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ONITUMM3AIUSA ADPOANHAMHNYECKNX XAPAKTEPUCTHK
BECIIMJIOTHOI'O JIETATEJIBHOI'O AITITAPATA C UCITIOJIb30BAHUEM
KPBLJIA MIEPEMEHHOM CTPEJJOBAJIHOCTH

becnunomnvie nemamenvhvie annapamot (BILJIA) mocym umems paznuunvie opmvl 6 3a6u-
cumocmuy om muna u ycioguil noiema. B dannotl pabome nposedena onmumuzayusi aspoouHamu-
yeckux ceoticme BIIJIA 3a cuem yena cmpenoguonocmu Kpviaa (Veana cmpenoguoHocmu) Ons
VYMEHbULEHUs! BOJIHOBO2O CONPOMUGIEHUS U 3A0EPIUCKU HAYALa OUGepeeHyuu conpomuenetus. s
9MO20 UCNONB308ANUCHL MOOenu becnulomHwlx jemamenvhuix annapamos (bBIIJIA), paspaboman-
Hble ¢ NAMBIO PA3TUYHbLIMU Yeaamuy cmpenoguonocmu kpuviia (15°, 20°, 25°, 30° u 35°) u paznuu-
HbIM YOIUHEHUEM ¢ NOCMOAHHbIM Kodppuyuenmom kowychocmu = 0,2. Kaowcooe kpwviio Oviio
NOCMPOEHO ¢ A3POOUHAMUYECKUM Rpoghuiem Olsi KOpHeeou u KoHyesol xopod SD8020 ¢ manvim
yuciom Maxa, pasuoim 0,058 (m. e. ckopocmwio, pasuoui 20 m/c). Bce modenu xkpwiia 6vliu no-
cmpoenvl 0151 MPexmMepHo20 uz0bpasicerus ¢ ucnonvzogaruem npoepammol SOLIDWORKS, a 3a-
mem MoOenu 3Mmo2o Kpwvlia Ovliu npoananusupogansl ¢ ucnorvzoganuem ANSYS FLUENT. Bviiu
npoeedeHbl pacyemvl 3HAYEHUs. A3POOUHAMUYECKO20 Kayecmed OJisi OnpeoesieHuss mo2o, KaKoll
BIIJIA umeem onmumanvHoe 3Havenue NOOEMHOU CULbL U HAUMEHbULee 100080€ CONPOMUBTIEHUE
6 sasucumocmu om yena amaxu (0°, 2° u 4°). Pe3ynbmamul nokazulearom, ymo a3poouHamuyecKue
XApaKmepucmuky UsMeHsI0Mcs 8 3A8UCUMOCINU O BEUYUHbL Y2Id CIMPENIoSUOHOCMU U YOTuHe-
HUSL, MAKCUMATbHOE a3poounamuyeckoe kavecmeo oocmueaemcsi y bBIIJIA ¢ yenom cmpenoguono-
cmu 15° u yenom amaxu 2°, munumanvHoe aspoounamuyeckoe kavecmeo y bIIJIA co cmpenosuo-
Hocmuio yeon 35°, a yeon amaxu 0°. H3-3a nocmosnHo2o Ko3pguyuenma KouycHOCmU, PAGHO20
0,2, niowaods Kpvlia y Kaxcooi mooenu pasuas. Jlyuuias mooeib ¢ MAKCUMATbHLIM OMHOUEHUEM
HOOBEMHOIL CUTBL K 1060BOMY CONPOMUBIEHUIO UMEeen NI0wadb Kpbind, pasuyio 1,68 Mm% a moders
€ MUHUMATLHBIM AIPOOUHAMULECKUM CONPOMUBTEHUEM UMeen niowadb Kpyind, pasuyio 0,65 u>.

