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ABSTRACT 

 

 

The conventional wings of aircraft for Unmanned Aerial Vehicle (UAV) consists of 
problems such as vortices occurred around the wingtip and also wake region on the upper 
surface of the wings where these phenomena will greatly reduce the aerodynamic 
performance of the wings. The present study aims to propose a wing that minimize the 
drawbacks and offer a better aerodynamic performance with the addition of winglets and 
vortex generators. The numerical results of the simulation for the clean wing was compared 
with the experimental results to validate the technique of simulation and the average 
deviation is only about 4% for the lift-to-drag ratio which showed a great agreement. The 
behaviour of the fluid flow around the wing was observed, it can be concluded that adding 
winglets on the wings able to shift the position of vortices and also reduce the magnitude of 
vortices. On the other hand, adding vortex generators able to reduce the wake region between 
the fluid and the upper surface of wings. However, by adding the vortex generators will 
increase the drag of the wings by 5.5%, despite the drawback of generating minimum 
additional drag, the redesigned wing still able to contribute 15% additional lift. Finally, the 
optimization for the lift-to-drag ratio considering various length of vortex generators and 
angle of rotation for vortex generators was performed. The optimized design of wings was 
able to produce a maximum lift-to-drag ratio of 6.889 at optimal settings of vortex generators 
length and angle of rotation for vortex generators. 

 

 

 

 

 

 

 



ii 
 

 

 

ABSTRAK 

 

 

Sayap pesawat konvensional untuk Kenderaan Udara Tidak Berawak (UAV) mempunyai 
masalah seperti pusaran yang berlaku di sekitar hujung sayap dan juga kawasan bangun di 
permukaan atas sayap di mana fenomena ini akan mengurangkan prestasi aerodinamik 
sayap. Kajian ini dijalankan bertujuan untuk mencadangkan sayap yang meminimumkan 
kekurangan dan menawarkan prestasi aerodinamik yang lebih baik dengan penambahan 
sayap dan penjana pusaran. Hasil numerik simulasi untuk sayap bersih dibandingkan 
dengan hasil eksperimen untuk mengesahkan teknik simulasi dan itu menunjukkan 
perbandingan yang baik iaitu penyelewengan sebanyak 4% sahaja bagi nisbah angkat-ke-
seret. Tingkah laku aliran cairan di sekitar sayap diperhatikan, dan dapat disimpulkan 
bahawa menambahkan winglet pada sayap dapat mengubah posisi pusaran dan juga 
mengurangkan besarnya pusaran. Sebaliknya, menambah penjana pusaran dapat 
mengurangkan kawasan bangun antara cecair dan permukaan sayap atas. Walau 
bagaimanapun, dengan menambahkan penjana pusaran akan meningkatkan daya tarikan 
sayap sebanyak 5.5%, walaupun kekurangan menghasilkan seretan tambahan minimum, 
sayap yang direka bentuk semula masih dapat menyumbang peningkatan 15%. Akhirnya, 
pengoptimuman untuk nisbah angkat-ke-seret dengan mempertimbangkan pelbagai panjang 
penjana pusaran dan sudut putaran untuk penjana pusaran dilakukan. Reka bentuk sayap 
yang dioptimumkan mampu menghasilkan nisbah angkat-ke-tarik maksimum 6.889 pada 
tetapan optimum panjang dan sudut putaran penjana pusingan untuk penjana pusaran. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

Unmanned aerial vehicles (UAV) are defined as aircraft that do not require any 

human crew to fly. There are two method of flying UAVs which is fully autonomous or 

being remotely controlled by a human pilot. The size of the UAVs ranging from a palm-size 

to a large size which is comparable to a jet fighter, while the weight, normal operating 

altitude, and airspeed can be classified into different categories (Table1.1).  

