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Abstract

Anthropogenic activities produce global changes on a global scale, which has led to focused
efforts on funding and adopting global monitoring programs to obtain relevant information
through a series of optimized micro-scale techniques on a global scale (satellite observations).
In order to obtain a complete picture of the terrestrial geo-system, efforts are being made to
identify, collect and process atmospheric and environmental data using fixed, mobile,
terrestrial, aerial, aquatic and orbital technical systems.

The paper sets out a number of theoretical and applied issues (proposed airplane system)
relevant to sampling atmospheric and environmental data, including technologies for taking
unmanned aerial vehicle data and specific equipment.
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1. Introduction

Angle of attack C3 Command, control, and communications
Chemical, biological, radiological and nuclear loT Internet of Things

Micro Electronic Mechanical Systems MOX Metal-oxide

Normalized Difference Vegetation Index PID Photo-ionization detection
Particulate matter RH Relative humidity

Low Power, Wide Area NDIR Non-dispersive infrared
Thrust-specific fuel consumption VOC Volatile organic compound
Wireless Local Area Network L,D Lift, drag (aerodynamic forces)
Endurance R Range

Root / tip V1o Speed take-off

Lift coefficient / drag coefficient ppm/b parts per milion/bilion

Air density W, W;, Wy Weight, initial/final

In the modern days meteorological and environmental observations increased exponentially. Scientific
knowledge about the atmospheric behaviour and environment plays a critical role in the safeguarding
of life, agriculture and infrastructure [1]. Thus, increasing sources of observations is essential in order
to develop a more complete understanding of weather and environment.


mailto:aprisacariu.vasile@afahc.ro
mailto:bpiticar.adrian@afahc.ro
mailto:stoiculete.adrian@yahoo.com

The ongoing development of the Unmanned Aerial Vehicles (UAVSs) used for meteorological and
environmental observation date back to 1960s and includes microwave sounders, infrared
spectrometers and various sensors specialized in measuring specific environmental properties. Large
amounts of atmospheric vertical profile observations are collected via satellite, radiosonde soundings.
However, these tools do not provide the accuracy and resolution of UAVs campaigns observations
which are far superior [4]. Recently, it has been shown that in-situ meteorological measurements of
the atmospheric boundary layer with UAVs are a promising and usable tool for this type of
measurements. Meteorological measurements carried by UAVs open opportunities for new data that
could improve the understanding of atmospheric processes at topo-climate scales such as lakes, forests
and urban areas [2]. UAVs meteorological observations assimilated into numerical weather prediction
models revealed a substantial reduction of model bias in forecasting weather parameters [3]. For
instance, UAVSs observations from the Southern Ocean improved the analyses of air temperature, wind
speed and humidity in the Polar version of the Weather Research and Forecasting model [4].

Furthermore, environmental monitoring via UAVs have a considerable potential to significantly
improve the understanding of hydrological processes, natural and agricultural systems and to assess,
forecast and prevent natural disasters [5]. Recent UAVs an environmental observation has focused on
atmospheric observations, land cover mapping, vegetation state, phenology and health, disaster
mapping, soil erosion, and change detection. [5]. Observations via UAVs from atmospheric, terrestrial
and maritime environments provide new and flexible solutions to different users [6]. For example, air
quality elements such as ozone, CO,, CH,, Particulate Matter (PM), NO,, volatile organic compounds
have been successfully measured [7, 8, and 9].

2. UAVs used in environmental and atmosphere monitoring

2.1. Use of UAVSs in environmental protection

UAVs rewrite a number of rules in the field of environmental protection through several
approaches: transport and delivery services; conservation of coastal and marine biodiversity and
terrestrial ecosystems; monitoring of photovoltaic / wind farms and energy transmission systems
(electricity, oil); sustainable agriculture and crop monitoring; aerial topography and reforestation.

Transport and delivery services involve low emissions and have very low effects on biodiversity
(electric propulsion). UAVs can be used in biodiversity conservation by monitoring and acquiring data
from areas of interest in case of emergencies (floods, earthquakes, floods) or for law enforcement
(poaching).

