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Abstract - The aim of this study is to investigate the effect 

of changing the angle of attack and flapping angle on the 

aerodynamic characteristics of an unsymmetrical wing 

with the NACA 2412 profile. This work uses the Vortex 

Lattice Method. The results of this study show that 

increasing the flapping angle causes the pitching moment 

to decrease while induced drag and moment coefficient 

increase, meanwhile, the lift coefficient increases at 

positive angles of attack and then decreases at negative 

angles of attack. The pitching moment decreases with 

increasing angle of attack at positive flap angles, but this 

value increases at negative flap angles. Meanwhile, the 

induced drag decreases from an angle of attack -15° to a 

minimum at an angle of attack -5° and then increases. The 

moment coefficient increases with increasing angle of 

attack at positive flapping angles, but decreases at negative 

flapping angles. Meanwhile, the lift coefficient increases 

with increasing angle of attack. 
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I. INTRODUCTION 

Currently, the concept of flying with a flapping-wing is 

often found with a micro aerial vehicle (MAV) which 

becomes a flapping-wing micro aerial vehicle (FWMAV). 

This concept design was first introduced by Leonardo da Vinci 

in the 15th century [1]. This breakthrough is an optimization 

of flight mechanisms by imitating concepts that exist in nature 

with a relatively small size [2]. Animals such as birds and 

insects can fly with extraordinary aerodynamic performance, 

using only wing beats and special mechanisms [3]. This 

mechanism has become an inspiration for the development of 

more innovative aviation technology [4]. 

One of the important foundations of this research is the 

concept of biomimetics, where the FWMAV design modeling 

replicates the concept of flight that exists in animals, 

especially birds. To improve the performance of FWMAV it is 

necessary to understand how to optimize the movement of the 

wing flaps [5]. By understanding how animal wings produce 

aerodynamic aspects that support flight, FWMAVs can be 

developed that are able to overcome air resistance and produce 

better lift [6]. Therefore, along with the development of 

research related to this mechanism, it will bring a better and 

more efficient world of aeromodelling [7]. 

Understanding the aerodynamic aspects of flapping 

wings allows the design of small aircraft that can operate 

efficiently and stably in various environments [8]. This is 

highly relevant in various sectors, including surveillance, 

mapping, and military [9]. 

By referring to the basics above, this research was carried 

out which examined the effect of changes in flap angle and 

angle of attack on the aerodynamic characteristics of aircraft. 

The method used in this study uses the vortex lattice method 

with the NACA 2412 wing profile test model. 

II. METHODOLOGY 

2.1 Wing Model 

This research uses a wing model as shown in Figure 1 

with a NACA 2412 unsymmetrical airfoil profile as shown in 

Figure 2. The NACA 2412 airfoil has a maximum chamber of 

2% which is located at 40% of the chord from the leading 

edge and has a maximum thickness of 12% of the chord length 

(0.12C). 

 

Figure 1: Wing Model Test 
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Figure 2: Airfoil NACA 2412 

2.2 Vortex Lattice Method (VLM) 

The Vortex-Lattice Method is an aerodynamic simulation 

method used to analyze and model aerodynamic force loads on 

aircraft wings using the Laplace approach [10]. An illustration 

of this VLM approach is shown in Figure 3 below. 

 

Figure 3: Vortex Lattice Method [11] 

2.3 Parameters 

In this study, the effect of changing the angle of attack on 

the aerodynamic characteristics of the wing with several 

changes in the wing flap angle was tested. Variations in the 

angle of attack tested were at α = -15o, -10o, -5o, 0o, 5o, 10o, 

15o with the definition of the angle of attack illustrated in 

Figure 4. Meanwhile, the definition of variations in positive 

and negative wing flap angles θ = -60o, -40o, -20o, 0o, 20o, 40o, 

60o are illustrated by Figure 5. 

  

Figure 4: Angle of attack definition 

 

Figure 5: Flapping angle of wing at 20
o
 

2.4 Validation 

In this study, the simulation results were compared with 

research conducted by Nguyen [12]. This research aims to 

analyze the distribution of lift and drag on the wing surface 

with varying test speeds from 0 to 50 m/s. This research was 

used as validation A comparison between simulations can be 

seen in Figure 6 below. 

  

Figure 6: Comparison simulation (present) and work of Nguyen [12] 

III. RESULTS AND DISCUSSIONS 

3.1 Lift coefficient (CL) 

The simulation results of the lift coefficient as a function 

of angle of attack at several variations of positive and negative 

flap angles are plotted in Figures 7 and 8. For positive flap 

angles (θ = 20o, 40o, 60o) as seen in Figure 7, it can be seen 

that the values CL increases as the angle of attack variation 

increases, with a maximum lift value of α = 15o at a flap angle 

of θ = 20o. The trend of increasing CL has a similar pattern at 

each variation of flap angle. Increasing the angle of attack 

makes the CL value higher and the upward trend becomes 

sharper. 
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Figure 7: Lift coefficient as a function of angle of attack at positive 

flapping angle 

For negative strike angles (θ = -20o, -40o, -60o) as shown 

in Figure 8, from this it can be found that the CL value 

increases with increasing angle of attack up to the maximum 

point, with the lowest value at α = -15o at flap angle α = -20o. 

