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Spatial and temporal scales of atmospheric phenomena
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Mesoscale-Microscale Coupling Challenges
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Mesoscale-Microscale Coupling Principle | Meso data

Global Model

Resolution: 30 - 100 km

Regional Model

Resolution: 1 - 3 km

Dynamical downscaling

Produce boundary data and
volume conditions for
transfer to Mesoscale

Microscale Model

Resolution: 256m - 1 km

Statistical downscaling I

Produce boundary data and _ o
volume conditions for Wind direction
transfer to CFD Stability classes
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Mesoscale-Microscale Coupling Principle | Meteodyn WT
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Mesoscale-Microscale Coupling Principle | Meteodyn WT
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Mesoscale-Microscale Coupling Validations
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Validation | ALEX17 Benchmark
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Figure 1«Elevation map with Z-transect and met mast locations that take
part in the benchmark. The color bar represents height above the mean
sea level(J. Sanz Rodrigo et al 2021 J. Phys.: Conf. Ser. 1934 012002).

Height above the mean sea level (m)

I[EA-Wind Task 31

ALEX17 Benchmark | Alaiz Mast locations

Table: Summary of model participants™*

Name Model Res. [m] | Domain [km]
WRF-3km MYNN 3000 264
WRF-333m MYNN 333 31.3
WRF-LES-111m LES (1.5-TKE) 111 9.1
WRE-Alya-RANS URANS k — ¢ 50 16
WRF-Alya-LES LES Smag. 35 14
WRF-Ellypsis3D-8x12 | URANS k —e 40 24
WREF-Ellypsis3D URANS k£ — ¢ 40 24
WRF-MeteodynWT RANS k -1 25 20

* Siemens Gamesa Renewable Energy, National Renewable Energy
Centre, Fraunhofer IWES, DTU, UL Services, Barcelona Supercomputing

Centre, Meteodyn
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Validation | ALEX17 Benchmark
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Quantify the performance of the models

The ALEX17 g Assess the differences from the different
SHEAT diurnal ey

benchmark 1es in complex torpaiy S : wind speed meso-micro coupling strategies
Cone 0 Lo ALt A D ARSI . . , :
et n, = 6 : number of bins Reduction of the wind speed mean bias

from 32%, at 3-km mesoscale, to +5%

Meteodyn’s model coupling wind speed
BIAS lower than 1%*

All masts
WRF-MYNN-3km I, 32 .0/
WRF-MYNN-333m 743
WRF-LES-111m  I-1.55 Confirmation of added value of meso-micro
Alya-URANS  I-4.23 coupling at reproducing non-conventional

Alya-LES ol Seig wind conditions in complex terrain
EllipSys3D-URANS ~ [5.04

EllipSys3D-URANS-8x12 W3.96

'0-55 * Sanz Rodrigo et al, The ALEX17 diurnal cycle in complex terrain

0 20 benchmark, 2021 J. Phys.: Conf. Ser. 1934 012002
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Application | Large Coastal Site in India

P0.069 Meso.micr,

0 scale ¢
Resource Ass Oupling method for Wing

essment in | mE
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| Sitenames | __Station | _Terrain__| Altitude |

Rangewadi Wind Mast mountain 1034m

Chatrapati Weather station coast 11m

VIENELEIEENTETS  Weather station mountain 1382m

=  Mesoscale WRF
=  Microscale CFD
=  Mesoscale-Microscale Coupling
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Application | Large Coastal Site in India

UNSTABLE STABLE

P0.069 Meso-micr,

]

R“"“"“Asses::‘:::;“ﬂ'“g"‘“"‘M""Wlnu e T 14 7
i S e QO g ES B Mesoscale WRF
T | S| i £ [ Microscale CFD
>— _éms 215 . q
- S = | & H B Meso-Micro Coupling
et ; ‘ Birjered Ll-l ED'G -%1_[1
= =5 | | = . : B Measurements
e em— | .|||I|u.||| w | e I I I
e i, Bl e ; 0.0 0.0
e we o o T s e ST e T coast mountain coast mountain
© 1.2 s 1
e | | MY =1
et e 3 2 2 10
: i s im 3
ﬁ % % 0.6
[ g“ § 0.4
%) 30-2 E’_ 0.2 I I
S den 0.0 - 0.0
it coast mountain coast mountain —~~
————] Speed-up Ratio (Weather station/Wind mast) i. i. i-
_



Application | Strong Diurnal Cycle in the Middle East Site

Middle East
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Application | Strong Diurnal Cycle in the Middle East Site

Middle East

Iny i i
Proving Wind Resource
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25.0% m Multi meso method
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Mesoscale information

Crucial for more accurate WRA
in complex terrain.

