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OZET

KARTAL GOZ

Karaca K. Aydin Adnan Menderes Universitesi, Fen Bilimleri Enstitiisii, Makine
Miihendisligi Programi, Yiiksek Lisans Tezi, Aydin, 2022.

Amac: Havacilik gegmisten giiniimiize siirekli bir gelisim igerisindedir. Son yillarda insansiz
Hava Araci (IHA) platformlarina olan talep her gegen giin artmakta ve askeri alanda kullanimi
stratejik bir teknoloji haline gelmistir.IHAlarin fiziksel bir kullaniciya ihtiya¢c olmamasi ve
iiretim maliyetlerinin normal bir hava aracina gore daha diisiik olmasi1 IHA’lar1 daha cazip
hale gitirmektedir. IHA’lar kullanim amacina gére sabit kanatli,doner kanatli ve hem sabit
hemde doner kanatli(hibrit) olarak {i¢ ana grupta toplamak miimkiindiir. Bu ¢alismamizda
dikey inis kalkis ozelligine sahip bir IHA’nin kavrsamsal tasarimi ve &n miihendislik
hesaplmalar1 yapilmistir.

Materyal ve Yontem: Tasarim siirecine baglamadan 6nce hava araglarina etki eden fiziksel
ve aerodinamik kuvvetler incelenmistir.Bu incelememin sunucu olarak hesaplamalar
yapilmadan Once bazi 6n kabuller yapilmistir.Bu 6n kabuller yapildiktan sonra on
miithendislik hesaplamalar1 yapilmistir.Bu islemlerden sonra gévede ve kanat tasarimlar 3
boyutlu tasarim program kullanarak IHA mizin tasarimi yapilmistir. Tasarim siireci kanat ve
ana govde profilini hi¢ denenmemis bir profil tasarlamak yerine bu Ulusal Havacilik Danisma
Komitesi (NACA) tarafindan once bilgisayar ortaminda analiz edilmis ve bu analiz verilerini
sonra laboratuvar ortaminda fiziksel test yapilarak dogrulanmis profillerden birini sectik.
Bulgular: Tasarim siireci tamamlandiktan sonra akis analiz programlar1 kullanarak gévdenin,
kanatlarin ayr1 ayr aerodinamik analizlerini yaptiktan sonra govdeyi ve kanatlari bilgisiyar
ortaminda montajlayip tekrardan aerodinamik analizini yaptik.

Sonuc: Analiz sonuglarimizda elde ettigimiz degerler ile 6n kabul degerleri karsilastirdik.
Yine govde ve kanat profilleri olarak sectigimiz profillerin teknik verileri ile analizde
ettigimiz  sonuglar1  karsilastirdik.Yapmis oldugumuz karsilastirma sonucu olarak
degerlerimiz bir birlerine ¢iktigini tespit ettik ve yapmis oldugumuz tasarimi dogrulamis
olduk.

Anahtar Kelime: Aerodinamik, Dikey, Drone, Havalanmak, iIHA, Kalkis, Kanat, Sabit,
Tricoper, Ugak.
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ABSTRACT

EAGLE EYE

Karaca K. Adnan Menderes University, Graduate School of Natural and Applied

Science, Department of Mechanical Engineering, Master’s Thesis, Aydin, 2022.

Objective: Aviation is in a continuous development from past to present. In recent years, the
demand for Unmanned Aerial Vehicle (UAV) platforms has been increasing day by day and
its use in the military field has become a strategic technology. The fact that UAVs do not need
a physical user and their production costs are lower than a normal aircraft makes UAVs more
attractive.

It is possible to collect UAVs in three main groups as fixed wing, rotary wing and both fixed
and rotary wing (hybrid) according to the purpose of use. In this study, the conceptual design
and preliminary engineering calculations of an UAV with vertical take-off feature were made.
Material and Methods: Before starting the design process, the physical and aerodynamic
forces affecting the aircraft were examined. Some preliminary assumptions were made before
the calculations were made as the presenter of this review. After these preliminary
assumptions were made, preliminary engineering calculations were made. Instead of
designing an untested profile for the wing and main body profile in the design process, we
chose one of the profiles that were first analyzed by the National Aeronautics Advisory
Committee (NACA) in a computer environment and then verified by physical testing in the
laboratory environment.

Results: After the design process was completed, we made separate aerodynamic analyzes of
the fuselage and wings using flow analysis programs, and then combined the fuselage and
wings in the computer environment and performed the aerodynamic analysis again.
Conclusion: We compared the values we obtained in our analysis results with the preliminary
acceptance values. Again, we compared the technical data of the profiles we chose as the

fuselage and wing profiles with the results we analyzed.

Key Word: Aerodynamic, Aircraft, Drone, Fix Wing, Take-Off, Tricoper, Uav, Vertical.
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1. INTRODUCTION

1.1. World Aviation History

* The first balloon flight in 1783.

* 1891 Longley first steam-powered aircraft trial.

* 1903 Wright brothers first time in a heavier-than-air aircraft powered by an engine.
This aircraft had two propellers, with the pilot it weighed 335 kg.

* The Heinkel He 178 aircraft, tested by 1939 German pilot Erich Warsitz (1906—
1983), is recorded as the first aircraft in history to take off with a jet engine.

* In 1947, the US pilot Chuck Yeager (1923-2020) flew X-1 aircraft faster than the
speed of sound and crossed the sound barrier for the first time. The X-1 also carried a rocket

engine and recorded a speed of 1,299 kilometers per hour.(Pehlivanoglu,2013)

. T

Figure 1.1. Heinkel He 178.(Anonymous,2022 a )



1.2. Aviation History in Turkey

+ In 1911, Staff Lieutenant Colonel Siireyya (Ilmen) Bey was tasked with establishing
the aviation organization, and the first official aviation organization of the Turkish Army was
launched under the name of "Aviation Commission" within the 2nd branch of the Ministry of

War, Science Continents Fortified General Inspectorate.
* In 1912, the Air School was opened in Istanbul Yesilkoy.

* In 1913, First Lieutenant Fethi Bey made the first night flight, and in the same year
he broke ground by dropping bombs on the Bulgarian lines in the Balkan War.

* In 1925, Eskisehir Air School was re-established and gave its first graduates.

* In 1925, Tayyare ve Motor Tiirk Anonim Sirketi (TOMTAS) was established in

Ankara.

» With a law dated 1 July 1932, aviator personnel were accepted as a separate combat

class.

« Nuri DEMIRAG aircraft factory was established in 1936.

Figure 1.2. Nuri DEMIRAG (Pehlivanoglu,2013)
* In 1938, the twin-engine six-seat ND-38 was produced.

e January 31, 1944 Air Force Command was established.

* The 9th Jet Base Command, established in Balikesir in 1951, became the first jet
base of the Turkish Air Force, and the 191, 192 and 193rd squadrons became the first jet
squadrons.(Pehlivanoglu,2013)



2. LITERATURE REVIEW

2.1. General Information About Uavs

The most basic feature of unmanned aerial vehicles (UAV) is that it can be controlled
from the outside or autonomously, not by a pilot inside as in other aircraft.
(Anonymous,2022b)

To look at the historical development process of drones; In the early days, the
production purpose of drones was for use in difficult military operations. Thanks to the
development and cheapening of the technology used in drones, drones began to be used for
civilian purposes as well. To give a few examples of civilian uses, such as product deliveries,
agriculture, infrastructure inspections and drone racing etc.(Anonymous,2022b) In addition

to these uses, it has also started to be used as human transportation and air ambulance.
2.1.1. Tricopter UAV
Three brushless motors drones with a Y or T frame design are called tricopters It is

more efficient because it consumes less energy than drones with four or more engines.(Sahin
and Oktay, 2019)

Figure 2.1. Y Frame Design Tricopter (Sahin and Oktay,2019)



2.1.2. VTOL UAV

It is the name given to drones that have both fixed wings and vertical engines (in some
models the engine has 90 degrees moving). The biggest feature of this type of drones is that

they can land and take off vertically.