Becnunomuuiii iemamenvhvlii annapam, noovem U nepemacKuganue, y2oi nosopomd, co-
omuowenue cmopon, SOLIDWORKS, CFD, ANSYS (Fluent).
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UNMANNED AERIAL VEHICLE AERODYNAMICS PERFORMANCE
OPTIMIZATION USING VARIABLE SWEEP WING ANGLE

The unmanned aerial vehicles (UAVs) can take many forms depending on the type of UAV
duty and condition of flight. In this project, optimization of UAVs aerodynamics property through
the sweep angle of wing (sweepback angle) to reduce wave drag and delay the onset of drag di-
vergence. therefor models of unmanned aerial vehicles (UAVs) designed with five different sweep-
back wing angle (15°, 20° 25° 30°, and 35°) and different aspect ratio with constant taper ratio =
0.2 have been used. Every wing was built with airfoil for root and tip chord SD8020, with low
Mach number equal to 0.058 (i.e., Velocity equal to 20 m/s). The whole models of a wing were
plotted for a three-dimensional using the SOLIDWORKS software program, and then the models
of this wing were analyzed employing ANSYS FLUENT. Calculations of the value of lift to drag
ratio were made for deciding which UAV has optimum value of lift and the lowest drag versus the
attack angle (0° 2°, and 4°). The results Show that the aerodynamics performance changes ac-
cording to the value of the sweepback angle and aspect ratio, the maximum lift to drag ratio
achieved at UAV with sweepback angle 15° and the angle of attack is 2°, minimum lift to drag
ratio at UAV with sweepback angle 35° and the angle of attack is 0°. Due to constant taper ratio
which equal to 0.2 the wing area different according to each model. Best model with maximum lift
to drag ratio has wing area equal to 1.68 m? while model with minimum lift to drag has wing area
equal to 0.65 m%

UAV; lift and drag; sweepback angle; aspect ratio; SOLIDWORKS; CFD; ANSYS (Fluent).
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1. Introduction. During the aircraft design process, an aircraft designer faces several of
the challenges. Designing an efficient wing that meets the established standards is one of the
most significant responsibilities. This is usually feasible due to the wing's various geometrical
and aerodynamic properties being optimized [1]. Presently, aviation concentrates on cost-
effective, fuel-efficient, long-range systems with minimal operational expenses. The in-
creased need for airborne activities has led to the introduction of unmanned aircraft that can
stay in the air for far longer periods of time than planes with pilots. To achieve these goals,
the UAV design has been substantially explored. At the moment, UAVs can last for more
than a day [2]. The term "unmanned aerial vehicle" (UAV) refers to a vehicle that may oper-
ate remotely, semi-autonomously, or fully autonomously without the need for a pilot.
In comparison to piloted aerial photogrammetry, it is a current and low-cost application.
UAVSs come in a variety of kinds, classifications, and categories [3]. The size categories for
unmanned aerial vehicles (UAVSs) range from nano air vehicles (NAVSs) with a wing span of
under 4 cm to high altitude long endurance (HALE) aircraft with a wing span of 35 meters or
more. Micro (MAV), mini, close-range, medium range or tactical, and medium altitude long
endurance are some of the classifications of UAVSs in between [4]. For decades, the aviation
industry has been fascinated by the development of unmanned aerial vehicles (UAVS). In the
conceptual design of an airplane, aerodynamic design is extremely important. The structure
and systems of an aircraft, as well as the manufacturing process, are heavily influenced by the
aerodynamic design layout. A good aerodynamic design allows an airplane to operate well
while also lowering expenses due to decreased fuel consumption. Many criteria must be de-
cided at the outset of the aircraft's conceptual design. For conventional aircraft, studies have
established aircraft conceptual design processes and assessed numerous procedures [5].

A variety of performance characteristics may be used to classify UAVs. Wind
loading, speed, range, endurance, and weight are all important characteristics that define
different types of UAVs and provide the basis for appropriate classification. Depending
on the Strategic, Tactical, UAV Size, and Special Task. According to their maximum
gross take-off weight, usual flying altitude, and velocity, the US Department of Defence
divided UAVs into five categories: small, medium, big, larger, and largest. The most
frequent categories, however, are based on the size, endurance, and structure [6, 7].

2. Wing geometry parameters. A wing is formed of two-dimensional airfoil sec-
tions that form a three-dimensional shape. Wings, horizontal tails, vertical tails, canards,
and/or other lifting surfaces are produced by arranging the airfoil sections in various
spanwise configurations. When introducing the parameters that define the wing
planform, it's important to pay attention to the presence of flow components in the
spanwise direction (three-dimensional flow). In other words, airfoil section properties
deal with two-dimensional flow, whereas wing planform qualities deal with three-
dimensional flow. The planform (or projected shape) of a wing is often described using
many concepts. The terms that are relevant to characterizing the aerodynamic properties
of a wing are shown in Fig. 1 [8]:

Direction
of flight

Fuselage side

Wing tip

Fig. 1. Geometric characteristics of the wing planform [8]
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2.1. Wingspan. The wingspan is defined as the distance between the two wingtips
multiplied by the dimension b. The wing semi-span is the distance b=2 between each tip
and the centreline [9].

