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ABSTRACT 
 
This paper focuses on the development of Quadcopter F3. 
Computational Fluid Dynamic (CFD) method was used to 
analyze the fluid flow characteristics around three main frames 
profiles designs, such as the lift generation for each angle of 
attack and longitudinal stability caused by vortex generation on 
trailing edge. The results show that the design of the disc-shaped 
main frame has an optimal aerodynamic characteristics with the 
value of Cl = 0.719 at 30 degrees of angle of attack and the 
maximum ratio Cl/Cd of 2.836. The material tensile strength test 
obtained that fibre carbon with epoxy resin has the optimum 
value of mechanical properties with tensile strength of 97.341 
GPa and  Modulus Young of 2140.300 GPa, while the material 
chosen for the frame arm analyzed through computational 
calculation by using the structural strength von mises stress by 
assuming quadcopter in maneuvering condition. The result 
obtained that it is safe with von mises stress of 2.769 MPa,   and 
safety factor of 15. 
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NOMENCLATURE 
V fluid velocity  (m/s) 

g gravity( ⁄ ) 
p pressure (Pa) 
T thrust (N) 
F force (N) 
W weight (N)  
 length (m) 
 dynamic viscosity 

v kinematic viscosity: v =  
m mass  (kg) 
M momen (N.m) 
ρ density( ⁄ ) 
A surface area ( ) 

 free stream (m/s) 
 moment coefficient 

L lift (N) 
 lift coefficient  

D drag (N) 
 drag coefficient 

Δ  Expansion 
ε Strain 
σ Stress (MPa) 
σv von mises stress (MPa) 
σy yield strength (MPa) 
UAV Unmanned Aerial Vehicle 
CFD Computational Fluid Dynamics 
GAMBIT Geometri and Mesh Building Intelegent Toolkit 
 
 
1.0 INTRODUCTION 
 
Quadcopter F3 is a quadcopter that was developed by 
aerodynamics laboratory in aeronautical engineering study 
programme, mechanical engineering department of 
PoliteknikNegeri Bandung. It is a group of rotary wing which was 
given the main body on its main frame (main frame body), has 
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four motors are equipped with four propellers on each rotor and 
also with accelerometer, gyroscope and magnetometer sensors in 
order to control the three main variables, roll, pitch and yaw. The 
aim of the development of quadcopter F3, as well as on 
quadcopter previously developed [1,2,3,4], is for traffic 
monitoring, aerial surveillance, taking photos or video mapping 
of an area where ground transportation vehicle is considered too 
difficult or risky. 

If on many developments of quadcopter conducted previously 
the stability parameter focused on the control functions and 
electronic sensors instruments [5,6,7,8], then in this paper the 
aerodynamic analysis of the fluid flow around main-frame body 
and the vortex formation was conducted to obtain the optimum 
shape of the main-frame body aerodynamics which will affect the 
stability factor in quadcopter. The development of a quadcopter in 
the ability to fly and perform its mission requires structural 
strength of material. Testing the tensile strength of three types of 
composite material performed in this paper for further analysis to 
obtain the optimum strength of the type of material used as a 
material of main-frame body, and the structure strength 
quadcopter also analyzed by using von mises stress criteria. 

This paper discusses two important parameters in 
development of Quadcopter F3, first focused on the observed 
aerodynamics lift and drag induced by the main frame body 
profiles during a translational motion. Their analytic expressions 
play key roles in quadrotor stability and observability, then the 
second focused on the analysis of choice of materials and the 
strength of mechanical structure computational calculation. 
 

 
2.0 BASIC THEORY 
 
2.1 The Lifting Line Theory 
Vortex theory was analyzed to determine the aerodynamic forces 
as the same as in the aerodynamic flow around 2-D section of the 
wing profile, lift on the main-frame body can be related to a 
bound circulation Γ around the main-frame body, as shown in 
Figure 1. 

 
Figure 1: Wing is modeled as a single bound vortex line located 

at the ¼ chord position. 
 

