Introduction to Offwind tool

Prediction tools for offshore wind energy
generation
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Introduction: Market outlook

(2011 -2020 - 2030)

2011:

Total installed capacity of 4,000 MW
* Meeting 0.4% of total EU electricity demand
* Annual installations of 1,000 MW

2020:

» Total installed capacity of 40,000 MW
* Meeting 4% and 4.2% of total EU electricity demand
* Annual installations of 6,900 MW

.2030:

* Total installed capacity of 150,000 MW
* Annual installations of 13,700 MW
» Meeting 13.9% of total EU electricity demand

Vo

~= OFFWIN



FlaURE 1.8 HISTORICAL
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FACTS (Offwind Project)

*Type: Research project;
*Project Owner: IRIS; International Research Institute of Stavanger, Norway;
*Project Manager: Jafar Mahmoudi,
*Financing: NER (Nordic Energy research); VattenFall (Research and
Development) and Own Financing;
*Period: 2012-2014;
*Partners: 10 partners:
Norway: IRIS; SINTEF; Norskvind,
Sweden: Lund University,
‘Denmark: Aalborg Univ; Vattenfall (Research and Development),
Portugal: Megajoule,
‘Germany: FuE-Zentrum FH Kiel GmbH ,
US: NREL, National Renewable Energy Laboratory (associated member)
Russia: NRG Soft Ltd.
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FACTS (Offwind Code)

*Outcome: Software for power prediction from a wind farm
*Application: Offshore (as well as on Shore)
*Utilility: Design and Operation
*Open Source code for Offwind Association
*Code Validation based on I[EA- Task 31, VattenFall & NorskVind
Measurements /[Results
*Software Architecture:
Engineering Level: User manual friendly for engineer (not researchers),
Web based (as well as local installation)
Advanced Level: CFD, Computational Fluid dynamic (Cloud based as
well as local installation ), including:
Coupling between meso- and microscale (CFD) models
‘Wind- wave interaction
MetOcean-CFD modelling approach

@t ‘Wind data based on Google Earth Map and WF-AEP world wide wind map
~ OFFWestimate



*The primary objective of the project is to develop tools for
design and operation assessment and forecasting for
offshore wind farms.

*The tools will lead to optimal localization of a wind farm
and more importantly how to locate future wind farms with
respect to each other within the same wind energy cluster.
*The tools will also lead to a more safer wind farm operation
as the operation parameters can be more accurately
predicted and thus reduce the probability of wind turbine
failure under severe weather conditions.

~= OFFWIN



*WP 1: Numerical modeling for wind turbine and wind
farm performance predictions

*WP 2 Experiments and model validation and
calibration

*WP 3 Fully coupled wind-wave interaction model
*WP 4 Now-casting of available farm power based on
data driven modelling

*WP 5 Database

~= OFFWIN



Offwind Project Partners

Organization

Country

Main partners

Participate

SINTEF (Research center) Norway Wp1, Wp3 Wp4, Wp5
Norsk Vind Energi AS Norway Wp2 Wp5
(Industry)
Aalborg (University) Denmark Wp4 Wp5
Vattenfall (Industry) Denmark Wp3, wps Wp1, Wp2
Megajoule Portugal Wp3 Wp1
Lund university (LTH) Sweden Wp1, Wp3 Wp5
FuE-Zentrum FH Kiel GmbH Germany Wp5 Wp2
National Renewable Energy USA Wp1 Wp3
Laboratory-NREL

Russian Software Development | Associated Call

%;G Software
= OFFEWIN




Scientist: creates model

4 Hey, I’ve got a great idea and h
designed math model for that
simulation process. I’ve also made
up these algorithms in code. Go
ahead, use them! )

o Make

] ABLPisaSalver.C
= .1 averageFields.H
&’IJ correctGradPd.H
) a«j createFields.H
&'lj createGradPd.H

