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Abstract:Unmanned aerial vehicles benefit from a series of mature technologies that 
transform them into data acquisition, processing and dissemination tools with high levels of 
impact on areas of interest and great utility for users. 

The paper exposes the stages of analysis regarding the upgrade process of UAV    (ATM-1) 
from the variant of equipping a target aircraft to a superior variant that can be used for data 
collection, from areas of interest, in the form of static or dynamic images. The proposed variant 
has implications both on the air vector balance and on the performance of use due to the new 
onboard equipment. 
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Symbols and acronyms 
AGL Above Ground level LLT Lifting line theory 
AoA Angle of Attack LOS Line of Sight 
BEC Battery Eliminator Circuit MAC Main Aerodynamic Chord 

BLOS Beyond Line of Sight PDB Power Distribution Board 
Cl, Cd, Cm Aerodynamic coefficient Rx / Tx Receiver / Transmitter 

C2 Command and control VLM Vortex Lattice Method 
ESC Electronic Speed Control XFLR5 Xfloil low Reynolds 
FPV First Person View   

 
1. INTRODUCTION 

 
The paper focuses on the aerodynamic aspects of the upgrade process applied to an 

aircraft by exposing the stages of analysis applied to an UAV (ATM-1) from the variant 
of equipping a target aircraft to a superior variant that can be used for sampling data from 
areas of interest, in the form of static or dynamic images. The proposed aerodynamic 
variant has implications both on the balance of the air vector and on the performance of 
use due to the new onboard equipment. 

 

    
a b 

FIG. 1 UAV clasification, a. civilian clasification, b. NATO clasification [1] 
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A series of specialized paper [1, 11, 12] offer classifications according to relevant 
criteria such as: total mass, flight duration/distance or from the point of view of use, the 
most relevant classifications are shown in Fig. 1. 

The study stages include aspects of: description of the miniUAV variants (ATM-1 and 
ATM-1AP /autopilot); the XFLR5 freeware tool; comparative 2D (airfoil) and 3D 
aerodynamic analyzes of proposed aerodynamic concepts. 

 
2. RESOURCES 

 
2.1. Target drone performances.  
The ATM-1 target aircraft (see Fig. 2) is based on a simple monoplane aerodynamic 

concept with a mid-wing, classic wing and fixed wing landing gear. Its construction is 
modular for both easy containerized transport and minimal time for operation in the areas 
of interest (pre-assembled fuselage and engine with tail-planes and landing gear, two half-
planes). 
 

 
 

FIG. 2 Target ATM -1 [2] 
 

The main characteristics and flight performance, in the basic version, are highlighted 
in Table 1. 

 
Table 1  ATM-1 features [2, 8] 

Features Value Features Value 
Span / Lenght 2650 mm / 1750 mm Flight autonomy 0,6 h 
Chord 300 mm Flight distance 2800 m 
Wing area 0,78 m2 Ceiling 2800 m 
Total weight 8 kg Engine 26 cm3 / 1,7 CP 

 
2.2. ATM 1N target drone. Upgrade proposal.  
For an upgrade process with a relevant performance increase, we propose a series of 

equipment (propulsion and radio electronics) that generate the values of new constructive 
characteristics highlighted in Table 2, [3, 4, 5, 8, and 9]. 

 
Table 2 Equipment and features proposal for ATM-1AP 

Features Value Features Value 
Span / Lenght 2650 mm / 1750 mm Autopilot Pixhawk PX4 
Wing area 0,78 m2 Meteo sensor uRad monitor A3 
Total weight / payload 7 kg / 4kg C2 system FR Sky Taranis 
Combustion engine 26 cm3 / 2,95 CP FPV camera Fixed / mobile 
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Upgrade equipment has minimal aerodynamic implications due to forward resistance 
but involves centering optimizations depending on the flight range (fuel reserve). Figure 2 
provides a global view of the connections and system elements on board the ATM-
1AP/autopilot UAV. 
 

 
 

FIG.2 ATM-1AP connection diagram,  [7] 
 

2.3. Method and tools analysis 
To support the upgrade process, we used the XFLR5 freeware tool that offers 

geometric parameterization and aerodynamic analysis modules, the latest version 
containing numerical calculation modules, the most relevant being: 2D design and 
analysis mode (aerodynamic profiles) and 3D design and analysis mode (wing, aircraft). 
It should be noted that these numerical analyzes are specific to the speeds and no. Low 
Reynolds based on LLT (lifting line theory), VLM (vortex lattice method) and 3D panel 
calculation methods. [6, 8]. 

 
3. PERFORMANCES ANALYSIS 

 
3.1. Purpose, objectives and conditions of analysis 
The purpose of the numerical multicriteria analysis focuses on determining the 

implications of the upgrade process on the overall performance of the UAV. The pursued 
objectives want the quantification of the analyzed parameters according to the selected 
analysis conditions. The analysis matrix provides a series of relevant cases for this type of 
miniUAV, according to Table 3. 
 

