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In recent years, the use of unmanned aerial vehicles has increased rapidly. These vehicles have instant detection,
tracking and destruction capabilities in military operations. In addition, when compared other conventional aerial
vehicles, in the case of the vehicles down, any loss of driver life can be accounted for the most important factor in
the view of widespread use of this vehicle. It is very important to make aerodynamic analyzes of unmanned aerial
vehicles swarming behavior and to identify reliable zones for vehicles. It should be determined at what speeds
and closeness of the flying vehicles along the specified routes the vehicles should be located within the frame. In
this study, the models of an unmanned aerial vehicle and propellers of an UAV were designed with computational
fluid dynamics. Especially turbulence, pressure, and speed changes have been investigated. Moreover, the range
of interaction distance that they can create on each other is determined and reliable regions are determined.

DOI: 10.12693/APhysPolA.135.694

PACS/topics: swarm, UAV, drone, quadrotor, quadcopter, CFD, Fluent

1. Introduction

Unmanned aerial vehicles (UAV) are getting very pop-
ular on commercial, military and academic platforms.
In the literature, there are some studies related to this
topic [1-4]. Military applications currently represent the
biggest part of the unmanned flying vehicle market, and
this industrial sector is growing strongly [5]. During the
last fourthly years UAVs have been modernized with de-
veloping technology and have become common vehicles
that can be used in many places with many designs and
features [6-8]. Although, when UAVs moves together,
some unwanted problems can be created in the sense that
each UAV creates aerodynamic force zone which affects
other UAV’s motion. In this study, flow characteristics
of unmanned aerial vehicles moving together was investi-
gated using existing computational fluid dynamics (CFD)
tools.

2. Numerical methodology

The FLUENT, which is a commercial program, is used
to analyze the flow in the numerical model. Finite volume
method was used to discretize the governing equations.
CFD processes are divided into three main parts, solver
and post-processing parts. In this study, k- turbulence
model was used when considering the literature studies.
Details about the simulations are given in Table I. In
this numerical study, moving (sliding) mesh and moving
reference frame model were used in the mathematical al-
gorithm since moving simulations were done. Stationary
and moving reference frames are shown in Fig. 1.
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Fig. 1. Stationary and moving reference frames [9].
Simulation details TABLE I
Program [ Ansys v18.2
Mesh
size function proximity and curvature
nodes 6466439
elements 4682211
Fluent
space 3D
time unsteady, 2nd-order implicit

viscous

realizable k-epsilon
turbulence model

wall treatment

standard wall functions

mesh motion yes
moving mesh 410000
rotation speed [rpm]

material air (fluid)
time step |[s] 0.01
max. iterations per time step | 200

Pressure—velocity coupling

type [ simple
Discretization scheme

pressure second order

momentum, second order

turbulent kinetic energy,
turbulent dissipation rate

upwind
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The parameters in Fig. 1 are related by the following
equations:

w = wa, (1)
U =V — Uy, (2)
U, =V +w X7, (3)

where a is axis of rotation, v, is relative velocity, v is ab-
solute velocity, u, is velocity of moving reference frame,
v, is translational velocity of frame, w is angular velocity;
w and v; are time functions.

Fig. 2.
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Fig. 3. Velocity distributions: (a) time = 0.5 s,
(b) time = 15, (c) time = 1.5 s, (d) time = 2 s.

Figure 3a—d shows time-dependent velocity distribu-
tions according to y-axis (—6 m to 4 m). As can be seen
in Fig. 3, first drone creates velocity of approximately
14 m/s at all axes of propellers. Second drone rear pro-
pellers (red and orange) create velocity of approximately

3. Results and discussion

Detailed mesh images of drone as a UAV are shown
in Fig. 2a and b. Figure 2c and d shows the velocity
streamline and volume rendering velocity that occur after
2 s, respectively.

In this analysis, 1 m distance was taken between two
drones along y-axis, as shown in Fig. 2e. The middle
point of the top of the drone was chosen as a reference
point. Distance between axis of propellers from corner to
corner is 250 mm. Line locations are shown in Fig. 2e.

(a), (b) Mesh images of drone, (c) streamline velocity, (d) volume rendering velocity, (e) line locations.
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Fig. 4. Turbulence kinetic energy distributions:

(a) time = 0.5 s, (b) time = 1 s, (c) time = 1.5 s,
(d) time = 2 s.

17 m/s as front propellers (blue and grey) create veloc-
ity of 15 m/s. This means second drone is affected by
air condition resulted from first drone movement causing
unstable motion in second drone.
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Figure 4a—d shows time-dependent turbulence kinetic
energy distributions according to y-axis. Looking at
Fig. 4, if we inspect graphics along time intervals, it can
be seen that the appearing turbulence kinetic energy be-
tween —4 and —2 m is getting stabilized by time.
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Fig. 5. Pressure distributions: (a) time = 0.5 s,
(b) time = 15, (c) time = 1.5 s, (d) time = 2 s.

In Fig. ba—d when we take into consideration axis of the
drone-midpoint, the considerable pressure force applied
from first drone to second drone can be seen easily. This
force makes second drone move downward.

4. Conclusion

In this research we understood that the drones mov-
ing as flocks affect their mutual movement. Hence the
drones moving very close should have a certain fly dis-
tance to minimize aerodynamic effects. For this reason,
UAVs working autonomously should be detected by it-
self and be able to control the distance from other UAVs.
Therefore, each autonomous UAV model should be re-
designed to define aerodynamically own safe-zone.
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