The management of complex inspections on photovoltaic / wind farms or energy buses is done with
logistical and time-consuming implications versus the case of using traditional resources (ground
monitoring). UAVs provide farmers with agricultural monitoring tools for crop health assessment
(NDVI index) or for phytosanitary treatment of cultivated land. Land management through aerial
topography approaches can be achieved with the help of drones at low cost and the rapid identification
of problem areas. Drones can perform forestry activities through reforestation through monitoring and
effective seed planting, especially in hard-to-reach areas.

2.2. Types of UAVs
Recent technological innovations have allowed unmanned aircraft (at reasonable costs) to acquire
accurate data with user-defined spatial resolutions using dimensionally and mass-optimized sensors,
making it possible to study locations of interest, individual organisms or atmospheric changes.

The current state of UAV technologies proves a relevant level of maturity that qualifies them for
various missions and geographical areas that require limit conditions of use.

Monitoring the environment (terrestrial, air and aquatic) and the atmosphere, involves the
optimization of technical resources leading to a classified approach to the constructive types of UAVS,
in a series of research papers, the most relevant being: airship [10, 11 and 21], rotorcopter /



multicopter [13, 14 and 16], fixed wing [16, 17, 18 and 22], or hybrid / all classes [15, 19], see Figures
2.1-2.2.

Fig. 2.1. Qinetig Zephyr [19] Fig. 2.2. NASA-SIERRA [22]

2.3. UAV solar powered

The fixed-wing UAVs powered by solar cells offer advantages of long range and low level sound
signature. A number of studies have generated relevant results on atmospheric monitoring with this
type of air vectors.

Fig. 2.3. Boeing Solar Eagle Vulture 11 [23] Fig. 2.4. Boeing Solar Eagle Vulture 11 [23]

The most relevant in progress projects are Airbus-QinetiQ with Zephir (see Figure 2.1); Boeing
Phantom Works - Solar Eagle (see Figure 2.4); Google Titan Aerospace Solara 50; Google Skybender;
Facebook Ascenta/ Aquila; AeroVironment / NASA Gossamer Albatros, Solar Challenger and NASA
Pathfinder (see Figure 2.5); NASA Centurion; NASA Helios (see Figure 2.6); Bye Engineering / Bye
Aerospace with Silent Falcon UAV figure 2.7, [24]; Atlantic Solar figure 2.8, [23]. Flight
characteristics and performance are shown in Table 2.1.

Fig. 2.5. AeroVironment - Pathfinder [23] Fig. 2.6. NASA — Helios [23]



Table 2.1. UAV features

Performances /Vector | Span Speed Payload /IMTOW Power Ceiling Autonomy

Zephir 8 28 m 56 km/h 5/75 kg 2x0,60CP | 21.000 m 26 days

Vulture 11 120 m | 80 km/h - 20x ...CP - 5 years
Solara 60 60m | 105 km/h 100/x kg - 20.000 m -
Aquila 43 m - x/399 kg - 27.000 m -
Pathfinder 295m - 45/252 kg 6x ..CP 21.802 m -
Centurion 61,8 m | 33 km/h 270/870 kg 14x2CP - -

Silent Falcon UAV 427m | 112 km/h x/13,5 kg - - 7h

Atlantik Solar 56m - x/6,3 kg - - -

Fig. 2.7. Silent Falcon UAV [24] Fig. 2.8. Atlantik Solar - UAV [23]

3. UAV sensors for environmental missions

Airborne sensors can capture real-time data and monitor atmospheric and environmental parameters
(physical and chemical) in areas of interest, such as temperature, humidity, barometric pressure,
radioactivity, dust particles (PM), CO, CO2, NO2, SO2, O3, NH3, VOC. For the present study we use
two types of sensors, a customized sensor: URAD Monitor and a sensor dedicated to UAVS: Sniffer
4D.

3.1. uRADMonitor A3 air quality monitoring station

It is part of the global uURAD Monitor project that contains continuous environmental monitoring
stations, generating open source data online [25, 26], variant A3 can take data for 8+11 relevant
parameters regarding air quality, see figure 3.1. There are 4 variants of A3: Ethernet, WLAN,
LoraWAN, GSM.