Increasing the angle of attack causes the resulting CL value to 

increase. In general, the two plots show that variations in 

positive and negative angles of attack have almost the same 

trend pattern of increasing CL. 

  

Figure 8: Lift coefficient as a function of angle of attack at negative 

flapping angle 

3.2 Induced drag coefficient (CDi) 

Figures 9 and 10 are the simulation results of the induced 

drag coefficient as a function of the angle of attack at positive 

flap angles (θ = 20o, 40o, 60o) and negative flap angles (θ = -

20o, -40o, -60o). For positive flap angles as shown in Figure 9, 

it can be found that the highest CDi is at an angle of attack α = 

15o and a flap angle of θ = -60o. It can also be seen that the 

CDi value tends to decrease from a negative angle of attack to 

the minimum point at an angle of attack α = −5o which then 

increases as the angle of attack value increases. 

  

Figure 9: Induced drag as a function of angle of attack at positive 

flapping angle 

At a negative angle of attack as presented in Figure 10, it 

can be seen that the CDi value moves down from a negative 

angle of attack to the minimum point at an angle of attack of α 

= -5o, which then moves to increase significantly along with 

the increase in the value of the angle of attack tested. The 

highest CDi is seen at an angle of attack of α =15o and a flap 

angle of θ = -60o. This generally applies to all flap angles 

tested as can be seen in the plots of the simulation results that 

have been carried out. 

  

Figure 10: Induced drag as a function of angle of attack at positive 

flapping angle 

3.3 Pitching Moment 

Pitching moment simulation results as a function of angle 

of attack at several variations of positive (θ = 20o, 40o, 60o) 

and negative (θ = -20o, -40o, -60o) flap angles are plotted in 

Figures 11 and 12. For the positive pitch angle as shown in 

Figure 11 can be noted that the pitching moment tends to 
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increase to a maximum point at an angle of attack α = -5o and 

then decreases as the angle of attack increases. The lowest 

pitching moment value is located at an attack angle of α = 15o 

and a flapping angle of θ = 60o. From the picture it can also be 

seen that the trend in each test variation has the same 

movement pattern. 

  

Figure 11: Pitching moment as a function of angle of attack at positive 

flapping angle 

For a negative flap angle as shown in Figure 12, it can be 

seen that the pitching moment moves down to a minimum 

point at an angle of attack α = 0o and then moves up as the 

value of the angle of attack increases. It is also known that the 

highest point is achieved at varying angles of attack α = −15o 

and flap angles θ = 0o. While the lowest point is achieved at 

attack variations of α = 15o and flapping angle of θ = 60o. 

  

Figure 12: Pitching moment as a function of angle of attack at negative 

flapping angle 

 

3.4 Moment coefficient (Cm) 

The simulation results of the moment coefficient as a 

function of angle of attack at various positive (θ = 20o, 40o, 

60o) and negative (θ = -20o, -40o, -60o) stroke angles are 

shown in Figures 13 and 14. For positive flap angle as shown 

in Figure 13. It can be seen that the moment coefficient value 

moves down to the minimum point at the angle of attack α = -

5o and then moves up as the angle of attack increases. From 

the graph it can be seen that the Cm value is highest in the test 

variation of angle of attack α = 15o and flapping angle θ = 60o. 

In general, from the plot it is also found that the trend in each 

test variation has the same movement pattern. 

  

Figure 13: Moment coefficient as a function of angle of attack at positive 

flapping angle 

For negative flap angles as shown in Figure 14, it can be 

seen that the moment coefficient moves up to a maximum 

point at angles of attack α = 0o and α = 5o, which then 

decreases significantly as the angle of attack increases. It can 

also be seen that the Cm value is lowest in the test variation of 

angle of attack α = -15o and flapping angle θ = -60o. 

  

Figure 14: Moment coefficient as a function of angle of attack at negative 

flapping angle 
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IV. CONCLUSION 

Several important results from this research can be 

summarized as follows: increasing the flap angle causes the 

pitching moment to decrease while the induced drag and 

moment coefficient increase, while CL increases at positive 

angles of attack and then decreases at negative angles of 

attack. The value of pitching moment decreases with 

increasing angle of attack at a positive angle of attack but this 

value increases at a negative angle of attack. Meanwhile the 

value of induced drag decreases from an angle of attack -15° 

to a minimum at an angle of attack -5°, then increases. The 

moment coefficient increases with increasing angle of attack 

at positive flapping angles, but decreases at negative flapping 

angles. Meanwhile, the lift coefficient value increases with 

increasing angle of attack. 
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