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All-over objectives of European and USA participating groups

* Augment scientific knowledge for complex terrain processes (double hill, vegetation)

* Observe the flow and thermodynamic fields at unprecedented spatial and temporal resolutions

* Develop better parameterizations for microscale modelling for wind energy prospecting

* Understand the interaction of thermal circulation and synoptically driven flow in a heterogeneous domain

For Europe: For USA:
* Perdigao-2017 was one key experiment in NEWA

terrain

e Understand complex terrain physical and
| MopELcHAIN | thermodynamic processes

* create new models that better represent the
GCM (50-100 km)

e sl i physics of flow over complex terrain
* NSF-funded

Orography (20 m res)
Topography
- Land use & rough

- Cities & environment

Complex
- Forest
- Offshore
- Coastal
Wakes

Verification & Validation
l
v
Experimental Models of uncertainty Models
Database | Prodect

Wind data & Wind turbine design parameters '

Speedup, Extremes, Turbulence, icing conditions,

Offshore waves, et “
| Product |
NEW WIND ATLAS

Embedded in the EU ERANET+ Programme
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Research Goals of the partners

N. Topic title Lead Participants
Multi-scale flow interactions in complex terrain Fernando/Leo Notre Dame
group
2 Influence of terrain heterogeneity Fernando/Leo Notre Dame
group
3 Gap flows Fernando/Leo Notre Dame
group
4 Transitions and diurnal cycle of the atmospheric boundary layer, and interactions between valley [ Klein University of Oklahoma
flows and boundary layer flow above
5 Impacts of surface inhomogeneity Barthelmie Cornell University
6 Flow-turbine interactions and wake flows Barthelmie, Cornell University
7 Inflow, flow-turbine interaction, wake flow Wildmann, Kigle, Hagen, |[DLR
Wagner, Gerz
8 Modeling Palma UPORTO
9 Weather-dependent sound patterns around a wind turbine Schady, Gerz DLR
10 Intermittent turbulence and turbulence dissipation rate measurements Lundquist/ Chow CUB/UCB
11 Flow-turbine interactions, especially interaction of wake with coherent structures Lundquist/ Chow CUB/UCB
12 Mesoscale-microscale modeling Lundquist/ Chow CUB/UCB
13 Wind energy resource estimation by measurements and models Mann DTU/others

i DLR
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Why Perdigéao ?

Livdosa

Plhﬂﬂﬂl =

Valladolid
)

Site location




DLR.de + Chart 6 TEAMx Webinar 06-05-2020: The Perdigdo-2017 Campaign in Portugal, Gerz

Why Perdigéo ? N //\_
{%Lv : F TP ‘ . ’“i,iﬂ; ' N,T Aﬁ r P

ARVARSE| /

== [0.0: 3.0[
|mmm [3.0:6.0
|3 16.0:9.0[
B [9.0:12.0]
" |@EEm [12.0: 15.0[
B [15.0 :inf[

real o y off (En
s\t e
g \\ rid8
’(.Ub ne 9 - .M/(j\fﬁw‘yé&.k\\\m&?
_.v 606000 607000 608000 609000 610000 611000
Eastings (m)

Local topography Wind rose, April-June 2017




DLR.de « Chart 7 TEAMx Webinar 06-05-2020: The Perdigdo-2017 Campaign in Portugal, Gerz

So, that’s why Perdigao !
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Perdigao experimental set-up

Originally designed as a NEWA validation experiment, the
Perdigao experiment has become the largest of its kind through
the contribution of international research groups.

e More than 180 sonic anemometers were installed on more
than 40 towers

e 21 scanning and 7 profiling lidars were continuously
measuring the flow field

* MWR, AERI, Sodar, Wind profiler, RASS, radiosondes, TLS
and more...

* Areaabout 4 x 2 km? (across, parallel to the ridges)
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Development of a nocturnal low-level jet from NE in a SW synoptic flow
Exem p I ary resu ltS Menke et al. 2019, Atmos. Chem. Phys., 19, 2713-2723, https://doi.org/10.5194/acp-19-2713-2019

Palma et al. 2019 J. Phys.: Conf. Ser. 1222 012006 https://iopscience.iop.org/article/10.1088/1742-
6596/1222/1/012006

WRF (3 domains) + VENTOS®/M (U-RANS) simulations by UPorto

On 14 May 2017, lidar scans show
2000 Longitudinal velocity along transect [m/s] 2017-05-15 07:40

. 8 * aSW flow prevailing in all layers
‘E' 1500 e ————— —— 3
2 s} ' & At midnight on 15 May 2017
5 w0 4 * alow-level jet over the ridges is observed
T o] : : ; : : : —10 roughly until 11:00
3000 -2000 -wgzstanc eoalong ;:’:gsect [2;0]0 3000 4000 * gravity waves with length equal to the inter-
ridge distance occur with the LLJ
Radial velocity - U, [ms™] e stationary rotor 1500 m downstream of the
— o— downwind ridge
2000 1 : S'E Transec't 15-May-l2017 07:4? UTC : :
E 1500k | VENTOS®/M simulation
51000_ ' i * with 40 m x 40 m x 4m resolution
5 SOOM  captures the flow well (incl. recirculation)
T ‘ . until convection (turbulence) dominates
-%Boo -2(;00 -1(;00 6 1(;00 20.00 30.00 40100 (~15:00)

