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Abstract: The design process of a product is a multi-step process of selection and assessment criteria to create a final 
product which meets all the needs of the practice. A small UAV combined between flying-wing and quadrotor is a very 
complex product, so the design process of this small UAV requires a thorough and circumspect review. The problem is how to 
optimize the design and to carry out the testing of the feasibility of design requirements with the lowest cost and time savings. 
For that reason, many tools of Multi-Fidelity Analysis for UAV such as XFLR5, XFoil… have been used to give considerable 
support for this design process. This research focusses mainly on the analysis/design of the configuration of a small UAV 
flying wing based on the performance at its cruise speed. 
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1. Introduction 

Today, a quadcopter, also called a quadrotor helicopter or 
quad rotor has become popular as a type of unmanned aerial 
vehicle (UAV) with typical characters of maneuverability, 
stability, integration of applications for surveillance, film 
maker, photography, or toys... However, the downside of this 
configuration are that all four propellers have to assume as 
generators of lift and thrust as the same time. That should not 
be achieved in higher speed flights, in addition, the character 
of self-stability this configuration is dependent on control 
algorithms. So, the idea of a composite configuration 
between a quadrotor and a fixed-wing models allows the 
integration of precious advantages of both types of models. S. 
Verling and J. Zilly presented a configuration of a VTOL 
Glider [1]. M. Hochstenbach and C. Notteboom developed a 
quadcopter tail sitter, named VertiKUL [2]. As the result, the 
concept has capability to perform not only vertical take-off 
and landing as a pure quadcopter, but also to fly as a fixed-
wing/flying-wing configuration. Therefore, after taking off 
vertically at regime of a pure quadcopter and reaching at the 
certain altitude, the small UAV will gradually have tilted to 
have the horizontal velocity, and then the generation of lift 
will be the responsibility of its wing. In this regime, the 

entire power generated by four rotors will be transferred to 
the thrust forces so that this concept can take advantage of 
high speed in comparison with the traditional form of a 
similar fixed-wing/flying configuration. 

This research emphasizes the use of XFRL5, XFoil 
[3][4][5][6], the multi-fidelity analysis tools for the selection 
of a suitable flying-wing configuration at its cruising speed 
(the configuration of the quadcopter is done before and is 
simplified by a distribution of its payload). 

2. Airfoil Selection Loop 

We will identify the criteria for this UAV flying wing by 
using the airfoil database loop. Weighted Scoring Method 
(WSM) is employed for finding maximum weighted value 
from a collection of the suitable airfoils. So, the airfoil has 
maximum weighted score is selected. 

2.1. UAV Airfoil Database 

The Table 1 presents a collection of the 29 airfoils for our 
small UAV flying wing [7][8][9]. Note that, the Reynolds 
number (Re) in this case is about 3×105 (where Re = ρVcw/µ). 
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Table 1. Collection of UAV flying-wing airfoil. 

No. Airfoil No. Airfoil 

1 E182 16 HS 3.4/12B 
2 E184 17 HS 3.0/9.0B 
3 E186 18 HS 2.0/8.0 
4 EH 1.0/9.0 19 HS 520 
5 EH 2.0/10 20 HS 522 
6 EH 2.5/10 21 HS 130 
7 EH 3.0/12 22 S 5.0/1.0 
8 MH 32 23 S 5.0/2.0 
9 MH 45 24 SD 7003 
10 MH 60 25 SIPKILL 1.7/10B 
11 MH 60-12% 26 JWL-065 
12 TL 54 27 EMX-07 
13 TL 55 28 RS 400A 
14 TL 56 29 PHÖNIX 
15 HS 3.0/8.0B   

2.2. Criteria for UAV Flying-Wing 

A set of criteria for the best performance of a small UAV 
have to be set in order to select the best airfoil. Therefore, 
from our UAV flying-wing design requirements, the criteria 
for each parameter are shown in Table 2. 

Table 2. Criteria for flying wing airfoil selection. 

