CHAPTER 1 LITERATURE SURVEY

An Unmanned Aerial Vehicle abbreviated as UAV belongs to a category of
aircrafts. The specialty of this type of aerial vehicle is that these aircrafts do not
carry a pilot onboard. Thus, as the name suggests, Unmanned Aerial Vehicle are
those aerial vehicles which do not carry humans but operate with the help of
humans. Its flight is either controlled autonomously by computers in the vehicle, or
under the remote control of a navigator, or pilot (in military UAVs called a Combat
Systems Officer on UCAVS) on the ground or in another vehicle. UAVs are
commonly known as DRONES.

UAYV are divided into wide varieties depending on the following,

1. Drone shapes
2. Sizes
3. Configurations

4. Characteristics

Historically, UAVs were just remotely operated. But as technology has

improved to its limit, The UAVs are also operated autonomously these days.
1.1 CLASSIFICATION OF UAVs

The major parameters which indicate the classifications of UAVs are listed below.

1. Based on the Areas of use
2. Based on Range/Altitude
3. Based on the Tiers
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1.1.1 BASED ON THE AREAS OF USE

Table.1.1 Use of UAV

AREAS OF USE

HOW ARE THEY USED?

Target and Decoy

providing ground and aerial gunnery a target

that simulates as enemy aircraft or missile

Reconnaissance

providing battlefield intelligence

Combat

providing attack capability for high-risk

Logistics

UAVs specifically designed for cargo and

logistics operation

Research and development

Used to further develop UAV technologies to
be integrated into field deployed UAV aircraft

Civil and Commercial UAVs

UAVs specifically designed for civil and

commercial applications

1.1.2 BASED ON RANGE/ALTITUDE
Table 1.2 UAV categories

NAME ALTITUDE | RANGE
Handheld o0om 2 Km
Close 1,500 m 10 Km
NATO 3,000 m 50 Km
Tactical 5,500 m 160 Km

MALE (Medium Altitude, Long Endurance ) | 9,000 m 200 Km




Other UAVs in this category include,

ORBITAL low earth orbit
CIS Lunar Earth-Moon transfer
CACGS Computer Assisted Carrier Guidance System for UAVS.

1.1.3 BASED ON THE TIERS

The United States military employs a tier system for categorizing its UAVS.
The modern concept of U.S. military UAVs is to have the various aircraft systems
work together in support of personnel on the ground. The integration scheme is
described in terms of a "Tier" system, and is used by military planners to designate
the various individual aircraft elements in an overall usage plan for integrated
operations. The Tiers do not refer to specific models of aircraft, but rather roles for
which various models and their manufacturers competed. The U.S. Air Force and
the U.S. Marine Corps each has its own tier system, and the two systems are

themselves not integrated.

The below paragraph gives us the clear view of the tier system in United

States Air force, Navy and Army.

US Air Force tiers

Table.1.3 Airforce Tiers

TIERS DETAILS

Tier Small/Micro UAV. The role filled by BATMAV.
N/A

Tier | Low altitude, long endurance. Role filled by the Gnat 750.
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Tier 11

Medium altitude, long endurance (MALE). Role currently filled by
the MQ-1 Predator and MQ-9 Reaper.

Tier 11+

High altitude, long endurance conventional UAV (or HALE UAV).
Altitude 60,000 to 65,000 feet (19,800 m), less than 300 knot
(560 km/h) airspeed, 3,000-nautical-mile (6,000 km) radius, and 24 hour
time-on-station capability. Complementary to the Tier Il1- aircraft. Role
currently filled by the RQ-4 Global Hawk.

Tier 11-

High altitude, long endurance low-observable UAV. Same parameters
as, and complementary to, the Tier IlI+ aircraft. The RQ-3 DarkStar was

originally intended to fulfill this role before it was "terminated”.

US Marine Corps tiers

Table.1.4 Navy Tiers

TIER DETAILS
Tier N/A | Micro UAV. Wasp Il fills this role, driven largely by the desire for
commonality with the USAF BATMAV.
Tier | Role currently filled by the Dragon Eye but all ongoing and future
procurement for the Dragon Eye program is going now to the RQ-11B
Raven B.
Tier 1l Role currently filled by the ScanEagle and, to some extent, the RQ-2
Pioneer.
Tier I For two decades, the role of medium range tactical UAV was filled by

the Pioneer UAV.
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US Army tiers

Table.1.5 Army Tiers

TIERS DETAILS
Tier | Small UAV. Role filled by the RQ-11A/B Raven.

ier
Tier 1l Short Range Tactical UAV. Role filled by the RQ-7A/B Shadow 200.
Tier I Medium Range Tactical UAV. Role currently filled by the RQ-5A /

MQ-5A/B Hunter and IGNAT/IGNAT-ER, but transitioning to the
Extended Range Multi-Purpose (ERMP) MQ-1C Gray Eagle.

