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ABSTRACT 

 

INVESTIGATION OF THE EFFECTIVE FACTORS ON SOLAR 

POWERED FIXED-WING UAV FOR EXTENDED FLIGHT ENDURANCE 

Al-Falahi, Aws Tariq Salih 

 M.Sc., Mechanical Engineering, Altınbaş University, 

Supervisor: Asst. Prof. Dr. Yaser ALAIWI 

Date: 08/2022 

Pages: 81 

The wing is the most crucial component of the airplane. All other aircraft components are 

influenced by the wing geometry. Due to airflow characteristics, the form of the geometry has an 

impact on the airplane forces. Adding solar cells to the aircraft will also improve the flying time 

characteristics. As a result, the major purpose of this study is to know the changes affecting 

airfoil properties utilizing various wing shapes. The CFD ANSYS software was used to attain 

this purpose. NACA 0009 was used to validate the current system. The purpose of selecting this 

model is to gain a better understanding of the forces' behaviour in relation to subsonic aircraft, 

allowing the researcher to improve the wing shape design. In this study, several factors were 

taken into account, beginning with the air speed, which was given as (5.5, 8.8, and 11.11) m/s. 

Based on the changes in lift and drag coefficients, the simulation results reveal that there is 

identification between the selected two types of airfoils. Due to the lift force caused by air speed, 

the lift coefficient and drag coefficient have been discovered. In both situations, the increases are 

gradual as the angle of attack is increased. The study discovered that when the angle of attack is 

increased, a drag force increases. The drag force caused a downwash of air behind the wing, 

posing a serious threat to the plane's lift and stability. To prevent this issue, the current work uses 

optimal wing design to optimize the wing design. Because the stresses on the top and bottom of 

the wing are separated in the new recommended wing, the induced drag has been decreased. The 
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findings of the study increased the airplane's flight duration and decreased its power rating. The 

results show that lift force, lift coefficient, and drag coefficient all improve wing performance. 

Keywords: Fixed-Wing UAV, Wing Performance, S1223, S1223RTL, Solar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 viii 

TABLE OF CONTENTS 

Pages  

ABSTRACT .................................................................................................................................. vi 

LIST OF TABLES ........................................................................................................................ x 

LIST OF FIGURES ..................................................................................................................... xi 

ABBREVIATIONS ..................................................................................................................... xv 

LIST OF SYMBOLS ................................................................................................................. xvi 

1. INTRODUCTION ............................................................................................................... 1 

1.1 BACKGROUND OF STUDY ............................................................................................. 1 

1.2 PROBLEM STATEMENTS ................................................................................................ 3 

1.3 OBJECTIVE OF STUDY .................................................................................................... 3 

1.4 SCOPE OF STUDY ............................................................................................................. 3 

1.5 ORGANIZATION OF THESIS ........................................................................................... 4 

2. LITERATURE REVIEW ................................................................................................... 5 

2.1 BACKGROUND OF WING CONFIGURATION DESIGNS ............................................ 5 

2.2 BACKGROUND OF AEROFOILS .................................................................................... 9 

2.3 BACKGROUND OF AERODYNAMIC .......................................................................... 12 

3. METHODOLOGY ............................................................................................................ 20 

3.1 MODEL DEVELOPMENT ............................................................................................... 20 

3.2 PRE-PROCESS STEP ....................................................................................................... 23 

4. RESULTS AND DISCUSSION ........................................................................................ 32 

4.2 AERODYNAMIC ANALYSIS OF S1223 ........................................................................ 43 

4.2.1 Numerical Results of S1223 .......................................................................................... 47 

4.3 AERODYNAMIC ANALYSIS OF S1223 RTL ............................................................... 50 

4.3.1 Numerical Results of S1223 RTL ................................................................................. 54 

4.4 AERODYNAMIC OPTIMIZATION OF AIRCRAFT ..................................................... 56 

4.5 OPTIMIZATION OF S1223 WITH ADDING SOLAR POWER ENERGY ................... 58 



 ix 

5. CONCLUSION AND RECOMMENDATION ............................................................... 65 

5.1 CONCLUSIONS ................................................................................................................ 65 

5.2 FUTURE WORK AND RECOMMENDATION .............................................................. 66 

REFERENCES ............................................................................................................................ 67 

  



 x 

LIST OF TABLES 

Pages 

Table 3.1: Best Numerical Mesh Results Values.......................................................................... 26 

Table 4.1: Lift Coefficient Comparison ........................................................................................ 38 

Table 4.2: Drag Coefficient Comparison ...................................................................................... 39 

Table 4.3: Comparison of L/D Results ......................................................................................... 40 

Table 4.4: Comparison of Cl Results with Different Velocities of NACA 0009 ......................... 42 

Table 4.5: Comparison of Cd Results with Different Velocities of NACA 0009 ......................... 42 

Table 4.6: Numerical Results of S1223 ........................................................................................ 48 

Table 4.7: Numerical Results of S1223 RTL................................................................................ 54 

Table 4.8: Comparison and Optimization of the Selected Wings ................................................. 58 

Table 4.9: Numerical Results of UAV Properties ........................................................................ 63 

Table 4.10: Numerical of Optimization Results of UAV Properties ............................................ 64 



 xi 

 LIST OF FIGURES  

Pages 

Figure 1.1: Forces on an Airplane in Normal Flight [8] ................................................................. 2 

Figure 2.1: Wing Configuration Planform [19] .............................................................................. 6 

Figure 2.2: Wing Tip Configurations Configuration [21] .............................................................. 7 

Figure 2.3: Observe the Aspect Ratios [24] .................................................................................... 8 

Figure 2.4: Traditional Types of Sweepbacks (www. Wikipedia) ................................................. 9 

Figure 2.5: Airfoil Geometric Characteristic ................................................................................ 10 

Figure 2.6: Chord Line and AOA, (a) Airfoil with Concave under Surface, (b) Airfoil with 

Convex under Surface [24] ........................................................................................................... 10 

Figure 2.7: Lift Coefficient Curve (NASA Lift Coefficient) ........................................................ 11 

Figure 2.8: Pressure Distribution over an Aerofoil[24] ................................................................ 12 

Figure 2.9: Aerodynamic Forces [30] ........................................................................................... 13 

Figure 2.10: Airflow Forces [31] .................................................................................................. 14 

Figure 2.11: Correlation of Wing Configuration Design and Angle of Attack ............................ 16 

Figure 2.12: Airflow Surface Structure ........................................................................................ 16 

Figure 2.13: Induced Drag Profile ................................................................................................ 17 

Figure 2.14: Drag Components ..................................................................................................... 18 

Figure 2.15: Critical Angle of Attack ........................................................................................... 19 

Figure 3.1: Flowchart of the Project ............................................................................................. 21 

Figure 3.2: The CFD Modelling Sequence ................................................................................... 22 



 xii 

Figure 3.3: Fluid Flow (Fluent) Files ............................................................................................ 23 

Figure 3.4: Domain sizing setting ................................................................................................. 24 

Figure 3.5: domain named selections ............................................................................................ 24 

Figure 3.6: ANSYS Mesh Application ......................................................................................... 25 

Figure 3.7: Mesh Quality Control Parameters .............................................................................. 25 

Figure 3.8: Inflation settings ......................................................................................................... 26 

Figure 3.9: Fluent Launcher .......................................................................................................... 27 

Figure 3.10: General CFD Settings ............................................................................................... 28 

Figure 3.11: Models setup............................................................................................................. 29 

Figure 3.12: Set Up the Boundary Conditions .............................................................................. 29 

Figure 3.13: Specify the solution methods ................................................................................... 30 

Figure 3.14: Specify the Initialization Process ............................................................................. 30 

Figure 3.15: Run the Solution Process .......................................................................................... 31 

Figure 3.16: Calculation Processes ............................................................................................... 31 

Figure 4.1: velocity Profile of NACA 0009 v=5.5m/s.................................................................. 33 

Figure 4.2: Velocity Profile of NACA 0009 v=8.8m/s ................................................................. 33 

Figure 4.3: Velocity Profile of NACA 0009 v=11.11m/s ............................................................. 34 

Figure 4.4: Pressure Profile of NACA 0009 v=5.5m/s ................................................................. 34 

Figure 4.5: Pressure Profile of NACA 0009 v=8.8 m/s ................................................................ 35 

Figure 4.6: Pressure Profile of NACA 0009 v=11.11 m/s ............................................................ 35 

Figure 4.7: Pressure Profile of NACA 0009 at 7o with Different Velocities ............................... 36 



 xiii 

Figure 4.8: Velocity Profile of NACA 0009 at 7
o 

with Different Velocities ................................ 37 

Figure 4.9: Lift Coefficient Comparison Result ........................................................................... 39 