No. Coefficient Criteria % 

1 ��� Close to �������	is the best 10% 

2 �
� � 0 ��� Low magnitude is best 5% 

3 �
 � 2 ��� Low magnitude is best 15% 

4 ��
��  Highest is the best 20% 

5 ������  Highest is the best 15% 

6 ��
�� Lowest is the best 15% 

7 ��/����� Highest is the best 10% 

8 ��

�/�
/����� Highest is the best 10% 

Total 100% 

2.3. Weight Scoring Method 

Weighted Scoring Method (WSM) is a selection method 
comparing multi criteria. It includes determining all the 
criteria related to the selection, giving each criteria a 
weighted score to reflect their relative importance and 
evaluation of each criteria.  

WSM consists of these following steps: 
• Determining all the criteria as shown in Table 2. 
• Creating evaluation table for each airfoil is based on 

criteria. 
• Making sum of all the products and selecting the 

airfoil with highest total points from full airfoil 
database. 

As shown in Figure 1, the TL54 airfoil (airfoil no. 12) 
have maximum weighted score, so TL54 is selected for our 
UAV flying-wing. 

 

 

Figure 1. Score of Airfoil database for UAV flying-wing. 

In the following figures, the aerodynamic characteristics of 
the selected airfoil (the TL54 airfoil) will be presented. They 
are the lift coefficient (see Fig. 2), the drag coefficient (see 
Fig. 3), the moment coefficient (see Fig. 4), the coordinates 
(see Fig. 5) of the TL54 airfoil. 

 

Figure 2. Lift coefficient of TL54 airfoil. 

 

Figure 3. Drag coefficient of TL54 airfoil. 
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Figure 4. Moment coefficient of TL54 airfoil. 

 

Figure 5. Coordinates of TL54 airfoil. 

3. Preliminary Sizing 

Based on the UAV requirements and the selected airfoils in 
the precedent phase, the preliminary sizing give the initial 
configuration of the UAV [10]. Table 3 shows the preliminary 
sizing of our UAV combined between flying-wing and 
quadrotor (note that, in this phase the configuration of the 
quadrotor is simplified by its payload).  

Table 3. Preliminary sizing of the UAV flying-wing. 

Parameters Value 

Flying weight 2.30 kg 
Speed range hover – 30.40 m/s 
Range 10 km 
Flight time 20÷30 minutes 
Propulsion Electric prop. (×4) 
Dimensions 1.20×0.80×0.36 m 
Main wing: 

Span of wing 1.19 m 
Airfoil TL54 
Wing Area 0.22 m2 

Chord Root-Cr 0.35 m 
Chord Tip-Ct 0.10 m 
MACw 0.20 m 
Aw 6.5 
Aileron (Flap trim up 4 deg) 2.0 deg 
Sweep angle 17.0 deg 
Center of gravity (X; Y; Z) (0.15; 0; 0) 
Neutral point (X; Y; Z) (0.18; 0; 0) 
Vertical tail: 

Span  0.80 m 
Airfoil NACA 0010 
Area  0.04 m2 

Chord root  0.13 m 
Chord tip  0.05 m 
Sweep angle 21.0 deg 

4. Aerodynamic Analysis with XFLR5 

Our research presented in [5] verify that the use of a multi-
fidelity analysis tool like XFRL5 could help to evaluate the 
aerodynamic characteristics of the low speed UAVs with 
higher fidelity than the use of the conventional aerodynamic 
approach [11]. Therefore, based on the preliminary sizing, a 
3D model of our UAV flying-wing is created and analyzed by 
XFLR5 (see Fig. 6). 

 

Figure 6. 3D model of the UAV flying-wing in XFRL5. 

4.1. Longitudinal Stability 

An airplane satisfies the static longitudinal stability if its 
pitching moment curve has a negative slope (dCm/dα < 0) 
and to trim at positive angle of attack (Cmo > 0). The pitching 
moment for an airplane could be expressed by the following 
equation: 

 CmCG = Cmo + dCm/dα×α (2) 

As a result, with an airplane’s configuration, the 
longitudinal stability could help to determine to the airplane’s 
center of gravity position in which it is still stable. For our 
UAV flying-wing, the center of gravity is located at the 
position of 0.15 meters from the leading edge of the wing 
root chord (≈ 19.4% MAC) as shown in Fig. 7. 

 

Figure 7. Center of gravity position of UAV flying-wing. 