2.2. Chords. The tip and root chords are the two lengths C; and C,, respectively;
under the alternate convention, the root chord is the distance between the intersections of
the leading and trailing edges formed with the fuselage centreline. The taper ratio is de-
fined as Cy/C,. The reciprocal of this, C,/C,, is sometimes used as the taper ratio. C/C, < 1
for most wings [9].

2.3. Sweepback angle (A). The sweepback angle is the angle formed by the air-
craft's OY lateral axis and the 25% MAC line (or occasionally the leading edge of the
wing). The sweepback angle is denoted by the Greek letter Lambda. Increased sweep-
back angle has the benefit of lowering the effective thickness/chord ratio of the wing.
The physical wing depth stays the same, but the effective wing depth is reduced, result-
ing in a higher critical Mach number. In contrast, too much sweepback angle can cause
aileron reversal, aerodynamic tip stalling, shock stalling, and wing deformation due to
partial spanwise flow towards the wingtips [8, 10]. Swept wings are usually associated
with high-speed (transonic or supersonic) flight, while zero-sweep wings are occasional-
ly used on high-speed aircraft, and many low-speed aircraft feature swept wings.
The second group exists mostly due to stability concerns, particularly in the case of
'flying wing'-type aircraft, which can only be rendered statically stable with nonzero
sweep in practice [11].

2.4. Area ratio. The planform area (or projected area) of the wing is simply referred
to as the wing area, A. Despite the fact that a fuselage or nacelles may cover a section of
the space, the pressure carryover on these surfaces permits reasonable examination of the
full planform area [8]. The wing area ratio is calculated by dividing the wing area by the
wingspan squared (A/b?). The reciprocal of aspect ratio is area ratio [10].

A=05x*(C,+C,)*s. 1)

2.5. The aspect ratio (AR). The wing aspect ratio is a key feature that influences both
the size and slope of the lift produced drag curve. As a result, it has a direct impact on per-
formance as well as stability and control [1]. The aspect ratio is a measurement of the wing's
slenderness or fineness ratio, or the proportions of the wing. It is critical for the aircraft de-
signer to understand the aerodynamic properties of the wing as well as the structural weight
analysis. The wing planform has a bigger impact than the wing area. The aspect ratio is de-
fined as the ratio of wingspan to average wing chord (span/chord) or more succinctly
(span2/wing area) and is determined by the tip-to-tip wingspan (b) and its chord (c).

2
AR=20or2 @)
A c

The first ratio (b/c) is applied when calculating rectangular wings; the second ratio
(b%S) is more efficient when calculating other planform wings. The aspect ratio is small.
A high sweepback angle of at least 45° or larger, pointed wingtips, and a straight trailing
edge characterize this wing. When opposed to a straight wing, the wing has a larger area
per span, resulting in less wing loading and more fuel storage space. Because of its dis-
tance from the centre of gravity, the wing is free of flaps, which would be ineffective and
operate as elevators, Fig. 2, [8, 10, 11].

For conventional subsonic aircraft and sailplanes, AR, which normally ranges from
6 to 22, has a far larger influence on the generated drag coefficient than the value of the
boundary-layer thickness. As a result, the capacity to make the aspect ratio as big as fea-
sible, rather than being near to an elliptical lift distribution, is the major design element
for minimizing induced drag. One of Prandtl's lifting-line theory's major wins was the
discovery that generated drag coefficient is inversely related to AR [12].
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High AR

Low AR

CL

AOA

Fig. 2. Aspect Ratio & Lift Coefficient [10]

It's simple to start determining the remaining geometric parameters after the wing ar-
ea and wingspan have been calculated. Aspect ratio, taper ratio, wing sweep, dihedral, and
other features of the wing's geometric arrangement are only a few examples. The geometric
arrangement of the wing is comprised of these. The layout has a significant impact on the
whole design process, as well as a slew of other aspects of the project. These include,
among other things, aerodynamics, performance, stability and control, as well as structural
and system layout. The AR, TR, and LE sweeps allow the designer the most control over
the wing's aerodynamic properties. This isn't to imply the others aren't significant; they
may be thought of as dials for "fine-tuning™ the wing design. The AR, TR, and sweep may
be determined as a result of a sophisticated optimization; however, this is not always the
case. The combined effect of AR and leading edge sweep in Fig. 3 [1].

