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Abstract: The wing-body configuration for Micro Unmanned Aircraft Vehicle (UAV) decides 
their aerodynamics performance which potentially providing benefits for wing design optimization. 
This challenge leads to the development of future wing body aircraft. The numerical study, utilizing 
Computational Fluid Dynamics (CFD), is developed in the current work to analyze blended winglet 
configuration on their performance. Critical parameters combination of taper ratio together with Cant 
angle were considered. Six wing designs; with no winglet as a baseline, winglet with constant Cant 
angle of 60° having 0.3, 0.4, and 0.5 taper ratio values and winglet with a constant taper ratio of 0.3 
having 50° and 70° Cant angles values, were investigated to observe the vortex distribution and 
streamline flow behavior of the wingtips. Besides, their effect on lift and drag coefficients and lift to 
drag ratios were also investigated. Using Reynolds-Averaged-Navier- Stokes (RANS) equation 
coupled with k- ω Shear Stress Transport (SST) turbulent model, the current design founds that the 
best blended-winglet configuration for Micro UAV was the combination of taper ratio of 0.3 and 
Cant angle of 50°. It enhances the average lift to drag ratio to 9.84% while reducing the average 
wingtips vortex to 17% compared to the baseline (with no winglet).  
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1.  Introduction 

Overview  
The aerodynamic performance analysis is important 

when moving air occurs. As is usual, they are applicable 
for investigating the difference airfoil design performance 
for a wind turbine, for example, thin airfoil SD20301) and 
Du96-W-180 wind turbine airfoil2). It is also applicable in 
aircraft applications fields for Unmanned Aerial Vehicles 
(UAV)3).  

The increasing demand for UAV or Unmanned Aircraft 
Systems (UAS) with various mission types opens the wide 
possibility for an aerodynamics improvement. The 
numerical simulation using Computational Fluid 
Dynamics (CFD) can be one of the tools which could 
provide a robust aerodynamics performance analysis4). 
Nonetheless, the improvement could be very tricky with 
the optimization procedure and sizing technique5),6). The 
overall UAV performance depends on their geometry, 
systems, and environmental factors7). Among the full 
architecture of aircraft design, the wing-body 
configuration was the most attractive study in performing 
the performance optimization. The interaction parameters 

of the wing-body structure decide their aerodynamic 
characteristics. The aerodynamics forces over the wing 
enduring two essential sources of pressure distribution and 
shear stress8). The lifting force drove the wing occurs due 
to the pressure difference of the lower and upper surface. 
Therefore, the wing design must offer sufficient lift force 
to ensure the aircraft can fly with it. Besides the lift force, 
the drag force and nose-pitching moment must be 
considered when designing the wing-body. The 
optimization mostly has been done with maximizing the 
lift force while reducing the drag force pitching moment. 
Several wing parameters for UAV through structure and 
materials9) and wing morphology10) play an essential role 
in aerodynamics characteristics.  

Panagiotou and Yakinthos11) provided a guideline for 
the aerodynamic performance optimization for fixed-wing 
UAV. The complete study for UAV operating under a low-
speed subsonic regime was made by providing the effect 
of UAV configuration on the total drag budget with 
various angles of attack. They found that the winglet 
configurations would offer a potential benefit for 
enhancing the aerodynamics performance. The winglet 
technology revels in satisfactory readiness level. 
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Therefore, the current study focused on modifying wing 
morphology by adding a blended winglet on the wing-
body. A winglet is the adjunction of an aerodynamic 
device on the wingtip to gain the aircraft's ability to reduce 
the induced drag. Winglet acts to minimize the vortex size 
of the wingtip by shifting the vortex. When the winglet 
properly designs for an aircraft, it could increase the 
aircraft wing's effectiveness aspect ratio without 
remarkable total drag and structural load. The following 
review explained the wing parameter design and its effect 
on the aerodynamics performance. 

The blended-wing-body design has been implemented 
into civil aircraft by Chen et al. 12). The impact of mean 
aerodynamic chord and wetted aspect ratio were 
investigated to evaluate the stability, control, and low-
speed performance. They found that the high mean 
aerodynamics chord followed by a high wetted aspect 
ratio offers the blended-wing-body aircraft's highest 
efficiency. Boutemedjet 13) developed an optimization of 
UAV aerodynamic design using a genetic algorithm and 
artificial neural network (ANN). The UAV wing, fuselage 
design, and empennage were evaluated for the lift, drag, 
and pitch moment coefficients. The design variables for 
the wing configuration were aspect ratio, wing loading, 
wing taper ratio, and wingtip twist angle. Within their 
study, they also observed the winglet contribution on UAV. 
The lift coefficient was increased as compared to the wing 
with no winglet. The additional winglet could reduce the 
tip vortices effect while adding the lifting surface. Besides, 
the high taper ratio was able to provide a high lift 
coefficient. Panagiotou et al. 14) developed a conceptual 
design for the blended wing body of MALE UAV. The 
winglet utilization reveals 10% lighter in weight which 
would be beneficial for lowering fuel consumption and 
total weight reduction. The improvement of winglet 
control surface effectiveness was numerically investigated 
by Bruderlin et al.15). The vortex generator configuration 
was evaluated to assess the aerodynamics characteristics 
of the winglet. The vortex generator's presence is expected 
to increase the control surface's effectiveness at high 
deflection angles. The vortex generator was able to 
redirect the flow and increase the lift. Guerrero et al.16) 
investigated the effect of cant angle and sweep angle of 
the winglets on aircraft performance. Cant angle 
adjustment would improve the performance. The blended 
winglet design can be categorized as a unique design since 
the wing intersection has no sharp edge but has a smooth 
curve. Hence, the benefit of using the winglet for UAV 
that even though giving a slight improvement to the 
performance of UAV but it might allow to improve the 
range and has a long duration of time in flight. The 
research of the modification of wing configuration to 
enhance the aerodynamics performance was also 
conducted by the researcher to investigate the parameter 
details that affected the winglet performance. It was 
affected by the wing reference17), wing structure18), cross-
section19), aspect ratio20), taper ratio21), twist angle22), 