Table 3 The analysis matrix 
UAV type 2D Analysis 3D Analysis Mass and balancing 

ATM-1 yes yes no 
ATM-1AP yes yes yes 
 

3.2. 2D and 3D aerodynamic analyzes  
a. 2D analyzes 
The 2D aerodynamic analyzes are focused on the numerical simulations of the profiles 

used in the compared construction variants, see fig. 3, under the conditions selected from 
table 4. 
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FIG. 3 The airfoils [10] 
 
 

The relevant aerodynamic parameters in Fig. 4-7 (and Appendix 1) were determined 
by considering the viscosity effect and according to the analysis conditions in Table 4. 

 
Table 4 The 2D analysis conditions 

Condition Value Condition Value 
Speed 20 m/s Iteration 100 

Nr. Reynolds 400000 AoA -15o to 15o 

 
Figure 4 shows the variation of the lift coefficient (Cl) as a function of the angle of 

attack (AoA) for the analyzed profiles, due to the curvature the Clark Y profile has the 
highest Cl value for a fixed AoA (ex. 10o) but also a forward resistance (Cd) at the same 
AoA (ex.10o), see figure 5. 
 

   
 

  
FIG. 4 Cl vs AoA FIG. 5 Cd vs AoA 

 
According to figure 6 we observe similar values of Cm for the symmetric profiles 

NACA 0009 and NACA 0012 and high values of Cm for Clark Y, values read in the range 
AoA= -10o÷10o. Figure 7 shows the variation of Cl/Cd ratio vs AoA (gliding ratio) or 
gliding rate with high values for the Clark Y profile. 
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FIG. 6 Cm vs AoA 
 

FIG. 7 Cl/Cd vs AoA 
 

b. 3D analyzes  
The values of the global geometry are similar to the ATM-1 variant, (see figure 8), 

the geometric configuration that was used for the initial numerical simulations, with the 
FPV camera nacelle mounted on the ventral side on the vertical axis passing through the 
leading edge of the wing. The 3D analysis conditions are recorded in Table 5. 

 
Table 5 The 2D analysis conditions 

Conditions Value Conditions Value 
Polar type Fixed speed Iterations 100 

Speed 20 m/s AoA -15o to 15o 

Type analysis VLM Nr. Reynolds 400000 
Boundary conditions Dirichlet   

 

 

 
 

 
 

FIG. 8 ATM-1AP upgrade 
 

In the graphs in Fig. 9-12, a series of variations of the numerical values of the 
aerodynamic coefficients can be observed depending on the angle of attack (AoA). In 
Fig.9, as expected, implications on the increase in forward resistance (Cd-AoA) and 
according to Fig. 10 implications on the pitching moment (Cm-AoA) are revealed. 
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FIG. 9 Cd vs AoA FIG. 10 Cm vs AoA 
 

The presence of the FPV nacelle indicates a minimal influence for the roll coefficient 
(Fig. 11) and the yaw moment variation is maximum around the value AoA=10o (Fig. 
12). 

 

  
 

FIG. 11 Croll vs AoA 
 

FIG. 12 Cyaw vs AoA 
 
 c.Balancing 
 The mass estimate for the onboard equipment is highlighted in Table 6. 
 

Table 6 The mass estimate (kg) 
Nr. 
crt. Elements ATM-1 ATM-1AP 

1 Wing 2,2 2,2 
2 Fuselage 2,3 2,3 
3 Horizontal tail 0,3 0,3 
4 Vertical tail 0,2 0,2  
5 Engine 1,7  1 
6 FPV camera 0  0,05 
7 Autopilot + receiver 0,3 0,1 
8 Fuel 1 1 
9 Battery 0 0,25 
 Total 8,0 7,40 
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The arrangement of the masses on the air vector can be seen in figure 11, and the 
numerical data in annex 3. When arranging the masses of the equipment, both the 
availability of the volumes of the front fuselage (for the tank) and of the rear fuselage for 
the autopilot were taken into account. 

 

 
 

 
 

FIG. 11 ATM-1AP balancing 
 

CONCLUSIONS 
 
The implications of the ATM-1 UAV upgrade process require multiple iterations on 

aerodynamic and centerline optimization. The paper presented an aerodynamic 
optimization and centering cycle, which can form a foundation for completing the 
upgrade approach. Accurate digital reproduction of the geometry and layout of the inertial 
values can converge to results similar to those of the experimental stages. Mounting the 
FPV camera nacelle on the ventral side has minimal implications on aerodynamic 
performance, however an optimization of stability through the layout of the equipment is 
considered. 

The optimal arrangement of the equipment determines the maximization of the UAV 
flight performances, correlated with the balancing limits determined by the fuel 
consumption or the release of some mass elements necessary for the missions in the areas 
of interest. 
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Annex 1. 2D analysis. Aerodynamic coefficients. 

  
 
Annex 2. 3D analysis. Aerodynamic coefficients. 

  
 
Annex 3. Balance export data. 

 
 

https://www.zyhobby.com/products/rcgf-26cc-petrol-gasoline-engine

