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Agenda

1.Why Computational Fluid Dynamics (CFD)?
2.Meteodyn CFD computations
3.WRA results “synthesis”

4.Scientific partnership with Industrial and
Research actors of Wind industry




1. Why Computational Fluid Dynamics (CFD)?

Better consideration of terrain and
forest than linear models

Best compromise between cost,
precision and computation time for

industry

Advanced approaches (thermal

stability, mesoscale coupling...)

Lidar CFD post-correction

Recommended by norms (ClassNK
Japanese guidelines)

Several hours of CFD computation

[

[
Averaged mean speed error ~2 % in forested
area including complex terrains (5 sites) :';'eDF

renouvelables

ClassNIK

2 ReNeWABLE ENERGY

(C19] o] NINI NKRE-GL-WFCO1 Edition: July 2021

Table 2-3 Airflow analysis model and requirements for the number of wind direction sectors

Number of wind direction sectors

Topographic complexity

Airflow analysis model

Simple / Flat terrain

Linear model/Nonlinear model

12 or more

Complex terrain

Non-linear model

16 or more
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Meteodyn WT WRA Methodology

Pre-processing g

E-

Import data

Site
definition

CFD
computation

* Import orography and roughness maps (available databases)
* Create a wind turbine type
* Import meteorological data element @ g é

* Site definition: Coordinate system, size, orography, roughness
* Elements: turbines location, met mast, mapping, vertical profile...
* Layouts definition

* Mesh generation and Boundary conditions
* Wind characteristics per direction and thermal stability
* Convergence

* Meteorological data processing

* Wake effects

* AEP with / without wake effect

* Wind and turbulence matrices at each turbine
* |EC standard

)



2. CFD computation

Objective: define the wind flow parameters close to the points of interest (Mast, wind turbines,
mappings, lidars...)

-
« Speed up factor Warning: Speed up factor is not speed

* Ambient turbulence intensity

* Inflow angle = Speedyr
* Deviation angle (from synoptic wind) Vo
S — Speedmast
mast VO
Swr _ Speedwyr

Interest? : =
Smast Speedmast

(+3) |



CFD computation process

1. Description of terrain characteristics
using orography and roughness maps

!

2. 3D Mesh generation
Structured
automatic refinement around points

4. Convergence analysis
Convergence rate analysis
Result stabilization
Residual analysis

|

V

5. Analyse / results

3. Solving Navier stokes equations
boundary conditions
Automatic Forest model,
Thermal stability influence
Multigrid

All assignments
Spee)d-up

¢
1621
1.602
1.583
1.565
1546

1.527
1.508
1489
147
1.451
1432
1413
1.394
1.376
1.357
1.338
1.319
1.3

)



Horizontal mesh generation

Structured and oriented mesh (one mesh for each direction)

Automatic refinement at the result points (wind turbines, mapping points, etc.)
Close to the interest point the mesh has the minimum horizontal resolution
Horizontal expansion coefficient between the refinement points

Parameters

Minimum horizontal resclution (m)
Minimum vertical resolution {m)
Horizontal expansion coefficient
Maximum iteration number

Thermal stability class

25

2 - Neutral

Horizontal expansion coefficient
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Horizontal mesh generation

- Importance of mappings!

MAPPING STEP
Step: 50 m

111

1T

Step: 1000 m

Mapping: 2km*2km N ’ .
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Vertical mesh generation

. . Parameters
® Automatic refinement at the ground i oot et
" By default, the first 10 cells have the minimal size Minimum vertical resolution (m)
deflned (4 m by default) Horizontal expansicn coefficient

Maximum iteration number

" Vertical expansion coefficient between the refinement Thermal stability class
points ( 1.2 by default)

2 - Neutral

H CFD advanced settings
Finer resolution for the « nfirst » cells

nfirst
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3. WRA Methodology SYNTHESIS

- Meteorological data transfer: wind speed and direction

Deviation between turbine and mast: 45°
Speed up factors' ratio “urbine—3

mast

m \ Directions

45 | 90 [135/180|225(270(315[360 45 | 90 135/180 225 270 315|360
1] 1 [ 36| o a711]4 1
25 o[8[ 7]o]7]5]s8 2
3/1216] 91287814 3

S [4]15[19]30[20[ 24143212 2 4

Q [5[16] o [14]24[15[10] 1847 ﬁ L5

o |[6]34[14] 1516|1014 14 15 n |6
71014181211 9 |12 0 7
8/ 7] 7]lolof12]16] 0] 0 8
glo[o9 oo 7]o0o]o0o]o 9 12
100 0/ ofloflolofoflofo 10 ||
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WRA Methodology SYNTHESIS

- Meteorological data transfer: turbulence

Why ? Because the CFD model cannot take into account the
mesoscale turbulence.