Momentum transport gj findAdjFaces.H
T8 5 2 2 e I 0| findVerticalCellLevels.H
& +~L{’Tjﬁf):_25:3izgzﬁk - fi_i..iljo(l-y)_ﬂi{r?]_g h ]53 + Lf;r glj . .
ot ox, x; oy Oy &x; &, o &'lj findVerticalFacelevels.H
S T Sy S O W B ] findWindHeight.H
I n nm v v vi vl Vil ’ ] openABLStatisticsFiles.H

] openCellStatisticsFiles.H
5 &’Ij openFaceStatisticsFiles.H
&Ij readABLProperties.H

B . .
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Engineer: uses the solver

Please, tell me how to use that function that
you’ve created? It doesn’t even compile on my
machine. How am | supposed to feed it with
input data filling these txt-files? | don’t
understand why it is failing at line 81. Oh,
god... why do | need that weird library XYZ?

\ I’m wasting my time dealing with that...

25 transportModel Newtonian; % ?ﬁ
BCNO  LLCVEL 2C RErLNEmENT 26

echo " selecting cells to refif27 // Molecular viscosity
mpirun -np $((Snodes*Scores)) tq2é nu nu [02-10000] 0.0;
29

- 20 // Ref t t
echo " refining cells..." s TR

mpirun -np $((Snodes*S
shift -= FOAM FATAL ERROR: kasmagorinsky™)
done bool IPstream::init(int& argc, char**[¥"

}

# Make the mesh using blockM From function UPstream::init(int&
echo "BUILDING THE MESH WITH in file UPstream.C at line 81.
blockMesh > logl.blockMesh 2

FOAM aborting

JL._ . # Get rid of any initial fil
— k@ Foam::error::printStack(Foam::0st

ARRE D:FWIN LibOpenFOAM.s0"




Offwind: merge two worlds

\ Case Explorer n ox

ello, Engineer! I’'m going to ease you that o oo

4 -‘;ﬁ Pre-Processing

part! | will ask Scientist about what should

Mesh Generator

be done and provide it to you in an optimal B e

. . . 4 ﬁ Constant
way. Just click here, input some data in
) Omega
th form d go drink som ffee! P
€se Torms and go drink some cotree. =) afL Propertes
NNNNNNN 'y Data
T —— 0 nu[p2-1000
Reference temperature 300 TRef[ooo toolDictionary
LES 565 mode! standardsmagorinsky Dictionary
R EEE 0.168 fes Remote Connecton X
LES filter width scalar at ool
mmmmmmmmmmm 0.4 tate Resul
Ide Undefined
onstants for Monin-Obuhkowv universal constants
rted Success
betaM 16 ning Error
mmmmm topped Undefined
1de Success
Roughness height (m) 0.016 z0[0100000] rted Error
Surface temperature flux (K-mjs) 0 g0[01-1100 unning
topped e
Surface stress model
. 1de
roject#9  Started  Undefined
10 ject #10 ning icCe:
11111111111111
12 Project #12 Ide  Undefined
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Engineer: focuses on his tasks

Great! That saves me time!

it
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Offwind Code Specification

Remote Server Mode Local Mode

N

Offwind Processing Service
Offwind User

it

~= OFFWIN



Offwind Code specification

*The code has been developed for industrial purpose and
engineers (not necessarily researcher). Looking to this, we
have put lots of time and effort on very user friendly interface
(Using Baltic call & IRIS) in two different levels.
‘Engineering tool (based on empirical equations): While
engineers can easily get the results in accurate level and very
fast (minutes). This will be mainly Web based design
*Advanced Level (CFD): Again, using Google Earth, wind data
and based on our solver (Offwind solver) based on
OpenFoam. His part will be combined based on web- Cloud-
based and local installation.

*The Offwind code has been developed to be “Open Code” to
imost impact



Welcome to Offwind!

This is a start page, where you can choose what to work with.

Engineering Tools or

Engineering Tools

Here you can run & number of tools which wil help you to make quick calculations and estimations.

Go o Engineering Tools »

OFFWIN

CFD

With CFD you can utiize big power of OpenFOAM standard solvers and a industry-specific SOWFA
product. The simulations are being run at our backend servers in fully parallel mode thus providing
optimal performance for most CFD tasks.