Future Combat Systems (FCS) (US Army) classes

Table.1.6 FCS

CLASS

DETAILS

Class |

For small units. Role to be filled by all new UAV with some similarity

to micro air vehicle.

Class II”

For companies

Class II"

For battalions

Class IV

For brigades. Role to be filled by the RQ-8A/B / MQ-8B Fire Scout.

*Class Il and Class Il has currently been cancelled by US government.

1.2 UNMANNED AERIAL SYSTEM

UAS, or unmanned aircraft system, is the official United States Federal

Aviation Administration (FAA) term for an unmanned aerial vehicle. Initially

coined by the FAA in 2004 to reflect the fact that these complex systems include

ground stations and other elements besides the actual aircraft. Many people have
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mistakenly used the term Unmanned Aerial System, or Unmanned Air
Vehicle System, as these designations were in provisional use at one time or
another. The inclusion of the term aircraft emphasizes that regardless of the
location of the pilot and flight crew, the operations must comply with the same
regulations and procedures as do those aircraft with the pilot and flight crew
onboard. The official acronym 'UAS' is also used by the International Civil
Aviation Organization (ICAO) and other government aviation regulatory

organizations.

Many other terms are available to describe aircraft systems without the flight

crew on board. Some of these terms are given below.

1. Drones

2. Remotely piloted vehicle (RPV)

3. Remotely piloted aircraft (RPA)

4. Remotely operated aircraft (ROA).

The term unmanned aircraft system (UAS) emphasizes the importance of other

elements beyond an aircraft itself. A typical UAS consists of the

1. Unmanned aircraft (UA)

2. control system, such as Ground Control Station (GCS)
3. control link, a specialized datalink

4. Other related support equipment.
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1.3 APPLICATIONS OF UAVs

UAVs perform a wide variety of functions. The majority of these functions are
some form of remote sensing; this is central to the reconnaissance role most UAVs

fulfill. The various functions of UAVs in common are given below.

1. Remote Sensing
. Commercial Aerial Surveillance

2
3. Oil, Gas And Mineral Exploration And Production
4. Transport

Scientific Research

o

6. Armed Attacks
7. Search And Rescue
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CHAPTER 2 DESIGN AND ANALYSIS

The Design of individual parts of the UAV was done in Solidworks Flow
Simulation software. The assembly of the parts to form a complete UAV was done
in ANSYS ICEM CFD Software. Analysis of the so produced UAV was performed
in Solidworks Flow Simulation software because of its simplicity in domain

formation.

The details of the performed analysis is given below,

CAD version Solidworks 2012 SP0.0

Product Flow Simulation 2012 0.0. Build 1784
Operating system Windows 7 Professional Service Pack
CPU speed 3101 MHz

Units system SI (m-kg-s)

Analysis type External (exclude internal spaces)
Coordinate system Global coordinate system

Reference axis X

Flow type Laminar and turbulent

Default wall conditions Adiabatic wall

2.1 THERMODYNAMIC PARAMETERS

Static Pressure 101325.00 Pa

Temperature 293.00 K



2.2 VELOCITY PARAMETERS

Velocity in X direction 25.000 m/s
Velocity in Y direction 0 m/s
Velocity in Z direction 0 m/s

2.3 TURBULENCE INTENSITY AND LENGTH
Intensity 0.10 %

Length 0.002 m



CHAPTER 3 SOFTWARE OVERVIEW

The Design of individual parts of the UAV was done in Solidworks Flow
Simulation software. The assembly of the parts to form a complete UAV was done
in ANSYS ICEM CFD Software. Analysis of the so produced UAV was performed
in Solidworks Flow Simulation software because of its simplicity in domain

formation.
3.1 SOLIDWORKS

Solidworks is a 3D mechanical CAD (Computer Aided Design) program
that runs on Microsoft Windows and is being developed by Dassault Systemes

Solidworks Corp., a subsidiary of Dassault Systemes, S. A. (Veélizy, France).