Figure 4.10: Drag Coefficient Comparison Result ....................................................................... 40 

Figure 4.11: Plot of L/D results for NACA 0009 ......................................................................... 41 

Figure 4.12: Velocity Profile at 15
o
 .............................................................................................. 41 

Figure 4.13: Pressure Profile of 15
o
 .............................................................................................. 42 

Figure 4.14: Comparison Plot of Cl Results with Different Velocities of NACA 0009 .............. 43 

Figure 4.15: Comparison Plot of Cl Results with Different velocities of NACA 0009 ............... 43 

Figure 4.16: Pressure Contour Result of CFD Run of S1223 wing section, v= 5.5 m/s. Angle 0
o

....................................................................................................................................................... 44 

Figure 4.17: Velocity Contour Result of CFD Run of S1223 wing section, v= 5.5 m/s. Angle 0
o

....................................................................................................................................................... 44 

Figure 4.18: The Velocity Contours Results of S1223 Wing Section .......................................... 46 

Figure 4.19: The Pressure Contours Results of S1223 Wing Section .......................................... 47 

Figure 4.20: The Lift and Drag Coefficients of S1223 ................................................................. 49 

Figure 4.21: Pressure Contour Result of CFD Run of S1223 RTL Wing Section, Re 5.5 m/s. 

angle 0
o
.......................................................................................................................................... 50 

Figure 4.22: Velocity Contour Result of CFD Run of S1223 RTL Wing Section, Re 5.5 m/s. 

Angle 0
o
 ........................................................................................................................................ 51 

Figure 4.23: The Velocity Contours Results of S1223 RTL Wing Section.................................. 52 

Figure 4.24: The Pressure Contours Results of S1223 RTL Wing Section .................................. 53 

Figure 4.25: Lift and Drag Coefficients of S1223 RTL................................................................ 55 



 xiv 

Figure 4.26: 3D Plot of the Wing Shape ....................................................................................... 56 

Figure 4.27: Simulation of 3D Wing Shape.................................................................................. 56 

Figure 4.28: I-V Characteristics on solar cell ............................................................................... 56 

Figure 4.29: required number of cells and power output to cover the Flight system ................... 56 

Figure 4.30: 3D design of the solar powered UAV ...................................................................... 61 

Figure 4.31: Component system if the proposed solar UAV model ............................................. 62 

Figure 4.32: flight time after PV optimization.............................................................................. 64 

 

 

 

  



 xv 

ABBREVIATIONS 

 

CFD : Computational Fluid Dynamics 

ANSYS : Analysis System 

UAV : Unmanned Aerial Vehicle 

   

   

   

 

 

 

 

 

 

 

 

 

 

 



xvi 

 

LIST OF SYMBOLS 

 

CL : The lift coefficient 

CM : Moment coefficient 

a : Angle of attack  

b : Negative of angle of attack for zero lift 

c : Length of the airfoil chord 

p : Pressure 

p : Position of the maximum camber along the chord 

Re : Reynolds number 

T : Fluid temperature 

t : Maximum airfoil thickness in tenths of chord 

v : Velocity 

x  : Coordinates along the length of the airfoil 

y : Coordinates above and below the line 

yc : Camber coordinates 

yt : Thickness coordinates  

 

 

 



 1 

1. INTRODUCTION 

Efficiency in aerodynamic design is described as having the lowest drag for a fixed-wing 

aircraft. Consequently, the best design for a flying wing is the most aerodynamically efficient 

wing design. The airfoil specification was investigated meticulously to manage the wing 

development based on the clean flying conceptual design. The geometry of an airfoil as seen in 

cross-section may be used to calculate design factors such as stabilizer position, aircraft mass, 

control surface size, and wing surface area. The conventional method for determining the precise 

solution is to use full Navier- Stokes equations, which are used in challenging cases. Solving 

these equations is a stand-alone task in the airfoil model [1]. Because of their complexity, the 

appropriate equations and conditions must be specified based on the flow regime. The ANSYS 

CFD approach is used to optimize airfoils that are subject to a variety of objectives and 

restrictions, or it may be used in complex schemes to parameterize complete wings and airplanes 

[2]. The effect of different airfoil behaviors on the wing design of several aircraft models will be 

examined in this study. 

1.1 BACKGROUND OF STUDY  

Aerodynamic design is a hot issue in the aviation industry because it has the potential to enhance 

aircraft design in a variety of ways, including improved aerodynamic properties and reduced 

weight. The lift force balance in respect to the plane's weight may be defined using the airfoil's 

effect. The amount of drag force applied to the aircraft is also important. The growth of airfoil 

research may be traced back to the 1960s, when technology improved and numerical solutions 

were available. In the 1970s, aerodynamic shapes were created using 11 distinct factors in a 

three-dimensional design space. Later techniques got more robust when iterative Computational 

Fluid Dynamics (CFD) became possible for small-mesh models [3]. 

The operation type is determined by the performance of the airfoil, which is designed for a 

certain bearing. It's a critical factor in determining the form and design of a plane's wing during 

flight. A thick airfoil is more efficient at low speeds, whereas a thin airfoil is more efficient at 

high speeds. The direct approach and the inverse method are the two basic airfoil design 

methodologies. To achieve the necessary results, the direct approach employed a well-known 

airfoil shape with performance comparable to that required by the new application, with minor 
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adjustments. The inverse technique describes an airfoil's performance parameters and utilizes 

computer algorithms to create the airfoil shape that accomplishes them [4]. The direct method is 

straightforward, but the inverse method is significantly more powerful since the designer has far 

more exact control over the airfoil's eventual performance. Both of these methods are dependent 

on airfoil design and the effects of lift and drag. The universal Navier-Stokes equations are 

particularly essential since they account for all possible flow scenarios. However, establishing a 

numerical solution with them takes a lengthy time. Boundary layer equations might be used to 

estimate the equations. Outside, viscosity effects may be ignored, and the temperature change of 

the flow can be considered constant [5]. 

The wing shape must be researched in order to analyze the airfoil effect on lift and drag forces 

depending on the wing design. The first step is to determine which wing shape is the most recent 

and well-known. The National Advisory Committee for Aeronautics is one of the various 

independent organizations "NACA".They contain information on "airfoil shape families" [6]. 

The wing shape must be researched in order to evaluate the impact of the airfoil on lift and drag 

forces based on wing design. The first step is to figure out which wing shape is the newest and 

most well-known. The "NACA" is one of the various independent bodies (NACA).  They go 

through "airfoil form families" in great depth [7,8]. 

 

Figure 1.1: Forces on an Airplane in Normal Flight [8]. 
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The flow equations across the boundary layer thickness are comprised of a model for the laminar 

portion of the flow, a model for the turbulent part of the flow, and a transition criterion. 

1.2 PROBLEM STATEMENTS  

A wing's lift force and drag are very complex factors of its form. The form and air flow behavior 

of an item dictate the amount of lift it generates. As a result, in wing design, optimizing the form 

is a vital case. The intricate interdependence of wing shape, flow conditions, and inclinations 

may be conveyed using the lift and drag coefficients, which they utilized as the aerodynamic 

number to express all of the difficult dependencies [9,10]. As a result, the most common method 

for wing design optimization is to use the lift and drag coefficients from an aerodynamic model. 

These lift and drag coefficients are related to the wing's operational characteristics, which may 

be easily translated into performance. A change in the aerodynamic properties of the airfoil, 

which is determined by the wing design's shape, is the source of this phenomenon. The question 

is whether the current design can attain optimal lift and drag coefficients with the wings that are 

now available. To achieve this purpose, the aerodynamic characteristics change may be 

recognized by studying the differences effect in wing design analysis. This differential effect 

may be created by modeling the wing using the objective function of an aerodynamic model. The 

nonlinear problem may be studied using mode simplifications using (CFD) software as a tool 

[11,12]. 

1.3 OBJECTIVE OF STUDY 

The objectives of the research are: 

i. Using CFD software to analyze two types of wings based on lift and drag coefficients.  

ii. Study the improved design of chosen wings due to airfoil properties,  

iii. Study the solar energy usage as a power resource to optimize the airplane flying time.  

1.4 SCOPE OF STUDY  

The scopes of this research are: 

a) The CFD (Fluent) ANSYS calculation technique was used for the simulation procedure. 
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b) The first type of airfoil was chosen for validation, while the other two types were chosen 

for comparison.  

c) Determine an acceptable boundary condition for investigating airfoil behavior.  

d) To explore airfoil modifications, choose an appropriate angle of attack.  

