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Wing Design for Midi UAV 

SUMMARY 

Engineering simulations have been conducted increasingly in aerospace industry as 

experimental approaches are considered complicated and expensive in some cases in 

order to get accurate results. By doing this, engineers and researchers are able to test 

different models in the preliminary design process to get a better vision before moving 

forward. In fields such as aircraft aerodynamics, wing structure is something that is 

always highly taken into consideration as it is one of the most important factors to 

guarantee the success of the aircraft during missions. In this thesis, our focus is on UAV 

desired for surveillance with cruise speed of 20 m/s, it can remain airborne for around 20 

hours. The parameters for its wing are either calculated or estimated from the available 

historical trends. Regarding the analysis, four airfoils were picked out from previous 

models and two-dimensionally analyzed using XFLR5 software in order to see their 

aerodynamic parameters behavior with respect to the increase in the angle of attack. As a 

result, the best two airfoils were chosen in order to go forward with three-dimensional 

analysis using Ansys-Fluent. It is desired to have maximum endurance during flight 

which means staying airborne as much as possible, that is why we seek for maximum lift 

to drag ratio at which the air vehicle will cruise. Three-dimensional analysis is more 

complex but also accurate, and can help to figure out which airfoil has the best potential 

between the two picked out in the two-dimensional stage. For the sake of getting 

satisfying results, wing parameters should be appropriately defined. After getting results 

out of both two and three-dimensional analyses, they are compared to show their 

difference. Consequently, it can be clear which airfoil has the advantage over the other 

one and can serve its purpose in a better way . The main objective of our study here is to 

understand how to select the wing parameters and do the simulations needed for good 

outcomes that can help us to proceed to more advanced steps. Lastly, another evaluation 

is performed as the chosen 3d model is examined again but this time at a high angle of 

attack inside the stall limit in order to observe how the lift and drag varies, and know at 

which angle of attack the lift with minimum drag can be obtained. 
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1. INTRODUCTION 

 UAVs are defined as air vehicles that are without pilots and crew. They have 

power unit and can fly autonomously or be remotely controlled. UAV is a single 

component of an entire system which also includes: 

 Control station (CS) which contains the system operators, the interfaces between 

them and the rest of the system. 

 Communication system between control station and data from the aircraft. 

 Support kit which may have transport and maintenance tools. 

 UAVs have some significant advantages over the manned ones as there is no risk 

of human life which make them applicable in many fields, and also allow them to 

maneuver without limit at any time of flight. Moreover, their production and operating 

cost are lower, and they have a longer range or longer endurance with less fuel. 

 UAVs were not recognized until World War I, when a biplane UAV was 

developed by Charles Kettering for the Army Signal Corps. However, it was in the 

Vietnam-War era when UAVs were first successfully used for reconnaissance. UAVs 

should not be confused with drones, as they have differences in their working principles. 

For instance, drones do not communicate and their mission results like photographs, are 

usually not obtained till it returns to its base, on the other hand, UAVs are able to 

communicate with the controller and return payload data with its position, airspeed and 

altitude information. 

 The wing design was inspired from birds’ wings. Birds which glide in the air 

such as raptors curl their wingtip feathers upward to gain a high lift. And throughout the 

years with human inventions and the ongoing progress in aviation field, there has been 

an extraordinary success in wing designs for both manned and unmanned aerial vehicles. 
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1.1  Purpose of Thesis 

 This thesis will discuss the wing design for a long endurance (20 hours) 

UAV with an altitude of 3000 m. It will have a payload between 30-35 kg, and 

its main mission is surveillance that is why the payload will be a camera. The 

long endurances are of great importance due to its widespread use in many 

applications. Besides, there has been a big focus and interest on UAVs recently 

as it is a field that gives opportunities for innovation and creativity, which also 

made competitive among many companies and countries. 

 

1.2  Literature Review 

 UAVs sizes can range from small ones that can fit on the palms of our 

hands to large lighter-than-air vehicles. Small UAVs can be used to be man 

portable so they can be carried and launched by soldiers to see what is behind the 

buildings in front of them for example. Larger ones can provide long endurance 

at high altitudes and fly for long distances for many hours to search for 

something or keep watching over some targeted places. 

 UAVs can be categorized into the following types: 

 HALE – High altitude long endurance: Over 15,000 m altitude and 24+ 

hr endurance. They execute long range surveillance and reconnaissance 

and can be armed. 