3.2 STEPS EMPLOYED IN DOING A PROBLEM

There are five basic steps in every CAD software. They are,

Design
Manage
Simulation

Sustainable Design

o ~ w0 Ddp e

Communication

3.3 ANSYS

ANSYS is the abbreviation for analysis system. ANSYS, Inc. traded
as NASDAQ ANSS is anengineering simulation software (computer-aided
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engineering, or CAE) developer that is headquartered south of Pittsburgh

in Canonsburg, Pennsylvania, United States.

The various products of ANSYS are categorized as per the following two

technologies.

1. Simulation Technology

2. Workflow Technology
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CHAPTER 4 BOMB DETECTING SENSORS

The other part of the project deals about Bomb detecting Remote controlled

Vehicle. This is explained in this part.

As the threat from the terrorists of the world is increasing at a drastic rate, it
becomes very essential that we need a device (or) equipment which is capable of
detecting bombs before it can cause the damage. The only technical part of the
device is the sensors which sense the presence of bombs in a particular place. In
traditional UAVs these sensors were made an integral part of the aerial vehicle
which cannot be separated. This sort of construction has many disadvantages to its
part. There are possibilities were it may even nit be able to sense the bombs at

some positions of the vehicle.

Currently these bomb detecting devices are made separately and are just
loaded as a payload to our UAV. In this sort of constructions There is no risk that
the bomb will get unnoticed because the devices are dropped in areas where there a
bomb threat. Hence the device can sense bombs more accurately than that of a
flying UAV fitted sensors. These types of bomb detecting devices are technically
termed as REMOTE CONTROLLED DETECTING VEHICLE.

There are many types of sensors used for detecting explosives. Some are named

and explained in forthcoming pages.

1. FIDOS Explosives Detector
2. Electronic Sensors
3. BONAS

4. Nanosensors
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These are the sensors which are light weighted and can be carried in a UAV.

Their weight will normally be in the range of 1.5 — 2 Kgs.

4.1 EXPLANATION

4.1A FIDO EXPLOSIVES DETECTOR

At less than three pounds, the Fido XT portable, trace explosives detector is
able to detect common military-grade compounds used in homemade explosives
and IEDs, including PETN.

Fido explosives detectors utilize proprietary amplifying fluorescence
polymers (AFP) to detect trace levels of explosive materials in parts per quadrillion
(ppqg). This level of detection is comparable to that of highly trained explosives
detection canines, the gold standard in explosives detection technology. Unlike
alternative technologies, the exquisite sensitivity of the Fido XT supports detection
of both explosive vapor and particulates without the need to modify the system in
any way. This unique design enables previously unheard of functionality for

explosives detection equipment.
4.1A.1 FLEXIBLE CONFIGURATIONS

The Fido XT can be configured in multiple formats to accommodate the
needs of most explosives detection applications. The system includes a control unit
and separate sensor head where actual explosives detection takes place. These two
components can be connected directly for one-handed explosives detection
operations or via tether for added maneuverability. In addition, the sensor head can

be mounted for benchtop applications.
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Due to its size and trace vapor detection capability, the Fido XT can be
easily integrated as a payload onto robotic vehicles for remote explosives detection
applications. Dependent upon the robot, this can be accomplished either by
Inserting the entire system onto the robotic platform or by attaching the sensor

head to a robotic arm.
4.1A.2 CANINE SENSITIVITY IN FIDO

Based on a breakthrough detection technology, the combat proven Fido XT
Is currently in use throughout Irag and Afghanistan. Unlike other systems, the Fido
uses a polymer-based technology to achieve better and faster detection results. This
innovative material provides an immediate response before rapidly resetting for

continued screening operations.

To mitigate the threat of improvised explosive devices, detection solutions
must be sensitive, portable. and flexible in their application capabilities. The Fido
meets and exceeds these requirements through its sensitivity and compact nature -
helping users pinpoint people involved in the construction, transportation and

deployment of explosive devices.

Even after a positive detection result, screening operations can continue
uninterrupted. Unlike other devices, the Fido does not force the user to wait
through excessive cleaning and clearing routines before using the device again.
Rather, the Fido allows users to locate trace amounts of explosive materials,
quickly verify their results and continue screening the surrounding area or
additional personnel. This capability also enables the Fido to be mounted as a
payload on a robot; the only explosives detector to effectively do so.
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Weighing less than three pounds, the Fido XT is small, fast and ultra-
sensitive. In today’s asymmetric fight, working dogs are an invaluable asset. Now,
the size and sensitivity of Fido puts the capabilities of canine detection into the

hands of the war fighter, first responder and security personnel.
4.1B ELECTRONIC SENSORS

Researchers developed a powerful electronic sensor that detects numerous
types of explosives. The sensor is made up of arrays of silicon nanowires that form
an electronic device called a nanotransistor, which is supersensitive to the
surrounding electrical environment. The sensor is also highly portable, extremely

sensitive, and more reliable at detecting explosives than sniffer dogs.