sweep angle23), span24), number of wings25) and other wing 
accessories. Considering the literature study, the current 
study's motivation is to evaluate mutual interaction 
between taper and Cant angles in aerodynamics 
performance improvement of Micro UAV. 

 
Novel Configuration 

Micro UAV is one of the UAV classifications, which 
was based on mean take-off weight (MTOW). The Micro 
UAV has a characteristic of weight less than 5 kg, range 
flight distance no more than 10 km, flight height less than 
250 m, and endurance less than 1 hour. The available 
information and technology regarding the unmanned 
vehicle encourage UAVs to apply for civilian purposes to 
facilitate work26). The novelty of the current study is 
judged by considering the Micro UAV characteristics, that 
is, developing the configuration of a blended winglet 
(configuring the taper ratio and Cant angle) for reducing 
the air resistance. The main purpose is to investigate the 
interaction between the taper ratio and Cant angle to 
propose the optimized design configuration that could 
achieve high aerodynamics performance. The design 
process phase began with the initial layout of a wing with 
no winglet (baseline). The first comparison was between 
the wing with no winglet as a baseline and the wing with 
a blended winglet with three different taper ratios of 0.3, 
0.4, and 0.5 while maintaining the constant cant angle of 
60°. The improved layout has been constructed based on 
the initial results. Once the taper ratio configuration is 
decided, the winglet configuration with the different cant 
angles of 50° and 70° will be evaluated to determine the 
optimum combination of the wing geometry and specified 
aerodynamics requirements. The Computational Fluid 
Dynamics (CFD) was utilized to evaluate the flow field 
characteristics of airflow pattern, vortex structure of the 
wingtips, lift and drag force behavior. 

 
2.  Methodology 

The detail of the design methodology is presented in Fig. 
1. The optimization is designed by improving the layout 
of the wing. First, as the baseline, the wing with no 
winglet was evaluated for its aerodynamics performance, 
including the lift-drag behavior and the wingtips airflow 
pattern and vortex structure characteristics. Once the 
wing's performance with no winglet was revealed, the 
optimization began with the modification of the wing by 
adding the winglet called blended winglet. The improved 
layout was done using the blended winglet with three 
different taper ratios of 0.3, 0.4, and 0.5 while maintaining 
the constant Cant angle of 60°. After the taper ratio was 
decided, the modification of the Cant angle was proposed 
in the current study. It was 50° and 70°. The optimization 
method of the study was done by combining two 
parameters to get the highest aerodynamics performance 
yet keep the constraint of the mission requirement for 
micro-UAV to meet the specification of flight and 
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structure requirements as shown in Table 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Design methodology. 
 
Table 1 shows the mission requirement of the Micro 

UAV used in the current study.  
 

Table 1. Mission requirement of Micro UAV 
Specifications Values 
Flight & structural requirements  
Minimum Endurance 1 hour 
Minimum Flight distance 30 km 
Minimum velocity 20 km/h 
Cruise velocity 80 km/h 
Max. Velocity 100 km/h 
Payload weight 1.5 kg 
MTOW 3.5 kg 
Wing load 7.79 kg/m 
  

 
The wing with no winglet and wing with blended 

winglet having taper ratio of 0.3, 0.4, and 0.5 was 
examined as the initial design. Preliminary analysis was 
evaluated through their aerodynamics performance and 
fluid flow behaviors. After obtaining the best performance 
from the initial design, the Micro UAV optimization 

performance was then followed by improving the blended 
winglet layout with a Cant angle of 50°, 60°, and 70°. The 
analysis of the aerodynamics performance was performed 
to reveal the best combination of the parameter design. It 
was intended to achieve the highest performance of the 
wing structure. Hence, it will be able to fulfill the 
requirement of the mission. The details of the design and 
steps for the optimization will be explained later in the 
following section. The details of the design and steps for 
the optimization will be explained later on in the following 
section.  

 
2.1  Geometric Model Design 

The wing configuration will determine the wing area. 
Thus, the airfoil selection should meet with the lift 
coefficient covering the mean take-off weight (MTOW) 
with a minimum drag coefficient. Table 2 presented the 
geometry of the main wing configuration.  