The total lift coefficient vs. angle of attack, the pitching 
moment coefficient vs. angle of attack will be presented in 
figures 8, 9. The pitching moment characteristics of this UAV 
flying-wing at CG of 19.4% MAC and at its cruising speed 
have shown that our UAV flying is satisfied with the 
longitudinal stability conditions. So, the slope of the lift 
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curve (CLα) is about 0.075 (1/deg) and the value of the zero 
lift angle of attack (CLo) is nearly zero (see Fig. 8). The slope 
of the pitching moment curve (Cmα) is – 0.012 (1/deg) and 
the value of the pitch moment at the zero angle of attack (Cmo) 
is 0.014 (see Fig. 9). 

 

Figure 8. Total lift coefficient of UAV flying-wing. 

 

Figure 9. Pitching moment coefficient of UAV flying-wing. 

4.2. Directional Stability 

To have static directional stability, the yaw moment must 
develop a yawing moment that will restore the airplane to its 
equilibrium state. Assume that the airplane is flying with 
positive sideslip angle β, the airplane should develop a 
restoring moment that will tend to rotate it back to its 
equilibrium condition; that is, a zero sideslip angle. That 
means the slope of yawing moment curve (Cnβ) must be 
positive [11]. Figure 10 presents the yawing moment 
coefficient curve of our UAV flying-wing at the CG of 19.4% 
MAC and at its cruising speed. With the slope of the yawing 
moment curve (Cnβ) is about 0.0006 (1/deg), our UAV flying-
wing is satisfied the static directional stability condition. 

 

Figure 10. Yawing moment coefficient of UAV flying-wing. 

 

Figure 11. Induced drag coefficient of UAV flying-wing. 

4.3. Drag polar 

Finally, according to the preliminary sizing, the drag polar 
characteristics of our UAV flying-wing could be estimated in 
order to analyze its flight performance. The drag polar of a 
low Reynolds UAV has the following form: 

 
2

0 0 π
= + = + L

D D Di D

C
C C C C

Ae
 (2) 

where CDi is the induced drag coefficient and CDo (≈ CL
2/πAe) 

is the parasitic drag coefficient. 
Because the XFRL5 is an analysis tool for planes 

operating at low Reynolds numbers and is based on the code 
in inviscid mode using 3D panels over the range -8o ≤ α ≤ 
12o, XFLR5 could only produce a good estimation of the 
induced drag coefficient (CDi). It lack the capability for the 
estimation of the parasitic drag coefficient (CDo). Roskam in 
[12] presents a simple approach according to a configuration 
of an airplane to evaluate its drag polar (including the 
parasitic drag). However, when we applied this approach to 
our UAV flying-wing, the value of the parasitic drag 
coefficient is very small in comparison with the selection of 
the electric motor/propeller of the similar small UAVs flying-
wing. So we need to use other methods or tools with higher 
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fidelity to analyze the parasitic drag of the UAV flying-wing. 
The figures 11, 12 present the induced drag coefficient 

curve and the simulation of the air flow over the UAV flying-
wing at its cruising speed. 

 

Figure 12. Simulation of the air flow over the UAV flying-wing and the 

distribution of pressure 

5. Conclusions 

A small UAV combined between flying-wing and 
quadrotor is a very complex product, so the design process of 
this UAV requires a thorough and circumspect review in 
order to optimize the design and to carry out the testing of the 
feasibility of design requirements with the lowest cost and 
time savings. For that reason, our research emphasizes the 
use of XFRL5, a multi-fidelity analysis tools, combined with 
an adequate airfoil selection approach for the selection of a 
suitable UAV flying-wing configuration in the regime of 
forward flight. 

The limit of our work is the lacking of the capability to 
estimate the parasitic drag coefficient in order to evaluate the 
performance of our UAV. This is one of the future work in 
this research. Another future work is to study the 
stability/control of our UAV for autonomous parcel delivery 
with transition from vertical take-off to forward flight. 
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Nomenclature 

CL Overall lift coefficient of an airplane 
CLα Overall lift-curve slope of an airplane 
CLo Zero lift angle of attack 
CD Overall drag coefficient of an airplane 
CmCG Pitch moment coefficient 
Cmα Pitch-moment-curve’s slope 
Cmo Zero pitch-moment angle of attack 

Cnβ Yaw-moment-curve slope 
� Air density 
��� Parasitic drag coefficient of an airplane 
cw Mean chord 
  Air dynamic viscosity 
��� Included drag coefficient of an airplane 
A Aspect ratio of the main wing 
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