Distance along transect [m]

RHI scans (2D) with long-range lidar by DTU (from 100 m to 3000 m)  See video at DTU at: doi.org/10.11583/DTU.7863482



https://doi.org/10.5194/acp-19-2713-2019
https://iopscience.iop.org/article/10.1088/1742-6596/1222/1/012006
output.mp4
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WREF simulations by DLR: long run (6 weeks) - D3 with tower 20 data (SW ridge)

Exemplary results |
Wagner et al. 2019, Atmos. Chem. Phys., 19, 1129-1146, https://doi.org/10.5194/acp-19-1129-2019,
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WRF simulations by DLR: long run (6 weeks) - D3 with tower 25 data (valle
Exemplary results y g run{ ) _ (valley)

Wagner et al. 2019, Atmos. Chem. Phys., 19, 1129-1146, https://doi.org/10.5194/acp-19-1129-2019,
TOWER WRF

Measured wind speed @ tower 25 (100.0 m AGL) WRF wind speed @ tower 25 (100.0 m AGL) 25 . TOWER 25 @ 100m AGL .
" AMSE = 188 m s
20+ :
E [0.0:2.0[ " < E [0.0:2.0[ —
(2.0 4.0 i . (2.0 4.0 §15~
B (4.0:6.00 ‘ : B (4.0:6.00 >
== [6.0:8.0[ S :\ET)A == [6.0:8.0[ é
A E — [8.0:10.0[ S I o -...__.--| E— i E — [8.0:10.0[ S
O [10.0: 12,00 Lo I\(‘\W ' o [10.0:12.0[ g 10f
3 [12.0 : 14.0( i ‘ l’ R = (12.0:14.0[| K
B [14.0: 16.0( - Vvan _ . B [14.0: 16.0(
B (16.0: infl o o e B (16.0: infl 5f
915 -5 0 5 10 15
Cross-valley wind deviation (m s ')
flow around topography ?
Cross—valleyﬁwggd TOWER 25 @ 100m AGL
T — Tower
0] 15, EE P S R |
£ — WRF
©
£
2
>
Q .
© i
> |
%)) :
)] :
(o] : : : :
— : : : : : : : : :
@] _15 1 1 1 1 1 I I 1 1
May 02 May 07 May 12 May 17 May 22 May 27 June 01 June 06 June 11

Time (UTC)



https://doi.org/10.5194/acp-19-1129-2019,

DLR.de + Chart 13

Exemplary results
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WRF by DLR: short runs — radial velocity of real and simul. lidar — LLJ from NE
Wagner et al. 2020, Wind Energy Sci. Discussion, 19, 1129-1146, https://doi.org/10.5194/wes-2019-77
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Exemplary Results
Wind speed along ridges: DTU lidars versus DLR WRF

South-westerly flow under stable conditions (averaged over all
ridge-scan periods)

e Better agreement for WRF without forest drag
parameterization

* WRF with forest drag underestimates wind speeds significantly
~30%, but:
e correlation coefficients are improved
e changes along ridges more similar to lidar measurements
e better performance for masts located on slopes

* Forest drag is probably over-represented due to incorrect
forest coverage on the ridge tops and too high trees in the
model.

Menke et al. 2020, Wind Energy Sci.-Discussion,
https://doi.org/10.5194/wes-2019-85
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Perdigao experimental
set-up of DLR
Wind turbine wake flow

Wildmann et al. 2018, Atmos. Meas. Tech., 11,
3801-3814,
https://doi.org/10.5194/amt-11-3801-2018
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L essons learned

Instrumentation

“Think big 1“

In complex terrain, the number of instruments makes a difference to study micro-scale effects

Combination of in-situ and remote sensing instruments has proven to be very valuable

Simple, continuous lidar measurements with the same measurement strategy are most valuable

Combine multiple lidar and radar (x-band) ?

Stronger focus on along-valley flow with scanning lidars would have been beneficial

(state-of-the-art) scanning lidars are subject to continuous maintenance and availability can be low if systems fail
(backup for important measurements is advisable, see also Dissertation of Robert Menke, 2020)

More inflow measurement would be important for initialization of numerical models (Temperature, humidity, wind
profiling)

UAV (fixed-wing and multirotor) systems could fill a missing gap in flexible in-situ (turbulence) measurements above
tower heights

Numerical Modelling with WRF

i DLR

High resolution (“blended”) topography and (up-to-date) land-use data mandatory (beneficial) to model microscale
processes (Perdigao high resolution scan was two years old)

Better roughness length data probably not so useful ?

Instead modelling “porous topography” explicitly to obtain sufficient drag in the lowest model levels
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