1.5 ORGANIZATION OF THESIS 

This dissertation is divided into five chapters. The issue statement, background study, study aim, 

and research scope are all included in Chapter 1 of this research. The literature review is 

discussed in Chapter 2. The methodologies and processes employed in Chapter 3 are discussed. 

The following section shows the research flow chart and planning. The collected results are 

presented in Chapter 4 and, ultimately, The conclusion and recommendations are included in 

Chapter 5.  
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2. LITERATURE REVIEW 

There has been a surge in interest in getting an unmanned small aircraft system in recent years. 

The UAV combines the best features of fixed-wing and rotary-wing aircraft on a single platform, 

allowing it to take off and land vertically and fly efficiently. Traditional fixed-wing and rotary-

wing aircraft cannot offer such capabilities [13]. Unmanned small aircraft systems have become 

more popular in recent years. The UAV combines the key features of fixed-wing and rotary-wing 

aircraft on a single platform, allowing it to take off and land vertically and fly efficiently. 

Traditional fixed-wing and rotary-wing aircraft are unable to offer such capabilities [14]. This 

chapter teaches aerodynamic concepts based on a variety of airfoil types to help you get started 

with this subject. The wing configuration designs are discussed in Section 2.2 of this chapter and 

provide an overview of the various wing configurations. Section 2.3 also discusses the history of 

airfoils and provides some background information. Section 2.4 explains the fundamentals of 

aerodynamics, including the wing configuration force analysis method. The concepts of solar 

energy are discussed in Section 2.5. application in aircraft that allows the researcher to assess the 

effectiveness of aircraft power consumption The turbulence modeling requirements of the wing 

design are presented in Section 2,6 in order to describe the ring model specification.  

2.1 BACKGROUND OF WING CONFIGURATION DESIGNS  

A wing configuration design is a figure shape or appearance of the wing configuration's body. It 

is divided into two sections. The aircraft's location and number of wing configurations are 

categorized as first class [15]. The second class is the wing configuration planform. The wing 

configuration planform has been chosen as the subject of this investigation. The goal of this 

thesis is to investigate the many forms of flying behaviours and motions that occur throughout a 

flight [16]. In these circumstances, efficient wing configuration design selection is required to 

determine the specifications of alternative configuration designs. The aircrafts are designed to 

perform at their best during the flight stage, which is decided by the aircraft's mission. To 

enhance the optimal flying envelope, it is essential to be able to identify variations in 

aerodynamic geometry effect [17]. This is an important objective in aircraft design since it 

introduces new structural concepts. Various flow conditions perceive different geometries, which 

means that little adjustments in wing configuration design can have a major influence on 
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aerodynamic performance [18]. It's vital to understand wing configuration performance and 

airplane flow characteristics since the wing configuration plan form operates with three 

dimensions of airflow. Sweepback, taper ratio, and aspect ratio are planform design factors. As a 

result, as shown in Figure 2.1, identifying these features is crucial in order to investigate the 

overall aerodynamic.  

 

Figure 2.1: Wing Configuration Planform [19]. 

The first factor (Taper ratio) is defined as the ratio of the tip chord (Ct) to the root chord (R) (Cr).  

This formula's connection is provided by formula 2.1. The current method may be used to 

calculate wing configurations as well as vertical and horizontal tails.  

       
  

  
                                                           

Generally, the taper ratio (λ) value varies between zero and one.  

                                                                         

Planforms' geometries Tapers are divided into three basic groups, as shown in Figure 2.2: 

rectangular, trapezoidal, and delta geometry. The rectangular wing configuration planform is 

inefficient due to its weak aerodynamic response. While it has certain advantages, such as low 
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cost and ease of manufacture, it also has a number of drawbacks. The rectangular wing design 

has a small downwash angle at the root and a large downwash angle in front. As a result, the 

attack angle at the tip is more likely to stall later than at the root[20,21].   

 

Figure 2.2: Wing Tip Configurations Configuration [21]. 

The effect of wing configuration taper can be summarized as follows[22,23]:  

a) Wing configuration lift is supplied by variations in the distribution of wing configuration 

taper. This might be considered a taper advantage. As a consequence, the taper ratio was 

calculated based on the lift distribution parameters. The taper is expected to benefit this 

method.  

b) The wing configuration taper raises the manufacturing cost of the wing.  

c) One of the taper requirements is weight reduction. The taper will lessen the bending force at 

the wing configuration root due to the gravity of each wing configuration center's fuselage. 

d) The mass moment of inertia of the wing arrangement about the x-axis (longitudinal axis) will 

be reduced. The aircraft's lateral control will improve as a result. The optimal taper in this 

circumstance is a delta wing configuration.  
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e) The taper will increase the aircraft's static lateral storability since it generally gives a sweep 

angle (either on the leading edge or on quarter chord line).   

The taper ration can generate discrepancies in aircraft specifications due to its mixed influence. 

 

Figure 2.3: Observe the Aspect Ratios [24]. 

The ratio of span to chord is known as the aspect ratio. It depicts how long and thin the wing 

structure appears from above or below. You can pick from three different aspect ratios:  

a) A stubby and short wing shape is indicated by a low aspect ratio. The structure is more 

efficient, and there is a higher instantaneous roll rate. They are more likely to be used by 

high-speed and fighter aircraft.  

b) Wings with a moderate aspect ratio are the most typical.  

c) High aspect ratio: This wing arrangement, which has a long and thin wing configuration with 

less produced drag and is more aerodynamically efficient, is used by high-performance 

sailplanes and high-altitude subsonic air.  

The rearward slope of a wing arrangement is shown by the sweepback component in wing 

configuration plan form. A moderate degree of sweep can be used to adjust the center of lift 

when the wing design cannot be put in the best position for any reason, such as a pilot's vision 

from the cockpit. There are numerous different types of sweeps, as shown in Figure 2.4.  
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Figure 2.4: Traditional Types of Sweepbacks (www.Wikipedia.com). 

The Straight type runs parallel to the flight path and is typically utilized in low-speed designs. 

During sweepback, the wing design sweeps rearward from the root to the tip, providing 

aerodynamic stability [16].  

2.2 BACKGROUND OF AEROFOILS  

A foil is a solid object that is placed at a proper angle into a moving stream to create lift force 

higher than drag. On the other side, the airfoil is the wing arrangement geometry through which 

the fluid passes to provide an aerodynamic effect. As the air flow rises, the static pressure 

decreases. Because air must travel a greater distance over the surface, it gains more velocity and 

loses more static pressure. Figure 2.5 shows the basic symmetric airfoil and the camber line, 

where t is the maximum thickness and c is the chord, as well as the cambered airfoil shape. 

These fundamental airfoil geometry features include trailing edge angle, leading radius, 

thickness ratio (t/c), and maximum thickening location y = yt(x). Leading edge slope, chord, 

maximum camber line displacement from chord location, and other factors are included in the 

camber line geometry y=yc(x). A fundamental symmetric camber line and an airfoil make up the 

cambered airfoil [25,26]. 
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Figure 2.5: Airfoil Geometric Characteristic [25]. 

An airfoil's chord is an imaginary straight line that connects the trailing and leading edges. The 

chord length is the straight line that connects the leading edge of a chord to the following edge of 

the same chord. It is at this moment that the chord intersects with the leading edge. Figure 2.6 

illustrates how the angle between the chord of an airfoil and the direction of airflow is calculated. 

 

Figure 2.6: Chord Line and AOA, (a) Airfoil with Concave under Surface, (b) Airfoil with Convex under 

Surface [24]. 
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The highest lift coefficient is created at the crucial angle of attack. The "stall angle of attack" 

refers to this angle. The angle of attack affects the drag and lift coefficients. The lift coefficients 

grow in proportion to the attack angle. As the angle of attack is increased, the lift coefficient 

rises until it reaches the stall angle value, the maximum angle value, after which it decreases. 

Airflow separation from the wing structure's top surface becomes more apparent with increasing 

fixed-wing attack angle, which slows lift coefficient expansion. At a 0-degree angle of attack, a 

symmetrical wing shape produces no lift. wing configuration geometry, including airfoil section 

and wing configuration planform, affects the lift curve. Curved wings have lower, flatter 

curvature, and a larger critical angle than straight wings [27]. 

 

Figure 2.7: Lift Coefficient Curve [27]. 
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The air pressure on the top surface decreases while the air pressure on the lower surfaces 

increases as a result of pressure fluctuations in the airfoil. A lift force will be generated as a 

consequence of the higher air pressure on the bottom of the vessel, as illustrated in Figure 2.8.  