A3 can be used in applications for monitoring household parameters, in industrial and production
areas, CBRN monitoring, Smart Cities and loT, in stationary and onboard (vehicles / airplane)
configuration it has a total mass of 170g which is recommended for data collection using UAV, see the
characteristics in table 3.1.

A3 HW108
motherboard
N

Fig. 3.1. uRAD Monitor A3 [25]
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Table 3.1. uRAD Monitor A3 technical data, [25]

Parameter Range Resolution Lifespan® Detection method
Temperature -40°+85°C 0,5°C 5 years MEMS
Humidity 0%+100%RH 1%RH 5 years -

PM1/2.5/10 0-1000pg/m° 1pg/m’ 5 years laser scattering
CO, 400+5000 ppm 1 ppm 5 years NDIR

CH,0 (formaldehida) 0 +5 ppm 10 ppb 2 years electrochemical

Os 0 +10 ppm 10 ppb 2 years electrochemical
VOCs 10 +1000 ppm®@ - 2 years MOX

Noise 30+130dB 1dB 2 years analogue sound

(1) Estimated under normal conditions of use. Device maintenance is recommended after the shortest sensor life (2 years);
(2) For alchool estimated.

3.2.Sniffer 4D
It is an integrated environmental monitoring platform containing a basic module and 9 optional
modules depending on the needs of the end user, the product also comes with a dedicated software tool
for the acquisition, processing and interpretation of environmental data, see figure 3.2, [28] .

The main module includes: data processing unit, telemetry system, GPS module, protection
housing, temperature and humidity sensors, cooling system, power module, back-up module (SD
card).

Fig. 3.2. Sniffer 4D, a. model V1, b. model V2 [28] Fig. 3.3. Date graphics Sniffer 4D [28]

Optional modules can be: VOC, O3 + / NO,, CO, SO,, VOC, C,H,, HCI, H,S, H,, NH3, 4G
transmission. Sniffer 4D can be delivered with mounting kits for DJI M 100, DJI M210, DJI M600. A
selection of the relevant technical specifications are in Table 3.2.

Table 3.2. Sniffer 4D technical data [28]

Module CPU/RAM / | Weight Life Range Detection method
resolution
Main module
Main Unit 1GHz/ 512 3509 - 7/ 3-5km 433MHz Radio; Telemetry system;
Mb Temp., humidity, pressure Sensor
Sensor modules
PM 2.5 1lug/m3/ 1Hz; 299 3 years 0~1000ug/m3; laser scattering/ light scattering
03+NO, 0.5 ppb/ 1Hz 20 g 2 years 0~10ppm electrochemistry
CO 0.7 ppb/ 1Hz 20 g 3 years 0~10ppm electrochemistry
SO, 0.5 ppb/ 1Hz 20 g 3 years 0~15ppm electrochemistry
VOC 3.8 ppb/ 1Hz 11g 5000 h 0~50ppm PID
CxHx 100 ppb/ 1Hz 22 ¢ 5 years | 0~0,2/0,5% propane | NDIR
/ methane
HCI 100 ppb/ 1Hz 20 g 2 years 0~100ppm electrochemistry
H,S 1 ppb/ 1Hz 20 g 2 years 0~50ppm electrochemistry
H, 0,8 ppb/ 1Hz 20 g 2 years 0~3000ppm electrochemistry
NH; 1Hz 20 ¢ 2 years 0~100ppm electrochemistry




4. UAV concept for atmospheric and environmental monitoring

4.1. UAV mission

The aerodynamic and weight configurations of the UAV are optimized for long endurance missions in
the version of the glider with internal combustion engine. Starting from the existing configurations of
similar gliders, with large aspect ratio wing in the literature [12, 20, 27, and 29], we propose the
aerodynamic configuration in subchapter 4.2.