Gofo CFD »



Offwind Web: Architecture

Web Application

Server Application
(Processing Service

i
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Web Interface

) CFD Processor

*URL: http://tools.offwind.eu
*OS: Windows 7

*CPU: Intel i7 3770 (4 cores)
*RAM: 32 Gb

*HDD: 1 TB (no redundancy)
*Location: IRIS, Norway

*URL: http://proc.offwind.eu
*0OS: Ubuntu Linux

*CPU: Intel i7 2700 (4 cores)
*RAM: 32 Gb

*HDD: 750 GB (no redundancy)
*Location: IRIS, Norway



http://proc.offwind.eu/
http://tools.offwind.eu/

Offwind Web: Sequence D

ueue
Web Interface Q CFD Processor Storage
Manager
Poll
Submit Job > <
»
Generate OpenFOAM files < Foll
Create unique folder “MyFolder” in Storage >
ZIP &Upload OpenFOAM files to Storage into “MyFolder” >
P Poll
|
Create new Job with state >
Started

d
-
> New Started job found >

Get Data from Storage
d

&
<« <«

Update Job state to Running

d
|
Start Job
—
—
ZIP & put result to Storage _
»
Update Job state to Finished
<
Send email to User
d
-
Request download zipped result >

it
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Meso Scale Wind- Web

MESO WIND #&  Engineering Tools ~ MesoWind = Database

Import Selected

@ Database
B Current Data

Lat.(°) Lng.() File

@l Velocity Freg. ] 0 0E_ 5N.dat tab
% Wind Roses 36 0 OE_36N.dat tab
WAKE SIMULATION 37 0 OE_37N.dat tab
# General Properties 38 0 OE_38N.dat tab
# Turbine Coordinates 39 0 OE_39N.dat tab
® Simulation 50 0 OE_50N.dat tab
© Post-processing 2 0 0E_52N dat fab
WIND WAVE POWER 54 0 0E_54N.dat tab
§ Input Data 58 0 O_55N dat tab
© Poer Output % 0 0E_56N dat fab

© Power Output Adv.
Showing 1 to 10 of 7,005 entries

4 ~ 12|34 =

H
|

) The OpenFOAM database rapidly supplies
% OEEWIN the user with a general view of the local
winds. based on alobal data information



Meso Scale Wind

chert by amchrts.com
ESOYMND 2

@ Defabase
= Curert Dafa

MESO WIND #& | Engineering Tools * Meso Wind / Current Data e &
@ Database :mﬁfﬁ ‘
|
@ Velocity Freq. # 0°  30° §0°  90°  120° ;J :
% Wind Roses Frequencies 5647 10030 12811 11248 7677 E. S e e e e e e e e e
VIAKE SIMULATION 1 4548 3007 2760 2637 3343 o o

# General Properfies 2 12020 8020 8044 7404  120.36

# Turbine Coordinates 3 16768 19682 11042 13083 19539 22021 19666 19665 19654 14085 12136 14727
© Simulation 4 7172 14830 15093 15517 24963 22688 20354 10327 18146 19651 15474 16739
il 5 15051 15455 15450 18864 22363 21163 19272 18260 15810 17975 16163 14440
VWIND WAVE POWER 5 12222 13680 15583 20030 12556 10200 12201 13077 14252 14420 14679 12284

Lo B8 67 11156 3640 [Bs

chot by amchodtn.com o by amchartncom
g Frequency by direction o mean velocity by direction

638 7201 966
H4t 248 220
083 &1 0.14

h 1603 436 000

wn
uiator
® Re 0 1
carTHELEVATION
20 ¥ 210 156
@ Viord Map
I
- IS 1024 1.01 0.00

Cagag]
AN - —— - - — = -




Meso Scale Wind

OFFWIND Goal regarding Mesoscale ::
to supply mesoscale results to provide data to configure microscale
simulations at set-up or through coupling between models

Operational set-up not yet ready to be able to run mesoscale simulations upon
request from user
=> information is collected from global analysis and reanalysis
databases and made available on the OFFWIND web-platform
=> user may set-up microscale simulations using his own measured
data or mesoscale results

# | Engneerng Toos | MesoWind ' Wind Rose

N chart by ancherts.com .
Frequency by direction ean velocity by direction

The OpenFOAM database rapidly supplies
the user with a general view of the local
winds, based on global data information

Vo
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Mesoscale wind Model

Procedure:

|dentify typical meteorological year at any site by analysing one or more analysis/
Reanalysis datasets (eg. FNL and MERRA, as used in OFFWIND). Once year is

identified, simulate it on 3x3km meshes

Two possibilities are then available:

Engineering version: use mesoscale data series at the site to identify
relevant sectors and dominant wind speeds per sector. Configure CFD

simulations accordingly.