" : [ " A

Greater chance of
pitch-up at stall
v

Aspect Ratio

=
Less chance of
pitch-up at stall

-10 0 10 20 30 40 50 50 70 80 90
Sweep of Quarter-chord, A, degrees

Fig. 3. Empirical pitch-up boundary for a swept-back wing [1]

3. Aerodynamics forces. 3.1. Introduction . For a very long time, aerodynamicists
have employed force and moment coefficients to explain the aerodynamics of aircraft.
Coefficients are non-dimensional quantities that reflect forces and moments without tak-
ing into account the effects of density, velocity, and size. When non-dimensionalizing
forces and moments, not all flow properties may be considered. Because of this, even
when considering some flight parameters in coefficient form, such as drag, Reynolds
number and Mach number remain functions [8]. Thrust, lift, drag, and weight are the
main factors that affect an airborne vehicle. The vehicle rotates around the pitch, roll,
and yaw axes due to angular moments about those axes. Dynamic pressure, wing area,
and dimensionless coefficients are used to calculate lift, drag, and rotational moments.
The basic aerodynamic equations that control an air vehicle's performance are the ex-
pressions for these quantities [13].

In the context of an aircraft, lift is the amount of force that is directed upward and
perpendicular to the direction of flight, or, in the case of an unbroken stream. The phrase
"upward" refers to the pilot's head being above the ground. The effect of various atti-
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tudes toward flying is depicted in Fig. 4. The vector V depicts the direction of flight, the
vector L the lift acting upward, and the vector W the weight of the airplane and the
downward vertical.

L

w
Fig. 4. Direction of the lift force in level flight [14]

Drag is the amount of force operating perpendicular to the path of flight or parallel
to the direction of an unbroken stream. It is the force that opposes the aircraft's motion.
Regarding its meaning or aim, there is no room for doubt. Therefore, the drag force is
constantly in opposition to the lift force. When an airplane is flying horizontally, the
moment known as pitching occurs in the plane containing the lift and the drag, or in the
vertical plane. When it tends to elevate the aircraft's nose or increase the angle of attack,
it is classified as positive [14].

3.2. Aerodynamic Coefficients. These non-dimensional pressure, force, and mo-
ment variables have an impact on the flying item. The free stream density p and velocity
V are employed as characteristic values in non-dimensionalization. The pressure coeffi-
cient C, is calculated using half of the dynamic pressure 1/2 pV?2. The wing surface area
is taken into account as the typical length, half of the chord length, and as the character-
istic area. The sectional lift coefficient C, drag coefficient Cp, and moment coefficient
Cyw, are calculated using the product of dynamic pressure and the half chord, where the
square of the half chord is employed. However, the moment coefficient, the drag coeffi-
cient, and the coefficient of lift for the finite wing [15].

Lift coefficient

C = 2L _ L
L™= psvz ™ gs
Drag coefficient
2D D
CD = —_——=
pSVz ¢S
Moment coefficient
Co = M
M= qsr

The reference area S and reference length | in the previous coefficients are selected
to correspond to the specified geometric body form; for other shapes, S and | may be
different things [12, 16-19].

3.3. Angles of attack. The geometric angle of attack is the angle between the relative
wind direction and the mean chord of the wing, which is a line drawn between the leading
edge and trailing edge of the wing in aeronautics. The orientation in which the wing has no
lift is used to calculate the effective angle of attack. To avoid reader confusion, it is im-
portant to underline the distinction between the effective angle of attack employed here and
the geometric angle of attack used in aeronautics. In Fig. 5, the orientation of a cambered
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wing with no geometric angles of attack and the same wing with no effective angles of
attack are shown. Since the air is being net-diverted downward, a cambered wing with zero
geometric angles of attack has lifted. The same wing has no lift and no net air diversion
when the effective angle of attack is zero, according to a definition. The geometric and
actual angles of attack are the same in the case of a symmetric wing [20].