Figure 2.2. VTOL UAV (Anonymous, 2022 c)

2.2. Investigation Of Flight Aerodynamics

Aerodynamics is a branch of physics that studies the forces acting on a moving mass
in air and other gases. It is important in determining the design criteria of vehicles such as
aircraft, rockets, high-speed trains and automobiles. It is also a critical factor affecting the
structural mechanical calculations of structures such as high-rise buildings and
bridges.(Britannica, 2019)



2.2.1. Flight Mechanics

2.2.1.1. Forces Acting on Flight

In aircraft, the fuselage and wings are under the influence of various forces during
flight. These forces are thrust, lift, weight and drag forces. An important step in the design
process of an aircraft is the calculation of these force values. (U.S. Department of
Transportation Federal Aviation Administration, 2016)

The four forces acting on an aircraft in straight-and-level, unaccelerated flight are

thrust, drag, lift, and weight. They are defined as follows:
e The thrust force is the force produced by the aircraft engine.

e The drag force is the resistance force of the air that is opposite to the thrust force.
The thrust must be greater than the drag force. Otherwise, the aircraft cannot move through

the air.

e The lift force is the force that occurs on the fuselage and wings due to the movement
of the aircraft and is perpendicular to the flight direction of the aircraft.

e The weight force is called the total weight of the aircraft (the combined load of the
aircraft itself, the crew, the fuel, and the cargo or baggage.). The weight pulls the aircraft
down due to gravity. The lift force must be greater than this force for the aircraft to rise. (U.S.

Department of Transportation Federal Aviation Administration, 2016)

Lift

Thrust

Weight
Figure 2.3. Fundamental Forces Acting On The Aircraft.(Anonymous, 2022 d)



2.2.1.2. Forces and Moments Affecting Flight

Lift Force: L= lpooVOﬁScl
2

Drag Force: D= %pooVOEScD

Pitching Moment M= %pwVOEScM

The aerodynamic coefficients depend on the angle of attack, geometry (profile

geometry, wing geometry, aircraft configuration, wet area, etc.), Reynolds number, and Mach

number. The coefficients in this formula will be discussed in more detail in the next sections.

A .

Weight
Flight Condition Effect
Lift > Weight Plane Rises
Weight > Lift Plane Falls
Drag > Thrust Plane Slows
Thrust > Drag Plane Accelerates

Figure 2.4. Forces-On-Airplane.(Anonymous, 2022 e)

2.2.1.2.1. Reynolds Number

The Reynolds number is the ratio of inertial forces to viscous forces within a fluid
which is subjected to relative internal movement due to different fluid velocities.
(Anonymous, 2022f)
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Figure 2.5. Boundary Layer Thickness On Flat Plate.(Anonymous, 2022 f)

The calculated Reynolds number determines the shape of the flow. If the Reynolds

number is;

e |f Re <2000, the flow is laminar;
e [f 2000 < Re <4000, the flow is laminar or turbulent.
e |f Re > 4000, the flow is turbulent.

2.2.1.2.2. Mach Number
The most important criterion in considering compressibility in aerodynamics is the
Mach number. Mach number is a dimensionless parameter, u is equal to the ratio of the

velocity of the fluid and a of the speed of sound in the medium. (Sadraey, 2013)

M:

ISHIES

The speed of sound is essentially the speed of propagation of any disturbance or, in
other words, pressure wave that occurs in the flow field.(Sadraey, 2013)



2.3. Airfoils Aerodynamics
2.3.1. General Features of an Airfoil

Profile geometry is a geometry that exists in nature and produces very efficient results
in terms of aerodynamics. The two-dimensional cross-section view of the three-dimensional
wing of the aircraft, which is the most widely used among aircraft, in the x-z plane, according
to the previously defined axis set, is called the airfoil. The shape of the airfoil is of vital
importance, and this shape has a leading role in the formation of all forces and

moments.(Sadraey, 2013)

x-location of

Maximum thickness i
Maximum

thickness
4 Maximum

Mean camber line
\4 > camber

Leading edge

radius —_ /"= "

? e TTimmeT

Leading edge Chord line

Thickness

Trailing edge

x-location of
Maximum camber « Chord

Figure 2.6. Airfoil geometric parameters (Sadraey, 2013)

We can observe the representations of the basic profile parameters on the figure from
the picture above. Accordingly, the front part of the profile is called the leading edge, and the
rear part is called the trailing edge. The shortest linear distance between these two edges is
called the c¢ chord line. Line segments connecting the leading edge and trailing edge of the
profile and joining the points of the upper surface and lower surface within the same vertical
axis are called the t profile thickness, and the curve obtained when the midpoints of these
segments are combined is called the camber curve. The distance of the camber curve from the
chord line is defined as m camber. The ratio of the maximum thickness of the profile to the
length of the vet is called the maximum thickness ratio, and the ratio of the maximum camber
to the chord line is called the maximum camber ratio. In order to indicate the curvature of the

leading edge, the radius of the circle, which is generally thought to pass tangentially from the



leading edge, is taken into account and this value is called the leading-edge radius.(Sadraey,
2013)

2.3.2. NACA Airfoils

NACA airfoils are airfoil shapes for aircraft wings developed by the National
Advisory Committee for Aeronautics (NACA). The shape of NACA airfoils is described
using a series of numbers following the word "NACA". Parameters in numerical code can be
entered into equations to precisely construct the cross section of the airfoil and calculate its
properties.

The development of NACA profiles dates back to the 1930s. Especially the Langley
research center in the US state of Virginia and the wind tunnels in this center have historical
importance and memories in terms of scientific studies on airfoils. In the light of the data
obtained because of hundreds of wind tunnel experiments on tens of profiles at the NACA
Langley research center, we see that different systematic approaches have been developed to
produce profile geometry. The first of these approaches is profile and geometry definition
with 4, 5 or 6 digit numbers.(Sadraey, 2013)

% Thick and highly cambered

e Cambered airfoil with deflected high-lift device

Thin and lightly cambered

— e Supersonic double wedge

Figure 2.7. Five sample airfoil sections (Sadraey, 2013)



2.3.2.1. Four-Digit NACA Airfoils

The four-digit NACA airfoil is the oldest and simplest NACA profile to manufacture.
The camber of a four-digit airfoil consists of two parabolas. One parabola produces the
camber geometry from leading edge to maximum camber, and another parabola produces the

camber shape from maximum camber to trailing edge. (Sadraey, 2013)

2.3.2.2. Five-Digit NACA Airfoils

The camber of a five-digit airfoil section is made up of one parabola and one straight
line. The parabola generates the camber geometry from the leading edge to the maximum
camber, and then a straight line connects the end point of the parabola to the trailing
edge.(Sadraey, 2013)

2.3.2.3. The 6-Series NACA Airfoils
The 6-series NACA airfoils are designated by five main digits and begin with the

number 6. Some 6-series airfoils have a subscript number after the second digit. There is also
a “-” between the second digit and the third digit. (Sadraey, 2013)

0.1

}'."L'" T Al R el et "'I' 'I
0.1

Figure 2.8. Four-digit, a five-digit, and a 6-series airfoil section: (a) NACA 1408; (b) NACA
23012; and (c) NACA 633-218.(Sadraey, 2013)
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3. MATERIAL AND METHOD

3.1. Preliminary Design

Before starting the design, it is necessary to determine the design criteria that will
shape our design. These design criteria are the most important criteria for the purpose of use
of the UAV that we will design. All other features are determined according to the purpose of

use. We can summarize the purpose of the UAV as follows.
e Ensuring the environmental safety of industrial facilities.
e Fire detection in forest areas and alerting relevant units.

e Three-dimensional modeling of the land with addable advanced camera and

scanning systems.
¢ Ensuring the environmental security of agricultural lands.
e Contributing to search and rescue processes in environmental disasters.
e Providing condition-damage assessment in environmental disasters.

e Since the UAV can be pre-programmed to fulfill its tasks such as environmental

security (periodic time, flight altitude, etc.), it will not need a remote-control system.

