoff time by 16.7%, and reduces the takeoff time by 12.9%. Moreover, the
takeoff speed increases by 0.6% as indicated in the table above. Subsequently, by
introducing a wind speed of 5m/s in addition to the carrier velocity, it is observed that the
combined effect of carrier velocity and wind speed reduces the liftoff distance by 4.8%,
decreases the liftoff time by 27.7%, and reduces the takeoff time by 19.5%. Furthermore, the
takeoff speed increases by 1,8% as seen in the table above. Finally, the simulation results
from MATLAB Simulink analysis are compared by adding the highest carrier velocity and
wind speed. In this scenario, assuming a carrier velocity of 30 knots and a wind speed of
10m/s, the added carrier velocity and wind speed reduce the liftoff distance by 14.4%,
decrease the liftoff time by 56.2%, and reduce the takeoff time by 34.3%. Additionally, the
takeoff speed increases by 4.4%. These findings demonstrate the significant impact of carrier
velocity and wind speed on the takeoff performance of the aircraft.

Catapult Type (C-13-0, C-13-1, C-13-2): As a result of the analyses conducted, it has been
concluded that if a shorter length for the aircraft carrier is desired, a greater magnitude of
catapult force is required. Conversely, if a longer length for the aircraft carrier is planned, it

is inferred that a lesser magnitude of catapult force could be applied.

Carrier Speed and Wind Speed: As the carrier speed and wind speed increase, there is
typically a decrease in takeoff distance and time. Particularly for the aircraft weighing 18825
Ibs, these effects are pronounced. The increased carrier speed suggests that it supports the
aircraft's takeoff speed, thereby reducing the liftoff time. Subsequently, scenarios examining
the combined effect of increased carrier speed and added wind speed have also been
evaluated. In this case, it is observed that the impact of increased carrier speed on takeoff
performance varies with the influence of wind speed. Specifically, higher carrier speeds
exhibit a more significant effect, especially with increasing wind speeds.
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Catapult Force: The catapult force directly affects the takeoff time and speed. A higher
catapult force generally supports faster takeoff. Overall, the examination of different
configurations demonstrates that various factors influence the aircraft's takeoff performance.
A detailed analysis of this data can aid in determining optimal takeoff conditions and
improving takeoff performance. However, excessively high wind speeds or carrier speeds
can pose challenges to control and jeopardize safety. These conditions require careful
evaluation. Additionally, the catapult type emerges as a significant factor affecting takeoff
performance. For example, variations in catapult types lead to changes in takeoff time and
speed. These analyses provide a valuable guide for understanding and optimizing the effects
of different parameters on takeoff performance.

In conclusion, significant differences in performance may exist among aircraft of different
weights. Heavier aircraft typically require longer takeoff distances, lower takeoff speeds,
and higher catapult forces. These factors should be considered in takeoff planning and

operations.

To enhance takeoff performance, it is crucial to select the appropriate catapult type and
distance. These findings underscore the importance of considering factors such as carrier
velocity and wind speed when planning aircraft operations. Additionally, the critical
significance of takeoff weight and speed should not be overlooked. For a safe and efficient
takeoff, it is imperative for pilots and operational teams to continuously monitor and assess
these factors. Such analyses can aid in optimizing operational decisions and ensuring safe
execution. Furthermore, for future research, conducting more comprehensive experiments
to examine the effects of various weather conditions and carrier velocities on takeoff

performance in greater detail is recommended.
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