 

Figure 2.8: Pressure Distribution over an Aerofoil [24]. 

The current review focuses on the behavior of airfoils in airflow over a wing configuration. The 

following part will go through the principles of aerodynamics so that you can distinguish the 

different airfoil specs.  

2.3 BACKGROUND OF AERODYNAMIC 

Aerodynamic refers to how air flows around an object. As a result, the aerodynamic laws provide 

the basis of airplane flying. The study of the loads imposed by the flow of air over an airplane is 

commonly referred to as aerodynamics. As shown in Figure 2.9, these loads may be classified 

into six categories: three forces (side directions, lift, and drag forces), and three moments (Yaw 

Moment, Roll Moment, and Pitch Moment). To find the optimal loads in aircraft design, we need 

a thorough grasp of the aerodynamic principles that affect fuel consumption, airplane stability, 

control, and other flying challenges. This thesis will concentrate on the wing configuration 

design, which is the most significant part of the airplane. The wing configuration role is used to 

generate lift force, which is defined by Newton's third law and the pressure differential. The air 
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pressure on the lower surface of the wing configuration is greater than the air pressure on the 

upper surface, resulting in a pressure differential [28,29]. 

 

Figure 2.9: Aerodynamic Forces [30]. 

A force can be exerted upwards due to the pressure differential. While Newton's third law is 

concerned with wing configurations that push air toward the ground based on the movement 

power of airplane engines, the air pushes the wing configuration upwards with equal force. Mass, 

momentum, and energy conservation laws also apply. The present study will provide data on the 

forces that airflow conditions have on the body. These forces are created by the interaction of 

friction and pressure. For calculating the aerodynamic force acting on a wing form, the 

relationship between velocity and pressure is critical. The forces examined are part of the wing 

configuration impact; the drag is the other component. A drag force is applied to all bodies in a 

real airflow. It's the force that creates resistance when air passes through the plane while it flies. 

This resistance is known as drag [3].  
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Figure 2.10: Airflow Forces [31]. 

The parallel force, often known as drag, is the first of two aerodynamic factors that cause these 

airfoil forces. The second aerodynamic effect is perpendicular force, sometimes known as the lift 

force, as seen in Figure 2.10. As seen in the picture, raising the angle of attack is obviously one 

of the most important features of the wing configuration impact. The chord angle of the wing 

section and the speed of the air stream combine to generate the main angle of attack. Airflow 

over the airfoil is almost smooth and laminar at very low angles of attack, with just a little 

turbulence impact at the trailing edge of the airfoil. Laminar flow and turbulence are separated at 

the separation point. As the angle of attack increases, the surface area of the wing structure 

facing the air stream increases. This increase in turbulent flow causes lift to rise, but it also 

causes laminar flow to separate from the airfoil, resulting in a rise in drag as the separation point 

advances closer to the leading edge. At a 15-degree angle of attack, the most lift is generated; 

however, this may be greater with unique airfoils. Disruption of the laminar flow occurs when 

the separation points creep up to the leading edge of the airfoil over 15 degrees. Lift is quickly 

degraded by turbulent air, while drag is greatly increased, which leads to stalling. As a bonus 

feature, this graphic illustrates the formula-based lift force impact on an air foil [32]. 
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where: 

CL:  the lift coefficient 

v: is undistributed fluid velocity (m/sec.) 

AP: is the area of airfoil as seen from the above.  

The lift force influences a number of variables, the most significant of which is the lift 

coefficient. To simulate all of the complicated interactions between geometry, tilt, and specific 

flow conditions and lift, aerodynamicists use a lift coefficient, which is a non-dimensional 

variable. The lift coefficient is defined as the area multiplied by the ratio of the lift force to the 

dynamic pressure force. The Reynolds number, Mach number, surface roughness, air turbulence, 

attitude, and body shape all impact this value. The equation can be used to approximate the lift 

coefficient.  

 

            (     )                                                       4 

  

For small values of (b) and (c), the formula is valid, where (k) is a proportionality constant, (a) is 

angle of attack, and (b) is the negative of angle of attack based on zero lift (a).  The angle of 

attack-related wing configuration geometry function is known as the lift coefficient. It is used as 

a reference to analyze the link between wing configuration design and angle of attack value, as 

illustrated in Figure 2.11. The drag force is generally proportional to the air stream velocity. The 

drag value is influenced by the size and form of the structure in relation to the wind stream [33].  

Three sorts of effects contribute to the drag force. The profile drag is caused by the frictional 

resistance of the wing configuration as it passes through the air. The drag impact increases as air 

speed increases, causing swirls in the air flow.  
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Figure 2.11: Correlation of Wing Configuration Design and Angle of Attack [33]. 

Form drag and skin friction make up profile drag. As seen in Figure 2.12, form drag is induced 

by the turbulent wake created by airflow separation from a structure's surface. [34,35].  

 

Figure 2.12: Airflow Surface Structure [34]. 

Induced drag is the second type of drag created by airflow circulation around the wing as it 

creates lift. Above the wing design, a low-pressure area links to a high-pressure area below it. 

Lift causes a spiral, or vortex, to form behind the wing configuration, as seen in Figure 2.13 [36]. 
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Figure 2.13: Induced Drag Profile [36]. 

The parasite is the third type of stumbling block. Traveling through the air in reaction to wind 

conditions is shown as parasite drag. This type of drag increases as airspeed rises. Whenever 

there is a loss of momentum in the airstream, parasitic drag increases. The chord angle of the 

wing section and the speed of the air stream combine to generate the main angle of attack. At 

very low inclinations, increasing airspeed causes site drag to grow rapidly, making it the primary 

source of drag. A four-fold increase in airspeed will result in a four-fold increase in parasitic 

drag. Figure 2.14 shows the total drag as the sum of the three drag forces. 
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Figure 2.14: Drag Components [37]. 

A total drag curve is formed by combining all of the drag forces. Drag is reduced to its lowest 

level while flying at a low altitude. When L/DMAX is attained, the lift-to-drag ratio is at its 

peak. An airfoil's lift to drag ratio (L/D) is used to measure its performance. An airfoil with a 

high L/D ratio is more energy-efficient. The lift-to-drag ratio (L/D) is derived by dividing lift by 

drag. Drag has an impact on several factors, including lift force. The drag coefficient is also 

important.  

A drag coefficient is a non-dimensional quantity [37]. The drag coefficient can be approximated 

by: 

 

             
   

   
                                                               5 

CDQ: infinite span drag coefficient 
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Finally, the Drag Coefficient translates changes in angle of attack into drag disparities. CD is a 

collection of absolute numbers derived from wind tunnel measurements or mathematical 

computations, rather than a physical quantity. CL and CD, in addition to AoA, also rise as the 

angle of attack increases and are linked to lift force and drag. 

 

Figure 2.15: Critical Angle of Attack. 

Once the lift starts to decline, the drag significantly increases. The Critical Angle of Attack 

(CAA) is a term for this position. All lift will be lost if the attack angle exceeds the Critical 

Angle of Attack, but drag continues to build, as shown in Figure 2.15. According to the proposed 

overview, the growth of flying aerodynamics requires more specific development skills.  
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3. METHODOLOGY 

This chapter describes computational fluid dynamics (CFD) methods that may be used to 

examine the behavior of airfoils. Numerous numerical methods and computer algorithms are 

used in the process of evaluating and resolving air flow issues. Construct a computer model to 

examine the properties of airfoils in a simulated wing channel, and then assess the wing section 

impact by combining the lift force, lift coefficient, and drag coefficient with the angle of attack. 

CFD enables the modeling of the interaction between an airfoil and a range of effective factors 

and starting conditions. By using partial differential equations, the model will be reduced to a 

collection of control volumes. CFD Analyzer will be used by the solver to generate the 

conservation equations for mass, momentum, and energy. These equations will be used for the 

conservation of mass, momentum, and energy, respectively. In terms of the data and 

assumptions, as seen in Figure 3.1, this chapter employs the conventional methodological 

approach to supply all of the experimental data necessary for the project. 

3.1 MODEL DEVELOPMENT 

The model implementation technique will be presented in this section. The ANSYS FLUENT 

software which is use the finite element method for solving the problems [38,39]. which is based 

on the chosen model, is used to address CFD issues. The overall simulation technique employed 

in this inquiry is depicted in Figure 3.2. Based on the three-wing form design in this part, the 

researcher creates the processes for generating the simulation model. The symmetric type will be 

used as a baseline for analyzing the airfoil behavior of the other two kinds. The pre-processing 

stage comprises constructing to produce the mesh, followed by fixing the physical model, 

boundary conditions, initial conditions, and other necessary parameters in the model’s step, then 

solving, and lastly the post-processing step.  