¢ Does not need to inform the control center unless a problem is detected during the
patrol flight. Informing the relevant units about this issue when faced with a negative

situation. That is, the UAV will have an active-passive system.
e Flight speed will be below mach speed.
e Airtime will be at most one hour.

As a result, my thesis advisor Prof.Dr. Ismail BOREKCI, we decided to make vertical
take-off and landing with three engines and wings.After determining the design criteria, it
was time to determine their mechanical properties. In order to determine these mechanical
and physical properties, we examined the characteristics of previously produced vertical take-
off UAVs and winged UAV.

11



By examining the physical and mechanical parameters (Wto, Sw (Sref), VMax,
hmax,,b,etc..) of the examined UAVS, we made some preliminary assumptions for our UAV.
Using these presuppositions, some theoretical values were calculated. It should be noted that
the assumptions made are not fixed. The values for optimization may change according to the
results of the analysis made in the computer environment after the design is completed.

The technical specifications of some models examined as technical reviews are given
below.

Figure 3.1. Akinc1 TIHA (Anonymous, 2022 g)

Akinc1 TIHA Technical Specifications

Crew: none

Length: 12.2 m (40 ft)

Wingspan: 20.0 m (65.6 ft)

Height: 4.1 m (13.1 ft)

Maximum take-off weight: 5500 kg (12,125 Ib.)
Payload: 1,500 kg (3,300 Ib.)

Internal: 450 kg (990 Ib.)

External: 900 kg (2,000 1b.))

12



Power unit: 2x IvchenkoH-Progress Al-450C turboprop engine, 450 hp (335 kW)

(Each)
Performance
Maximum speed: 195 knots (361 km/h)

Service ceiling: 40,000 feet (12,192 m)

Spy in the sky

San Diego's General Atomics revolutionized modern warfare by developing Predator, a remotely operated
unmanned aerial system, or drone, capable of staying in the sky for hours, conducting surveillance and
reconnaissance and sharing live videos with other parties. The plane also was fitted with Hellfire missiles.
Predator was succeeded by a larger, more robust drone known as Reaper.

MQ-1B Preciator Powerplant: 1 x Rotax 914F

turbocharged four-cylinder
engine, 115 hp (86 kW)

Satellite data-link
antenna

High-definition TV
and infared cameras

Line-of-sight

antenna Hellfire missiles

Sources: General Atomics; U.S. Air Force

Specifications

Length: 27 ft.
Wingspan: 48.7 ft.
Height: 6.9 ft.

Wing area: 123.3 sq. ft.
Empty weight: 1,130 Ibs.

Loaded weight: 2,250 Ibs.
Max. takeoff weight: 2,250 Ibs.

Performance

Maximum speed: 135 mph
Cruise speed: 81-103 mph
Range: 675 miles
Endurance: 24 hours
Maximum altitude: 25,000 ft.

MICHELLE GUERRERO U-T

Figure 3.2. The Predator USA (Anonymous, 2022h)
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Figure 3.3. Delta Quad Pro (D. Raymer ,2018)

Wingspan: 235¢cm
Length: 90 cm

Wing area: 90 sg. dm.
Empty weight: 3.3Kg

Empty weight including battery: 5 Kg

Maximum takeoff weight: 6.2 Kg

Payload capacity: 1.2 Kg

Cruise speed: 18 m/s (65 Km/h)
Maximum speed: 28 m/s (100 Km/h)
Stall speed: 12 m/s (43 Km/h)

Total take-off weight, wingspan, length values, aspect ratios (AR=b"2/S), wing
loading (W/S) of the examined models were calculated. According to these calculations, the
weight, wing length and wing area values of our model were estimated. In addition, the aspect
ratio was compared with the values accepted in the literature (Figure 5.3).

14



No.

9

10

Aircraft type

Hang glider

Glider (sailplane)
Home-built

General aviation

Jet trainer
Low-subsonic transport
High-subsonic transport
Supersonic fighter
Tactical missile

Hypersonic aircraft

Aspect ratio
4-8
20-40
4-7
5-9
4-8
6-9
8-12
2-4

0.3-1

1-3

Figure 3.4. Typical values of wing aspect ratio (D. Raymer ,2018)

The predicted values before proceeding to the calculations are given in the table

below.

Table 3.1. Assumptions to be used in theoretical calculations

Crew No Unit
Wingspan 1,614 m
Max Cruse Height 5000 m
Maximum Take-Off Weight 15 kg
Cruse Speed 18 m/sn
Max Speed 20 m/sn
Per RC Motor Thrust 7 kg
Per Motor Average RPM 5040 rpm
RC Motor Numbers 3

Sweep angle 0 deg
Wing Reference Area 0,5 m”2

15



Table 3.2. Formulas used with calculated values

Formula Description Symbols Value Result Unit
Sea Level b8
Tu=To-\*h Altitude [Temperature=To (kelvin)
(kelvin) Temperature Coefficient values of 65 255,50 kelvin
Change temperature change= A '
Max Height=h(km) 5
pu=po(1- . . Sea Level
(h/44308) ?g;‘;ﬁgeci!nge Density=po (ke/m*3) 2207 10736656891 |(kg/m”3)
r4.259
Max Height=h(m) 5000
IAbsolute
. Viscosity= pu0 (kg/ms) 1.710x107°
uu=p0(Tu/To) dAItItUd.e . Sea Level )88 1563x10-5  ka/
n0.75 CKQS;IC vIscous [Temperature=To(kelvin) ,563x10 g/msn
Altitude Temperature h55 50
Change=Tu(kelvin) '
Altitude Air Density
Change=py(kg / m sn) e
True 76,4
Re = puVL/p ﬁi{}:‘ggs ggif?;g;p(m/ Si) 1.796.117,785 Unitless
0,3
Length =L (m) '
Altitude dynamic viscous 1 563x10-5
change=pu '
Wingspan=b(m) 1,614
AR=Db"2/S Aspect Ratio  \Wing Reference 7,623823529 |Unitless
& 0,340
Area=S(m”2)
ITrue Airspeed 76.396
M=Vripl/C Mach Number EVTip(m/sn) ' 0,222599976 | Mach
Speed of sound:c (m/sn) 343,200
Sea Level Density=po 1997
qo=1/2* dynamic (kg/m"3) ' 3579754 | kgf/m~2
po*V"2 pressure True 6.4 R
Airspeed=VTip(m/sn) '
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Table 3.2. Formulas used with calculated values (more)