 MALE – Medium altitude long endurance: 5,000-15,000 altitude and 24 

hr endurance. They are used for the same purposes as HALE but for a bit 

shorter range. 

  TUAV – Medium range or Tactical UAV: 100-300 km range, and 

simpler to operate than HALE or MALE. 

 Close-Range UAV: around 100 km range, and can be used for military 

and civilian aims. 

 MUAV or Mini UAV: Possibly below 20 kg and with range of about 30 

km. They can be hand-launched. 

 Micro UAV or MAV: Its wing span is not more than 150 mm and it is 

needed for operations in urban environments especially within buildings. 
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 NAV – Nano Air Vehicles: They are in the size of sycamore seeds and 

are used in groups for purposes like radar confusion. 

 RPH – Remotely piloted helicopter or VTUAV – Vertical take-off UAV: 

Air vehicles that are capable of vertical take-off and landing. 

 UCAV and UCAR: Unmanned combat air vehicle and Unmanned combat 

rotorcraft, they may launch weapons or even be used in air-to-air 

combats. 

 They can also be categorized regarding range to: 

1) Long-range UAV: such as HALE and MALE. 

2) Medium-range UAV: such as TUAV. 

3) Close-range UAV: such as MUAV or midi-UAV. 

 UAVs are used in diverse applications; for civilian uses such as Crop monitoring 

and spraying, search and rescue, pollution and land monitoring, surveillance, fire 

detection and traffic monitoring… etc. For military roles, they are required for electronic 

intelligence, reconnaissance, target designation and monitoring and elimination of 

unexploded bombs… etc. 

 Due to their advantages over manned aircrafts, they are used for some 

applications that might put aircrew at risk or not be performed properly due to lack of 

concentration or being under threat. They can be used for monitoring the environment 

for nuclear or chemical contamination, crop-spraying with toxic chemicals, forest fire 

control, extreme weather conditions operations. 
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2. DESIGN ANALYSIS 

2.1 Methodology 

 There are some stages of the wing design process than are needed to pass 

through in order to have such task accomplished successfully. Figure 2.1 below 

shows what should be done step by step. 

 

 

 

 

  The process will start with the requirement and parameters needed. They 

 will be determined regarding some of the available UAVs. 

 

2.2 Parameters 

 considering some previously-manufactured or under-progress UAVs to 

estimate some of our important parameters (Table 2.1): 

 

Table 2.1: Initial parameters of some UAVs. 

Aircraft Wingspan 
(m) 

MTOW 
(kg) 

Endurance 
(hr) 

Speed 
(m/s) 

Ceiling 
(m) 

Flamingo MK3 4.1 25 18 25-29 3048 

TAI Turna 2.7 70 1.5 92 3650 

Pteryx UAV 2.8 5 2 14 3000 

PR-5 Wiewior 

Plus 

2.14 5.5 0.8 - - 

Hydra Tech. 

Ehecatl 

3.7 54.43 8 19.4 4572 

XMobots 

Apoena 

2.51 35 8 32 3000 

  

  

 

System 

Requirements 

and Parameters 

General Survey Analysis Results 
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As a result, the parameters that will be used for our UAV following the previous models 

are shown in table 2.2. 

Table 2.2: Our model parameters. 

Task Close-Range Surveillance 

Payload Camera and Data links 

Take off & Landing Landing gear system 

Wingspan (m) 3 

MTOW (kg) 30-35 

Endurance (hours) Around 20 

Cruise Speed (m/s) 20 

Ceiling/Altitude (m) 3000 

 

 Following this, we have some other parameters that are to be determined later as we go 

forward in the process such as aspect ratio, wing sweep, taper ratio, planform, twist, dihedral and 

certainly Reynolds number. 

 

2.3 Aerodynamics 

2.3.1 Aerodynamic forces 

 On any aircraft wing, there are three aerodynamic forces that act on it 

which are lift, drag and thrust beside its weight. These forces are functions of the 

dynamic pressure q, Wing area S, and lift, drag and moment coefficients (Cl, Cd 

& Cm) that depend on Reynolds number, Mach number and shape of wing cross-

section. 

