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Abstract - The study presents the performance analysis, in particular, the aerodynamic performance of an Unmanned Aerial 

Vehicle (UAV) with and without winglets. A fixed wing UAV with an existing winglet configuration (blended winglet 
configuration) is considered for this study. This default configuration is compared with different configurations (max winglet 
configuration) while keeping a winglet-less configuration as the base. The analysis is carried out using Computational Fluid 
Dynamics (CFD) methods. The Factors considered for comparison in this analysis include Coefficient of lift (CL), 
Coefficient of drag (CD) and the lift-to-drag ratio (L/D) at different Angles of Attack (AOA). Also, the maximum Range and 
Endurance that each configuration provides are estimated.  This study attempts to use the data to find the availability of 
justification in using the default configuration and if implementing a new configuration would enhance the UAV‟s 
performance. 
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I. INTRODUCTION 

 

An Unmanned Ariel Vehicle refers to the class of 

aircrafts that are pilotless, flown by a remote-

controlled system or programmed to autonomous 

flying [1]. 

UAVs today have a number of societal applications, 

covering all fields like aerial photography, disaster 

management, surveillance, security, crowd 
management, traffic management, air ambulance, 

organ transportation to name a few. It is believed that 

UAVs hold many an advantage over conventional 

planes and sometimes even over satellites. Its ability 

to travel long ranges even over remote locations, its 

ability to fly at higher altitudes and at slow speeds all 

of these and more done at relatively lower costs make 

UAV a popular choice for many societal applications 

[2,3]. 

Despite the progress in research to reduce the induced 

drag and vortices that was made, it wasn‟t until the 
1970‟s that research on wingtip additions began to 

succeed. Richard T Whitcomb was the first to 

introduce winglet as an almost vertical structure 

extending above and sometimes below the wingtip 

[3]. Further improvements where made down the 

years resulting in winglets of various shapes and 

designs each with its own aerodynamic characteristics 

Based on need and application, they are selected. 

In this study the winglet configuration of an existing 

UAV is compared with another configuration of 

winglet based on their aerodynamic characteristics 

and performance measures. The study also includes 
the comparison of wing configuration with and 

without winglet. These attempts will prove the 

importance of winglets in reducing induced drag and 

thereby increasing the aerodynamic efficiency. It also 

helps in understanding the effects of aerodynamic 

characteristics of winglets on the performance of the 

aircraft, in this case UAV [4].  The configuration 

considered here for comparison with the blended 

winglet configuration of the UAV is the max winglet 

or split scimitar winglet configuration. 

The blended winglet is an improvised version of the 

first model of winglet derived by Whitcomb. The 

drag formed at wing/winglet junction is minimized 

here since a smooth upward curve, instead of a 

straight line with sharp angle is used here. This 

prevents the formation of shock waves at the interface 
[5,6,7].  The blended winglet showed an 

improvement of around 4-5 % in terms of fuel 

efficiency when tested by Boeing [8]. It is most 

commonly used in business jets and sailplanes. 

The other configuration introduced for the purpose of 

comparison is the MAX winglet configuration also 

known as the split scimitar winglets. It was 

introduced first by Boeing in the 737 MAX flight and 

it is a hybrid winglet with an amalgamation of 

blended winglet, raked winglet and wingtip fences.  It 

is expected to add up to 1.5 % mileage over the 
expected 10-12 % improvement put forth by Boeing 

[9]. 

In order to further enhance the study, the performance 

characteristics of the UAV like maximum range and 

endurance are determined. Endurance is the time that 

an aircraft can travel before its unit load of energy 

source expires [1,10]. Range is that total distance an 

aircraft flies on a unit load of energy source [10]. An 

ideal UAV would need to have a good amount of 

these performance characteristics whatever may be 

the UAV applications [11]. 

This study aims to understand the usage of the chosen 
wing configuration (wings with blended winglets) in 

relation to a basic wing configuration (wings without 

winglets) to understand the gain attained. 