Lifting Force=L(N) 150
. [True Airspeed =Vip(m/sn) 76,4
Cl=(2*L)/ The Lift — " .
8 (DVA2S) Coefficient Sea Level De_n51ty—p0 (kg/m"3) [1,2250 0,093245497 Unitless
Referance Wing Surface Area=S
0,45
(m"2)
Drag Coefficient=Cd 0,00144
Sea Level Density = po
1,2267
D=Cd*1/2*po (kg/m"3) '
0 e\ /AD*S Drag Force True Airspeed = Vap(m/sn) 764 2,577422714 Newton
Referance Wing Surface Area = 05
S (m"2) '
Pitch Moment Coefficient = Cm 0,04130
S — N
10 M=Cm1/2% Pitch ?’fSeL,Z\i]resl ];aecrjl S—l?/] -p(om(/lgg;m B ;’6242167 ) Newton
PO*VA2*S moment peed = Vi : 8,00816211
Referance Wing Surface Area = 0.46
S (m"2) '
Thrust Force = T = D(N) 0,00144
Thrust Value
11 [T/W Per Unit ,0000096  |Unitless
Weight
Weight = W(N) 150
Air Velocity RC Motor Spedd=n (rpm) 5040
> (Viip)o= At The Tip  Propeller Diameter=D (m) 0,2794 73,73192294 m/sn
mnDa/60 Of The Number of RC 5 |
Propeller umber o motor=a
Air Velocity At The Tip Of The
e - \oN
13 Y\tj’ "(SQBS 2 Z\:lrjse eed Propeller=(Vip)o (M/sn) 73,73192 76,39631183 m/sn
* P Max Speed=V., (m/sn) 20,0
Weight = W(kg) 15
Wing Referance Area=S(m"2) 0,5
= *
14 szacl:))&(f,z(W/S)/ Stall Speed  [The Lift Coefficient=Cl 0,17490 16,72289788 m/sn
Sea Level Density = po 1 2967
(kg/m"3) '
B . [Tip Chord=c; (m) 0,086 .
15 P=cdC: Taper Ratio Root Chord = ¢, (m) 0.281 ,306049822 [Unitless

3.2. Wing Design

3.2.1. Number Of Wing

In the past, the most logical way to increase flight safety was to increase the number
of wings, since production technologies were not developed much and the quality of the
materials used was poor.

Today, with the developing technology, Almost all modern aircraft today have
monoplanes.(D. Raymer ,2018)
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Figure 3.5. Three options in number of wings (front view): (a) Monoplane; (b) Biplane; and
(c) Tri-wing (D. Raymer ,2018)

The UAV, which we designed, has monoplane wing. The reason we use a monoplane
wing is that it is completely monoplane in both UAV models and all types of aircraft used.

Also, the fact that it is a single wing is also important in terms of the weight of our UAV.
3.2.2. Wing Vertical Location
One of the wing parameters that can determine the wing design process is the position

of the wing relative to the fuselage. There are four different accepted designs for the position

of the wing.

[ i ] TN
W), [ \_/ '
(a) (b)
() | |
f M ) \O
(c) (d)

Figure 3.6. Options in vertical wing positions: (a) High wing; (b) Mid-wing; (c) Low wing;

and (d) Parasol wing
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Figure 3.7. Four aircraft with different wing vertical positions: (a) Lockheed Martin C-130J
Hercules (high wing); (b) Boeing 767 (low wing); (c) Pietenpol Air Camper-2
(parasol wing); (d) Hawker Sea Hawk (mid-wing)

Each of the above-mentioned positioning types has advantages and disadvantages
relative to each other. In our research, we decided that the wing location of our model should

be low.

3.2.3. Airfoil Section

An airfoil is a structure designed to produce lift and drag forces when moved in air. In
the process of wing airfoil selection, there are several graphs that illustrate the characteristics
of each airfoil when compared to other airfoils. These are mainly the variations of non-
dimensionalized lift, drag, and pitching moment relative with angle of attack.

Figure 3.8. Typical airfoil section (U.S. Department of Transportation Federal Aviation
Administration Flight Standards Service, 2016)
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Designing a new airfoil that has never been tried is a complex and time-consuming
process. In addition, advanced aerodynamic fundamentals are required for airfoil design. It is
also a costly process in which the newly designed airfoil needs to be tested and verified in
wind tunnels. It is useful to use the profile types tested and published by research centers such
as Airbus, Boeing companies and the National Advisory Committee for Aeronautics (NACA).

We need to add some parameters in addition to the values we calculated in section 5

without selecting these NACA profiles.
3.2.3.1. The Wing Maximum Thickness To-Chord Ratio;

In wing profiles, the thickness is the distance between the upper and lower points of
the profile. It is not given as a direct measurement in the profile selection. The ratio of the

thickness to the chord length is called the thickness ratio and is determined as a percentage.

In general, the maximum thickness ratio of the profile is determined, and it is called “tmax/c”

a =100 %
b

ratio.

C

Figure 3.9. The Wing Maximum Thickness To-Chord Ratio.

As a guide, typical values for the airfoil maximum thickness-to-chord ratio of the

majority of aircraft are about 6-18%.(U.S. Department of Transportation Federal
Aviation Administration Flight Standards Service, 2016)

1. the typical wing (t /c)max of cargo aircraft is about 15-18%

2. The typical wing (t /c)max of high subsonic passenger aircraft is about 9-12%.

3. The typical wing (t /c)max of supersonic aircraft is about 3-9%.

20



m Thick and highly cambered

------ - -~ Symmetric

Q‘ Cambered airfoil with deflected high-lift device

Thin and lightly cambered

————— - - b e e Supersonic double wedge

Figure 3.10. Five sample airfoil sections (U.S. Department of Transportation Federal
Aviation Administration Flight Standards Service, 2016)

Since the UAV we will design will fly at speeds below the speed of sound, profiles

with a thickness ratio equal to 14% and large will be examined.

3.2.3.2. The Angle Of Attack

Angle of attack is the angle between the wing chord line and the free flow direction
towards the profile. The effect of this value on the formation of aerodynamic forces is quite
large. Because it is the only factor that determines how the flow and thus the fluid interacts
with the profile geometry.(U.S. Department of Transportation Federal Aviation
Administration Flight Standards Service, 2016)
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Figure 3.11. Chord line and angle of attack (a) Aerofoil with concave undersurface. (b)

Aerofoil with flat undersurface. (c) Aerofoil with convex undersurface.(Kermode,

et al., 2006)

The critical angle for most airfoils is 15°. However, this value can be increased thanks
to additional aerodynamic surfaces, warplanes are the aircraft with the highest capacity in this
regard; Angles of attack can vary between 20° and 45°. In some designs, this value can even
reach 90°.

The angle of attack is directly proportional to the lift force. As the angle of attack
increases, the lift force increases, but if the angle exceeds the critical value (20°), the drag
force increases accordingly. The increase in drag force makes it difficult for the aircraft to

hold in the air.
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Figure 3.13. Effect of slot on airflow over an airfoil at large angle of attack (Kermode, et
al., 2006)



3.2.3.3. Swept Wing

The swept wing is a type of wing used in high-speed aircraft and got its name from
the way the wings look like arrows when viewed from above, with the tips of the wings pulled
back. While retracted wings express the backward arrow angle, airplanes with forward swept
wings have also been seen in history. The reason for the existence of swept wings is the
behavior of air at a speed close to the speed of sound on the airfoil.

The swept wings are common on aircraft that perform some of their flight at near the
speed of sound, such as jets, business jets, and commercial airplanes, usually fighter jets. The
main reason for setting the arrow angle is to increase the critical mach number. The critical
Mach number is the speed of the aircraft when the air traveling at speeds close to the speed
of sound accelerates on the upper surface of the airfoil and reaches the speed of sound. An
oblique shock wave is seen on the wing of an airplane traveling at a critical mach number.
This, as one of the reasons that increases drag, can cause both more fuel consumption and

wing strain or loss of control due to the jolts it creates during flight.(Kermode, et al., 2006)

Fuselage
center line a

Figure 3.14. Five wings with different sweep angles (Kermode, et al., 2006)
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Since our UAV model will move below the speed of sound, the swept wing is assumed
to be zero. (A = 09).

3.2.3.4. Dihedral Angle

When we look at an airplane from the front, we see that the wings make an angle with
the horizontal. This angle is called the dihedral angle. If we accept the ground as a reference;
if the wing tip is moving away from the ground, it is called a positive dihedral angle, if it is
parallel, it is called a zero-dihedral angle, if it is approaching the ground, it is called a negative

(anhedral) dihedral angle. The purpose of the dihedral angle is to increase aerodynamics.