Mutlti-meso method

Improvement of wind speed
distributions

Meso-Micro coupling method

Best solution reducing wind
speed errors by 13% compared
to the CFD method
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Mesoscale-Microscale Coupling & Meteodyn WT Software

SITES ELE_Alaiz ¥ ELE Alaiz_couplage

The mesoscale microscale coupling has been
validated with the Alaiz benchmark case and © -

the results have been reproduced in Universe. B o

B2 rojection WGS 84 / UTM zone 30N

WT simulation

. Location

. Orography + 8
Wake Conference 2021 10P Publishing ALALE Hevatlon20mWGSBAtif ®
Journal of Physics: Conference Series 1934(2021) 012002  doi:10.1088/1742-6596/1934/1/012002 Unit Meter
. Roughness + 0
Masts
A-transect rugo_alaiz tif [od
B-tramsect
. Unit Meter
s Value information RGB
Forest density Normal
Correspondence's table TiffCLC bt
. Mesoscale/microscale coupling data +-3 L
(o3
Orighh e NP ke
I ey e e—— — )
Horizontal resolution ... DL L 3000 m
SaE ok N Temporal resolution 008h
x [m] Start date 9/29/2018
End date 107472018
Stability Neutral, Stable, Unstable

Figure 1. Elevation map with Z-transect and met mast locations that take part in the
benchmark. The color bar represents height above the mean sea level.




Mesoscale-Microscale Coupling & Meteodyn WT Software

' Orography

No environment data to be displayed

' Roughness

No environment data to be displayed

' Mesoscale/microscale coupling data |+

+

L3

No data available for display

Import Meteodyn mesoscale/microscale coupling data

Import WRF output files

|

Mesoscale input files (.nc) )

* Downscaled data obtained with a WRF
(Weather Research and Forecasting)
mesoscale simulation.

* NetCDF file
\ » Automatic .SAM file generation j

}

(,__\ Statistical Analysis for Mesoscale data file (.SAM)\

2 B B . provided by Meteodyn
* Contains analyzed wind time series classified
by stability (unstable, neutral and stable) and
direction for each point of the mesoscale
\ domain — B

aam
v




Meso-Microscale Coupling
(MMC)

Statistical series

Improve the accuracy of your wind
resource assessment with Meteodyn
software.

Meteodyn's meso-micro-scale coupling
(MMC) technology integrates regional
atmospheric phenomena into
microscale CFD simulations.

Generate a SAM file, which is only
compatible with our Meteodyn WT
software.

The MMC approach is generally
recommended for wind farms:

= Covering a large area

= Located in coastal or mountainous
areas

= Subject to significant diurnal cycles or
unstable atmospheric conditions

Get data

HOME

Meso-Microscale Coupling (MMC)

MESOSE

@ Wind Data Portal | Mesoscale-Microscale Coupling

meTteoDoun
——

Sectors ~  Services ~  Software ~  Aboutus v Resources News Contact v =8 . 0O

MESO-MK E COUPLING (MMC)

MICROS

I

our wind resource assessment studies in Meteodyn WT software. Order your Meso-Microscale Coupling (MMC) data today to

al mesoscale atmespheric effects within your microscale CFD simulations.

Download a Meso-Microscale Coupling SAM
file dedicated to Meteodyn WT

= Leafiet | © OpenSireeibap conbudors

+ Deliverables: Statistical series

« Variables: Wind speed and direction, « Heights: 10-300 meters
atrospheric stability « Format: Proprietary SAM file

« Available period: 1940-2024

Technical details

« Horizontal resolution: 3 km

« Délai de livraison : 2-3 semaines (selon

yn WT 2 complexits du che)

—l Technical details

Go back to the store |

Define the location of your

project 25 km

Site radius. F 50 km

point1 100 km

Latitude (deg) Lengitude (deg) *

Must be in the bl st be in the biue zone

Please enter a number from -90 Please enter a numbser from
1090 -180 10 180.

resentative year: -
Please enter a number from 1950 to 2024

Add a point ‘

! One-year period either covering met mast data or being a
long-term representative year. If you have any questions about
which year to select, please contact us before placing your
ordar

Total 0.00 €

Year

)

£

Coordinates
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MESOSCALE-

MICROSCALE
COURLIN G

The new technology that takes wind resource assessment
accuracy to the next level for complex sites!

Allowing users to better assess their site’s wind resource
Integrating mesoscale information INTO the Meteodyn WT-CFD simulation
Introducing and maintaining large scale effects in the whole numerical domain

Improving Wind Resource Assessment with less uncertainties thanks to a CFD software
well adapted to numerical simulations with multi-scale atmospheric phenomena

Mesoscale-microscale coupling method validated on sites all over the world

MMC well suited for complex sites with a radius larger than 7-8 km with strong
thermal effects

An option for expert users

Assistance from Meteodyn to generate the mesoscale data and coupling inputs

2)
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