The research team, first coats the wires with a compound that binds to
explosives. To increase the chips’ sensitivity, they then attach 200 individual
sensors that allow increased ability and sensitivity, in order to detect many

different kinds of explosives  at a very, very faster rate than any other devices.

Researchers reveal that existing methods of detecting explosives, such as
TNT, have clear disadvantages such as high cost, cumbersomeness, lengthy
decoding times, or the requirement of laboratory analysis. “There is a need for a
small, inexpensive, handheld instrument capable of detecting explosives quickly,

reliably, and efficiently.”

Not only can the sensor detect explosives from a safe distance, but it is also
portable, allowing the sensor to be carried either by hand (or) by any aerial
vehicles to difficult to reach places. Another example of its portability is that users
can mount it to a stationary object, such as a wall, and then the explosive material

just must pass in front of the mounted sensor. This could very much assist in
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scanning packages easily at a commercial level. The sensor also has the advantage
of always providing a definite identification of explosives and ensures there are no

detection errors and failures.

The research team from various parts of the world joined to develop a
prototype of this sensor. The research team is now looking into nanometric sensors
for the detection of chemical and biological molecules. Such sensors may be used

to detect not only explosives, but also biological toxins such as anthrax, cholera.
4.1C BONAS

BONAS (Bomb factory detection by networks of advanced sensors) is a

security programme.

LIDAR / DIAL Sensor
QCM Sensor

QEPAS sensor

SERS sensor

Immunosensor

Fig.4.1 BONAS Project
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The aim of BONAS is to design, develop and test a novel wireless sensors
network for increasing citizen protection and homeland security against terrorist
attacks, in particular against the threats posed by IED devices. The sensor network
will focus on the detection of traces of precursors used in IED production
(Particulates, Glasses and Waterborne) present in the environment surrounding the
vicinity of a “Bomb Factory.” The different sensors are specifically designed to be
deployed in sensitive locations and easily camouflaged. This network will support
the “Factory’s Location”, allowing an early threat thwart. A feasibility study will
assess the usefulness and potential advantages that the BONAS concept will bring
about in the future and the costs of mass production of sensor networks integrating

COTS components.

BONAS intends also to investigate and prepare the potential future
deployment of key sensors aboard a flying platform with a view towards increasing
the BONAS network detection capabilities. The wireless sensor network will
feature a variety of sensing devices (in-situ and remote), that will jointly provide
broad chemical spread and low false alarm rates through an expert system
management of the data collected. In particular, BONAS will develop Lidar/Dial

system; QEPAS sensor; SERS sensor; QCM sensor, and Immuno sensor.
4.1C.1 OBJECTIVES OF BONAS CONCEPT

The BONAS project presents the following objectives

1. To design; develop and test a novel wireless sensor network for increasing
citizen protection and homeland security against threats like terrorist attacks,
in particular against the threat posed by IED devices. The sensor network
will focus on the detection of traces of precursors used in IED production

(particulates, gases and /or waterborne) present in the environment
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surrounding the vicinity of a "bomb factory". This will contribute to the
determination of the "factory's location", allowing an early threat thwart.

2. To perform a feasibility study that will assess the usefulness and potential
advantages that the BONAS concept will bring about in the future. A cost
analysis will also be performed in order to foresee the financial effort
associated with the field deployment of such a sensor network as well as its
operation and maintenance.

3. To demonstrate the BONAS concept in a close to real-life scenario,
implementing all developed network sensors with the aim of evaluating their
performance and larger scale deployment potentials.

4. To investigate and prepare the potential future deployment of key sensors
aboard a flying platform with a view towards increasing the BONAS

network detection capabilities.
4.1C.2 EXPECTED RESULTS FROM BONAS

Project BONAS envisions an innovative future large-scale sensor network
able to detect IED preparation substances present in the environment with
minimum rate of false alarms and relying on three different layers. The target
substances will comprise the traditional explosive substances contained in IEDs
and their precursor components (e.g. ammonium nitrate, black pepper, hydrogen
peroxide, and other additional chemical substances). The concept is based on a
series of increasingly specific tests taking place in increasingly smaller areas —
BONAS starts with general tests in relatively large areas (thus ensuring a semi-
permanent monitoring capability) and then reduces the search area while at the

same time increasing the specificity of the tests performed.
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4.1D NANOSENSORS FOR EXPLOSIVE DETECTION

The spread of terrorist events over the globe in the last decade has
emphasized the importance of detecting concealed explosives and led to calls for
new advanced technologies to protect the public. Because most explosives release
little vapour, it is not possible to detect them effectively by methods widely used
on other chemicals.