Figure 3.15. (a) Dihedral and (b) anhedral (aircraft front view) (Kermode, et al., 2006)

Restoring

moment
Llc fit

airstream
(a) b

Figure 3.16. The effect of dihedral angle on a disturbance in roll (aircraft front view): (a)
before gust; (b) after gust. (Kermode, et al., 2006)
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Table 3.3. Determination of the dihedral angle

Wing Vertical Location

Low Wing Mid-Wing High Wing
A=0 5-7 2-4 0-2
Subsonic Swept Wing 3-7 -2-2 -5--2
Supersonic Swept Wing 0-5 -5-0 -5-0

The recommended angle value for the low wing non-swept wing is 5-7 degrees. We
determined this angle as 6 degrees in our design.

3.2.3.5. Camber Ratio

A camber curve is created by combining the points in the middle of the lower and
upper points of the wing profiles. The distance from the point where the maximum camber
occurs to the root line gives the camber value. The ratio of the place where this value is
maximum to the length of the vet will give the maximum camber ratio. The camber ratio is
denoted by y. The camber ratio takes values greater than or equal to zero. When it is less than
zero, the airfoil creates a pressure difference opposite to the desired one in the upper and lower
parts of the airfoil and causes the airfoil to not fulfill its function. When the camber ratio is
equal to zero, the wing is called a symmetrical wing. In the selection of airfoils, the maximum

camber ratio (yu4x) recommended for aircraft is specified in the literature.(17)

v The yuax range of 0-5% is called the small camber ratio and is used in aircraft at

these ratios.

v The yyax IS in the range of 8-12%, it is called high camber ratio, it is used in

compressors and turbines.

Since the UAV we will design is an aircraft, the maximum chord ratio will be selected

in the range of 0-5%.

3.3. Wing Airfoil Section Selection

The purpose of all our assumptions and calculations we have made so far was to select

the ideal wing airfoil. For the profile selection, NACA profiles will be selected by considering
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the values close to the wing thickness and the chord ratio, plus the lift coefficient, the

Reynolds number, and the Mach number.

As a result of our research, we decided to use the NACA 64210 profile as the airfoil.

Details

(nacaG4210-il) NACA 64-210
NACA 64-210 airfoil

Max thickness 10% at 40% chord.
Max camber 1.1% at 50% chord

Figure 3.17. NACA 64210 (Melin, 2013 )

a)Cl v Cd ‘ b)Cl v Alpha

e

c)Cl/Cd v Alpha ‘ d)Cd v Alpha

e)Cm v Alpha
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Figure 3.18. Aerodynamic coefficient graphs. a) The variations the lift coefficient versus of

the drag coefficient. b) The variations of lift coefficient versus the angle of attack. c)

The variations of the lift-to-drag ratio versus the angle of attack. d) The variations of

drag coefficient versus the angle of attack. e) The Variations of Pitching Moment
Coefficient versus Angle of Attack.(Melin, 2013 )

When the graph between the lift coefficient and the alpha is examined, the lift force

increases linearly as alpha increases. We accepted angle of incidence is zero degrees. Again,

the number of drag coefficient corresponding to the zero angle in the graphs is at a minimum

level. Again, when we examine the relationship between the pitching moment coefficient and

the alpha, the Cm coefficient is minimum when the angle of attack is zero. Considering all

these results, the NACA profile we have chosen for the wing is the right choice.

Table 3.4. Table of coefficients for NACA 64210 depending on the changing angle of attack

(Melin, 2013)

Alpha Cl Cd Cdp Cm Alpha Cl Cd Cdp Cm

-11.500 | -0.4820 | 0.10340 | 0.10186 | -0.0134 | 0.750 0.2598 0.00512 | 0.00097 | -0.0416
-11.250 | -0.4806 | 0.09944 | 0.09790 | -0.0149 | 1.000 0.2880 | 0.00514 | 0.00099 | -0.0417
-11.000 | -0.6490 | 0.04728 | 0.04569 | -0.0390 | 1.250 0.3161 | 0.00519 | 0.00103 | -0.0417
-10.750 | -0.6411 | 0.04610 | 0.04449 | -0.0408 | 1.500 0.3438 0.00523 | 0.00106 | -0.0416
-10.500 | -0.6221 | 0.04768 | 0.04610 | -0.0411 | 1.750 0.3712 | 0.00532 | 0.00109 | -0.0415
-10.250 | -0.6224 | 0.04558 | 0.04396 | -0.0430 | 2.000 0.3989 0.00540 | 0.00114 | -0.0415
-10.000 | -0.7614 | 0.04400 | 0.04192 | -0.0453 | 2.250 0.4263 | 0.00549 | 0.00121 | -0.0414
-9.750 -0.7926 | 0.01828 | 0.01543 | -0.0419 [ 2.500 0.4538 0.00559 | 0.00128 | -0.0414
-9.500 -0.7942 | 0.01441 | 0.01122 | -0.0405 [ 2.750 0.4813 0.00570 | 0.00136 | -0.0413
-9.250 -0.7736 | 0.01419 | 0.01099 | -0.0402 | 3.000 0.5075 | 0.00592 | 0.00148 | -0.0411
-9.000 -0.7582 | 0.01274 | 0.00938 | -0.0394 | 3.250 0.5310 0.00656 | 0.00170 | -0.0405
-8.750 -0.7423 | 0.01125 | 0.00770 | -0.0386 | 3.500 0.5521 | 0.00759 | 0.00213 | -0.0398
-8.500 -0.7250 | 0.01006 | 0.00636 | -0.0377 | 3.750 0.5742 | 0.00844 | 0.00252 | -0.0392
-8.250 -0.7102 | 0.00854 | 0.00463 | -0.0363 | 4.000 0.5981 | 0.00900 | 0.00286 | -0.0387
-8.000 -0.6834 | 0.00710 | 0.00295 | -0.0372 | 4.250 0.6235 | 0.00931 | 0.00313 | -0.0383
-7.750 -0.6540 | 0.00597 | 0.00163 | -0.0385 [ 4.500 0.6490 0.00955 | 0.00341 | -0.0379
-7.500 -0.6219 | 0.00543 | 0.00095 | -0.0399 | 4.750 0.6737 | 0.00985 | 0.00373 | -0.0373
-7.250 -0.6249 | 0.01435 | 0.00940 | -0.0385 | 5.000 0.6979 | 0.01014 | 0.00411 | -0.0366
-7.000 -0.5911 | 0.01370 | 0.00873 | -0.0403 [ 5.250 0.7215 0.01036 | 0.00438 | -0.0357
-6.750 -0.5589 | 0.01320 | 0.00820 | -0.0416 | 5.500 0.7433 | 0.01065 | 0.00471 | -0.0345
-6.500 -0.5268 | 0.01255 | 0.00747 | -0.0428 | 5.750 0.7700 0.01119 | 0.00535 | -0.0344
-6.250 -0.4974 | 0.01193 | 0.00677 | -0.0434 | 6.000 0.7981 | 0.01154 | 0.00574 | -0.0348
-6.000 -0.4713 | 0.01149 | 0.00626 | -0.0431 | 6.250 0.8240 | 0.01197 | 0.00621 | -0.0346
-5.750 -0.4456 | 0.01121 | 0.00590 | -0.0427 | 6.500 0.8494 | 0.01243 | 0.00670 | -0.0344
-5.500 -0.4232 | 0.01020 | 0.00477 | -0.0420 | 6.750 0.8744 | 0.01292 | 0.00721 | -0.0341
-5.250 -0.3977 | 0.00986 | 0.00438 | -0.0416 [ 7.000 0.8986 0.01349 | 0.00781 | -0.0337
-5.000 -0.3718 | 0.00957 | 0.00402 | -0.0413 | 7.250 0.9171 | 0.01493 | 0.00935 | -0.0325
-4.750 -0.3456 | 0.00930 | 0.00368 | -0.0410 | 7.500 0.9411 0.01554 | 0.01002 | -0.0321
-4.500 -0.3187 | 0.00909 | 0.00342 | -0.0408 | 7.750 0.9650 0.01616 | 0.01070 | -0.0316
-4.250 -0.2926 | 0.00862 | 0.00285 | -0.0406 | 8.000 0.9882 | 0.01691 | 0.01152 | -0.0311
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-4.000 -0.2657 | 0.00841 | 0.00261 | -0.0405 | 8.250 1.0108 0.01776 | 0.01246 | -0.0304
-3.750 -0.2382 | 0.00826 | 0.00241 | -0.0404 | 8.500 1.0332 0.01864 | 0.01342 | -0.0298
-3.500 -0.2111 | 0.00797 | 0.00208 | -0.0403 | 8.750 1.0553 0.01955 | 0.01441 | -0.0292
-3.250 -0.1836 | 0.00780 | 0.00187 | -0.0403 | 9.000 1.0776 0.02029 | 0.01523 | -0.0286
-3.000 -0.1564 | 0.00747 | 0.00166 | -0.0403 | 9.250 1.0999 0.02083 | 0.01579 | -0.0282
-2.750 -0.1304 | 0.00678 | 0.00140 | -0.0405 | 9.500 1.1200 0.02180 | 0.01683 | -0.0274
-2.500 -0.1052 | 0.00578 | 0.00111 | -0.0408 | 9.750 1.1282 0.02588 | 0.02129 | -0.0254
-2.250 -0.0781 | 0.00542 | 0.00103 | -0.0409 | 10.000 1.1478 0.02660 | 0.02215 | -0.0245
-2.000 -0.0504 | 0.00530 | 0.00098 | -0.0409 | 10.250 1.1649 0.02778 | 0.02349 | -0.0234
-1.750 -0.0222 | 0.00522 | 0.00094 | -0.0410 | 10.500 1.1791 0.02934 | 0.02523 | -0.0220
-1.500 0.0059 0.00518 | 0.00090 | -0.0410 | 10.750 1.1888 0.03143 | 0.02756 | -0.0202
-1.250 0.0340 0.00513 | 0.00089 | -0.0411 | 11.000 1.1933 0.03393 | 0.03032 | -0.0180
-1.000 0.0619 0.00507 | 0.00090 | -0.0411 | 11.250 1.1895 0.03673 | 0.03338 | -0.0149
-0.750 0.0898 0.00506 | 0.00091 | -0.0411 | 11.500 1.1801 0.03924 | 0.03611 | -0.0112
-0.500 0.1182 0.00505 | 0.00091 | -0.0412 | 11.750 1.1675 0.04212 | 0.03920 | -0.0082
-0.250 0.1466 0.00506 | 0.00091 | -0.0412 | 12.000 1.1399 0.04697 | 0.04435 | -0.0057
0.000 0.1749 0.00507 | 0.00091 | -0.0413 | 12.250 1.1232 0.05089 | 0.04845 | -0.0050
0.250 0.2033 0.00508 | 0.00093 | -0.0414 | 12.500 1.0678 0.06087 | 0.05880 | -0.0067
0.500 0.2315 0.00511 | 0.00094 | -0.0415 | 12.750 1.0312 0.06962 | 0.06778 | -0.0107