Advanced version: extract boundary conditions for OpenFOAM from

mesoscale 3D fields
. either in time-dependent mode (costly), or
. averaging bc’s per sector to produce steady-state simulations.

g‘ OFFWIN



Lillgrund Test Case :: Mesoscale

The FNL Analysis database was analysed at a location near Lillgrund (at point 13E, 56N).
The Long-Term Climate was defined using the period 2003-2012 for FNL, in terms of annual, winter and

summer velocity and direction distributions.

2004 to 2012 All

...........

The mesoscale modelling of the Lillgrund test site had two goals:
1. To compare results between the mesoscale model and local data
2. To use mesoscale results to configure or force the CFD simulations

% OFFWIN



Lillgrund Test Case :: Mesoscale

A similar analysis was performed then for each individual year, and a statistical procedure carried out to
identify the year that most resembled long-term behaviour, both annually and seasonally. From this, the
year 2008 emerged as the most representative of the long-term climatology, followed by year 2004.

Errors [%] 2003 to 2012 ::All

i
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Lillgrund Test Case : Mesoscale

The mesoscale simulation was performed using the WRF mesoscale model, on 3km meshes, using FNL
Analysis forcing and the following parametrisations:

PBL model:
Surface Layer model:
Etc.

The following wind distribution and statistics were obtained at point (55.50°N, 12.76°E)

Freguency Wind Rose ‘Wind Speed Histogram
[T - - - - - -
B0 gL Pk " Freq, [§] B5miag.Ll Vaves 8.2mis
o6 M fa.g.L) HHW HHE A= #05mis
it 1 ke 2z
W 0% ENE . .
Summary Tables w £ 7 I
4 U
Height [m] Mean Wind Spd Weibull Max. Wind Spd Power Density e o 24 I !
[m/s] [m/s] [W/m2]
A[m/s] k S5 SE . .
80 9.4 10.8 2.29 26.3 908
Sectorwise Mean Wind Speed [mis] Sectorwise contribution to total Energy Density
H
65_no 8.2 9.3 2.14 24.0 612 o gLl . sm gLy £
088 m gLl HW n e S = fh gL Y e HNE
& 5%
100_no 9.5 10.9 2.35 26.3 912 Wi e W E4E
O
w E w E

~= OFFWIN




Hor. Vel [m/s)

Lillgrund Test Case :: Mesoscale (ongoing)

Next steps:

Extract boundary conditions from mesoscale
model to couple with CFD simulations

Test steady-state (average bc’s per wind
direction) or time-dependent coupling

Compare results with measurements, and
traditional CFD simulations, by season, hour of

day, stratification class, etc.
83 m AGL

MICRCSCALE

——— sonic
WRF ¢
— WRF f
o0 — Winde E-=-l

10 15 20 25 30
|

5
|

0
|

MESOSCALE

40 60 80

Days
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Lillgrund Test Case :: Mesoscale

The mesoscale simulation yielded the following wind map of the area:
Wind Map of Oresundsbroen

345000.0 m 360000.0 m 375000.0 m

6° 8° 10° 12° 14° 16° 18°
= °

@ @
2 2
Elz 2
sH.
i 5
© o
b3 =
2 )