 

 

Figure 2.1: Aerodynamic forces on aircraft.[2] 
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The dynamic pressure is defined as: 

𝑞 =
1

2
𝜌𝑉2 

The lift and drag forces and pitching moment are given by: 

𝐿 = C𝑙𝑞𝑆 =
1

2
𝜌 𝑉2𝑆𝐶𝑙 

𝐷 = C𝑑𝑞𝑆 =
1

2
𝜌 𝑉2𝑆𝐶𝑑 

𝑀 = C𝑚𝑞𝑆𝑐 =
1

2
𝜌 𝑉2𝑆𝑐𝐶𝑚 

Where c is the chord length. 

 

 Lift is the force perpendicular to the relative wind while the drag is the 

one parallel to it. For the moment, it is mostly taken from the quarter chord 

starting from the leading edge. (Figure 2.2) 

 

Figure 2.2: Airfoil geometry.[2] 
 

2.3.2 Induced Drag 

 On aircraft wing, drag has an important role to play in the design process 

as it influences the aircraft performance and its relationship to the wing shape 

and size. 

 Induced drag (on 3d only) is the most important drag element which 

results due to the lift the wing provides. Its formula and figure 2.3 that shows it 

are given below: 

 

𝐶𝐷𝑖 =
𝐶𝐿

2

𝜋𝐴𝑅
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Figure 2.3: Induced Drag.[2] 

 

2.3.3 The Boundary Layer 

 Another element of drag is the skin friction drag that is caused by 

shearing stress the fluid applies on the surface. Such drag depends mainly on 

whether the flow is laminar or turbulent as it is less for laminar flow compared to 

turbulent one so it is related to Reynolds number which will be mentioned later 

on as we progress. 

 Profile drag is the one that includes skin friction drag and also pressure 

drag which is formed when flow separation happens. 

 

2.3.4 Total Air-vehicle Drag 

 The total drag on aircraft wing consists of induced and profile drag which 

are aforementioned and the formula is written as: 

 

𝐷 =
1

2
(𝐶𝐷0 + 𝐶𝐷𝑖)𝜌𝑉2𝑆 
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2.4 Performance 

2.4.1 Flight types 

 In steady flight where neither roll nor yaw exists, the following 

conditions are set: 

𝑊 = 𝐿 =
1

2
𝜌𝑉2𝑆𝐶𝐿  

𝑇 = 𝐷 =
1

2
𝜌𝑉2𝑆𝐶𝐷 

 And at such conditions where the vertical and horizontal forces are 

balanced, minimum velocity for the flight can be found as: 

𝑉𝑚𝑖𝑛 = √(
𝑊

𝑆
) (

2

𝜌𝐶𝐿𝑀
) 

 In a steady linear climbing flight, the following conditions should be 

applied: 

𝐿 = 𝑊𝑐𝑜𝑠𝛳 

𝑇 = 𝐷 + 𝑊𝑠𝑖𝑛𝛳 

 

 

Figure 2.4: Climbing flight.[2] 

 

  Any simple cruise mission can be divided into the following five 

 segments: 

1) Warmup and takeoff. 

2) Climb. 

3) Cruise. 

4) Loiter. 

5) Land. 
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 2.4.2 Range 

  Range is an important characteristic for any air vehicle. Its formula can 

 be derived from the fundamental relationship which states that the decrease in 

 the air vehicle weight  is a result of fuel consumption. 

−
𝑑𝑊

𝑑𝑡
= 𝑐𝑡𝑇 

 Where ct is the fuel consumption rate per unit thrust produced by the jet engine. 

 The range formula can be written as: 

𝑅 =
1

𝑐𝑡
√

2

𝜌𝑆

𝐶𝐿

1
2

𝐶𝐷
(𝑊0

1
2 − 𝑊1

1
2) 

 2.4.3 Endurance 

  Endurance is the time the aircraft is able to stay airborne before it runs 

 out of fuel. 

𝐸 =
1

𝑐𝑡

𝐿

𝐷
𝑙𝑛

𝑊0

𝑊1
 

  Maximum endurance can be achieved but with a condition that the flight 

 is performed at the velocity of maximum L/D. 

𝑉
max

𝐿
𝐷

= √
2

𝜌

𝑊

𝑆
√

1

𝜋𝐴𝑅𝑒𝐶𝐷0
 

 where the maximum value of L/D is: 

(
𝐿

𝐷
)

𝑚𝑎𝑥
= √

𝜋𝐴𝑅𝑒

4𝐶𝐷0
 

 At subsonic speeds L/D is most affected by two factors: wing span and wetted 

 area. 
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 2.5 General survey for airfoil 

  In order to select a proper airfoil, some of the previous airfoil models are 

 considered. In our case we will not design a new airfoil, we will choose some 

 airfoils whose geometric and aerodynamic characteristics are already available 

 and easily reached. 

