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UAV 1/16
MASC: Multi-purpose Airborne Sensor Catrrier

_operated at University gj Tgbﬂge_rl - wingspan: 2.7..3.5m
total weight: < 6 kg
Incl. sci. payload: 1.5 kg
cruising speed: 25 m/s
endurance: 1 hour
electrical engine
autopilot: U Stuttgart

Measurements:

3D wind vector

air temperature

water vapour

(I told the designer, that | don't care about the colour, as 100 Hz sampling rate

long as itis well visible ...) data link to ground station
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Sensors 2116
MASC sensor system

. complete thermodynamic sensor
R package:

thermocouple

ne wire resistance thermometer
capacitive humidity sensors

ow probe

Inertial measurement unit (IMU)
GNSS position and velocity

turbulence measurement
up to 30 Hz

—— Thermocouple 25um
—— FWPRT 25um
s

live data observation
on ground-station computer

power spectrum / K2s
1e-07 1e-05 1e-03 1e-01

100 Hz on-board log to SD-card

005 '~ 020 050 ' 200 500 @ 2000
frequency / Hz
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Projects 3/16

Lidar Complex - The First WindForS Project

Project goal —

Measuring wind array and turbulence
using RPA in combination with lidar and
towers

Assignment of task —

Baseline comparative measurements in
at terrain which conforms to IEC61400.

Comparative measurements in
extremely complex terrain in the
Swabian Alb.

Comparison of all measurements to a
CFD-simulation and a windtunnel

2013.05°08 08.37.39 .
/ experiment.
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Projects 4/16
KonTest - A WindForS Project

Project goal —

Conceptual design of a test eld for wind
energy in complex terrain

Assignment of task —

Characterization of potential locations by
short-term RPA ight measurement
campaigns

Calculation of turbulence intensity,
shear, uxes

Comparison to and initialization of

2013.05.08 07.09.46 . . .
numerical simulations
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Experiment description

5/16

Wind potential in Southern Germany

The highest wind potential in Southern
Germany (Baden Wurttemberg) is in
exposed positions, in the Black Forest,
or the Swabian Alb.

The Albtrauf, close to Geislingen, is the
location where the largest wind park in
BW is already installed.

Experiments for the projects Lidar
Complex and KonTest are in progress at
this location.

A WindforS test site — the most modern
of its kind — will possibly be installed
here.
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Experiment description 6/16

The test site at the Albtrauf

met. tower

w stationary lidar ’

9! long range Lidar

\I( mobile lidar
® MASC flight

250

“nal

In IOPs, a mobile lidar and a long range lidar complement the RPA measurement.
A stationary upward looking lidar  and a tower with sonic anemometers are
Installed permanently at the locations depicted above.
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Experiment description 7116

RPA measurement strategy

Mainfwind direction

_ In main wind direction the
\ = o s wind ow is approaching
S e * through a river valley .

Two areas are permitted for
RPA operation. One on the hill,
and one in the valley.

Google earth

522 m eyealt 3.82 km )

Focus is on the ow over the escarpment | Racetracks from 75 m to 300 m
over the escarpment top in vertical steps of 25 m are performed.

To get an idea about the in ow conditions, vertical proles are own in the
valley.

On some days, two MASC were deployed simultaneously  to measure in ow
and edge effects of the escarpment at the same time.
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Results 8/16

Example: wind direction NNW
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distance from cliff / m

Visualization of the vertical wind w at the
cliff. Wind direction = 330°, mean horizontal
windu=5ms L
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Example: wind direction NNW

In Northerly wind directions, the

ight legs of MASC are S - L
perpendicular tothewind ! A o s

cross-section of the air ow is S °
measured. I

E
. g9

The ow is lifted over the S F

escarpment in the West. ® g
1

. : : 3

No vertical motions are found in o
the Eastern part of the ight leg. g | -

-1000 -500 0 500 1000 1500 2000

distance from cliff / m

Visualization of the vertical wind w at the
cliff. Wind direction = 330°, mean horizontal
windu=5ms %
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Results 10/ 16

Example: wind direction NNW

In Northerly wind directions, the
ight legs of MASC are
perpendiculartothewind ! A
cross-section of the air ow is
measured.
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altitude / m

500 600 700

The ow is lifted over the
escarpment in the West.

No vertical motions are found in
the Eastern part of the ight leg.

400
|
w

-1 600 -SbO 0 560 1 O‘OO 1 5‘00 20‘00
Horizontal wind speeds are distance from cliff / m

lower in the updrat. Visualization of the horizontal wind u at the

cliff. Wind direction = 330°, mean horizontal
windu=5ms 1
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Results

Example: wind direction NNW

Google earth

Bildaufnahmedatum: 3/30/2014 48°39'14,31"N 9°49'38,05" O Hohe 682 m sichththe 1.97 km O
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Results 12 /16

Example: wind direction WNW

mobile lidar
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Visualization of the vertical wind w at the
cliff. Wind direction = 290°, mean horizontal
windu=8 ms 1.
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Example: wind direction WNW

In Westerly wind directions, the
ight legs of MASC are turned
In line with the mean wind !
Development of the ow on top of
the escarpment is measured.

The ow is lifted over the
escarpment. The updraft
attenuates approximately 500 m
downstream.

Increased turbulence is found in
the lowest legs.
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Visualization of the vertical wind w at the

cliff. Wind direction
windu=8 ms 1.
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Example: wind direction WNW

In Westerly wind directions, the
ight legs of MASC are turned
In line with the mean wind !
Development of the ow on top of
the escarpment is measured.
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The ow is lifted over the
escarpment. The updraft
attenuates approximately 500 m
downstream.

altitude / m

500 600 700

7 4
\

Increased turbulence is found in 4000 500 0 500 1000 1500 2000
the lowest Iegs. distance from cliff / m

400

Visualization of the horizontal wind u at the
cliff. Wind direction = 290°, mean horizontal
windu=8 ms %

A region with low hor. wind
speeds is consistently found
at the Ilowest leg, 500 m
downstream.
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15/16

Thank you for your attention!

Bundesministerium
fiir Wirtschaft
und Technologie

The projects “Lidar complex”, “KonTest” and “Owea Loads” are funded %
by the Federal Ministry for Economic Affairs and Energy based on a
decision of the German Bundestag.
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