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Approvals needed for the Bolund experiment

e Landowners’ approval (Karen, Christian and Benny)
e Fredningsnavnet

e Building approval (Byggesagsgodkendelse, Roskilde
Kommune)

e Environmental Center Roskilde
e Neighbor hearing (two complaints filed)

e Meeting with the neighbors (a very peaceful meeting with
some understanding)

e Danish Maritime Safety Administration (Farvandsdirektoratet
in Thisted)

Bechmann et al. The Bolund Experiment
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Approvals needed for the Bolund experiment

e Landowners’ approval (Karen, Christian and Benny)
e Fredningsnavnet

e Building approval (Byggesagsgodkendelse, Roskilde
Kommune)

e Environmental Center Roskilde
e Neighbor hearing (two complaints filed)

e Meeting with the neighbors (a very peaceful meeting with
some understanding)

e Danish Maritime Safety Administration (Farvandsdirektoratet
in Thisted)

Normal processing time 1/2 year - Bolund ~ 3 months
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Previous experiments
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Bolund vs. Askervein

Askervein Experiment 1983
e Well-defined inflow
conditions.
e Uniform Roughness.

e Low hill / simple terrain.

e “Linear”.

Bechmann et al. The Bolund Experiment
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Bolund vs. Askervein

Askervein Experiment 1983 Bolund Experiment 2008

e Well-defined inflow o Well-defined inflow
conditions. conditions.

e Uniform Roughness. e Roughness change.

e Low hill / simple terrain. e Steep Escarpment.

e “Linear”. o “Complex”.

Bechmann et al. The Bolund Experiment
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The Bolund peninsula
Map width: 50 km
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The Bolund peninsula
Map width: 20 km
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The Bolund peninsula
Map width: 7 km

Jul13, 2007443 54735 pm
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e Bolund peninsula
Map width: 3.5 km

Jull13,2007. 3 54 35pm
i

Imagery Date: 2006
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The Bolund peninsula
Map width: 1 km

u)l13, 2007, 354:35 pm

Imagery Date: 2006
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Height scanning with laser

Optech Airborne Laser Terrain Mapper: =~ 2 m resolution

Bechmann et al. The Bolund Experiment
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Height scanning with laser

CIiff to steep: additional < 0.1 m resolution scanning applied

Bechmann et al. The Bolund Experiment
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Height scanning with laser

CIiff to steep: additional < 0.1 m resolution scanning applied
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Height scanning with laser

CIiff to steep: additional < 0.1 m resolution scanning applied
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Erection of masts

Bechmann et al. The Bolund Experiment
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Instrumentation

23 Metek USA-1 Basic sonics — off-line flow correction

12 Risg cup anemometers (WindSensor P2546)
2 ZephlIR lidars 4 one scanning lidar
Temperature and temperature difference

No

pressure and no humidity

Bechmann et al. The Bolund Experiment
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Sonic Configuration

Mast. ID 2m 5m O9m 15m Lidar

MO C CS C C -
Ml S S S - -
M2 S S CS - L
M3 S S CS - .
M4 S S S - -
M5 S S - - -
M6 S S € - -
M7 S S - - -
M8 S S C - -
M9 C €5 C C L

Bechmann et al. The Bolund Experiment
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Technical Diagram
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Database and Rodeo

Central Acquisition of all
Meteorological Data (20
Hz)

Direct Data Transfer to
Risg via RadioLink
Database Storage
MySQL (20 Hz and 10
min averages)

Online Data Display

Bechmann et al. The Bolund Experiment
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Water level in Roskilde Fjord

Readings water level
8

Jon 07 Jon 14 Jan 21 Jn28
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The upstream mast M0O: Atmospheric stability

Bechmann et al. The Bolund Experiment
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The upstream mast M0O: Atmospheric stability

Bechmann et al. The Bolund Experiment
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The upstream mast M0O: Atmospheric stability

Bechmann et al. The Bolund Experiment
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Fetch

1113, 200788354735 pm

Image © 2009 COW| A/SABDO
©2008 Tele Atias

55:4200718"N._ 12:0326.70°E
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Fetch
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Fetch
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The experiment The upstream conditions

Measurement period and stability
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Stability in terms of the Monin-Obukhov stability
parameter z/L
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 0 m/s
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 2 m/s
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 4 m/s
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 6 m/s
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 8 m/s
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 10 m/s
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Atmospheric stability: z/L versus Ri
180° < 6 < 360° and Us > 12 m/s
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Atmospheric stability: z/L versus Ri
180° < 6§ < 360° and Us > 14 m/s
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Neutral upwind profile
—0.02 < z/L < 0.02 and 260° < 6 < 300° (long fetch)
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The upstream conditions
Is the flow “undisturbed”? (—0.02 < z/L < 0.02)
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The upstream conditions
Stability changes the wind gradient U/0z slightly
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Upstream turbulence
8m/s < Us <10 m/s
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Upstream covariances
8m/s < Us <10 m/s
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Upstream spectra

Along wind, u, transverse v, vertical w, co-spectrum uw
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The experiment The upstream conditions Flow around the hill

Upstream spectra

Along wind, u, transverse v, vertical w, co-spectrum uw
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Upstream spectra

Along wind, u, transverse v, vertical w, co-spectrum uw
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Speed at line A (5 m above terrain)
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Speed at line A (5 m above terrain)
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Speed at line A (5 m above terrain)
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Speed at line A (5 m above terrain)
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Tilt at line A (5 m above terrain)
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Tilt at line A (5 m above terrain)

The experiment
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Tilt at line A (5 m above terrain)

The experiment
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Tilt at line A (5 m above terrain)
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Deflection at line A (5 m above terrain)
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Deflection at line A (5 m above terrain)
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Deflection at line A (5 m above terrain)
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deflection (degree)
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Deflection at line A (5 m above terrain)
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Turbulence intensity at line A (5 m above terrain)
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Turbulence intensity at line A (5 m above terrain)
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Turbulence intensity at line A (5 m above terrain)
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Turbulence intensity at line A (5 m above terrain)
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Turbulence spectra at line A (5 m above terrain)
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Turbulence spectra at line A (5 m above terrain)
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Turbulence spectra at line A (5 m above terrain)
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Turbulence spectra at line A (5 m above terrain)
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Speed at M2
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Speed at M2
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Speed at M2
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Speed at M2
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Conclusions

e Instrumentation and data acquisition worked well. Proximity
to Risg very convenient.

e We have successfully captured the gross features of flow over
a steep hill.

¢ No significant stability effects

e Very turbulent recirculation zones behind hill and at “leading
edge”.

e At the downstream mast M9 the flow relaxed to normal.

e Should we do it over again: Only measurements along one
line, but more heavily instrumented
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