4.2. UAV description

a.Aerodynamic configuration

The twin boom configuration proposal offers both structural advantages through increased rigidity and
an optimized distribution on the wing and aerodynamic advantages offering the possibility of using
wings with long elongation and large span which can place the air vector in high endurance UAV class
(possibly short-range / mid-range).

i

Fig 4.1 Motor glider UAV ATMOS-2CB (combustion engines)

For simplicity in construction, the variant of a rectangular lifting surface was adopted. The
configuration are shown in Figure 4.1 and the geometric features in Table 4.1

Table 4.1.Estimated features ATMOS-2CB

Features Value Features Value
Span (m) / Lenght (m) 6/3,1 Swept / twist angle (°) 0°/0°
Wing area (m°) 3,6 Dihedral angle (°) 2.5°
Aspect ratio 12 Airfoil wing / tail NACA6409-2409 / NACA 0012
Root/tip chord cy/c, (M) 0,5/0,5 Propulsion Combustion engine 1 x 1,9CP/1,42Kw
b.Airfoils

For 2D sections of the wing selected NACA 6409-NACA 2409 airfoils, and for tail selected NACA
0009 / NACA 0015 airfoils, see figure 4.2.

NACA 6409, NACA 2409 NACA 0009, NACA 0015

Fig. 4.2. Airfoils: a. wing, b. tail

6



4.3. Estimation of UAV performance with combustion engine

For an overview of the aerodynamic solution we propose the numerical estimation of the flight and
propulsion performance (for the combustion engine version) as follows:

a. speeds estimation (for W=10kg weight):

-speed at C,=0,75 (AoA=0°), for NACA 6409 airfoil:

' m
V, = = 8,4— = 30,24 km/h 1)

-speed limit for C_nx=1,77 (A0A=9°and flap at 25°):
2-W

Vi = | ———
e p'S'CLmax

m
= 5,01— = 18,03 km/h )

-landing speed for C\ ,x=1,77 (A0A=9°and flap at 25°):
m
Vro =12 Vi = 6,01 = 21,63 km/h (3)

- gliding speed for C,=0,55 (AocA=-1°):

v 200 W e 99™ _ 3236 kim/h
glide — ,D'S'CL =0, S_ , m/

b. aerodynamic forces estimated:

-lifting for speed 8,4 m/s and C,=0,75 (AoA=0°), for NACA 6409 airfoil
1
L=>p V%-S-c, =116,68N = 11,89kgf (4)
Which confirms the initial considerations about estimating the total weight of 10 kg.

-drag estimated, Cp=0,02 (A0A=0°), for NACA 6409 airfoil.

1 5)
D=§-p-V2-S-cD=3,11N=O,31kgf ®)
-lift to drag ratio (gliding rate) estimated:
f= £ = 37,51 ©)
=5 =37,
-range estimated:
R
E =—==251km (7)
%4
Table 4.2. Estimated performances ATMOS-2CB
Performances Value Performances Value
Cruise speed 30 km/h Payload 2 kg
Minim speed 18 km/h Autonomy 8h
Max weight 10 kg Range 251 km




4.4.Mass and balancer UAV ATMOS-2CB
The mass configuration is based on the estimated values of the structure and masses of the onboard
equipment, according to table 4.3. and inertia in annex 1 (mass index 2/line 3).

Table 4.3. Estimated mass ATMOS-2CB

Components Mass Components Mass
Body (with payload) 5,4 kg Fin 0,3 kg
Main wing 2,0 kg Engine (left/right) 2 kg
Elevator 0,3 kg

4.5.Technical aspects

The ATMOS motor glider presented in two aerodynamic configurations is built in a modular concept
(9 construction elements) with elements and quick-connect for facilitate containerized transport to
minimized dimensions (approximately 220 mm length), see figure 4.3. The materials used for
manufacturing include composite elements but also flexible primary products EPS / XPS (extruded /
expanded polystyrene), see figure 4.3.