   

 The airfoils that we will consider are as following: 

 

Figure 2.5: Eppler 423 airfoil.[5] 

 

 

Figure 2.6: MH 114 airfoil.[6] 

 

 

Figure 2.7. NACA 2414 airfoil.[7] 

 

 

Figure 2.8. Selig 1223 airfoil.[8] 
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 2.5.1 Airfoil lift and drag 

  Airfoil generates life by changing the velocity of the air passing over and 

 beneath it. The angle of attack and/or camber make the air over the wing travel 

 faster than the air under it. 

  Reynolds number which is the ratio between inertial/dynamic and viscous 

 forces  in a fluid, strongly affects the airfoil characteristics. It determines 

 whether the flow will  be laminar or turbulent, and whether flow separation will 

 occur or not. 

𝑅𝑒 = 𝜌𝑉𝑙/𝜇 

 2.5.2 Design lift Coefficient 

  Design lift coefficient is the first thing to consider in initial airfoil 

 selection, it is  the coefficient at which the airfoil has the best L/D. 

  It can be assumed that the wing lift coefficient CL is as equal as the airfoil 

 lift coefficient Cl as an approximation. In level flight as mentioned before the 

 lift must equal the weight, consequently the required design lift coefficient 

 will be as follows: 

𝑊 = 𝐿 = 𝑞𝑆𝐶𝐿 = 𝑞𝑆𝐶𝑙 

𝐶𝑙 =
1

𝑞

𝑊

𝑆
 

  As the mission goes forward, the fuel is burned and consumed and that 

 leads to a decrease in the actual wing loading. In order to stay at the design 

 lift coefficient, it is a must to have the dynamic pressure reduced steadily during 

 the mission. Such a condition can be done by two means; either slow down 

 which is unwanted, or high altitude climbing. 
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 2.5.3 Stall 

  Stall behavior is an important criterion in airfoil selection, some airfoil 

 shows a gradual reduction in lift when the aircraft stalls, while others 

 exhibit a drastic loss of lift. 

 2.5.4 Airfoil thickness ratio 

  Thickness ratio directly affects drag, maximum lift, structural weight and 

 stall characteristics. For the drag, it increases with increasing thickness as a 

 result of increased separation. 

  The effect of thickness ratio on the maximum lift and stall characteristics 

 is related to its effect on the nose shape. For a high-aspect-ratio wing with 

 moderate sweep, a bigger nose radius provides a higher value for both stall 

 angle and maximum lift coefficient. 

  For initial determination of the thickness ratio, the historical trends graph 

 is shown below where the thickness ration is a function of Mach number (Figure 

 2.9). 

𝑀 =
𝑉

𝑎
 

 

Figure 2.9: Thickness ratio historical trends.[3] 
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 2.6 Wing geometry 

 2.6.1 Aspect ratio 

  For an aircraft wing, a high aspect ratio has less drag for a given lift than 

 a low aspect ratio. Besides, the high AR wing does not face as much of a lift 

 loss due to tip  effects as a low AR wing of equal area. 

  At subsonic speeds, the max L/D of an aircraft approximately increases 

 by the square root of an increase in AR, yet the weight of the wing also increases 

 with increasing AR by almost the same factor. 

  Another effect with AR variation is a change in stalling angle. A lower 

 AR wing will stall at higher angle of attack than a higher AR wing because of the 

 reduced effective angle of attack at the tips (Figure 2.10). 

 

Figure 2.10: Effect of AR on lift and angle of attack.[3] 

 

 AR is defined as the square of wingspan divided by the wing area. 

𝐴𝑅 =
𝑏2

𝑆
 

𝑆 = 𝑐𝑏 
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 The chord length of our model is set to be around 0.3 m, so from the formula 

provided above with the wing span of 3 m, the wing area will be: 

𝑆 = 0.3 ∗ 3 = 0.9𝑚2 

 And the aspect ratio will be: 

𝐴𝑅 =
32

0.9
= 10 

 

 2.6.2 Wing Sweep 

  Wing sweep’s primary use is the reduction of the adverse effect of 

 transonic and  supersonic flow. Selecting the wing sweep to equal the Mach-

 cone angle would indicate a zero sweep for speeds at or less than Mach 1 like 

 our model (Figure 2.11). 