In the post-processing stage, the experiments that may be employed to produce findings across 

the computational domain.  
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Figure 3.1: Flowchart of the Project. 
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 Figure 3.2: The CFD Modeling Sequence. 
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3.2 PRE-PROCESS STEP 

By double-clicking the Fluent option in the Analysis Systems section of the Toolbox, fluid flow 

analysis systems may be generated in ANSYS. Figure 3.3 depicts this concept. 

 

Figure 3.3: Fluid Flow (Fluent) Files. 

The fluid flow analysis system consists of several cells, some of which are named geometry, 

others mesh, etc. Due to the fact that ANSYS Workbench is comprised of a range of data-

integrated and native applications operating in a single, continuous project flow, individual cells 

within ANSYS Workbench are able to receive data from other cells and transmit data to other 

cells. Then, we will proceed to construct the geometry.  

Step 1: Creating the Geometry  

The first stage in creating the computational wing geometry is to complete this phase. This stage 

requires the standard wing form data set, which is freely available online. The dimensions will be 

supplied when the geometrical dimensions are uploaded to the SolidWorks [40,41]. These 

dimensions indicate the airfoil's boundary conditions, as seen in Figure 3.4. The wing form 

geometry comprises configuration conditions such as wing taper, wing length, and wing width, 

as shown in Figure 3.5. The effective parameters of the wing design impact include these data 

needs.  
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Figure 3.4: Setting of the Domain Size.  

 

Figure 3.5: Selection of the Domain Name.  

After preparing the 3D wing shape, the step of creating mesh will be the next. 

Step 2: Meshing the Geometry 
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Meshing divides the form into an endless number of little finite elements. By meshing these 

elements, we may examine the behaviour of a variety of factors (such as pressure, velocity, and 

so on). The present method entails constructing a computational mesh that covers the full tunnel 

volume. This step, as shown in Figure 3.6, necessitates the use of the ANSYS Meshing program 

to generate a mesh for the CFD analysis. To make an object mesh, follow these steps:  

a) To construct a mesh for the CFD study, choose the ANSYS Meshing program.  

 

Figure 3.6: ANSYS Mesh Application. 

b) As shown in Figure 3.7, provide the mesh quality control criteria to determine the optimal 

size and kind of mesh. These variables will influence the accuracy of the results.  

 

Figure 3.7: Mesh Quality Control Parameters. 
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c) The mesh metric will provide a bar graph to examine the mesh element quality in order to 

view advanced mesh data. As demonstrated in Figure 3.8, the bar graph will indicate the 

minimum and maximum element quality values.   

 

Figure 3.8: infilation settings. 

The best numerical mesh results summarized in Table 3.1: 

Table 3.1: Best Numerical Mesh Results Values 

Parameter Value 

Elements 7680969 

Nodes 1658358 

 

Step 3: CFD Simulation Set-Up 

The best mesh results for selected geometry will transfer to the CFD analysis using the ANSYS 

Fluent. The procedure of this work is as in follows: 

a) Start ANSYS Fluent 

The Fluent Launcher allows starting up ANSYS Fluent based on the pre-processed 

geometry as shown in Figure 3.9.  
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Figure 3.9: Fluent Launcher. 

To solve the study scenarios, the general procedure will apply based on the meshed geometry 

conditions as in the sequence below: 

A. Change the units for object dimensions. This step involves: 

a. Select length in the Quantities list. 

b. Select the millimetres in the Units list. 

B. Check the mesh results. 

C. Secify the air flow direction. 
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Figure 3.10: General CFD Settings. 

Step 4: Setup the Model 

The researcher will choose the model in this stage based on the prior investigations reported in 

chapter two. The aerofoil needs will be covered by the model, which will provide the necessary 

information depending on the working parameters of the specified kind of wing. The following is 

the sequence of the independent procedure:  

a) Choose a model type from the Models Code list. The SST k–turbulence model, as 

introduced in chapter two, will be used in our case study.  

b) Enable the k-turbulence model and select the optimal k-epsilon Model from the list in 

Figure 3.11.  

c) Using the Create/Edit Materials dialog box, create the materials.  
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Step 5: Set up the boundary conditions 

The 3D Reynolds Navier-Stokes equations for mass-averaged velocity, time-averaged pressure, 

and density are solved using the FLUENT program.  

 

Figure 3.11: Models setup. 

The software is a multi-dimensional Navier-Stokes fluid flow prediction system that is integrated 

and sophisticated. Because it combines a flexible, multi-block grid design, a graphical interface, 

and several advanced modelling tools, it's ideal for water flow simulation.  The air velocity, as 

illustrated in Figure 3.12, is the key input representation for this investigation.  

 

Figure 3.12: Set Up the Boundary Conditions. 
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Figure 3.13: Specify the solution methods. 

The boundary conditions of the system simulation will be controlled by the input representation. 

In this stage, the counties' simulation settings will be changed.  

 

Figure 3.14: Specify the Initialization Process. 
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Step 6: Run the solution 

Running the solver is a critical step in ANSYS. It's a valuable tool for explaining airfoil 

behaviour. The number of iterations and the date of the working variables are essential in this 

stage. 

 

Figure 3.15: Run the Solution Process. 

The FLUENT fluid flow solver may be used to handle incompressible, compressible, steady 

state, transient, laminar, and turbulent single-phase flow problems in complex geometries. 

Consequently, it is feasible that system simulations may be able to identify a few specifics of 

how distinct airfoil deviations may be caused by different changes in conditions.  

 

Figure 3.16: Calculation Processes. 
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4. RESULTS AND DISCUSSION 

Different wing design analyses have looked at the aerodynamic characteristic’s changes in the 

airfoil effects. To determine the air behavior moving on the wing surface that provides the classic 

lift force and drag responses, it usually involves knowing the wing particular shape design. The 

current study creates a series of simulation experiments using various airfoils and velocities at 

various angles of attack. The chosen airfoils are from the S1223 Airfoil (s1223-il) and S1223 

RTL AIRFOIL (s1223rtl-il) families, which represent two common applications in this sector.  

The simulation was performed using the ANSYS CFD Fluent program, and the results were 

validated using the baseline. This phase is required to assess the CFD method's correctness. The 

validation test is a technique for reducing and quantifying modeling mistakes and ensuring that 

the CFD model being solved is accurate. The analytical research must be completed before the 

validation in order to analyze the effect of changing any single parameter in the simulation. 

Analytical assessments of node number, grid types, and turbulence models were undertaken in 

this work.  

The findings of the CFD simulation meet the study's goal and give a brief discussion based on 

the S1223 airfoil and S1223 RTL. The first section presents the ANSYS findings and plots their 

special numerical results, while the second section examines the differences between the two 

types of airfoils currently available.  

The NACA 0009 airfoil was employed as a case study for this research's validation. The multi-

angle of attack has been utilized to detect pressure and velocity variations on the aircraft airfoil. 

All of the findings were compared to earlier air speed investigations. The data from Sandia 

National Laboratories (SNL) and Sheldahl and Klimas from 1981 were used in independent 

research for comparison. To characterize the variations in flow behavior in the airfoil domain, 

the SST k-w turbulent model is employed. Figures 4.1–4.8 depict a collection of velocity and 

pressure profiles depending on different angles of attack.  
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Figure 4.1: velocity Profile of NACA 0009 v=5.5m/s. 

 

Figure 4.2: Velocity Profile of NACA 0009 v=8.3m/s. 
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Figure 4.3: Velocity Profile of NACA 0009 v=11.11m/s. 

 

Figure 4.4: Pressure Profile of NACA 0009 v=5.5m/s. 
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Figure 4.5: Pressure Profile of NACA 0009 v=8.3 m/s. 

 

Figure 4.6: Pressure Profile of NACA 0009 v=11.11 m/s. 
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Figure 4.7: Pressure Profile of NACA 0009 at 70 with Different Velocities. 



 37 

 

 

 

Figure 4.8: Velocity Profile of NACA 0009 at 7
o 
with Different Velocities. 
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Pressure and velocity characteristics are clearly different in the charts. The figures show that the 

velocity separated and turbulence increased as the angle of attack increased. The pressure impact 

increased as well, as illustrated in the red areas. Sandia National Laboratories SNL released the 

standard numerical findings of the NACA 0009 airfoil, and Yasin Furkan GÖRGÜLÜ et al, 2021 

[7] published the data.  