Detecting explosives is a very complex and costly task because of a number
of factors, such as the wide variety of compounds that can be used as explosives,
the vast number of deployment means, and the lack of inexpensive sensors
providing high sensitivity and selectivity simultaneously. High sensitivity and
selectivity, combined with the ability to lower the production and deployment costs
of sensors, is essential in winning the battle on explosives- based terrorism.
Nanotechnology based sensors have strong potential for meeting all the
requirements for an effective solution for the trace detection of explosives. This
briefing outlines the social and economical relevance of nano-enabled technologies
for the detection of explosives in security applications, provides background

information on the technology, and highlights further challenges to be addressed.

4.1D.1 NANO ENABLED TECHNOLOGIES FOR EXPLOSIVES
VAPOUR DETECTION

The research and development studies in the area of nanomaterials have
demonstrated the ability of nanostructures to function as sensors of various
Chemical and biological compounds including explosives. Ultra-small devices
with high sensing capabilities are among the key promises of the nanosensor

domain. Electronic noses, nanowires / nanotube and nanomechanical devices are
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nanosensor concepts with the strongest potential to form viable technological

platforms for trace explosive detection.

ELECTRONIC NOSE CONCEPT

Cerobeal Cortex

BIOLOGICAL NOSE ‘sﬁmmmm mﬁ B

12y
Rocopiors

ELECTRNICAL No& SSE\"\ISST% !;!\:{ g i SAMPLE cot;scnon

Fig.4.2 Electronic Nose Concept

At present, dogs have been trained and used successfully for sniffing out
hidden explosives; however, dogs are expensive to train and are easily tired. The
electronic nose technique can mimic the bomb-sniffing dogs without their
drawbacks. An electronic nose device is usually composed of a chemical sensing
system, sampling system and a pattern-recognition system, such as an artificial
neutral network.

The sensing system consists of an array of sensors, with each sensor in the
array giving a different electrical response for a particular target vapour introduced
into the sensing chamber. The combined output from the sensor array forms a
fingerprint, or signature, that is unique for a particular odour. Pattern recognition
techniques based on principal component analysis and artificial neural networks

were developed for learning different chemical signatures.
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Functionalization

Nanotube

Fig.4.3 Nano Wires Sensor Platform

Nanostructures such as carbon and organic nanotubes (NT), nanowires and
nanotubes have a very high surface area to volume ratio and unique electrical
and optical properties that can be exploited for highly sensitive molecular
adsorption detection. For instance, electrical conductivity in a nanotube changes
drastically due to interacting with molecules of an explosive analyte, as a

result of highly selective adsorption.
4.1D.2 POSITIVE POINTS

The risk of a terrorist attack involving use of explosives remains high in
Europe. These attacks may cause severe consequences including human casualties,
and widespread disruptions of critical infrastructures and public confidence.

1. Nanoscale effects can be exploited to offer the possibility of sensors that

satisfy all the requirements for explosives trace detection. High sensitivity

and selectivity, combined with the ability to lower the production and
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deployment costs of sensors, is essential in winning the battle on explosives-
based terrorism.

Explosive detection with high sensitivity and selectivity is a difficult
challenge because of a number of operational factors, such as the acute
shortage of explosive molecules that can be collected in a reasonable time
and lack of selectivity because of interference from other molecules.

Recent advances in nanomaterials research provide good potential to create
sensors for detecting explosives providing sensitivity at the single molecule
level. Also, due to reduced dimensions, nanomaterials offer capability of
incorporating multiple sensors capable of detecting multiple threats
simultaneously.

. The ability of nano enabled technologies to effectively detect explosives on
people and their belongings, as well as the expectations of the public for
openness and speed will likely be key drivers for their successful
implementation.

. The direct economic impact of nanotechnology sensors for explosive
detection can be seen in the formation of new companies to exploit these

technologies.
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CHAPTER 5 DIMENSIONS CALCULATION

As for as literature survey is considered, the total takeoff weight of the UAV
does not exceed 3Kgs including the weight of the payload (Explosives detecting

SENsors).
Hence,
W+o = 3 Kgs
5.1 WING GEOMETRY SIZING
Design process should start from low C, value.