Furthermore, the study considers a max winglet 

configuration (wings with split scimitar winglets) for 

the UAV to see how efficient it is in relation to the 

basic and default configurations and to see if this 
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configuration can be implemented into the system. In 

order to understand the importance of blended 
winglet for the chosen wing and how split scimitar 

would change the performance parameters if used. 

Also, the anticipated reasons for utilization of the 

blended winglet based on the existing theory was 

reviewed. 

 

II. METHODOLOGY 

 

A. Geometry 

 
Figure 1. Solid Modelling of UAV with three wing 

configurations 

 

The fuselage and wings with the winglets, were 

modelled in a solid modelling software. The wing 
was modelled using NACA 1209 airfoil throughout 

its 1560 mm span. The winglets were modelled with 

airfoil NACA 0012 at the base (i.e. wing/winglet 

junction) and NACA 0007 at the tip, all of whose co-

ordinates were taken from reference [12]. 

 

B. CFD Analysis 

The CFD analysis was carried out using one of the 

commercially available tools. In order to carry out the 

analysis, the three configurations were subjected to 

various stages. The initial was the pre-processing 

stage. In this stage the structure was subjected to 
geometry set up and later an appropriate grid was 

generated. The C-mesh domain was created and 

adjusted as per the configuration structure. The mesh 

size was given as 0.005m and the maximum inflation 

thickness was given as 0.008m. 

 

 
Figure 2. C-mesh Domain 

 
Figure 3. Mesh around the wing 

 

 
Figure 4. Solution Generation 

 

The next stage was the solver stage. In this stage, the 

boundary conditions and turbulence model for the 

structure is defined. The number of iterations is also 
set. 

 

C. Calculation of Maximum Endurance and Range 

The aerodynamic gain has effects that are seen in 

various performance characteristics. For this study, 

the characteristics taken into account are range and 

endurance. The Maximum Endurance in hours is 

given by 

 

𝐸𝑚𝑎𝑥 =  𝑅𝑡1−𝑛   
𝜂𝑡𝑜𝑡 𝑉𝐶

 2/ 𝜌𝑆 𝐶𝐷𝑂
1/4

 2𝑊 𝑘/3 
3/2 

𝑛

 (1) 

 

Values of variables in the equations include battery 

hour rating Rt (in hours), total efficiency ηtot, battery 

capacitance C (in Ampere hours), discharge voltage 

V (in Volts), density (in kilogram per cubic metre) 

and constants k and n [13]. The mass of the UAV is 

found to be 1 kg (1000 g) and therefore, its weight W 

is taken as 9.81 N. The surface area of the wing was 

calculated and found to be 0.23 m2. The zero-lift 

coefficient is calculated from 
 

𝐶𝐷 =  𝐶𝐷𝑂 + 
𝐶𝐿

2

𝜋𝑒𝐴𝑅
  (2) 
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where CD is coefficient of drag, CL is coefficient of 

lift, e is Oswald‟s span efficiency and AR is aspect 
ratio [14]. Both the span efficiency and aspect ratio 

were calculated and found to be 0.5 and 4.87 

respectively. The values of CL and CD are taken from 

the solutions obtained at the end of the aerodynamic 

analysis procedure. 

 

Maximum Range Rmax in kilometres is given by 

 

𝑅𝑚𝑎𝑥 =  𝐸𝑚𝑎𝑥  ∗   
2𝑊

𝜌𝑆
 

𝑘

𝐶𝐷𝑂
 ∗ 3.6 (3) 

 

 

III. RESULTS AND DISCUSSION 
In this work, aerodynamic characteristics have been 

evaluated for the three different wing configurations 

with and without winglet for the considered fixed 

wing UAV. The results for each individual 

configuration are discussed below. 