3.3.1. Wing 3D Model Design

3D design of the wing; After determining the wing airfoil, dimensions and angle of

attack, it was made in line with these data. We will use SolidWorks as the design program.

Figure 3.20. 3D Model Wing
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807 mm

¥
86 mm

Figure 3.22. Left, Right Wing (total wingspan)
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3.4. Fuselage Design

3.4.1. Fuselage Airfoil Section Selection

The most important part of an aircraft is the fuselage. Because it contains all the useful
loads. The UAV's control cards, camera and camera systems, must be in the required volume
to carry important components such as gps cards and the center of gravity of the equipment
must be adjusted appropriately for balancing. The geometry of the fuselage is the wing
geometry. It must be compatible with the aircraft and must not cause adverse aerodynamic
effects during flight.

Instead of designing the fuselage geometry from scratch, we used NACA profiles as
in the wings. Because, as it is known, NACA profiles enter the literature after the necessary
tests are completed, so we do not take unnecessary risks in use. Unlike the wing profile,
considering the components that the fuselage profile will carry, the (t/c)max value is 14%.
The NACA profile we chose has 4 digits, unlike the wing profile.

We considered the same criteria we used in the selection of the wing airfoil in the
selection of the fuselage airfoil (Mach number, Reynold number, etc.). As a result of our

research, we decided to use the NACA 2414 profile as the airfoil.

Details

(n2414-il) NACA 2414

NACA 2414 airfoil

Max thickness 14% at 29.5% chord
Max camber 2% at 39.6% chord

Figure 3.23. NACA 2414 (Melin, 2013)
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Figure 3.24. Aerodynamic coefficient graphs. a) The variations the lift coefficient versus of
the drag coefficient. b) The variations of lift coefficient versus the angle of attack. c)
The variations of the lift-to-drag ratio versus the angle of attack. d) The variations of
drag coefficient versus the angle of attack. e) The Variations of Pitching Moment
Coefficient versus Angle of Attack. (Melin, 2013 )
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Table 3.5. Table of coefficients for NACA 2414 depending on the changing angle of attack

(Melin, 2013)