The considered Airfoil is NACA 0012. It is a symmetric airfoil and design

process is easier in this case. The low C, value for NACA 0012 airfoil is 0.27.
As an assumption consider loiter speed as V., = 20 m/s.

Density of air = 1.225 kg/m®

For straight level flight,

L =W

L= 0.5%p,*V.,.>*S*C_

S = 2L/ (p*V.2*C\)

On substituting the values we have S = 0.4448 m? (Wing Area)

To have compromise between wing span and chord, an appropriate Aspect Ratio is

chosen.

Aspect Ratio of Rectangular wing, A.R. =8
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For Rectangular wing
S=b*x L (1)
Where,
b = Wing Span and C = Chord
Substituting the known values,
8=h/C
b=8C
Substituting ‘b’ in Equation (1),
S=8C*C
0.4448 = 8C°
On solving,
C=0.236m
Now Wing Span, b =8C =1920 mm
Wing Loading = W/S = (3*9.81)/0.448 = 65.691 N/m”
5.2 LIFT TO DRAG RATIO
Lift to drag ratio varies from Wing Span, Wetted area and Angle of Attack.
Also differs from Airfoil and Wing.
Calculate (L/D) ratio for NACA 0012 airfoil.
L/D =C./Cp
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For Airfoil,
DRAG COEFFICIENT = INDUCED DRAG
For Wing Span,
DRAG COEFFICIENT = PARASITE DRAG + INDUCED DRAG
5.3 AIRFOIL
CL=2na
Taking a = 2.5 degrees,
CL=2*n*25*n/180
=0.274
Cb = Induced Drag (Cp,) = C/%/ (n * ¢ * AR)
On solving we have,
Cp=0.0031
C./Cp=0.274/0.0031 = 88.3
Therefore, (L/D) airfoil = 88.3
5.4 WING SPAN
When a = 2.5 degrees, C, = 0.274
Cp = Parasite drag + Induced Drag
= Cp.o *+ Cp,
Cp.o = (Swet/Srer) * Skin friction coefficient
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From study (Syet/Sgef) = 3

Skin Friction Coefficient (Cs) = 0.42 / (In 0.0056 * Re)?

Reynolds Number = (p * V,,* C) / 1

Dynamic Viscosity = o = Mo + oT +BT

Mo = 0.000017

a. = 0.000000056

B=0.1189 * 107

T=15+273 =288 K

Therefore, Dynamic Viscosity = 3.316 * 10

Reynolds Number=(p * V,,*C) / u

Substituting the known values,

Reynolds number = 177322.074

Cre = 0.42 / (In 0.056 * 177322.074)* = 8.524 * 10"

Cb.o = (Swet/Srer) * Skin friction coefficient
=7.67*10™

Drag = 7.67 * 10™ + 0.0031

The drag of total aircraft, Cp o = 0.03

Then C /Cp =0.27/0.03 =9

(L/D)wing = 9
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5.5 EMPENNAGE SIZING

Vertical and Horizontal tail sizing comes under this calculation.
For empennage configuration,

1. Select horizontal tail location
2. Select horizontal tail volume coefficient

3. Select vertical tail volume coefficient

Considered,

Horizontal tail volume coefficient =Cu7=0.675
Vertical tail volume coefficient =Cy7=0.0375
Horizontal tail location =0.72m

Then Vertical Tail Area Syt = (Cv.1 * b * Sgrerwing) / Tail Location (H)
Substituting the values we have,
Syr =0.0448 m*
Horizontal Tail Area = Syt = (Cur * C * Sgerwing) / Tail Location (H)
Substituting the values,
Skr=0.1008 m?
The chosen Aspect Ratios are given below.
For Vetical Tail, AR.=1.1

For Horizontal Tail, A.R. =3
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(AR)nr =3 =h/C
b=3C
Syr=h*C=0.1008
3C * C =0.1008
3C*=0.1008
C=0.183m
b=3*C=0549
(AR)yr =1.1=b/C
b=1.1C
Syr=b*C=0.0448
1.1C * C = 0.0448
1.1C* = 0.0448
C=0.201 m

b=11C=1.1%*0.201=0.2219
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CHAPTER 6 MESH DETAILS

The below part shows the results obtained after analysis was done. The
results cover each and every part (Fuselage, Wing, Horizontal Tail and Vertical
Tail).

