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Abstract- This paper proposes a different innovative design 

of airfoils used in drones. A computational fluid dynamic (CFD) 
model is built to model and simulate velocity and pressure 
profiles of the airfoil. Simulation is carried out by COMSOL 
Multiphysics. Airfoil design no. A is simulated at different 
normal inflow velocity. Resulted lift and drag forces are 12.04 N 
and 2.27 N at a normal inflow velocity of 7 m/s. For the 
simulation of different airfoil design thickness, airfoil no. B 
achieved a total lift force of 22.83 N and a total drag force of 
1.29 N. 

Keywords- Drones, Airfoil, Drag force, Lift force, COMSOL. 

I. INTRODUCTION 

Drones are a fast-evolving technology that are being used 

in many applications like military, public, industrial, and 

medical sectors. Drones are unmanned aerial vehicles 

(UAVs) which are aircrafts that can fly independently of 

being piloted by humans. It could be operated autonomously 

by onboard computers or remotely by a human operator [1]. 

During the projected time frame of 2021-2026, the drones 

market is anticipated to grow at a compound annual growth 

rate (CAGR) of 15.37% [2]. Therefore, improving the 

aerodynamics performance of drones become one of the 

most crucial concerns facing the aviation sector.  

Drones wings are designed to achieve highest performance 

in altitude control, take-off, and landing [3]. Fixed-wing 

drones are attracting the attentions due to their low cruise-

speed capabilities, short takeoff distance, and large payload, 

with high lift force producing abilities at low speed. Airfoil 

design affect the capability of fixed-wing drone to produce 

drag and lift forces [4]. The cross section of the wing is 

called airfoil. Airfoil significantly influences the creation of 

lift force by altering the rate of air passes over and beneath 

the surface of the wings [5]. 

The design of drone airfoil attracted the sight of 

researchers in the last few years. Chhari et al. [5], simulated 

different airfoil designs at drone speed15 m/s. Rajendran and 

Jayaprakash [6], modeled a proposed twin-blade propeller 

which achieved a torque of 1.1007 N.m and a peak 

coefficient of performance of 0.5810 at velocity of 15 m/s. 

Aminjan et al. [6], tested the performance of airfoil at an 

inlet angle of 0° and 30° and computed different drag and lift 

forces.  

Tan et al. [7], simulated flight dynamics of a drone to 

asses noise of drone.  They found that by reducing the drone 

flying speed and payload resulted in reducing the 

instantaneous noise of drone. Guo et al. [8], studied the 

hydrodynamic performance of airfoil in water. They 

achieved a maximum drag reduction of 25.4% at a velocity 

of 0.8 m/s.  

Prieto et al. [9], carried out an optimization of a drone 

wing by using raked wingtips and blended winglets. Kumar 

et al. [10], reviewed recent progress conducted for 

underwater drones applications. Singh et al. [11], reviewed 

the classification of actuation mechanism designs for 

flapping-wing drones.  

II. THEORETICAL MODEL 

In this study, COMSOL Multiphysics is used to model the 

drone’s airfoil [12]. The model assumptions are:  

(i) steady state,  

(ii) incompressible,  

(iii) laminar,  

to simplify the solution. In the developed model, sub-model 

interface is activated to simulate the airfoil. A schematic 

diagram of the two-dimension computational domain is 

depicted in Fig. 1 with a width of 2 m and height of 0.35 m. 

A. Laminar Flow Interface 

In the laminar flow interface, the velocity and pressure 

fields for the flow of a single-phase fluid in the laminar flow 

regime is computed. The equations solved by the Laminar 

Flow interface are the Navier-Stokes equations for 

conservation of momentum and the continuity equation for 

conservation of mass.  

There are two main parameter that affects the performance 

of drone’s airfoil model simulation. The first one is the drag 

force which is defined as the component of the resultant 

pressure and shear forces that acts in the flow direction [13]. 

Drag force (FD)is defined as: 

          FD = 0.5CDρV2A           (1) 

where, FD is the drag force (N) 

 CD is the drag coefficient 

  ρ  is the fluid’s density (kg/m3) 

  V is the drone’s mean velocity (m/s) 

  A is the vertical projected area of airfoil (m2) 

And the component that acts normal to the flow direction 

is called the lift force [13]. Lift force (FL) is defined as: 

          FL = 0.5CLρV2A           (2) 

where, FD is the drag force (N) 

 CD is the drag coefficient 

   A is the horizontal projected area of airfoil (m2) 

Air is used as fluid material The input data for laminar 

flow interface is shown in table 1. The mesh sequence was 

set as “physics-controlled mesh”, and element size was set as 

“normal”. The airfoil mesh distribution is shown in Fig. 2. 
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Table 1: The input data for laminar flow interface 

   Parameter Value 

Air density (kg/m3) 1.184  
Air viscosity (Pa.s) 1.849*10-5 
Normal inflow velocity [m/s] 7 

 

 

Fig. 1 Computational domain used to simulate the airfoil no. A 

 

Fig. 2 The airfoil mesh distribution of airfoil no. A 

III. RESULTS AND DISCUSSION 

This simulation investigation is carried out to show 

velocity and pressure profile for drone’s airfoil. The results 

section starts by showing simulation investigation for airfoil 

no. A. Followed by the simulation investigation at different 

velocities. Then, a simulation investigation for different 

thickness of airfoil is conducted to compare between them. 

A. Velocity And Pressure Profile for Airfoil No. A 

For airfoil no. A, a CFD model is used to investigate the 

performance at a normal inflow velocity of 7 m/s with air as 

working fluid at atmospheric pressure. The resulted velocity 

and pressure profile for drone’s airfoil are depicted in Fig. 3 

and Fig. 4 respectively. 