(]
] ~ 2 ] (]

o

B )
] ]
il

. —

Fig. 4.3. Modular concept: (1) front fuselage; (central wing in front fuselage); (3), (4) extremal wings;
(5), (6) fuselaje tubes; (7), (8) vertical tails; (9) horizontal tail

5. Aerodynamic analysis

5.1. 2D aerodynamic analysis (airfoils)

5.1.1. Conditions of analysis

The aerodynamic analysis of the airfoils used on the wing (fig 4.2) has the initial conditions from table

5.1.
Table 5.1. Conditions of analysis

Contition Value Condition Value
A0A range -5°+15° Nr Reynolds 100000
Air density 1,225 kg/m® Iteration 1000

5.1.2. Results analysis

The performance of the airfoils (for wing) is highlighted with the polars Cl vs AoA and Cd vs AoA.
Gliding coefficient: NACA 6409 has Cly.,=1.49 for AoA=9° and NACA 2409 has Cl.=1.10 for

A0A=10° see figure 5.1 and figure 5.2. Drag coefficient: NACA 6409 has Cd,;=0,018 for AoA=2°

and NACA 2409 has Cd;i,=0,013 for AoA=-2°. For the proposed airfoils, we have optimal

aerodynamic performance in the range of AoA=9+10°.




NACA €409

T1 Al 0.00_MO0.00_NS.0

AoA

Fig. 5.1 Cl vs AcA

5.2. 3D aerodynamic analysis ATMOS-2CB

5.2.1. Conditions of analysis
To confirm the numerical results regarding flight performance, we perform an aerodynamic analysis
according to the analysis conditions in table 5.1. The aerodynamic analysis was performed at the

minimum gliding speed without considering the interference effects of the propellers.

NACA 2409
T1 Re0.100_M0.00_N5.0

Cd

AoA

Fig. 5.2 Cd vs AoA

Table 5.1. Conditions of analysis

Contition Value Condition Value
Speed analysis 9m/s Nr Reynolds 300000
Air density 1,225 kg/m® Iteration 1000
Flight slide angle 0° Boundary conditions Dirichlet
AOA range -5°+15° Analysis method VLM (vortex lattice method)

5.2.2.Results analysis

The minimum fuel consumption for a maximum endurance is indicated by sqrtCI*/Cd? see figure 5.3,
we have a maximum value of this parameter for AoA=4° .

Sqrt(CB/Cd?)

: | i :
: - i ]

By 2001 -----memmmmms I prommeee
; I :

R SE— FUY-0 — 0 SRR E—
g | ]
: - | :

R S B T
: | :

SR S 350 S I S S—
: I i
: L : —
— ] — 4 AoA
-5.0 | §-0 10.0

Fig. 5.3. Maximum endurance parameter

AoA

Fig. 5.4. Cl vs AoA




For maximum endurance, to understand the aerodynamic performance versus AoA we can observe
the values of the lifting coefficient (C;=0,746 for AoA=4°), see figure 5.4, drag coefficient (Cd=0,031
for AoA=4°) from figures 5.5, pitch coefficient (Cm=-0,044 for AoA=4") see figure 5.6 and annex 2.

Cd Cm

— — AoA

Y WY F—

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B -1 -

1
|
|
|
|
; ] : :
| : !
AN : | : !
i | : i : ;
i | i : 4n ] :
10:015 5 | 2 | -0 2 S N
| : ' : !
2.0 0 2.0 4.0 6.0 8.0

AoA e

Fig. 5.5. Cd vs AoA Fig. 5.6. Cm vs AocA

For horizontal flight the parameters and aerodynamic coefficients calculated with XFLR5 are
highlighted in table 5.2 and annex 2.

Table 5.2. Horizontal flight aerodynamic parameters
Parameters Value Parameters Value
Cl 0,362 Cl t0 Cdpin (A0A=-0,5°) 0,314
Cd 0,022 sqrtCI’/Cd” 6,86
Cm -0,143
Conclusions

The need to use high endurance air vectors in the conditions of specific missions of acquisition of
atmospheric and environmental data, leads implicitly to a careful analysis of geometric and mass
characteristics with direct implications on performance and operating limits.