6.1 RESULTS OBTAINED FOR FUSELAGE
6.1.1 MESH DETAILS

A.BASIC MESH DIMENSION

Table.6.1 Fuselage Mesh Dimensions

Number of cells in X 76
Number of cells in Y 32
Number of cells in Z 32

B. NUMBER OF CELLS
Table.6.2 Fuselage Number Of Cells

Total cells 77852
Fluid cells 76979
Solid cells 228

Partial cells 645
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6.2 RESULTS OBTAINED FOR WING

6.2.1 MESH DETAILS

A. BASIC MESH DIMENSIONS

Table.6.3 Wing Mesh Dimensions

NUMBER OF CELLS IN X 26
Number of cellsin Y 15
Number of cells in Z 1

B. NUMBER OF CELLS

Table.6.4 Wing Number Of Cells

Total cells 390
Fluid cells 371
Solid cells 0

Partial cells 19
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6.3 RESULTS OBTAINED FOR HORIZONTAL TAIL

6.3.1 MESH DETAILS

A. BASIC MESH DIMENSIONS

Table.6.5 Horizontal Tail Mesh Dimensions

Number of cells in X 57
Number of cells in Y 32
Number of cells in Z 1

B. NUMBER OF CELLS

Table.6.6 Horizontal Tail Number Of Cells

Total cells 1831
Fluid cells 1745
Solid cells 33

Partial cells 53
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6.4 RESULTS OBTAINED FOR VERTICAL TAIL

6.4.1 MESH DETAILS

A. BASIC MESH DIMENSIONS

Table.6.7 Vertical Tail Mesh Dimensions

Number of cells in X 30
Number of cellsin Y 34
Number of cells in Z 40

B. NUMBER OF CELLS

Table.6.8 Vertical Tail Number Of Cells

Total cells 41234
Fluid cells 40962
Solid cells 16

Partial cells 256
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CHAPTER 7 RESULTS AND IMAGES CAPTURED

This part of the report provides the images captured during the analysis. The
Images provide us about the pressure distribution details, velocity distribution
details and density details of fuselage, wing, horizontal tail and vertical wing

clearly.

7.1 PRESSURE DISTRIBUTION

7.1.1 FUSELAGE
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Fig.7.1 Pressure Distribution — Fuselage
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7.1.2 WING
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Fig.7.2 Pressure Distribution — Wing
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7.1.4 VERTICAL TAIL

Bl SOLIDWORKS | Fie Edit view Insert Tools Flow Smulation ANSYS 13.0  Windaw Hele 52 | [1 = 19 = ol = i3a = [G-] 8 F =) - vAwen... [ B search commands
25

= wept Boss/Bass = o [ sweptcut =) 3 o Rl wean

Eutied  Revived b Lofted BossBase O Reiohed R Lomedcut | T LSS B oran @ Dome
b

Bosslfisse BoasBene e t waizsrd 8 Bodory Cut - [ shen QB mrror

o [ I |- | | == | - 10132500
| T Defoult &)
=N B Input Data
) Computational Demain
o [ Fluid Subdomains
Boundary Conditions
Gost
¥ GG Normal Force 69 1
¥ GG Narmal Force (V) 1
23 Tracer Studies

L ioiaze.00
Pressure (Pa)]

Gut Flot 1. contours
CutPIot 2 contours

Particle Studies

Fig.7.4 Pressure Distribution - Vertical Tail

7.2 VELOCITY DISTRIBUTION
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Fig.7.5 Velocity Distribution — Fuselage
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7.2.2 WING
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Fig.7.6 Velocity Distribution — Wing

7.2.3 HORIZONTAL TAIL

Ef) SOLIDWORKS | File  Edit  View Insert  Tools Flow Smulation  ANSYS 13.0 | window | Hele | [ = (% - |dl - 5 - 5~ ® % =) - tawen... B scarch commands > -

® Pt Boss/E

Extruded Revaived [ Lofed Boss/ase

fossfBase Boms/Das® gy ey Boss/ase

; @ sweptcut @ 133 oh mb @8 wean
».".J%'\_,u .!.’I. u_!ﬂ‘v_.. M Lofted Cut Fiat ", & prart 8 Dome
cut cut

Features [Skelch | Surfaces | Mold Taals

EALSA N
T, Defaul (5)
O Input Data
Computational Domain
L& Fluid Subdomains
Yof] Boundary Conditions
F Goals
] GG Friction Forca ()1
¥ GG Friction Force () 1
Tracer Studies