 

Figure 2.11: Wing sweep historical trends.[3] 

 

  Pitch-up is the undesirable tendency of the aircraft that is about to reach 

 an angle of attack near stall, to suddenly increase the angle of attack with no 

 control. Wing sweep with AR strongly affect the wing-alone pitch-up 

 characteristics. 
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 2.6.3 Wing planform 

  Wing planform is the shape of the wing geometry when it is looked at 

 from the top. The planform can be elliptical, rectangular or tapered; an elliptical 

 wing planform is difficult and expensive to build, while the rectangular wing is 

 the easiest one to build. On the other hand, the rectangular wing has a constant 

 chord length along the span and so has excess in chord towards toward the tip 

 compared to the ideal elliptical wing. Regarding the tapered wing, the tip chords 

 are shorter making the undesired effects of the constant-chord rectangular wing 

 less. Hence, it is decided to use a tapered planform for the wing. 

 

 2.6.4. Taper ratio 

  Taper ratio is the ratio between the tip and root chord. A proper taper 

 ratio eliminates the undesired effect for zero-sweep wing, and generates lift 

 distribution close to the one for the elliptical wing. This leads to a drag due 

 to left less than 1% higher than the elliptical one. 

  Taper ratio is chosen to be 0.4 according to the historical trends graph 

 shown  below (Figure 2.12). 

 

Figure 2.12: Effect of sweep on taper ratio.[3] 
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 2.6.5 Twist 

  Wing twist is used for preventing tip stall. Typically, wing twist is 

 between zero and five degrees. Geometric twist is the actual change in airfoil 

 angle of incidence, and usually measured with respect to the root airfoil. 

 Aerodynamic twist is the angle between zero-lift angle of an airfoil and the 

 zero-lift angle of the root airfoil. If the identical airfoil is used from root to 

 tip, the aerodynamic and geometric twists are the same. 

 Adequate stall characteristics are provided with 3 degrees of twist. 

 

 

 2.6.6 Dihedral 

  Dihedral is the angle of the wing with the horizontal by looking at it from 

 the front. When there is an excessive dihedral effect, “Dutch roll” occurs. Dutch 

 roll is a repeated side-to-side motion that includes roll and yaw. In order to 

 counter such motion, the vertical tail area must be increased, and that is 

 followed by increase in weight and drag. 

 The dihedral angle is estimated from historical trends as 2 degrees. 

 

 2.6.7 Wing tips 

  Wing-tip shape has two impacts over subsonic aerodynamic performance. 

 It affects the wetted area of the aircraft, however, to a small extent. The more 

 important impact is its influence it has upon lateral spacing of the tip 

 vortices. 
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3. Analysis 

3.1 Wing parameters. 

 The final wing design dimensions and parameters decided are shown in 

table 3.1. 

 

Table 3.1: Wing parameters. 

Parameter Magnitude 

Wingspan (m) 3 

Cruise speed (m/s) 20 

Aspect Ratio 10 

Sweep (deg) 0 

Taper ratio 𝛌 0.4 

Twist (deg) 3 

Dihedral (deg) 2 

Chord length (m) 0.3 

 

 The chord length is set to be around 0.3 m. Calculations of root, tip and  chord 

 lengths are shown below. 

𝑐𝑟𝑜𝑜𝑡 =
2𝑏

𝐴𝑅(1 + 𝜆)
=

2 ∗ 3

10(1 + 0.4)
= 0.4286 𝑚 

𝑐𝑡𝑖𝑝 = 𝜆 𝑐𝑟𝑜𝑜𝑡 = 0.4 ∗ 0.4286 = 0.1714 𝑚 

𝑐̅ =
2

3
𝑐𝑟𝑜𝑜𝑡 (

1 + 𝜆 + 𝜆2

1 + 𝜆
) =

2

3
∗ 0.4286 ∗ 1.1143 = 0.3184 𝑚 

3.2 2D Airfoil Analysis 

 First, we determine the Reynolds number at which the airfoil operates. Using the 

Reynolds number formula mentioned before and using the chord length as the 

characteristic length parameter: 

𝑅𝑒 =
𝜌𝑉𝑐

𝜇
=

𝑉𝑐

𝜈
=

20 ∗ 0.3

1.863𝑒 − 5
= 322,061 
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 Reynolds number will be approximated to be 300,000. 

