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INTRODUCTION

“Laboratoire d’aérologie” (Toulouse —France), two Unmanned Aerial Systems (UASs) of different size have been developed .
The first one, called “OVLI-TA”, is a small drone (UAS) of 3kg including the payload. After wind tunnel calibrations, the drone flight tests were conducted in Lannemezan site-
France. The drone then participated to the international project DACCIWA (Dynamics-Aerosol-Chemistry-Clouds Interactions In West Africa), in Save, Bénin.
The second one is so called “Boreal” drone, which weights 20 kg and can embark 5 kg of sensors and IMU with data fusion.

OBJECTIVES

- Develop, instrument and qualify the two UASs for turbulence observations in the atmospheric boundary layer.
- Present the instrumental packages of the two UASs.

- Compare data of OVLI-TA with data of tower and conclude about the robustness of drone measurements.

SITES and DATA:

* Data from 60 m tower of Lannemezan-site which is equipped with sonic anemometers
of 10Hz ( 3 available levels: 30m,45m and 60m).

* DATA from OVLI-TA drone which has flown in Lannemezan (flight tests) and Bénin (DACCIWA).

DACCIWA SITE, in Save, Bénin Picture of the instrumented Mast of 60 m at Lannemezan Site

Lannemezan flight Results:

Methods and UASs missions:

We calculate the wind speed by subtracting the airspeed (5-hole probe ) from the
ground speed (GPS), using equations established by Lenschow(1986) , and by
focusing on the selected sequences where the drone flies in a straight line.
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» Wingspan : 260 cm - Wing area : 3903 cm?- Fuselage.
Length : 114 cm.

» Dry weight : 1.25 kg -Loaded weight : 2.26Kg (1 kg of

battery/payload).

EPO Wings and fuselage construction.

flight times : 1-2 hours autonomy.

Spectra of Vertical wind speed measured by OVLI and Mast-60m

Characteristics of BOREAL Unmanned Airplane System:
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Electronic devices of OVLI-TA used for turbulence > Cruise Speed : 70-130 km/h o
el |
measurements: | (19-36m/s).
e uSD card: 100 Hz. Wingspan : 420 cm. S N ——

Fuselage Length : 150 cm.

Dry weight : 20 kg.

Loaded weight : 5Kg of payload.
Flight times : 10 hours autonomy.

e 3 Temperature/humidity sensors SHT75 : 2 slow of 2,5 Hz and 1 faster of 10 Hz.
e 1 IMU ADIS16448 analog device (100 Hz) : - Triaxial digital gyroscope.

- Triaxial digital accelerometer.

- Triaxial digital magnetometer.

- Digital barometer.

- Embedded temperature sensor.
e “5-hole” probe in the drone nose: 3 Differential pressure transducers
(HCEM10) : 100 Hz (Measures the air speed, as well as the angles of attack and sideslip).
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Electronic devices of BOREAL used for turbulence
measurements:

e 1GPS : 5 Hz SR

e Pitot tube (Static pressure). | R o

» 3DR Pixhawk Autopilot : - GPS (5 Hz). = &l =]
- IMU (50 Hz). | A | —

IMU with AHRS 1000Hz I

Acquisition ;
system ; y Avionic
GPS

Pressure —
system } Servo 179

Y l
I Boreal’s Autopilote Ii Ll Bround contro |

Wind tunnel calibrations of the 5-hole probe of Borealcomez ke, 2

S Autopilot
MU bracket Autopilot

DACCIWA Results: Flight example

o
~
=)
g
=}
OVLI - 20160715-1645 - Wind direction profile OVLI - 20160715-1645 - Relative humidity profile ) OVLI - 20160715-1645 - Air temperature profile A
1200 1200 1200 @ 1 —
s =k_ -« AP
= — 3
o wo| : a a a
— S o
—= \ @
— 800 2
— ~ -c f
5 3 k, =0,0775
= S a )
© g ?
,,,,, b=
2 400t (¢ g 40 S 400 S =
i 2 2 —Line
- 0 2
200 | = Attack angle (degrees)
~
= -° -
U o ;
| L 1 L 1 L 1 . . . L . . . ) Ao e — 1 —
0 50 100 150 200 250 300 350 45 50 55 60 65 70 75 80 85 -200 : : : ' ‘ . : ; ; = o — k * AP
Wind direction (deg) Relative humidity (%) 20 22 24 26 2% 30 32 34 36 3B i higsesvisasstball o _—
Air Temperature (°C) .:.3 ’ % y
c % ’
- . . . Vo g %
Wind direction profile Relative humidity profile : fil & A —
Air temperature prortiie E ﬁ — )
OVLI - 20160715-1645 - Wind speed profile OVLI - 20160715-1645 - Air temperature S 0 ¥ k ege o f
© ]
25

OVLI - 201607151645 - Wind vector 2 ° e
Sideslip angle (degrees)

Perspectives :

2427 2428 2429 243 2431 2432 2433
Longitude

Latitude 8.001 2426

d Flight tests for Boreal’s drone in Lannemezan.
1 Measurements campaign in equipped sites ( Masts and towers) with longer straight lines
flights.

Conclusion:

- The OVLI-TA drone is capable of turbulence measurements.
- Boreal’s drone will allow us to get a better spatial resolution, and is robust enough to fly in
turbulent conditions for longer time .
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