At the same wind speed, wind turbine blades will have a larger lift force and torque, which will 

ultimately result in more electricity being generated. In wind turbines, an increase in the drag 

force causes the tangential force, which is responsible for producing torque, to decrease while the 

axial force, which is responsible for pushing the blades backward and does not contribute to 

power production, rises. The relationship between the lift coefficient and the angle of attack is 

seen in figure 8. The angle of attack continues to climb until it reaches 10 degrees, at which point 

the lift achieves its maximum intensity. The lift coefficient reaches its highest point at this point, 

and then drops to 0.661.  

 

The simulation results of NACA 0009 at velocity = 5 m/s of lift coefficient and drag coefficient 

are presented in the tables below, based on the aforesaid factors. 

 

Table 4.1: Lift Coefficient Comparison 

A.O.A Previous studies [7] Present study Results Percentage Error 

0 0.000001 0.00093 0 

5 0.461 0.473749 2.77% 

7 0.65 0.624 4.00% 

10 0.748 0.724016 3.21% 

15 0.661 0.6731 1.83% 

 

In all applications, including wind turbines and aircraft, drag is an unwelcome force acting 

against the moving item. Maintain it at the very minimal practical level. Figure 9 depicts how an 

increasing attack angle results in a constantly increasing drag force. When the angle of attack is 

15 degrees, the coefficient of drag reaches its highest value of 0.24439.  
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Table 4.2: Drag Coefficient Comparison 

 

 

 

 

 

The results show that variations in angle of attack have an impact on the drag coefficient and 

force coefficient. Figures 4.9 and 4.10 show the results of the CFD simulation in order to better 

understand the behavior. 

 

 

Figure 4.9: Lift Coefficient Comparison Result. 
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A.O.A Previous studies [25] Present study Results Percentage Error 

0 0.01742 0.0192 --- 

5 0.04597 0.04499 2.13% 

7 0.07192 0.07211 0.26% 

10 0.10172 0.09919 2.49% 

15 0.24439 0.2511 2.75% 
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Figure 4.10: Drag Coefficient Comparison Result. 

Due to the close proximity of the curves, we may conclude that the CFD ANSYS model is 

credible. 

When it comes to lift, the greater the value, the better; when it comes to drag, the lower the 

value, the better. When the angle of attack is 10 degrees, the lift coefficient achieves its 

maximum value of 0.748, while the drag coefficient reaches its minimum value of 0.01742. 

According to the statistics, it is impossible to determine which type of attack has the greatest 

likelihood of success or which of the several possible tactics will be used. As a result of this, the 

lift-to-drag ratio must be calculated. The ratio of lift to drag (L/D) is seen in Figure 4.11. This 

graph, which shows a ratio of 10.03, illustrates that a 5-degree angle of attack yields the greatest 

results.  

Table 4.3: Comparison of L/D Results. 

A.O.A Previous studies Present study Results Error % 

0 5.7405E-05 0.0484375 0 

5 10.0282793 10.53009558 5.00% 

7 9.0378198 8.653446124 4.25% 

10 7.35351947 7.299284202 0.74% 

15 2.70469332 2.680605337 0.89% 
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Figure 4.11: Plot of L/D results for NACA 0009. 

 

 

Figure 4.12: Velocity Profile at 15
o
.
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Figure 4.13: Pressure Profile of 15
o
. 

Table 4.4: Comparison of CL Results with Different Velocities of NACA 0009.
 

A.O.A V = 5.5 m/s V = 8.33 m/s V = 11.11 m/s 

0 0.00093 0.0009579 0.000937 

5 0.483749 0.50793645 0.533333 

7 0.624 0.64896 0.674918 

10 0.724016 0.92674048 1.186228 

15 0.6731 0.861568 1.06202527 

Table 4.5: Comparison of CD Results with Different Velocities of NACA 0009. 

A.O.A V = 5.5 m/s V = 8.33 m/s V = 11.11 m/s 

0 0.0192 0.019776 0.020369 

5 0.04399 0.0461895 0.048499 

7 0.07311 0.0760344 0.079076 

10 0.09919 0.1269632 0.395579077 
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Figure 4.14: Comparison Plot of CL Results with Different Velocities of NACA 0009. 

 

Figure 4.15: Comparison Plot of CL Results with Different velocities of NACA 0009. 

4.2 AERODYNAMIC ANALYSIS OF S1223 

Aerodynamic properties were investigated using the ANSYS solver and a wing design of S1223. 

AoA has a range of 0 to 15 degrees. Figures 4.6 and 4.7 illustrate the CFD ANSYS findings for 

the zero-angle employed in turbulence shear stress transfer (SST) k- and 5.5 m/s. The velocity 

and pressure distributions on the wing surface are found to be convergent on both sides of the 

wing. The maximal pressure effect may be seen in the red color of the pressure profile at the 
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wingtip. Because the impacted force component could not be applied perpendicularly on the 

longitudinal axis of the wing section, this notice certifies that there is no effective lift force in 

this angle degree. Changes in angle of attack have altered the properties of the airfoil. 

 

 

Figure 4.16: Pressure Contour Result of CFD Run of S1223 wing section, v= 5.5 m/s. Angle 0
o
. 

 

Figure 4.17: Velocity Contour Result of CFD Run of S1223 wing section, v= 5.5 m/s. Angle 0
o
. 
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As a result, the ANSYS simulation increased the angle of attack based on two degrees of 

variance and observed the following set of results: 

a) As demonstrated in the red zone, the velocity contours reveal an increase in air speed in the 

top surface of the wing and a drop in the bottom surface. Because the lift force and air speed 

at the top surface of the wing have an inverse relationship, the lift force will rise in this 

instance. 

b) When attacking from a higher angle, a vortex will appear. The drag force will be increased 

by the vortex. Figure 4.18 shows the findings from four distinct viewpoints.  
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Figure 4.18: The Velocity Contours Results of S1223 Wing Section. 

c) As demonstrated in the red zone, the pressure contours reveal a rise in the bottom surface of 

the wing and a drop in the upper surface. Because there is a positive connection between lift 

force and air pressure at the upper and lower surface of the wing, this finding implies that 

there is resistance against the flow direction, implying that the lift force will grow.  
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Figure 4.19: The Pressure Contours Results of S1223 Wing Section. 

4.2.1 Numerical Results of S1223 

The compilation of aerodynamic values is available in the numerical output generated by 

ANSYS -FLUNT procedures. These figures illustrate that the angle of attack has a considerable 

effect on both the lift forces and the drag. In the usual technique, the airfoil's geometry is 

represented using meshing, and the National Advisory Committee for Aeronautics is responsible 
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for data collection (NACA). Throughout the whole scenario, the assault angle fluctuated between 

0 and 15 degrees. These statistics are derived from the results of the airfoil simulation and then 

split down into lift, drag, and coefficients. In table 4.6, the results of the lift force lift coefficients 

and drag coefficients are tabulated with their corresponding numerical representations. The 

major objective of the S1223 wing, according to the results, is to produce a stronger lift force. As 

a result, the shape of the wing has been selected because it is believed to be the most ideal for 

directing the airflow via physical activity.  

Table 4.6: Numerical Results of S1223 

AoA CL CD CL/CD 

0 1.2 0.025 48 

5 1.7 0.028 60.71429 

7 1.9 0.033 57.57576 

10 2.2 0.047 46.80851 

15 2.1 0.078 26.92308 

 

The results show that when the angle of attack is increased, the lift force increases progressively. 

These findings show that the force values rise dramatically between angles of 5o and 10o. 

Because of the distinctive bottom surface design, air flow in the front bottom of the wing was 

restricted.  

The properties of the air layers around the wing surface are the reason for increasing lift force. 

Changes in the air molecules' stickiness to the wing surface modified the boundary layers of air 

flow behavior. Any item moving through a gas causes this effect. The gas's viscosity (or 

stickiness) may detach from the body, resulting in a new boundary layer form that differs from 

the original. In this instance, the boundary layer is unstable and becomes turbulent at random. It's 

also worth noting that the curvature grows until the 10th degree of attack angle. This angle 

represents the stall angle and specifies the maximum airfoil angle of the aircraft wing that can be 

allowed.  