Zero geometric angel of attack

Relative wind
) > ““‘"'l\msh

Zero effective angle of attack

Relative wind s
ﬁ % No downwash

Fig. 5. Definition of geometric and effective angles of attack [20]

4. Model building and analyzing. SOLIDWORKS program was utilize to build
four different models which are different in sweep wing angle. Fig. 6 shows the shapes of
wings used in this paper with different sweep angle (150, 200, 250, 300, and 350). Wing
dimensions were used to build these models in 3 dimensions with root chord 1000 mm and
tip chord 200 mm, taper ratio constant = 0.2; all models consist of one airfoil (SD8020).
Computational Fluid Dynamics (CFD) software/ANSYS (Fluent) was used to analyse the
models with assuming that: - enclosure uniform 1 m, mesh - relevance centre — fine, ve-
locity magnitude (m/s) 20, and space three-dimensional time steady viscous SST k-omega.
The unmanned aerial vehicles at altitude =3000m, air pressure (68189.15 Pa), (1.31 kg/m3)
density, (1.7E-5 kg.m-1. s-1) dynamic viscosity, and (- 4.5 C°) temperature.

1000 mm

Root chord

1071.10 mm

/ [ 1000 mm
/ | Root chord

799 mm

15°
| ~ap o

[ | 200 mm
Iip chord

T

Fig. 6. Shapes and dimension of the five UAV used
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5. Mesh Information’s. Different angle combinations based on the angle of attack
(0°, 2°, and 4°) were used to explore the variations in performance of different sweep-
back wing angles. The wing model is meshed using the tetrahedron meshing method in
all of the simulations presented here. This method was chosen because it was able to
capture near-wing complexity while also generating a very fine grid at the boundary lay-
er. In most circumstances, the mesh resolution has a considerable influence on the quali-
ty of CFD simulations. The mesh resolution is determined by the number of cells in the
computational domain. Increasing the mesh density has minimal influence on the output
after a certain point. Mesh reports vary depending on the wing model; Table 1 illustrates
a mesh report for a variety of models. Fig. 7 shows a wing mesh with various perspec-
tives. The velocity inlet boundary condition is the intake boundary condition, whereas
the pressure outlet boundary condition is the exit boundary condition.

Table 1
Mesh report for a variety of models

Domain / Box Nodes Elements
sweepback wing angle 15°, Angle of attack 2° 232371 1311394
sweepback wing angle 20°, Angle of attack 0° 214475 1209814
sweepback wing angle 25°, Angle of attack 4° 201947 1138868
sweepback wing angle 30°, Angle of attack -2° 189816 1069668
sweepback wing angle 35°, Angle of attack 0° 175559 987972

Fig. 7. Wing mesh with various viewpoints

6. Calculation and Results. 6.1. Calculated the aspect ratio. To calculated the
AR, first wing area must be calculated, Wing area,

A=05%(C.+C)*s.
Knowing C, = 1000 mm, C, = 200 mm
s:semi-span, s = g , Is changing to each UAV model, b = Wing span.
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For UAV with sweep angle = 35°, s=1071.1 mm,
sweep angle = 30°, s =1300 mm,
sweep angle = 25°, s =1608.4 mm,
sweep angle = 20°, s =2060.6 mm,
sweep angle = 15°, s =2799 mm,

Ags = 642660 mm?
Agp = 780000 mm?
Ay = 965040 mm?
Ao = 1236360 mm?
A5 = 1679400 mm?

. b? b
Aspect ratio, AR = o -
A =Wing area, ¢ = chord, b = Wing span
AR35 =7.14.
AR30 = 8.66.
AR, =10.72.
AR, = 13.74.
AR5 = 18.66.

The results can see it in Fig. 8.