5 80 q0% 17» J4e 15° 180

6150000.0 m

[ Jowm

Features

®  Mast
[ Key Area




Advanced CFD tool- Web Model

# | CFD/ Pre-processing | STL Generator

¥ Domain Setup

’E -II—“:‘ / ..:N (m) s -
¥ Transport Properties I i

¥ Earth STL Generator 10000 10000

EOUNDARY CONDION 1
¥k | m
¥ zpsilon
¥p
¥R
¥ U

TURBINE §

¥ Turbine Types

¥ Turbine Array

¥ Time
¥ Schemes
* Calitinn

# | CFD/ Processing /| Simulation

PREPROCE S 4H0
* Domain Setup Hare you can start'stop simulation prooess. When it starts, the job is submitted to CFD Processing server. You will find a download link as s0on as job finishes.
# Transport Properties

EOUNIARY COMDITIN
* kK

* gpzilon

*p

% R

N



ind- Wake Model

B Wesosle Wi Toos
Daabase Nap Database
CorentData
Frequendes per Setor
VeocyFreqendes
MeanVeodtype Sector

0 0F SNdattzb
0 0F 36Ndatted
0 0E 3MNGattad
0 0F 3Ndateb
E] 0 0E 39Mdateb
£l 0 0 S0Ndattab
0 0F SNdattah

B Wake Madel

General Properties

General Input Parameters E inWindor

Turbines Properties X Grid Points @ woo

Solver

¥ Grid Points @ 100
Turbine Diameter (m) @ 50
Turbine Height (m) (@ 70

Hub Thurst @ os

Wake Decay Constant (@) 0,02

B Wake Model
General Properties

Velocity at Hub (m/s) (@ 9
N Turbines @

3396.91
313282
2870.71
2605.37
234325
207791
1806.09
3132.82
286748

Turbines Properties
Solver

239234
2090.02
1796.49
149317
1199.63
89631
284343
255316

Air Density @ 1235

Unknown Parameter (@) 0.2

Rotation Angle (*) (@) 484

2605.37 224984
234325 104326
2077.91 164972
1802.85 134640
1543.98 1052.86
127863 750
287071 3003.24
2605.37 2699.93
m D = Fw I N 234643 239324
208114 2103.07
1802.85 1796.49



Validation - Lillgrund

Computational set up

» Lillgrund offshore facility operated by Vattenfall Vindkraft AB: |
o Wind farm with 48 wind turbine
o Rotor diameter =93 m & Height 115 m
» Boundary condition:

O Lk N W B U O N 00 ©
~

o North, south and top: Free slip boundary condition £ /
o West: Inlet boundary condition - atmospheric boundary layer /
o East: Outflow boundar /
Voo /
O ) __/

07 08 09 1 11 12 13
U(2)/V(zhus)

Boundary layer profile
U(z) :l -

Yo o
0 Wind from 270" w . /D E

90°

34



Wind- Wake Model- Web Model

MESOWND
@ Database

& Current Data
B Velocity Freg
* Wind Roses

WAKE SINULATION
# Turbine Coordinates
® Simulation
© Post processing
VIND WAVE FOWER
¥ Input Data
@ Power Output
© Power Quiput Adv.

HESD WD

@ Datapase

& Cument Data

W Velciy Freq

¥ Viind Roses

WAKE SIMULATION

@ General Properties
& Turbine Coordinates

© Post-processing

'WIND WAVE POWER

¥ Input Data

@ Power Output

® Power Output Adv

R | Engineering Tools | Wake Simulation
GridPaintsX @

GiidPaintsY @

TurbineDiameter @

Turtineteight @

TurbineThrust @

WakeDecay @

VelocityAtHub @

AiDensity @

PowerDistance @

RotationAngle @

LTl Cancel

& | Engineering Tooks | Wake Simulation

Simulation

Now, you are ready to start simulation process. | takes about 10 secon:

achvated.

t

Run simulation

To download resuk cick button below. f is & zip-archive. Save t on yo

General Properties

1000

1000

002

1225

484

Simulation

eEB@owad

Flle Edit Yiew Sources Filters Tools Macros Help

2

@ s 5[ o Velocity

|~| [Magnitud[~] [Surface

Pipeline Browser

E9Q0PR@OES2LO

[ builtin

Object Inspector

Properties | Display

[ Binary File

[ Multi Grid

["] Has Byte Count

[]1 Blanking

¥/ Two Dimensional Geometry
[] Force Read

oye orcer (mgengin x|

[%JFunctions

| scalar - Temperature

[ Scalar - Enthalpy

[ Scalar - Internal energy

[ Scalar - Kinetic energy

[ Scalar - Velocity magnitude
| Scalar - Entropy

[ | Scalar - Swirl

[ Vector - Vorticity

[ Vector - Pressure gradient

Q File Name [FROJEC/OFFWIND_WAKE_ENG/FLOW.q D

Rodbiddi

MESD VAND

@ Database

ES Current Data

L Velocity Freq.