 49 

The Lift and Drag Coefficients are aerodynamic numbers that represent the intricate relationships 

between form and inclination. For this reason, the Lift and Drag Coefficients were investigated 

and compared in this study. As a function of lift force, air velocity, air density, and wing surface 

area, the lift coefficient is calculated. This definition applies the lift coefficient notion to the 

dynamic pressure of an airfoil. The lift coefficient is determined by these characteristics. The 

drag coefficient impact is also taken into account in the same notion. The lift and drag 

coefficients are calculated using numerical findings. In both situations, the increases are gradual 

as the angle of attack is increased. That means the lift and drag coefficients accurately represent 

the wing's real acting forces. We may deduce from these facts that the lift and drag, which 

constitute the aircraft's design consideration, are dependent on the lift and drag coefficients for 

any item. Due to the lift force created by air speed, the CFD simulation results of lift coefficient 

and drag coefficient, which includes the angle of attack variations influence, have been 

discovered. The clean wing is the most important requirement in this study. Many factors were 

also taken into account, such as the absence of rain and the constants of air temperature and 

humidity. Figure 4.20 shows a plot of lift and drag coefficients that shows how the forces 

coefficients vary as the AoA varies.  

 

Figure 4.20: The Lift and Drag Coefficients of S1223. 
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Both the lift and drag coefficient values show a linear progression in the graph. The 10th degree 

of assault angle was the boundary line. Vortex lines extend from the wing tip due to air flow on 

the wing surface. A downwash of air is produced by the vortex line, which is illustrated as a blue 

vortex region. The findings demonstrate the downwash (a) as a consequence of this research and 

(b) as actual airplane downwash.  

Vortex lines create air downwash, which is a significant concern for airplane lift and stability. As 

a result, preventing downwash is a crucial issue in airplane design, which takes into account the 

stall angle of attack as well as the drag value impact.   

4.3 AERODYNAMIC ANALYSIS OF S1223 RTL 

Aerodynamic properties were investigated using the ANSYS solver and a 3D wing configuration 

of the S1223 RTL. This procedure takes into account the same range of AoA. Figures 4.21 and 

4.22 illustrate the CFD ANSYS findings for the angle of turbulence shear stress transport (SST) 

k- and 5.5 m/s.   

 

 

Figure 4.21: Pressure Contour Result of CFD Run of S1223 RTL Wing Section, Re 5.5 m/s. angle 0
o
. 
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Figure 4.22: Velocity Contour Result of CFD Run of S1223 RTL Wing Section, Re 5.5 m/s. Angle 0
o
. 

 

a) The maximum pressure has an effect on the tip of the wing, as demonstrated by the red 

colour of the pressure profile. As previously stated, changes in angle of attack modified 

the airfoil properties; as a consequence, the ANSYS simulation applied an increase in 

angle of attack based on two degrees of variation and observed the following set of 

results:  

b) Because the lift force and air speed in the upper surface of the wing have an inverse 

relationship, an increase in lift force is caused by an increase in upper surface air speed 

and a reduction in lower surface air speed.  

c) The 10th AoA is the effective angle of attack.  

d) As illustrated in the red zone, the pressure contours reveal a rise in the bottom surface of 

the wing and a drop in the top surface. The lift force is increased by the resistance against 

the flow direction due to the positive connection between the lift force and the air 

pressure in the upper and lower wing surfaces.  
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Figure 4.23: The Velocity Contours Results of S1223 RTL Wing Section. 
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Figure 4.24: The Pressure Contours Results of S1223 RTL Wing Section. 
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4.3.1 Numerical Results of S1223 RTL 

The numerical results for the S1223 RTL were derived using the same sequence as the prior 

model. The lift, drag force, and coefficients are resolved in the simulation run that employed the 

identical angles of attack as the airfoil simulation. The findings of the lift force lift coefficients 

and drag coefficients are shown numerically in Table 4.7. The major mission for the S1223 RTL 

wing, based on the findings, is to examine the forces' behavior. As a result, the chosen wing form 

is thought to be suited for turning air flow through physical movement.   

Table 4.7: Numerical Results of S1223 RTL 

AoA CL CD CL/CD 

0 1.37 0.022 62.27273 

5 1.79 0.024 74.58333 

7 1.96 0.031 63.22581 

10 2.27 0.042 54.04762 

15 2.124 0.073 29.09589 

 

The findings reveal that the lift force grows progressively as the angle of attack increases, as 

shown in the prior model. The results reveal a link between the increase in angle of attack and 

the rise in lift force impact. The properties of the air layers around the wing surface cause the lift 

force to rise for the same reason. As previously stated, the boundary layers of air movement 

behavior varied due to changes in air molecules sticking to the wing surface, causing unstable 

and unpredictable turbulence behavior.  

The lift and drag coefficients are used to represent the shape characteristics, which are connected 

with flow conditions and inclinations. The lift and drag coefficients were researched and 

compared in this study. The lift coefficient is calculated using lift force, air velocity, air density, 

and the wing's surface area. This definition applies lift coefficient principles to airfoil dynamic 

pressure. The lift coefficient is determined by these characteristics. The drag coefficient impact 

is also taken into account in the same notion. The lift and drag values are determined by the 
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numerical findings. In both circumstances, the increases are gradual as the AoA grows. This 

means that the lift and drag coefficients accurately represent the wing's real acting forces. We 

may deduce from these facts that the lift and drag, which constitute the aircraft's design 

consideration, are dependent on the lift and drag coefficients for any item. The lift and drag 

coefficients connected with air speed were observed in the CFD results of the analyzed 

parameters. The wing form is the most basic criterion in this study. Many factors were also taken 

into account, such as the absence of rain and the constants of air temperature and humidity. 

Figure 4.25 shows a plot of lift and drag coefficients that shows how the forces coefficients vary 

as the AoA varies.  

 

Figure 4.25: Lift and Drag Coefficients of S1223 RTL. 

The lift coefficient curve has a semi-linear progression, while the drag coefficient line has a 

linear progression. The 10th degree of assault angle was the boundary line. In this model, the 

sane phenomena were seen. Vortex lines extend from the wing tip due to air flow on the wing 

surface. Apart from the drag value impact, air downwash caused by vortex lines is managed by 

considering the stall angle of attack, which is the maximum wing angle. This phenomenon is 

regarded as a critical issue in the field of airfoils.  
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4.4 AERODYNAMIC OPTIMIZATION OF AIRCRAFT 

It is clear from the results that the S1223 RTL wing has less pressure value in the top surface 

than the S1223 type. Therefore, the lift force in S1223 RTL became higher. 

 

Figure 4.26: 3D Plot of the Wing Shape. 

 

Figure 4.27: Simulation of 3D Wing Shape. 
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The lift coefficient value depends on the coefficient of pressure.  The correlation can be derived 

from the formula below: 

   
 

 
∫  
 

 
(         )                               4.1 

where c is the chord length and Cp and Cp are the pressure coefficients on the airfoil's lower and 

upper surfaces, respectively. The region encompassed by the difference in pressure coefficients 

is known as the coefficient of lift. The dimensionless quantity known as the coefficient of 

pressure describes the pressure distribution over the surface of the airfoil.  

     (
 

  
)
 

                                                               
     4.2 

Where V∞ is the free stream velocity and V is air velocity at the same point. 

Due to the fact that lift is a kind of aerodynamic force, it is affected by changes in air pressure as 

the body passes through it. Lift force and lift coefficient discrepancies are caused by variances in 

air speed between the top and lower surfaces due to differing AoA and wing area. The capacity 

of wings is determined by the variations in upper and lower pressure and velocity levels.   

The amount of lift created is proportional to the object's size. The overall aerodynamic force is 

equal to the pressure multiplied by the surface area around the body. A force that is 

perpendicular to the direction of flight is referred to as "lift." When the object's surface area is 

increased, so does the lift's power output. S1223 RTL wing's lift force and lift coefficient are 

improved by expanding the wing area. The drag coefficient shows the same effect. The flow 

created by the vortex pair that makes up the wake has a significant impact. In the free-stream 

ahead of the wing, a downward velocity component is produced by the semi-infinite sheet of 

vorticity spread in the wake.  

A comparative investigation and analysis are presented in this study to examine the outcomes in 

order to understand the airfoil behavior based on different types of wing sections. Table 4.8 

shows the technical comparison of the selected airfoils.  
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 Table 4.8: Comparison and Optimization of the Selected Wings 

 S1223 S1223 RTL 

Wingspan 3m 3m 

Wing Area 2.196 2.196 

min velocity 8.4 m/s 8.2m/s 

lift load 233.3388 240.7633 

UAV wieght 20kg 20kg 

flight time 8 hrs 8.195hrs 

4.5 OPTIMIZATION OF S1223 WITH ADDING SOLAR POWER ENERGY  

An aircraft's design is based on requirements that must be satisfied by the aircraft in question. 

The intended usage determines these criteria. A performance or contract specification is another 

name for a collection of requirements. The flying mission generates several needs. Aeronautical 

engineers can figure out an aircraft's shape by looking at how air flows around it. There are a 

number of factors that contribute to how air flows around an aircraft, including its wings, tail, 

and fuselage. Most fixed-wing and rotary-wing aircraft have traditionally been powered by 

hydrocarbon-fuelled internal combustion engines. 