20
18
16
14
12 a
10

Aspect ratio, AR

O N H» O
\
/

10 15 20 25 30 35 40

Sweep angle,®

Fig. 8. Aspect ratio versus swept-back wing

6.2. Lift, drag, and Lift to drag ratio Calculations. A CFD Fluent (ANSYS)
software simulation to five UAV models have been done, each model tested with
three angles of attack (0°, 2°, and 4°). firstly, force of lift value calculated. The re-
sults in Fig. 9 show all models are close to each other at angle of attack 0° then the
models start to differ in values gradually through angle of attach 2° until to reach
maximum difference at angle of attack 4°. The most important thing to notice that
the best results of lift force have lower sweepback angle as fallow (S refer to sweep-
back angle), Si5 = 312, S,q = 210, S,5 = 150, S50 = 109, and S35 = 81 and all values at
angle of attack equal to AOA = 4°,

Secondly, the results of drag force shown in Fig. 10, the differ between the of value
of drag force of models can be seen from angle of attack 0° and gradually increase with
the increasing of angle of attack and also the best results of lift force have lower sweep-
back angle as fallow Sy5 = 7.5, Syp = 5.4, Sys = 4.1, Sz = 3.3, and S35 = 2.6 and all values
at angle of attack equal to AOA = 4°,
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Lift force, N
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Fig. 9. The lift force versus the angle of attack
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\

Drag force, N

[N

Angle of attack,®

—A35

A25

——A15

Fig. 10. The drag force versus the angle of attack

After calculation lift and drag force, the results are logical but it not gives us a
good indication which model has better result because of the model not only must has
high lift force but also lower drag force and lift to drag ratio gives us such indication. In
Fig. 11, the results show that the values have almost same results at angle of attack equal
to 0° and start to rises until it reaches angle of attack equal to 2° which is the best results,
then the values of lift to drag minimize. Best results occur at low sweepback angle as
fallow Si5 = 42, S,0 = 40.5, S5 = 39.6, Sz = 37, and Szs = 35.5 and all values at angle of

attack equal to AOA = 2°,

50

45 —

Lift to drag ratio, L/D
B R RN W ow B
[SER I =T I N R =

\\

1 2
Angle of attack,®

oo ow
il

— ——A35

A30

A25

A20

——Al5

Fig. 11. Lift to drag ratio versus the angle of attack
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6.3. CFD simulation analysis. In Fig. 12, the CFD simulation analysis for the
UAYV by the FLUENT ANSY'S software for the two models (maximum value lift to drag
ratio model UAV with S;5 A, and minimum value lift to drag ratio model UAV with Sz
Ay) for pressure counter, A & B for root chord, C for tip chord and the different of pres-
sure distribution con be noticed for two models. In Fig. 9, case of maximum value of lift
to drag ratio, the CFD photo show the pressure on the top of the wing is less than the
pressure on the bottom of the wing. The difference in pressure creates a force on the
wing that lifts the wing up into the air. And on the contrary, case of minimum value of
the lift to drag ratio the pressure distribution over the wing is almost identical which
cause minimum lift force.

Min. L/D Max. L/D

Fig. 12. Pressure contours for two UAV one with maximum lift to drag ratio and another
with minimum lift to drag ratio

Conclusions. Unmanned Aerial Vehicles (UAVs) are now widely employed in
practically every industry, ranging from military to commercial. The creation of an un-
manned aerial vehicle is in great demand. Because it's difficult to interpret UAV's con-
ceptual design data due to a lack of data sheets, CFD is utilized instead. Due to consider-
able improvements in computers, Computational Fluid Dynamics (CFD) has become the
most preferred approach for designers to obtain the component of the aircraft by com-
pleting the required aerodynamic form using fluid dynamics and pressure distribution.
CFD gives precise predictions of the wing's aerodynamic properties, allowing them to be
modified and optimized for the best outcomes. When viewed from above, the form of a
wing is known as the shape of the wing. The induced drag coefficient and stalling char-
acteristics are the key aerodynamic parameters impacted by shape, which are directly
connected to the aspect ratio and taper. The wing's size and form, the angle at which it
meets approaching air, the speed at which it passes through the air, and even the density
of the air all have an impact on lift. In this paper, UAV designed with different sweep-
back angle (15°, 20°, 25°, 30°, and 35°), SD8020 airfoil used for root chord = 1000 mm,
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and tip chord = 200 mm, and different aspect ratio with constant taper ratio = 0.2, all
models examine versus the attack angle (0°, 2°, and 4°), the results show that the lift to
drag ratio (aerodynamics efficiency) increase by increasing the aspect ratio and increas-
ing the sweepback angle. best results with maximum lift to drag ratio in UAV model
with sweepback angle 15° at angle of attack = 2° with aspect ratio 18.66, lower lift to
drag ratio occur in UAV model with sweepback angle 35° at angle of attack = 0° with
aspect ratio 7.14.
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