  Two-dimensional analysis is done on XFLR5 software to compare the 

 performance of the four aforementioned airfoils (Eppler 423, MH 114, NACA 

 2414, Selig 1223). 

 

 

Figure 3.1: Cl vs AOA plot. 
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Figure 3.2: Cd vs Cl plot. 

 

 

Figure 3.3: Cl/Cd vs AOA plot. 
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Figure 3.4: Cm vs AOA plot. 

 

According to the four plots shown above, the following trade-off is performed as 

follows: 

 

Table 3.2: Airfoils 2D analysis trade-off. 

Parameter Weight 

Factor 

E423 MH114 NACA 2414 S1223 

Cd 25 21 22 25 20 

(Cl/Cd)max 15 12 11 9 15 

Clo 5 3 1 0 5 

Cl-max 25 22 20 16 25 

Cm 15 7 10 15 2 

αs 15 15 12 7 11 

Total 100 80 76 72 78 
 

 

 It can be seen from the trade-off shown above that the best performance  for the 

 four airfoils belongs to Eppler 423 and Selig 1223 as they have higher lift  to 

 drag ratio and lift coefficient compared to the other two airfoils. These two 

 parameters are the figures of merit that can be used to judge the airfoil 

 quality. 
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 3.3 3D Airfoil Analysis 

  For 3d CFD analysis, Ansys-fluent software is used. Wing geometry is 

 done followed by a proper meshing and finally performing iterations for the 

 analysis to get the results. The meshing nodes and elements for each of the two 

 airfoils are given in table 3.3 below followed by the meshing grid for both wing 

 geometries. 

Table 3.3: Meshing grid nodes and elements for both airfoils. 

Airfoil Nodes Elements 

S1223 97403 390425 

E423 133546 439044 

 

 

Figure 3.5: Meshing for S1223 in Ansys fluent. 

 

 

Figure 3.6: Meshing for E423 in Ansys fluent. 
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 Before the analysis iterations begin, the viscous model is determined to be 

laminar as the Reynolds number (300,000) is less than critical Reynolds number so it is 

not affected by turbulence (Figure 3.6). 

 

 

Figure 3.7: Viscous Model. 

 

The cruise speed is 20 m/s as mentioned before at zero angle of attack (Figure 3.7). 

 

 

Figure 3.8: Velocity Inlet. 
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For the solution methods sector, the scheme is couple (Figure 3.8). 

 

 

Figure 3.9: Solution Methods. 

 

The iterations will be run for two plots (lift coefficient Cl, and drag coefficient Cd) for 

each wing to compare between. 

 

3.3.1 Selig 1223 Airfoil 

 Using the Selig 1223 wing model for analysis in fluent, it took 59 iterations to 

get the results. Figures 3.10 & 3.11 show the lift and drag coefficients plots. 

 

 

Figure 3.10: Lift Coefficient iterations plot for S1223. 
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Figure 3.11: Drag Coefficient iterations plot for S1233. 

 

   

Both figures below exhibit how the velocity and pressure change over the wing surface 

(Figures 3.12 & 3.13). 

 

 

Figure 3.12: Velocity distribution of S1223 3d model in fluent. 
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Figure 3.13: Pressure distribution of S1223 3d model in fluent. 

 

 

 The aerodynamic parameters that result from this analysis iterations are shown 

below in table 3.4. 

Table 3.4: Resultant values of aerodynamic parameters of S1223. 

Parameter Final Iteration Value 

Cl 0.77294 

Cd 0.049092 

Cl/Cd 15.7447 
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3.3.2 Eppler 423 Airfoil 

 Doing the same analysis in fluent for Eppler 423 3d model, it took 250 iterations 

to get the results. Lift and drag coefficients plots are shown below (Figures 3.14 & 3.15). 

 

 

Figure 3.14: Lift Coefficient iterations plot for E423. 

 

 

Figure 3.15: Drag Coefficient iterations plot for E423. 
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Velocity and pressure distribution for Eppler 423 3d model are illustrated in the figures 

below (Figures 3.16 & 3.17). 

 

 

Figure 3.16: Velocity distribution of E423 3d model in fluent. 

 

 

Figure 3.17. Pressure distribution of E423 3d model in fluent. 
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The resultant values for the aerodynamic parameters can be seen below in table 3.5. 