Alpha Cl Cd Cdp Cm Alpha | CI Cd Cdp Cm

-18.250 | -1.1298 | 0.08491 | 0.08162 | -0.0429 [ -6.000 | -0.4114 | 0.00908 0.00348 -0.0563
-18.000 | -1.1553 | 0.07749 | 0.07409 | -0.0469 | -5.750 | -0.3843 | 0.00890 0.00329 -0.0560
-17.750 | -1.1815 | 0.07006 | 0.06653 | -0.0510 | -5.500 | -0.3574 | 0.00869 0.00311 -0.0558
-17.500 | -1.2057 | 0.06285 | 0.05919 | -0.0551 | -5.250 | -0.3303 0.00850 0.00293 -0.0555
-17.250 | -1.2260 | 0.05617 | 0.05238 | -0.0590 | -5.000 | -0.3031 0.00832 0.00278 -0.0553
-17.000 | -1.2413 | 0.05018 | 0.04627 | -0.0627 | -4.750 | -0.2758 0.00817 0.00262 -0.0550
-16.750 | -1.2517 | 0.04505 | 0.04101 | -0.0660 | -4.500 | -0.2483 0.00801 0.00248 -0.0548
-16.500 | -1.2577 | 0.04071 | 0.03656 | -0.0687 | -4.250 | -0.2210 | 0.00785 0.00235 -0.0546
-16.250 | -1.2599 | 0.03715 | 0.03289 | -0.0707 [ -4.000 | -0.1937 0.00770 0.00223 -0.0544
-16.000 | -1.2595 | 0.03419 | 0.02983 | -0.0721 [ -3.750 | -0.1661 0.00756 0.00212 -0.0543
-15.750 | -1.2572 | 0.03174 | 0.02728 | -0.0728 | -3.500 | -0.1387 0.00744 0.00201 -0.0541
-15.500 | -1.2531 | 0.02972 | 0.02516 | -0.0729 | -3.250 | -0.1112 0.00733 0.00192 -0.0539
-15.250 | -1.2475 | 0.02806 | 0.02341 | -0.0724 | -3.000 | -0.0837 0.00721 0.00183 -0.0537
-15.000 | -1.2401 | 0.02672 | 0.02199 | -0.0715 | -2.750 | -0.0562 0.00711 0.00175 -0.0536
-14.750 | -1.2315 | 0.02560 | 0.02079 | -0.0702 | -2.500 | -0.0288 0.00702 0.00168 -0.0534
-14.500 | -1.2211 | 0.02473 | 0.01984 | -0.0687 | -2.250 | -0.0015 0.00694 0.00162 -0.0532
-14.250 | -1.2229 | 0.02346 | 0.01850 | -0.0654 | -1.750 | 0.0536 0.00677 0.00152 -0.0528
-14.000 | -1.2227 | 0.02251 | 0.01749 | -0.0617 | -1.500 | 0.0810 0.00670 0.00148 -0.0527
-13.750 | -1.2157 | 0.02176 | 0.01670 | -0.0588 | -1.250 | 0.1081 0.00661 0.00145 -0.0525
-13.500 | -1.2065 | 0.02114 | 0.01604 | -0.0561 | -1.000 | 0.1351 0.00652 0.00143 -0.0522
-13.250 | -1.1965 | 0.02060 | 0.01546 | -0.0533 [ -0.750 | 0.1620 0.00644 0.00142 -0.0520
-13.000 | -1.1862 | 0.02009 | 0.01490 | -0.0505 [ -0.500 | 0.1889 0.00637 0.00142 -0.0517
-12.750 | -1.1752 | 0.01961 | 0.01438 | -0.0478 | -0.250 | 0.2161 0.00631 0.00142 -0.0515
-12.500 | -1.1634 | 0.01916 | 0.01387 | -0.0452 | 0.000 | 0.2432 0.00625 0.00144 -0.0512
-12.250 | -1.1503 | 0.01876 | 0.01342 | -0.0427 | 0.250 | 0.2702 0.00622 0.00147 -0.0510
-12.000 | -1.1298 | 0.01801 | 0.01262 | -0.0420 | 0.500 | 0.2972 0.00620 0.00150 -0.0507
-11.750 | -1.1006 | 0.01731 | 0.01189 | -0.0430 | 0.750 | 0.3240 0.00619 0.00154 -0.0503
-11.500 | -1.0696 | 0.01680 | 0.01136 | -0.0441 [ 1.000 | 0.3507 0.00618 0.00158 -0.0500
-11.250 | -1.0377 | 0.01637 | 0.01089 | -0.0453 [ 1.250 | 0.3775 0.00616 0.00164 -0.0496
-11.000 | -1.0047 | 0.01601 | 0.01048 | -0.0467 | 1.500 | 0.4040 0.00617 0.00171 -0.0491
-10.750 | -0.9748 | 0.01528 | 0.00974 | -0.0477 | 1.750 | 0.4303 0.00620 0.00178 -0.0486
-10.500 | -0.9448 | 0.01484 | 0.00929 | -0.0485 [ 2.000 | 0.4563 0.00624 0.00186 -0.0480
-10.250 | -0.9130 | 0.01447 | 0.00888 | -0.0495 [ 2.250 | 0.4823 0.00630 0.00195 -0.0473
-10.000 | -0.8807 | 0.01403 | 0.00841 | -0.0507 | 2.500 | 0.5081 0.00639 0.00204 -0.0467
-9.750 -0.8481 | 0.01354 | 0.00792 | -0.0521 | 2.750 | 0.5347 0.00650 0.00214 -0.0462
-9.500 -0.8139 | 0.01319 | 0.00756 | -0.0536 | 3.000 | 0.5634 0.00661 0.00223 -0.0461
-9.250 -0.7794 | 0.01282 | 0.00716 | -0.0552 | 3.250 | 0.5934 0.00675 0.00232 -0.0465
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Table 3.5. Table of coefficients for NACA 2414 depending on the changing angle of attack
(Melin, 2013 ) (more)

Alpha Cl Cd Cdp Cm Alpha | CI Cd Cdp Cm
-9.000 -0.7448 | 0.01239 | 0.00675 | -0.0568 | 3.500 | 0.6256 0.00692 0.00243 -0.0473
-8.750 -0.7166 | 0.01211 | 0.00645 | -0.0569 | 4.000 | 0.6973 0.00727 0.00266 -0.0508

-8.500 -0.6857 | 0.01172 | 0.00606 | -0.0577 | 4.250 | 0.7327 0.00747 0.00278 -0.0525
-8.250 -0.6538 | 0.01138 | 0.00573 | -0.0586 | 4.500 | 0.7713 0.00769 0.00291 -0.0549

-8.000 -0.6238 | 0.01110 | 0.00543 | -0.0590 | 4.750 | 0.8116 0.00792 0.00306 -0.0577
-7.750 -0.5983 | 0.01077 | 0.00513 | -0.0586 | 5.000 | 0.8451 0.00815 0.00321 -0.0590
-7.500 -0.5699 | 0.01055 | 0.00488 | -0.0586 | 5.250 | 0.8660 0.00836 0.00334 -0.0577
-7.250 -0.5442 | 0.01023 | 0.00459 | -0.0581 | 5.500 | 0.8866 0.00860 0.00349 -0.0563
-7.000 -0.5176 | 0.01003 | 0.00437 | -0.0577 | 5.750 | 0.9070 0.00887 0.00367 -0.0548

3.4.2. Fuselage 3D Model Design

3D design of the fuselage; After determining the fuselage airfoil, dimensions and
angle of attack, it was made in line with these data. We will use SolidWorks as the design

program.

Figure 3.26. 3D Model Fuselage
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450 mm

200 mm

Figure 3.27. Fuselage Dimensions

3.5. Body Assembly

Figure 3.28. Body Assembly

———

Figure 3.29. Body Assembly (Front)
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4. RESULTS

4.1. Wing Flow Simulation

After completing the 3D design of the wing, flow analysis was performed using the
SolidWorks Flow Simulation analysis program. In the analyzes, the distribution of flow
velocity on the surfaces, dynamic pressure distribution and turbulence length were examined.

Figure 4.1. Wing Dynamic Pressure
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Figure 4.2. Wing Turbulence Length (Perspective)
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Table 4.1. Wing Results

Figure 4.3. Wing Turbulence Length

Wing
Goal Name Unit Value (TR il iV AP Delta

Value Value Value
P'\r"e';h;"ta' (MPa) | 0,09926084 | 0,099174794 | 0,09879725 | 0,09941286 | 5,35935E-05
Qr‘gu:e"ta' (MPa) | 0,10492906 | 0,104928941 | 0,10492831 | 0,104929449 | 2,82598E-08
F'\,’:Z"S‘l'”TeOta' (MPa) | 0,11347973 | 0,113408925 | 0,11329259 | 0,113630607 | 0,000110405
gﬂr:’s‘urzy”am'c (MPa) | 0,00599891 | 0,006206091 | 0,00599079 | 0,006348285 | 7,01825E-05
Total Avg.
Dynamic (MPa) | 0,00341691 | 0,003416952 | 0,00341646 | 0,003417337 | 2,08669E-08
Pressure
Min. Velocity | (m/s) | -93,511659 | -9553759169 | -97.062979 | gq ,20a07 | 073080821
Avg. Velocity | (mis) | -7450976 | -74,60024627 | -74,605364 | 1, oo 4o | 0,000310734
f;’r?é;“rb'ance (m) | 0,00122458 | 0,001231169 | 0,00122359 | 0,001257175 | 2,02766E-06
ﬁ]‘{gﬁ;&rb“'ence (%) | 0,10720809 | 0,106967289 | 0,10673695 | 0,107266745 | 0,000165232
g};%;;g?}“'e“t (Wikg) | 1,14579471 | 1,121844133 | 0,89468056 | 1,453582184 | 0,065633862
Force (N) 10,1669206 | 19,14978833 | 17,6268166 | 20,83667588 | 0,167999752
Force (Y) (N) 16,8227198 | 16,77506384 | 15,0347879 | 18,62209628 | 0,17722717
Force (2) (N) 86358005 | -8,68732160 | -8.8937288 | | 41,01 | 0039113349
Friction Force -
2 (N) 21812046 | -2198102704 | -23779063 | 5 coicoco | 001072005
Torque (X) (N*m) | 6,05160164 | 6,045449443 | 542368507 | 6,691938489 | 0,067223323
ﬁ‘r‘g'sﬁznam'c (MPa) | 0,00341697 | 0,00341701 | 0,00341651 | 0,003417397 | 2,10217E-08
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4.2. Fuselage Flow Simulation

After completing the 3D design of the fuselage, flow analysis was performed using
the SolidWorks Flow Simulation analysis program. In the analyzes, the distribution of flow
velocity on the surfaces, dynamic pressure distribution and turbulence length were examined.