The capacity of a solar cell to create voltage and current in response to a load is what enables it 

to generate energy when irradiated by light [10,11]. As an illustration of this capacity, the graph 

(I - V) below depicts the relationship between current and voltage. 
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Figure 4.28: I-V Characteristics on solar cell. 

 

Figure 4.29: PVSYST calculation of the required number of cells and power output to cover the Flight 

system. 
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Table 4.9: PV system characteristics required for power coverage. 

Cell Size 15cm*15cm 

Pv voltage output 5v 

Required workspace 1.5 m 

Cell weight 4 grams 

Number of cells 10 

 

Due to the investigation's emphasis on electrical systems and solar cells, a fixed-wing unmanned 

aerial vehicle (UAV) is employed for this study. The choice of the fixed-wing design was based 

on the ability of its fuselage and wing to permit the placement of solar cells above the wings.  

he assembled UAV and the corresponding component systems are shown in Figure 4.8. The 

Energy Storage System, Flight Control and Vital Electronic System are integrated into the 

fuselage. The UAV receives ground signals and makes attitude adjustments via transmitter and 

receiver. 
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Figure 4.30: 3D design of the solar powered UAV. 

The output power of a solar panel depends on the product of voltage and current, the Maximum 

Power Point Tracking (MPPT) circuit is designed to maximize the output power of the solar 

array in different light environments. Two sets of solar arrays were designed in this research, the 

solar panels on the upper wing will be directly exposed to the sun. Solar panels on the underwing 

receive direct light only in rare cases, such as forest fires, but most of the time receive diffuse 

light from the environment and the ground [47]. confirms that solar panels, especially bifacial 

solar panels, can absorb energy from the ground. The different ground shapes and materials 

reflect sunlight differently, which affects the efficiency of solar panels. This leads the researcher 

to consider supplying energy to some of the low energy circuits of the aircraft, such as the flight 

control module, by adding solar panels to the lower surface of the wing. Two separate MPPT 

circuits are necessary to maximize two sets of solar arrays since arrays will have different 

voltage-current curves.  
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Figure 4.31: Component system if the proposed solar UAV model. 

In order to achieve this, the researcher used two methods to improve the travel time of the UAV 

aircraft: the first was to replace the wing, which improved the travel time due to reduced drag 

forces, and the second was to add a solar energy resource to feed the engine power and reduce 

the used fuel content. The energy density of lithium batteries is a critical problem in UAV 

design. The practical implementation of lithium metal batteries has been delayed due to the 

formation of dendrites on the surface of the lithium electrode and the difficulties associated with 

creating an electrolyte with the required mechanical strength and ionic conductivity for solid 

electrolytes. Although several research institutes and companies are trying to improve energy 

density with different methods and materials, the energy density of batteries that can be mass 

produced is still lower than 250Wh/kg at present. Rigorous calculations were required to arrive 

at the solar cell configuration on the aircraft and the suitable arrangement for the electrical 

system requirements. The larger the battery capacity also means the larger the solar panel area 

required for the same charging time, the larger the motor thrust required for flight, and the 

relationship between them is almost linear. The relationship results in almost all the power 
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redundancy being consumed by the extra battery weight, making it difficult to allocate the excess 

power to the payload.  

Table 4.10: Numerical Results of UAV Properties. 

Model S1223 S1223 RTL 

Wingspan 3m 3m 

Wing Area 2.196m 2.196m 

min velocity (v) 8.4 m/s 8.2m/s 

lift load 233.3388N 240.7633N 

UAV weight 20kg 20kg 

flight time 8 hrs 8.195hrs 

CD 0.047 0.042 

Ptotal 749.3835 622.9587 

 

Prior to the flying test, testing must be conducted in order to identify the properties of the solar 

cells that are installed on the aircraft. There must be a clear sky from 9:30 a.m. to 1:30 p.m. for 

the testing, and there must be 10 minutes of rest between each data collection. During the flight 

test, the solar cells that have been mounted on the UAV will be evaluated to assess how well 

they convert solar energy into usable electricity. By mounting solar panels to the wings of an 

unmanned aerial vehicle (UAV), its power output may be increased from 150 to 200 watts. 

There are three distinct methods for calculating the average amount of current drawn. The first 

approach is to ascertain the amount of current that is being pulled at a given push, which is 

information that can only be gained by testing. The second approach involves interpolating the 

current value using the lowest and maximum currents of the motor, which are represented on the 

graph of the motor. E-calc was used throughout the last phase of the procedure, which included 

running simulations on a variety of e-sites. In this situation, the second and third techniques were 

used, and the resulting estimate was 3.85 amps. Initially, it is envisaged that the length of time 

spent in the air without a secondary battery unit would not exceed one hour. 7.79 minutes of 

flight time is 3.60 multiplied by 3.85 multiplied by 6. Once the primary battery is completely 

charged, the secondary battery will continue to discharge until it can no longer be charged by 

solar radiation. At this time, the secondary battery will have been entirely exhausted. Given the 
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conditions, it is impossible to provide an exact estimate of the time required to get from point A 

to point B. As a result, the worst-case flight duration was computed by assuming that the 

auxiliary battery would only need to be recharged once (+500mAh) for the whole journey. The 

flying duration is equal to (3.5 x 60) divided by (3.85 x 6). 

 

Figure 4.32: flight time after PV optimization. 
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5. CONCLUSION AND RECOMMENDATION 

The methods used in this research addressed some gaps and satisfied the study's goal. The 

examination of two types of wings is one of the two contributions made in this work. S1223 and 

S1223 RTL are the two models. The drag and lift coefficients were used in the analysis. The 

second step is to improve the wing design by including a solar energy power source to increase 

flying duration. This conclusion was acquired after determining which wings had the best design. 

The CFD ANSYS program was used as an advanced approach in this study. The lift and drag 

coefficients are better calculated using the simulation approach used in this thesis.  

5.1 CONCLUSIONS 

Different turbulence models are observed in the CFD simulation results. According to the 

research, wing design has a significant impact on aircraft performance. To examine complicated 

wing correlations, the lift and drag coefficients are used as an aerodynamic number to simulate 

the complex relationships between shape, flow conditions, and inclinations. The best lift force, 

according to the study, has to do with the angle of attack in order to minimize drag and lessen the 

vortex. Based on these data, the performance of the airfoil test results is described as follows:  

a) The S1223 CFD ANSYS findings show that the lift force rises progressively as the angle of 

attack increases, especially between 5
o 

and 10
o
. This conclusion emphasizes the relevance of 

the wing's bottom surface form in generating lift force.  

b) The features of the air layers around the wing surface influence the air movement behavior, 

which is altered when air molecules adhere to the wing surface.  

c) The values of the lift and drag coefficients increase in a linear progressive manner. The air 

flow on the wing surface also creates vortex lines that extend from the wing tip and a 

downwash of air behind the wing.  

d) In the S1223 RTL instance, the same phenomena and airfoil characteristics arise. The 

differing wing designs account for the relative variances in lift force and coefficients.  



 66 

e) The researchers find that the amount of produced lift is dependent on the geometry of the 

wing in both circumstances. In the S1223 RTL wing, increasing the area improves the lift 

force and lift coefficient. The drag coefficient shows the same effect.  

f) A downward velocity component in the free stream wing head can be created by the vorticity 

semi-finite sheet dispersed in the wake.  

If solar-powered unmanned aerial vehicles (UAVs) employ dispersed propulsion systems, they 

may be able to reduce their size while maintaining their endurance. It is conceivable for a 

distributed propulsion system to save up to 20%-23% of the energy required by a monolithic 

system to achieve the same amount of lift. When employing a dispersed propulsion system, it is 

feasible to govern the UAV's propulsion system in either a homogeneous or heterogeneous way, 

which increases the UAV's mobility. In addition to its improved net power production, double-

sided solar panels may be advantageous. By using the underside of the wing, it is feasible to 

achieve a net energy intake of 43.08w by adding 300 grams of extra mass to the system 

5.2 FUTURE WORK AND RECOMMENDATION 

The findings reveal a number of recommendations that should be addressed in future research:  

a) It is recommended that a wing system with a larger surface area create higher lift forces. 

This may be accomplished by improving the wing design in terms of both lower surface 

form and the addition of vortex reducers.  

b) To look at the impact of an aircraft's front wing on the tail. This concept may be observed 

as a novel tail design that reduces the vortex.  
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