 

A. Basic Configuration 

The basic configuration (i.e.) the wing without 

winglet configuration is the basis of comparison for 

the other two configurations. Figures 5,6,7 and 8 

show the variation of lift and drag force (measured in 

newtons) with angle of attack. Without any winglets 
attached it seen that maximum lift occurring at 6o 

AOA (i.e., AOA after which stall occurs) is 465.7 N. 

The maximum drag force occurring is 177.7 N. 
 

 
Figure 5. AOA vs Lift & Drag for basic configuration 

 

 
Figure 6. AOA vs Coefficient of Lift for basic configuration 

 

 
Figure 7. AOA vs Coefficient of Drag for basic configuration 

 

 
Figure 8. AOA vs Lift/Drag Ratio for basic configuration 

 

The maximum coefficient of lift and coefficient of 

drag are 0.211 and 0.083 respectively. The highest 

recorded L/D occurs at an AOA of -4o whereas the 

flying AOA of 4o with 10.62 L/D is preferred 

 

B. Default Configuration 
The UAV under consideration comes with a wing 

configuration with blended winglet attached. Figure 6 

shows the variation of lift and drag force (measured 

in newtons) with angle of attack. It is seen that stall 
occurs at 6o AOA where maximum lift force is found 

to be 485 N while maximum drag force was found to 

be 180 N. 
 

 
Figure 9. AOA vs Lift & Drag for default configuration 
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Figure 10. AOA vs Coefficient of Lift for default configuration 

 

 
Figure 11. AOA vs Coefficient of Drag for default 

configuration 

 

 
Figure 12. AOA vs Lift/Drag Ratio for default configuration 

 

The maximum coefficient of lift and coefficient of 

drag are 0.219 and 0.079 respectively. The highest 

recorded L/D of 22.4 occurs at an AOA of -4o 

whereas the flying AOA of 4o with 10.3 L/D is 

preferred. 

 

C. Max Configuration 

The introduced winglet configuration, MAX winglet 
configuration has split scimitar winglets attached. 

Figures 13,14,15 and 16 shows the variation of lift 

and drag force (measured in newtons) with angle of 

attack. It is seen that stall occurs at 15o AOA where 

maximum lift force is found to be 440 N while 

maximum drag force was found to be 177 N. 

 

 
Figure 13. AOA vs Lift & Drag for MAX configuration 

 

 
Figure 10. AOA vs Coefficient of Lift for MAX configuration 

 

 
Figure 11. AOA vs Coefficient of Drag for MAX configuration 

 

The maximum coefficient of lift and coefficient of 

drag are 0.199 and 0.0827 respectively. The highest 
recorded L/D of 5.8 occurs at an of 4o at which flying 

is preferred. 

 

 
Figure 12. AOA vs Lift/Drag Ratio for MAX configuration 
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D. Estimation of Maximum Endurance and Range 

Using equations (1), (2) and (3), the maximum range 
and endurance were calculated. The results are shown 

in Table1. 

From the table it is seen that maximum range and 

endurance, when taken in a comprehensive scale, is 

the highest in the default wing configuration (i.e.) the 

blended wing configuration. 

 

Configuration 

Zero lift 

drag 

coefficient 

Maximum 

Endurance 

(mins) 

Maximum 

Range (km) 

Basic 

configuration 
0.0779 31 17.5 

Default 

configuration 
0.0736 32 18.2 

Max 

configuration 
0.0789 31 17.4 

Table 1. Maximum Endurance and Range 

 

IV. CONCLUSION 

 

 
Figure 8. Overall Comparison 

 

By the Aerodynamic analysis procedure, the stall 

angle occurred for basic and default configurations at 

an angle of attack of 6o while it the occurred at 15o 

angle of attack in max configuration.  Taking into 

account the cumulative comparison as shown in 
Figure 8., and the values of range and endurance 

calculated, it can be seen that for this particular UAV, 

the ideal wing configuration in the blended winglet 

configuration (i.e.) the default configuration, thus 

justifying its usage in the UAV. 
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