Table 1.1 UAVs Classification according to the US Department of Defense (DoD) 

Category Size Maximum Gross 

Takeoff Weight 

(MGTW) (lbs) 

Normal Operating 

Altitude (ft) 

Airspeed 

(knots) 

Group 1 Small 0-20 <1200 AGL <100 

Group 2 Medium 21-55 <3500 <250 

Group 3 Large <1320 <18000 MSL <250 

Group 4 Larger >1320 <1800 MSL Any airspeed 

Group 5 Largest >1320 >1800 Any airspeed 

 

In recent years, there has been a significant growth of interest in the research of 

UAVs as indicated by the increase of numbers for the conferences and journals contributed 

on plenty different aspects ranging from aerodynamics, flight performance, stability, and 

control (Arshad, 2010). According to (Bolkcom, 2003), the future trend of aircraft will bring 
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focus from manned to unmanned aerial vehicles shown in Figure 1.1. It is convinced that 

funding for UAVs will be tripled, holding out over 10 billion dollars in the current decade. 

 

Figure 1.1: UAV Funding Profile 

 

Besides, the advantage of UAVs is the flight endurance of UAVs will not limited by 

the endurance of the pilot especially the “g” force exerted on the on-board crew. Additionally, 

according to the statements mentioned which make UAV a great option for military force to 

undergo missions involving a high degree of risk as the cost of operating a UAV is greatly 

reduced compare to a manned aircraft, missions such as visual identification, laser 

nomination of targets and bomb damage execution in enemy territory and electronic 

deception can be executed without putting any lives and costly aircraft into risk. UAVs are 

generally difficult to be detected using radar or infrared systems consequence by the small 

size, low noise and speed. 

Due to the rapid development of technologies, it is believed that UAVs can 

diversify its application to the other region such as logistics, geology, agriculture, and 
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transportation. Therefore, it is crucial to optimize the flying and aerodynamic performance 

in order to involve UAVs in other regions. 

 

1.2 Problem statement  

The conventional wings of aircraft have a common problem of vortices occurred 

around the tip of wings due to the fluid move in circular motion, which the higher pressure 

side with low velocity of air will flow to the lower pressure side with high velocity air flow 

caused a formation of vortices (Figure 1.3) at the tip of wing. However, this phenomenon is 

necessary in order to generate sufficient lift force. On the other hand, when an aircraft is 

cruising, the friction between the air and the wall reduce the kinetic energy of the boundary 

layer formed between the surface of the wing and air. When this happen, the boundary layer 

formed will be separated from the surface (Figure 1.2) of the wing and creates a wake region 

causing a pressure difference and induced a high drag force. These problems will increase 

the fuel consumption of the UAVs and decrease the range of flight. Moreover, the induced 

drag on the wingtip is overwhelmed it may cause damage on the wing consequence safety 

risks during the flight. 
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Figure 1.2 Base Line Vortex Generator off case source from (Lin, 2002). 

 

Figure 1.3 Static Pressure Coefficient and Streamlines in the Vortex Core source 

from (Jean, et. al, 2016) 

 

1.3 Objectives 

The aims of this projects are as following: 

i. To develop CFD model of flow characteristic around the wing of UAV. 

ii. To optimize the length (𝐿𝐿) and angle of rotation (𝛽𝛽) of vortex generators under 

the constraint of fixed parameters winglet and propose a redesigned wing. 

iii. To compare the lift coefficient (𝐶𝐶𝐿𝐿), drag coefficient (𝐶𝐶𝐷𝐷), and lift-to-drag 

(𝐿𝐿 𝐷𝐷⁄ ) ratios with an angle of attack (AoA) of clean wing and redesigned wing 

using CFD. 

 

Baseline Separations 
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1.4 Scope of project 

 The scopes of this projects are: 

i. Results of the simulation are presented in this report and only bounded around 

the wings of the UAV. 

ii. Results of the simulation are simulated using ANSYS and validated using the 

results of past experimental research. 

iii. The 𝑅𝑅𝑅𝑅 number and the AoA is 2.5×105 and 8° respectively for the results of 

optimization. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Vortex Generator 

 There are few techniques can be used to control the flow of fluid around the wing of 

the UAV, one of the passive flow control is vortex generator (VG). Vortex generators able 

to enhance the aerodynamics performance of the aircraft in the condition of cruising and 

maneuver. At a subsonic condition which also consider as low Reynolds number (𝑅𝑅𝑅𝑅), the 

boundary layer of the flow is stable overall while the existence of an adverse pressure 

gradient cause a laminar separation. Without the disturbance results in externally force, the 

phenomena of the separation of laminar can elongate to the trailing edge of the aerofoil, a 

large pressure drag on the aerofoil will occur (Stack and Mangalam, 1990). Vortex 