How ? Using measurement data :correction with the turbulence
matrix:

TLypinc(speed, dir) =\cpp_point(dir) A\AI(speed, dir)

CFD value Correction term

3.8+ 0.75 * speed

09

08

0.7

06

05

04

03

02

01

Al(speed, dir) = I,.4s(speed, dir) — Icpp_pase (Air) *

speed

Meteodyn Tl correction

—

——

(prevailling sector)

IT point_with MTD correction
Data point

IT_point_CFD

& e L 4 G- ——F @ L — - - & o
10 20 25
Mean speed (m/s)
Example on complex terrain
Specified by
IEC 61400-1
/—\
e
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Wake effects in Meteodyn WT

Speed reduction models:

Park (Jensen model)

Fast EVM (Ainslie model)

Large wind farm model (Frandsen
model)

Added turbulence models:

Simple Frandsen
Complete Frandsen
Quarton

Park model

Fast EVM model

12



Wake effects in Meteodyn WT

Validation on the Seongsan wind farm

= Wind farm (10 WTs) in complex terrain
= Very good accuracy ~ 3% on production

= Jensen model: 3.1% / Fast EVM: 2.7%

Accuracy of AEP prediction (%)

WT1 WwWr2 WT 4 WT6 WT7 WIT8 WT9 WT10

s

w

-

Relative error on AEP (%)
o N
cbhmirmwihwinasinwm

® Jensen model ™ Fast EVM

Validation on Gobi desert

\
Z Goldwind

= Large farm wake model applied on flat onshore site in
China (Gobi Desert in Xinjiang Province).

= 2.5 MW turbines with 140m rotor diameter and farm
spacing of 12.5 D vs 3.5 D.

For westerly wind (259-281 deg):

1 row

2" row

3 row

4t row

oo 20% A0% o oK 100  120% MoK

Large Wind

@ PARK model B o model 0 Actual wake loss

J

Ju et al., Assessment of Wind Atlas Analysis and Application Program and computational fluid

dynamics estimates for power production on a Jeju Island wind farm, Wind engineering, 2016
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WRA results

= Wind parameters analysis wWind speed
= Annual energy production
=  Wind profile/shear

= Time series results

= Wake effect assessment
Wake effects
= Curtailment process

= Multi-mast computation

= Multi-stability computation
= |EC 61400-1 compliance

= Manual micrositing

= Cross validation analysis

= Mesoscale/microscale coupling



Validation case in Villonaco mountains

Villonaco wind farm in Equator Modeled
with Meteodyn WT

Installed capacity of 16.5 MW,
Comparison between AEP simulation and
SCADA (2017-2021)

The difference between the real and
simulated AEP values by Meteodyn WT is
around £2.15%

Independant analysis carried out by Universidad Nacional de Loja and the Centro de Investigaciones Tecnologicas y Energéticas CITE

Analysis of the Annual Energy Production of the Villonaco Wind Farm, Jorge Maldonado-Correa, Génesis Vasquez, Edwin
Paccha-Herrera, José Cuenca, Marco Rojas, Juan Solano, Marcelo Valdiviezo, Carlos Samaniego & Jimmy Valarezo,2023

)



4. Scientific partnership with industrial and research actors

= Advanced CFD methodology for forest modelling Virtual mast CFD downscaling methodology for

I early studies
renouvelables

= (Coastal/Nearshore simulations in Mutsu
Ogawara site

t‘quF % ReraTechinc.

= Atmospheric thermal stability influence for accurate
WRA (coastal areas, desert areas)

renouvelables
= |nvestigation of wake effects in AWAKEN project

= Mesoscale/Microscale coupling dedicated to large
/ PIIng g (IEA task 57)

areas influenced by mesoscale effects
IEA Wind
https://iea-wind.org :

= [nfluence of wake effects in large sites (Gobi
desert)

casadosventos Z{Lidars
9 @-""'Goldwmd

= CFD lidar correction: validation campaigns

)
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Takeaways

= CFD-Meteodyn WT, fast approach for accurate wind resource assessment
with more than 20 years of experience

= CFD computation dedicated to flat and complex terrain, forest modelling,
thermal stability influence, mesoscale influence...

= All results you need for WRA (wake effects, IEC compliance, curtailment...)

= Scientific partnership with key actors of Wind Industry

)
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Thank you!

Edouard LEONARD, PhD
Wind Expert, Meteodyn WT Technical Manager

edouard.leonard@meteodyn.com

www.meteodyn.com

)
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