The vortex strength distribution in the trailing edge sheet will 
be a function of the changes in vortex strength along the wing 
span. The vortex strength is obtained by differentiating the bound 
vortex distribution: 

 
4 ∞∑ .∞    (1) 

 
Where s is the wing span, θ is the twist angle and A is solution for 
the magnitude of the Fourier coefficients. 
The lift (L) and lift coefficient (CL) at a given angle of attack will 

be obtained by integrating the spanwise vortex distribution 
 

∞ .      (2) 
 

. .      (3) 
 
In the same manner, the drag (D) and drag coefficient (CD) 
obtained: 
 

.     (4) 
 

. . ∑∞     (5) 
 
 
2.2. Distortion Energy Theory 
The concept of Von mises stress arises from the distortion energy 
failure theory.According to this theory, failure occurs when the 
distortion energy in actual case is more than the distortion energy 
in a simple tension case at the time of failure. 
 

 
Figure 2: Representation of a pure distortion case. 

 
Distortion energy required per unit volume, ud for a general 3 

dimensional case is given in terms of principal stress values as: 
 

   (6) 
 
Distortion energy for simple tension case is given as: 
 

,                    (7) 
 
The Von Misesstress  is denoted as: 
 

/
   (8) 

 
By the von mises stress criteria, the failure condition can be 
expressed as: 
 

      (9) 
 
 
3.0 DISCUSSION 
 
3.1 Aerodynamic Calculation 
 
A numerical calculation was conducted based on the above theory 
using the Fluent and GAMBIT software package. In this paper 
conducted an analysis of fluid flow that occur around three main-
frame body design shapes: cylindrical shape, hemisphere shape, 
and disk shape as shown in Figure 3, to further optimization of 
aerodynamic characteristics obtained happens to each main-frame 
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body shape. The aerodynamic characteristics here are: the 
pressure distribution and velocity distribution that occurs lift (L) 
and lift coefficient (CL), induced drag (D) and drag coefficient 
(CD), ant the vortex formation that will affect the stability of the 
quadcopter. 
 

 
Figure 3: Three main-frame body design shapes. 

 
There are six variations of angle of attack given in this calculation, 
i.e.: AOA = 0o, 150, 300, 450, 600, and 900. 

The first investigation conducted was the pressure distribution 
and velocity distribution that occur on the lower surface and 
upper surface of each design of main frame body shape. These 
results are shown from Figure 4 to Figure 6. 
 

 
Figure 4: dynamic pressure on cylinder shape at 300 of AOA 

 

 
Figure 5: dynamic pressure on hemisphere shape at 300 of AOA. 

 

 
Figure 6: dynamic pressure on disk shape at 300 of AOA. 

 
Analysis for this is as follows: the maximum pressure 

difference, Δp, that occurs on the main-frame body in the shape 
of disk is equals to 18.77 Pa, Δp = 22.38 Pa generated from a 
hemisphere shape of main-frame body, whereas in the cylinder 
shape of main-frame body, the maximum different pressure 
generated by 39 Pa. This means that the cylinder shape profile 
creates more lift for angle of attack of 300, but also that the stall 

angle of attack is lower. On the contrary, to the disk shape, the 
pressure difference obtained less, so that the lift force generated 
will also be lower, which will delay the occurrence of stall 
condition. 

Figure 7 to Figure 9 shown the y-velocity distributions of 
around three main-frame body shapes at 00 of angle of attack. 

 
Figure7:  Velocity vector on disk shape at 00 of AOA. 

 

 
Figure  8: Velocity vector on hemisphere shape at 00 of AOA. 

 

 
Figure 9: Velocity vector on cylinder shape at 00 of AOA. 

 
The velocity vector of the simulation results shows that the 

maximum fluid velocity occurs at the main-frame body of a 
cylinder shape which amounted of 2.91 m/s, then in the 
hemisphere shape has a maximum velocity of 2.65 m/s, and the 
lowest, i.e. Vy = 2.43 m/s generated by disc shape of main-frame 
body. This means that the maximum induced drag occurs in a 
cylinder shape while the main-frame body which the disc shape 
has the smallest induced drag. Analysis of it is also reinforced by 
the formatting of vortices that occurs on the trailing edge of each 
shape of main-frame body, as shown from Figure 10 to Figure 12 
below: 

 

 
Figure  10:  Velocity vector on cylinder shape at 900 of AOA. 
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