Generators have been widely applied to dynamize the boundary layers which are “sluggish”, 

which are generally turbulent and thick. The purpose of vortex generators is to detain the 

separation and results in increasing the maximum lift coefficient. The vortex generators are 

usually a small inclined vane which may be in rectangular or triangular shapes. The working 

principle of the vortex generator is by mixing the high-energy freestream fluid into the lower 

magnitude of the boundary layer, therefore to energize it. The size of the vortex generators 

is usually designed according to the half of the height of the boundary-layer thickness (Kerho, 

2003). However, vortex generators do have drawbacks, they generate minimum of drag 

penalty and may reduce the maximum lift-to-drag ratio. Despite the drawbacks, vortex 

generators are able to increase the maximum lift coefficient and extend the angle of attack 
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of stall (Bragg and Gregorek, 1987). Vortex generators were also analysed and found to 

enhance the degenerated performance consequent by the trip strip back to the “clean section” 

level. The drag penalty can be reduced better by wheeler-type vortex generators (Figure 2.2) 

then the typical vortex generators for the similar levels of flow control (Barrett and Farokh, 

1993). 

 

 

 

Figure 2.1 Definition of vane-type passive VG devices (Bur, 2009) 

 

Figure 2.2 Definition of wheeler-type vortex generator (Lin, 1990) 

Few parametric studies have been conducted by several researchers, Godard, 2006, 

Pauley and Eaton, et al, 1998 and Ahmad, et al, 2005. the results show that skewed angle of 

vortex generator will affect the skin friction and vortices magnitude downstream of the 

b) Co-Rotating VGs a) Counter-Rotating 
VG  
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vortex generator. In the other hand, the spacing between each couple of vortex generators 

have been tested by Ahmad and Bur, et al. The other researchers also tested and analysed 

the effects of follow control in Sub-vortex generators, micro-vortex generators and blowing-

vortex generators (Lin, 1999), (Babinsky, et al., 2007) and (Jiang, et al., 2012). The drag 

reduction can be increased by a relatively low height vortex generator as it can produce a 

preferable eddy structure without prematurely generating a downstream turbulent boundary 

layer. In fact, it is also observed that the mutual vortex interference which leads to a faster 

vortex decay can be decreased by increasing the gap ratio of the counter rotating vanes (see 

figure 2.1 for the definition of vane-type VG devices), besides, the device can be prevented 

from adversely affecting the boundary layer in adverse pressure gradient flow (Lin, 2002).  

 The flow phenomenon above the airfoil with and without vortex generators has been 

studied by using the computational fluid dynamics (CFD), as it can easily design the most 

optimized flow devices. The CFD simulation results showed that it is effective in reattaching 

the split shear layer and decreasing the size of separation zone by applying passive vortex 

generator (Shan, et al., 2005). The governing equation of CFD code FLUENT 6.3™ 

compressible (RANS) is as following: 

𝑑𝑑
𝑑𝑑𝑑𝑑 ∫ 𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝜌𝑉𝑉 + ∫ 𝜌𝜌𝜌𝜌�𝑢𝑢 − 𝑢𝑢𝑔𝑔�𝑑𝑑𝑑𝑑𝜕𝜕𝜕𝜕 = ∫ Г∇ ∙ 𝑑𝑑𝑑𝑑𝜕𝜕𝜕𝜕 + ∫ 𝑆𝑆∅𝑑𝑑𝑑𝑑𝑉𝑉        (2.1) 

where 𝑢𝑢 is the flow velocity vector, 𝑢𝑢𝑔𝑔 the grid velocity of the moving meshes, 𝜌𝜌 the density 

of fluid, ∅ the property of the fluid and 𝑑𝑑𝑑𝑑 the surface area of the fluid domain under 

consideration. The term Г represents the diffusion coefficient and 𝑆𝑆𝜑𝜑 represents the source 

term of 𝜑𝜑. The term 𝜕𝜕𝜕𝜕 is used to represent the boundary of the control volume 𝑉𝑉. In fact, 

the RANS model able to provide a decent value even the coarser grid has been applied 

compared to the common LES models which could not provide an acceptable value 

(Johansen, et. al, 2004) 
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2.2 Aerodynamic Analysis of UAV 

 In the initial design of an aircraft, the estimation of the aerodynamic characteristics 

of aircraft, there are several ways of obtaining the characteristics of the aircraft such as wind 

tunnel testing, smoke, tufts, laser sheet and surface oil flow. However, for the different 

design, plenty of new tests will be needed to carry out and this will be a time wasting action. 