The paper outlined the basics of using unmanned aerial vehicles for atmospheric and environmental
monitoring missions. Of course, it is necessary to estimate the performance for UAV concept with the
help of software tools for an accurate prediction and for possible optimizations of the geometric
characteristics and flight performances.

The limitations of aerodynamic analyzes are based on the use of VLM numerical codes, for the
next stage, the use of CFD software tools is proposed.

The aerodynamic analyzes in this paper provide useful numerical benchmarks for the pre-design
phase of a UAV, which can be confirmed with possible tests in wind tunnels.

The paper presented a simplified geometric configuration of a glider engine that was analyzed at
the minimum flight speed to estimate the critical aerodynamic performance at the characteristic angles
of attack (0° and 4°), the numerical data obtained can be used in the subsequent stages of CFD
analyzes or tests experimental in the wind tunnel.

Future study directions will focus on mass and aerodynamic software optimizations to minimize
total flight weight and reduce drag, both by selecting optimized aerodynamic profiles and the most
efficient propulsion systems.
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Annex 1. Mass and inertia

mass X y z Ixx Iyy Izz Ixy Ixz Iyz
2 211 1.43e-13 33 5.99e+86  2.92e+04  6.02e+06 2] 129 @ | ATMOS-2CB Combustie bimotor_Wing
9.3  1.93e+03 5.88e-14 a1e 1e+85 1.49e+83  1.01e+05 @ -2.14e-23 @ | ATMOS-2CB Combustie bimotor_wing2
2 81.4 2.69e-13 (<] 2e+06  1.61e+84  2.02e+06 2] (<] @ | ATMOS-2CB Combustie bimotor_engine
0.3 1.7e+03 -3.48e-14 166  3.04e+@5 1.4e+84 3.1e+05 @ -3.21e+03 @ | ATMOS-2CB Combustie bimotor_Fin
5.4 -412 2] -5.61 1.11e+@03  8.16€+85  8.158+05 @ -2.53e+84 @ | Body's inertia

Annex 2. Aerodynamic parameters

Plane name : ATMOS-2CB Mk2 Combustie bimotor

Polar name : T1-9.08 m/s-VLM2

Freestream speed : 9.000 m/s
-1.000 0.000 @.265868 9.003284 9.019284 9.022568 0.000000 @.000000 -0.070422 -0.000000 -0.000000 9.0000 9.1339
-@.500 0.000 @.314237 @.e04207 0.018009 ©.022216 @.000000 ©.000000 -0.106992 -0.000000 -0.000000 9.0000 0.1714
0.000 0.000 ©8.362569 0.005284 0.016961 ©0.022245 0.000000 ©0.000000 -0.143694 -0.000000 -0.000000 9.0000 6.19%0
9.500 0.000 @.41e857 2.006515 0.0916060 ©.022575 2.000000 ©.000000 -0.180519 -0.000000 -0©.000000 9.0000 9.2200
1.000 0.000 ©.459093 ©.007898 0.015262 ©.023160 0.000000 ©.000000 -0.217461 -0.000000 -0.000000 9.0000 0.2367
1.500 0.000 @.507269 9.009434 9.014532 9.023966 0.000000 @.000000 -0,254507 -0.000000 -0O.000000 9.0000 9.2502
2.000 0.000 ©.555377 9.011121 0.013936 ©.025057 0.000000 ©.000000 -0.291652 -0.000000 -0.000000 9.0000 0.2613
2.500 0.000 9.603411 ©.012958 9.013426 ©.026384 ©.000000 @.000000 -0.328882 -0.000000 -0.000000 9.0000 9.2708
3.000 0.000 ©.651362 9.014944 0.013029 ©.027973 8.000000 ©.000000 -0.366199 -0.000000 -0©.000000 9.00080 ©.2788
3.500 0.000 ©.699222 8.017079 0.012774 ©.029853 0.000000 ©.000000 -0.403564 -0.000000 -0.000000 9.0000 0.2857
4.000 0.000 ©.746985 ©.019360 0.912628 ©.031988 ©.000000 ©.000000 -0.440993 -0.000000 -0©.000000 9.0000 ©.2918
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