 

Table 3.5: Resultant values of aerodynamic parameters of E423. 

Parameter Final Iteration Value 

Cl 0.24739 

Cd 0.022485 

Cl/Cd 11.0024 
 

 

 According to the fluent 3d analysis performed above, it can be observed that 

Selig 1223 is better than Eppler 423 as it has a higher lift coefficient and also a greater 

lift to drag ratio. Apart from these simulation results, an experimental approach should 

be done to test these wing models to confirm the results obtained. 

 

3.3.3 Lift and drag check at high angle of attack 

 Selig 1223 wing model is tested at a high angle of attack α=10  ͦ. The lift and 

drag coefficients values are found after passing through iterations in the plots provided 

below (Figures 3.19 & 3.20). 

 

 

Figure 3.18: Velocity inlet x & y components at α=10  ͦ. 
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Figure 3.19: Lift Coefficient iterations plot for S1223 at α=10 ͦ . 

 

Figure 3.20: Drag Coefficient iterations plot for S1223 at α=10 ͦ . 

 

   

  

 

 

 

 

 



30  

The corresponding velocity and pressure distributions for S1223 at α=10 ͦ are exhibited 

below (Figures 3.21 & 3.22). 

 

 

Figure 3.21: Velocity distribution of S1223 3d model in fluent at α=10  ͦ. 

 

 

Figure 3.22: Pressure distribution for S1223 at α=10  ͦ. 
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Finally, the final values for lift and drag coefficients beside lift to drag ratio at obtained 

and shown in table 3.6. 

Table 3.6: Resultant values of aerodynamic parameters of S1223 at α=10  ͦ. 

Parameter Final Iteration value 

Cl 0.90113 

Cd 0.027073 

Cl/Cd 33.2852 
 

 

4. Results 

 In order to get results for our process, wing dimensions and parameters 

where either calculated from some necessary formulas or estimated from 

historical trends. A two-dimensional analysis was performed using XFLR5, 

Eppler 423 and Selig 123 airfoils were chosen as a result. Then, in order to 

choose the one that has a better performance three-dimensional analysis was 

done in Ansys fluent. Lift coefficient and lift to drag ratio were the parameters to 

decide which airfoil to choose as maximum lift and minimum drag are desired 

for the cruise mission. 

 

4.1 Lift 

 As a sufficient endurance is an important aspect that we seek for any air 

vehicle, it mainly depends on flying at the speed where L/D is maximum which 

logically requires the maximum L/D possible. For such condition it is important 

to have a high lift coefficient which in turn provides a high lift force. 

 According to both 2d & 3d analysis done, their results with respect to the 

lift coefficients for both Eppler 423 and Selig 1223 airfoils are shown below 

(Figure 4.1), from which it can be seen that Selig 1223 seems better than Eppler 

423. 
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Figure 4.1: Lift coefficient for both airfoils in 2D & 3D. 

 

 

4.2 Lift to drag ratio 

 In the previous section lift coefficient results were discussed, but to 

provide the maximum required L/D, drag coefficient should be considered. By 

considering Cl/Cd results that can be seen below (Figure 4.2), Selig 1223 is still 

better which puts it in an advantageous position. 

 As a result, Selig 1223 airfoil is chosen for the UAV wing design to get a 

better outcome from its missions later on. 
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Figure 4.2: Lift to drag ratio for both airfoils in 2D & 3D. 

 

4.3 Discussion 

 After choosing Selig 1223 airfoil, its 3d model is tested again at a high 

angle of attack to see the increase in angle of attack impact on lift and lift to drag 

ratio. As expected, the lift increases as long as the angle of attack in the stall 

limit (Figure 4.3). 

 

 

Figure 4.3: Lift coefficient at α=0 & 10  ͦ. 
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5. Conclusion 

 Going through the previous stages was necessary to filter the airfoils that 

were picked out. The two-dimensional analysis led to choosing the best two 

airfoils, then the three-dimensional helped us to make decision about the airfoil 

that has the best potential regarding lift and lift to drag ratio. 

 To sum up, Selig 1223 is the airfoil that matches our expectations, and 

experimental test should be conducted to confirm what we obtained. Moreover, 

as we noticed how the lift increases with increasing angle of attack, it should be 

noted that the air vehicle flies at a proper angle of attack to achieve the maximum 

lift coefficient without reaching the stall angle. 
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