From the statement mentioned the cost of design will be surged up. Therefore, computational 

fluid dynamics (CFD) simulation is a better option and more convenient way to estimate the 

aerodynamic characteristics (Haris and Md Nizam, 2008).  

 The method for the calculation of the subsonic, transonic and supersonic derivatives 

are provided in the Datcom method which is a USAF stability and control handbook. In 

order to use Datcom method to estimate the lift coefficient (𝐶𝐶𝐿𝐿), it is mandatory to determine 

few aerodynamic characteristics using the following equations, 

𝐶𝐶𝐿𝐿𝐿𝐿 = (𝐶𝐶𝐿𝐿𝐿𝐿)𝑒𝑒�𝐾𝐾𝑁𝑁 + 𝐾𝐾𝑊𝑊(𝐵𝐵) + 𝐾𝐾𝐵𝐵(𝑊𝑊)�
𝑆𝑆𝑊𝑊𝑊𝑊′
𝑆𝑆′

+ (𝐶𝐶𝐿𝐿𝐿𝐿)𝑒𝑒[KW(B)+KB(W)]''[1- 𝛿𝛿𝛿𝛿
𝛿𝛿𝛿𝛿

] 𝑞𝑞
′′

𝑞𝑞∞

𝑆𝑆′′

𝑆𝑆′
𝑆𝑆𝑒𝑒′′

𝑆𝑆′′
     (2.2)                                                                                                                                              

(𝐶𝐶𝐿𝐿𝐿𝐿) = [𝑖𝑖𝑊𝑊 − (𝛼𝛼𝑜𝑜𝑜𝑜)](𝐶𝐶𝐿𝐿𝐿𝐿)                                        (2.3) 

In order to determine the lift coefficient, the aerodynamics properties for the parts following 

must be established, such as wing-body, wing alone, body alone, and tail alone. These 

properties are: 𝛼𝛼𝑜𝑜 , (𝛼𝛼𝑜𝑜)𝑊𝑊 , (𝐶𝐶𝐿𝐿𝐿𝐿)𝑒𝑒 , (𝐶𝐶𝐿𝐿𝐿𝐿)𝑤𝑤, (𝐶𝐶𝐿𝐿𝐿𝐿)𝑊𝑊𝑊𝑊, (𝛼𝛼𝛼𝛼𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑊𝑊, (𝛼𝛼𝛼𝛼𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑊𝑊𝑊𝑊, (𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑊𝑊𝑊𝑊 

The wing-body-tail lift curve slope and zero-angle-of-attack lift coefficient can be obtained 

by using equation (2.2) and (2.3). While by combining eq. (2.2) and eq. (2.3) the lift 

coefficient of wing-body and tail combination that various with angle of attack can be 

estimated (Douglas, 1978). 

(𝐶𝐶𝐿𝐿) = (𝐶𝐶𝐿𝐿𝐿𝐿) + (𝐶𝐶𝐿𝐿𝐿𝐿)𝛼𝛼    (2.4) 
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In figure 2.3, the value of 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 from the calculation equation (2.5) yielded 1.467 

for the wing-body combination as well as the wing alone, which means that the 

aerodynamics effects of the fuselage were negligible by referring to the equation (2.6). In 

the other hand, base of figure 2.3 it shows that the wing body combination has lift coefficient 

higher than wing body tail combination which consequence by the involvement of tail panels. 

According the eq. (1), the tail inference which gave the negative value referred by the second 

term, while the curve slope for wing body combination referred by the first term. When the 

both terms are being summed up, it will result a lower value than the wing body combination.  

 

Figure 2.3 Lift coefficient versus angle of attack by Datcom method 

 

                                                                                                                                               (2.5) 

 