Figure 4.4. Fuselage Dynamic Pressure

Figure 4.5. Fuselage Velocity

38



Figure 4.6. Fuselage Turbulence Length (Perspective)
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Figure 4.7. Fuselage Turbulence Length
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Table 4.2. Fuselage Results

Fuselage
Goal Name Unit Value IR il EEUY Delta

Value Value Value
P“r";s“q;"ta' (MPa) | 0,09820986 | 0,098237403 | 0,09820288 | 0,098265168 | 4,7911E-05
Qr‘ggh:;’ta' (MPa) | 0,10488787 | 0,104887884 | 0,10488786 | 0,104887907 | 3,06422E-08
gﬂr:)s(ﬁr?tal (MPa) | 0,11100628 | 0,110961335 | 0,11082769 | 0,111106158 | 4,98318E-05
F'\,/:Z’S‘l'”[e)y”am'c (MPa) | 0,00536351 | 0,005476236 | 0,00534633 | 0,005655766 | 3,46022E-05
Total Avg. (MPa) | 0,0033657 | 0,003365708 | 0,00336569 | 0,003365728 | 3,1703E-08
Dynamic Pressure
Min. Velocity (m/s) -89,209097 8918469036 -89,240067 8910291196 0,137155325
Avg. Velocity (MIs) | -T4055304 | 4 e agacy | TAOSSTEE | L (ccoze: | 0000324003
ﬁg’r?é;“rb'ance (m) | 0,00131254 | 0,00131255 | 0,00131241 | 0,001312641 | 2,29741E-07
ﬁ]‘t’g‘];t‘;rb“'e“ce (%) | 0,09904463 | 0,099036631 | 0,09901706 | 0,09906662 | 4,95572E-05
’S};%J;L?}“'e”t (W/kg) | 0,25147625 | 0,252523811 | 0,25107874 | 0,254239689 | 0,003160948
Force (N) 16,3748229 | 16,39849487 | 16,2334803 | 16,63095013 | 0,097461159
Force (Y) (N) 15,0959156 | 15,11760789 | 14,9344886 | 15,38158601 | 0,111289987
Force (2) (N) 63440659 | ¢ oco00arco | 64226574 | ¢ oooacs | 0015520813
Friction Force (Z) | (N) -1,133429 1,131466234 -1,1516556 1,120877363 0,015133811
Torque (X) (N*m) | 5,63227085 | 5,630218956 | 5,50902882 | 5,669849042 | 0,031010661
Qr‘g'sﬁgnam'c (MPa) | 0,0033657 | 0,003365716 | 0,0033657 | 0,003365736 | 3,17954E-08

Dynarmic Pressure (MPa]

Dynamic Presure: contours.

i

4.3. Body Flow Simulation

Dymamic Pressure (MPa] [0; 4 88-0.

| Madrmumn

 mrmm =

Dynarric Pressure |0 MPa |

Figure 4.8. Body Dynamic Pressure

40



Table 4.3. Body Results

Figure 4.9. Body Velocity

Body |
Goal Name Unit Value IR il EEUY Delta

Value Value Value
P'\:'(;:L;;Ota' (MPa) |0,09898264 |0,098982742 |0,0989638 |0,098998113 |2,31362E-06
Qr‘;‘gh;"ta' (MPa) |0,10487949 |0,104879498 |0,10487934 |0,104879615 |4,60356E-08
mzf;;"ta' (MPa) |0,10865215 |0,108687126 |0,1085973 |0,109235902 |2,13101E-05
?ﬁi‘ﬁgiy”am'c (MPa) |0,00487663 |0,004867764 |0,00485084 |0,004881011 |4,38465E-06
Total Avg.
Dynamic (MPa) |0,00336027 |0,003360294 |0,00336011 |0,003360446 |5,92698E-08
Pressure
Min. Velocity | (m/s)  |-89,547725 |-89,47177566 |-89,577436 |-89,35756459 |0,038228395
Avg. Velocity | (m/s)  |-73,990107 |-73,99037391 |-73,99227 |-73,98794027 |0,000715417
f;’r?é;”rb'ance (m)  |0,00127526 |0,00127692  |0,00126515 |0,001306366 |2,13518E-06
ﬁ]‘t’ghsTit‘;rb“'ence (%)  |0,10253934 |0,102566998 |0,10244415 |0,102656565 |5,13134E-05
g};%e:;g?]”'e”t (W/kg) |0,46011225 |0,466010312 |0,4438887 |0,479210004 |0,006935509
Force (N) 101,1116  |101,8979492 |99,2991244 |104,0525267 |1,078414015
Force (Y) (N)  |98,1046414 |98,00744437 |96,2581676 |101,0765467 |1,105083431
Force (2) (N)  |-24,46542 | -24,494917190 |-24,904723 |-23,97361425 |0,042099222
(FZ”)C“O” Force () -5,9631088 |-5,975237683 |-6,3171651 |-5,604968911 |0,037881156
Torque (X) (N*m) |29,230841 | 29,45670429 |28,6634068 |30,12366676 |0,349301702
'sr‘gélﬁé’”am'c (MPa) |0,0033603 |0,003360325 |0,00336014 |0,003360479 |5,95418E-08
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5. DISCUSSION

We saw that the NACA profiles we chose were very close to the standard values in
the flow analyzes we made during the increasing design process. When we analyzed the force
in the Y direction (lifting force) formed when we analyzed the entire body, we obtained a
maximum value of 101 N. These values are not included in the thrust forces that will occur
from the engines we will use. The useful load weight of the UAV we estimate is 15 kg (150
N). When we add the number of engines we have chosen and the thrust force above the values
obtained in free flight, the total lifting force will be 7 kg x 3=21kg (210 N) total lifting
force=101 +210=211 N force is obtained. Since this value is higher than the payload value,
the UAV can fly comfortably.

Another value we obtained from the results of the analysis is that when the dynamic
pressure distribution of the UAV is examined, the maximum pressure value that occurs is
0.00487663 Mpa. This is an indication that our NACA profiles we have chosen are the right
choice.

The torque value (rotational moment) occurring in the Z axis during flight is 30 N*m.
This value can be balanced with the balancing moment by adjusting the engine revolutions of
the flight control card in the UAV with the UAV wing controllers. Also, this value can be
balanced with the revisions to be made in the design. It can be lowered.

As a result, as a result of the flow analysis, it was understood that our UAV was
suitable for flight.

42



6. CONCLUSION AND RECOMMENDATIONS

Whether an aircraft is a UAV or a normal one, it contains many physics rules. That's
why it includes a serious calculation. It is also a sector that requires the collaboration of
different engineering branches.

The concept design and analysis of the UAV, which can take off and land vertically,
has been made by examining the wing and body.

Complex surface designs were avoided by considering the manufacturability at the
design stage.

Before starting the designs, many UAV models were examined. By analyzing the
strengths and weaknesses of the examined models, the weaknesses were tried to be improved

in our own design, and the final design was obtained, and the concept design emerged.
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7. APPENDICES

Figure.7.1.UAV Vertical Take Off Mode

Figure 7.2. UAV Flight Mode
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