 
Table 2. Geometry of the main wing configuration. 

Parameters Values 
Chord Tip (CT) 0.2 m 
Chord Root (CR) 0.33 
Wing area (S) 0.449 m2 
Wingspan (b) 1.8 m 
Aspect ratio (AR) 7.22 
Taper ratio ( λ ) 0.61 
Incidence angle 4° 
Sweep angle (ᶂ)  6.86° 
Twist angle 0° 

 
The NACA 2411 airfoil was utilized to generate the 

main wing design to ensure the airfoil having sufficient 
lifting force. The results corresponding to NACA 2411 
revealed that the wing was expected to give an average lift 
coefficient of 0.52 within the range attack angle of 0° to 
4°. Moreover, the NACA 2411 airfoil was considered to 
work within attack angle of 0°-10°, since after attack angle 
of 10°, the NACA 2411 airfoil was experiencing stall. The 
current study for the design optimization only consists of 
a wing section without the fuselage and tail section27). This 
method is aiming to avoid the lift produced by the tail and 
the fuselage8). Figure 2 shows six different layout of wing 
configurations. 
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(a)  
 

(b)  

 

 (c)  

 

 (d)  

 

(e)  

 

 (f) 

Figure 2. Wing configurations; (a) with no winglet, blended winglet with taper ratio of (b) 0.3, (c) 0.4, (d) 0.5, and blended 
winglet with Cant angle of (e) 50°, (f) 70° 

 
2.2  Mesh Generation 

The numerical analysis results and computational time 
depend on the quality of the chosen computational method. 
To get an accurate result, the computational network must 
be carefully developed since it determines the amount of 
convergence. In the current study, the meshing method 

was unstructured meshing with mesh topology, mostly 
dominated by the tetrahedron. It has also been furnished 
with hybrid grid meshing with hexahedron meshing, 
particularly in the wing surface. The unstructured meshing 
is more suitable for wing airfoil and blended winglet since 
the structure was mostly in the curve shape28). To improve 
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the mesh quality, mesh treatment using body sizing with 
the “body of influence” method; face sizing, especially at 
leading-edge and trailing-edge, and the inflation layer 
along the wing surface was applied, which supposed to 
capture the viscous effect and vortex phenomenon in the 
winglet or wingtip. Figure 3 shows the mesh treatment for 
the wing surface.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
(a) 

 
 
 
 
 
 
 
 

 
 
 

(b) 
 
 
 
 
 
 
 
 
 
 
 

(c) 
Figure 3. Wing surface mesh treatment; (a) body of 

influence method, (b) face sizing, (c) inflation. 
 

Figure 3 (a) depicts the “body of influence” method. It 
was intended to provide a dense mesh near the wing 
surface. The face sizing on the wing surface was depicted 
in Fig. 3 (b). The leading edge, trailing edge, and wingtip 
were treated with the face sizing since it significantly 
affected the drag and lift force on the wing's surface. 
Meanwhile, the mesh treatment using inflation also was 
utilized in the current study, as shown in Fig. 3 (c). The 

inflation mesh treatment could visualize the boundary 
layer and velocity distribution of the fluid flow near the 
wing surface. 

 
2.3  Governing Equation 

The air flow was assumed as an external and steady 
flow, incompressible, and isothermal to simplify the 
evaluation. Considering the flow as a dynamic flow, the 
solver was governed by Navier Stokes Equations. It 
denotes the fundamental principle of mass (continuity), 
momentum, and energy conservation. It is, however, the 
energy conservation was ignored due to the isothermal 
assumption. Based on the assumption, the solution was 
determined by Reynolds-Averaged Navier Stoke (RANS) 
equation with the pressure-base method. The conservation 
of mass and momentum can be written as follows: 
 
Conservation of mass (continuity; steady flow and 
incompressible flow): 

+   +   = 0 (1) 

Conservation of momentum (Navier-Stokes; steady flow 
and incompressible flow): 
ό  +  ὺ +  ύ = +  ʉ +  +   (2) 

ό  +  ὺ +  ύ = +  ’ +  +   (3) 

ό  +  ὺ +  ύ = +  ʉ + +   (4) 

where ρ represents the fluid density, u, v, and w determines 
the velocity for components x,y and z, while represents the 
static pressure.   

The prediction of turbulent kinetic energy, k, and 
specific rate dissipation, ω, for separated flow over the 
wing configurations was estimated by the k- ω Shear 
Stress Transport (SST) model29). This model gives the 
same trend with experimental data, particularly when 
having a low attack angle30). The RANS equation, then 
added by these two-following equations:  
Turbulence kinetic energy: 

( ) + = ὖ  ‍ᶻ”‫Ὧ +  (‘ + „ ‘ )   (5) 

Specific dissipation rate: 
 

( ) +  =  ὖ  ‍𝛽𝛽𝜔𝜔  +  (‘ + „ ‘ ) +

2(1 Ὂ )„   (6) 

 
where ‍, ‎, „ , and „  represent the model constant. 
 
2.4  Boundary Conditions 

The boundary condition of the blended winglet 
configuration was illustrated in Fig. 4. 
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