<> Surface Plots

&5 lsosurfaces

£30 Flow Trajectories
Particle Studies

A Point Parameters

&> Surface Parsmaters

[E Volume Parameters

L, XY Plots

W Animations

izaret = poundary Cut | . () shei Q8 Miror
Evaate | Dimypen | Ofice Products | Flow T =

O - G- G - @ - - ETT

Velaeity [m/s]

CULFI0LT: cantaurs

Fig.7.7 Velocity Distribution - Horizontal Tail

36



7.3 OVERALL VIEW
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7.3.3 HORIZONTAL TAIL

-8

ANSYS 13.0 [ Window | Help

B0) SOLIDWORKS | Fie  Edit  View Insert Tools Flow Simulation =)

=51 = - Tanen.. |

[ swept cut L= Sy 2
[
Revoed [ Lofed cut Refersnce  Culrves
Pt

Revived L Lofted Bosa/Bas L . i

ane  Bows/Base Wizard Geometry

) Boundary Bo: o5 T Boundary Cut -
Features [TERSiEn iaces | WMol Toois | Evaiuaie | Dimxpen | Ofice Progucts | Flow Simut o
7 |1 | (e ) =5 |
i (5)

(9 Input Data

Computational Domain
() Fluid Subdomains

Boundary Conditions
Goals
| GG Friction Force (0 1
| GG Friction Force (0 1
Tracer Studies

Flow Trajectories
w5 Flow Trajectories 1
Particle Studies

Point Parameters

02 Volume Parameters
EZe XV Plots

e Goal Plots

W) Report

Wn Animations

@ - B -

Fig.7.10 Horizontal Tail View

7.3.4VERTICAL TAIL
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7.5 RESULTS
7.5.1 LIFT AND DRAG VALUES
(A) FUSELAGE

Table.7.1 Fuselage Goals

NAME UNIT VALUE
GG Normal Force (X) — DRAG N 0.171
GG Normal Force (Y) — LIFT N -0.085

(B) WING
Table.7.2 Wing Goals

Name Unit Value
GG Normal Force (X) — DRAG N 0.685
GG Normal Force (Y) — LIFT N 0.434
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(C) HORIZONTAL TAIL

Table.7.3 Horizontal Tail Goals

Name Unit Value
GG Friction Force (X) — DRAG N 0.015
GG Friction Force (Y) - LIFT N 5.885e-04

(D) VERTICAL TAIL

Table.7.4 Vertical Tail Goals

Name Unit Value
GG Normal Force (X) - DRAG N -2.346e-25
GG Normal Force (Y) — LIFT N -5.613e-26

To strengthen the usage of RCV in the UAV, the design of the UAV with
the payload as the RCV was done and analyzed in the software developed for the
same. This was performed to check if this would yield good results for the lift and

reduce the drag. Having done the analysis the lift value obtained was very
sufficient to produce a good lift for the UAV.
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CHAPTER 8 SUMMARY
8.1 CONCLUSION

The project was carried because of its main application in military field.
With such a function where accuracy is more important there is no chance of error.
There are possibilities and has happened in the past when the UAV has not
detected some explosives which they were meant to sense. The reason for this is
the simultaneous maneuvering and detecting difficulties in the UAV. This is the
main reason why the Remote controlled detecting vehicle is being equipped in the
UAV.

In this case where the UAYV is integrated with Remote controlled detecting
vehicle there is no chance for any errors of detection. The RCV used senses every
explosives unlike the past times where the UAV was meant to detect these
explosives. Hence the maneuvering controls and detecting controls are maintained

In separate remotes. This prevents the possibilities of overlay of signals.

In addition to this, this type of method renders no damage to UAV. It’s the
RCV which suffers all the damage. But if it is made of any composite material
with high strength to weight ratio, the payload remains the same but the strength

can be increased to its maximum.

To strengthen the usage of RCV in the UAV, the design of the UAV with
the payload as the RCV was done and analyzed in the software developed for the
same. This was performed to check if this would yield good results for the lift and
reduce the drag. Having done the analysis the lift value obtained was very

sufficient to produce a good lift for the UAV.
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The lift produced by the wing is given below.

LIFT ON WING
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Fig.8.1 Lift Vs Iterations
8.2 ADVANTAGES

This method of surveillance has the following advantages. The main ones

are given below.

e Maneuvering capabilities are maximized.
o Probability Detection of explosives is increased.

e Lives of human are saved to its level best.
8.3 APPLICATIONS

Usually UAVs are used in defense areas. Hence the main application of the
project focuses on defense fields. In addition to this, it can also be used in areas

which are very prone to terrorist attacks.
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