From Fig. 3, it can be seen that at the inlet tip of airfoil 

velocity decreases from normal inflow velocity until it 

reaches minimum value at the surface. Then increases at top 

side of airfoil. From Fig. 4, it can be seen that pressure 

increases at inlet tip of airfoil then decreases along bottom 

side. The effect of both velocity and pressure variation 

results in a total lift force of 12.04 N and a total drag force of 

2.27 N. 

 

 

Fig. 3 Velocity profile of airfoil no. A at normal inflow velocity of 7 m/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Pressure profile of airfoil no. A at normal inflow velocity of 7 m/s 

 

B. Velocity And Pressure Profile for Airfoil No. A At Different 

Velocity Inlet 

For airfoil no. A, the CFD model is computed at different 

normal inflow velocity of 5 m/s and 9 m/s and their lift and 

drag forces are compared with the results at normal inflow 

velocity of 7 m/s. Air is the working fluid at atmospheric 

pressure. The resulted velocity and pressure profile for 

normal inflow velocity of 5 m/s are depicted in Fig. 5 and 

Fig. 6 respectively. And the resulted velocity and pressure 

profile for normal inflow velocity of 9 m/s are depicted in 

Fig. 7 and Fig. 8 respectively. 

From Fig. 5, it can be seen that at the inlet tip of airfoil 

velocity decreases from normal inflow velocity until it 

reaches minimum value at the surface. Then increases at top 

side of airfoil. From Fig. 6, it can be seen that pressure 

increases at inlet tip of airfoil then decreases along bottom 

side. The effect of both velocity and pressure variation 

results in a total lift force of 5.09 N and a total drag force of 

1.32 N. 

From Fig. 7, it can be seen that at the inlet tip of airfoil 

velocity decreases from normal inflow velocity until it 

reaches minimum value at the surface. Then increases at top 

side of airfoil. From Fig. 8, it can be seen that pressure 

increases at inlet tip of airfoil then decreases along bottom 

Inlet Flow Outlet Flow 
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side. The effect of both velocity and pressure variation 

results in a total lift force of 22.01 N and total drag force of 

3.51 N. 

Therefore, the total left forces and drag forces that affects 

the airfoil increases by increasing the normal inflow velocity. 

 

Fig. 5 Velocity profile of airfoil no. A at normal inflow velocity of 5 m/s 

 

Fig. 6 Pressure profile of airfoil no. A at normal inflow velocity of 5 m/s 

Fig. 7 Velocity profile of airfoil no. A at normal inflow velocity of 9 m/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Pressure profile of airfoil no. A at normal inflow velocity of 9 m/s 

 

C. Comparison Between Different Airfoil Design Thickness 

The following study is carried out to assess the 

performance of drone’s airfoil at different airfoil thickness. 

Airfoil no. B thickness is lower than no. A by 5 %. And 

airfoil no. C thickness is higher than no. A by 5 %. The 

shape and computational domain of airfoil no. B and no. C is 

depicted in Fig. 9 and Fig. 10 respectively. 

For airfoil no. B and C, a CFD model is used to investigate 

the performance at a normal inflow velocity of 7 m/s with air 

as working fluid at atmospheric pressure. The resulted 

velocity and pressure profile for drone’s airfoil no. B are 

depicted in Fig. 11 and Fig. 12 respectively.  

From Fig. 11 and Fig. 12, it can be seen that the difference 

between velocity and pressure at top surface and bottom 

surface is significant at no. B airfoil. The velocity is higher 

at the top surface and the pressure is higher at bottom surface. 

The effect of both velocity and pressure variation resulted in 

a total lift force of 22.83 N and a total drag force of 1.29 N. 

Therefore, the performance of airfoil no. B is much better 

than the performance of airfoil no. A. 

The resulted velocity profile for drone’s airfoil no. C is 

depicted in Fig. 13. From Fig. 13, it can be seen that the 

velocity on the top surface of airfoil is lower than that on the 

bottom surface. The effect of both velocity and pressure 

variation resulted in a negative total lift force of -9.60 N. this 

mean that the drone cannot fly with this airfoil design.  
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Fig. 9 Computational domain used to simulate the airfoil no. B 

 

Fig. 10 Computational domain used to simulate the airfoil no. C 

 

Fig. 11 Velocity profile of airfoil no. B at normal inflow velocity of 7 m/s 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 Pressure profile of airfoil no. B at normal inflow velocity of 7 

m/s 

Fig. 13 Velocity profile of airfoil no. C at normal inflow velocity of 7 m/s 

IV. CONCLUSION 

In this study, a CFD model of drone airfoil is modeled and 

simulated at different normal inflow velocities and different 

airfoil thickness. The main outputs that have been concluded 

from this study are: 

- The total left forces and drag forces that affects the 

airfoil increases by increasing the normal inflow 

velocity. 

- For airfoil no. A, at a normal inflow velocity of 7 m/s 

a total lift force of 12.04 N and a total drag force of 

2.27 N are achieved. 

- And achieved a total lift force of 5.09 N and a total 

drag force of 1.32 N at a normal inflow velocity of 5 

m/s.  

- And achieved a total lift force of 22.01 N and total 

drag force of 3.51 N at normal inflow velocity of 9 

m/s. 

- For airfoil no. B, at a normal inflow velocity of 7 m/s 

a total lift force of 22.83 N and a total drag force of 

1.29 N are achieved. 

- The performance of airfoil no. B is much better than 

the performance of airfoil no. A. 
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