* Wind Roses
WWAKE SIMULATION

# General Properties
€ Turbine Coordinates
® Simulation

@ Post-processing

VVIND VWAVE POVVER
¥ Input Data
@ Power Output
@ Power Output Adv.

RN - C——

# | Engineering Tools

X
1 3396.91
z 3132.82
3 2870.71
4 2805.37
5 2343.25
] 207791
T 1808.09
8 213z2.82
] 2867.48

11 224338
12 2077.21
13 1802.85
14 1542.88

Veleeily Magn
9

202002
1726.49
148317
1199 83
288.21
2843.42
2853.16
224384
1842.26
1849.72
1348.4
1052.86
TEO
2002.24
2899.92
2393.24
2103.07

5| 1796.49

1608
1189.82
2081

21

Wake Simulation

Turbine Coordinates



Time-averaged power of turbine normalized

by the first turbine power in the row

ROW A

ROW C

-+ OffWindSolver
—=—SOWFA

O Field data

—4 - OffWindEng

Turbine Number

12 -+ OffWindSolver 1.2
1 K —= SOWFA ~
~ 0.8 \.\ 4 OffwindEng =038
~= 0.6 \ 7
04 3 oe
0.2 a v
) = 0.2
7 5 3 1 o
Turbine Number 12 ROW D
— ’ -4 OffWindSolver
"T-. 1 —=—-SOWFA
’-:3 0.8 ) O Field data
2 N\ —4 - OffWindEng
% 0.6
ROW F &
15 -4 OffWindSolver E 0:2
31 TETSOWrA 30 28 26 24
& I~ —4 - OffWindEng
a T Turbine Number
0.5 ‘ 1.2
1
° 208
41 40 39 38 37 < 06
Turbine Number & 0.4
it o2
~= OFFWIN

ROW H -4 OffWindSolver
—=—SOWFA
> —4 - OffWindEng
> : e,
\\ ~A_
\\‘ - T ' ¥
_-— - —
-+
48 47 46

Turbine Number




Computational Domains for
Domlnant W|nd Dlrectlons WD

> o °® ° "

<)

frequency (%)
S

.o. o:.o.EF =5 1..
WinddiIection .0.. .:.D T — e ..
L Wind direction L ®
[ ] L ° o c . 5 = .
® [ ]
0787 ] b = -
4 0 WD() 360 [ ] °
X Dlstrlbutlon of the wmd .
WD -251° at Lillgrung side WD 2210
| | > E | T _'43 .47 .46H
b o.'.' (’q; | .45 a .43 .uG |
e PEPIcIfIes’

36 35 34 33 32 31

e o o e o o [

30 29 28 27 26 25 24

. . L e o 0 e 0o 0 o
Wind direction . ® o o o Wind d'rec.t'.on -23 2221 -20-19 18 17 16
o o . e C

® i
° .'. """ 15 14 13 12 11 10 9 8
__________ ® e 0 0 0 0 0 0 (
7 6 5 4 3 1 A
e o 0 00 o )
ﬂi X
; http://en.wikipedia.org/wiki/File: Turbiny_wiatrowe_w_Szwecji,_2011_ubt.JPG
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Instantaneous Velocity Contour
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Time-Averaged Power Normalized

the Farm Average Power

ROW A ROW B -+ WD-221
-+ WD-221 1.2 =+ WD - 281
=K WD - 281 1 —-WD - 191
-6-WD-191 0.8 L S
—A—WD - 251 x0T —A—WD - 251
of 0.6 ¥\
~ \ Twy - -~ -
< 0.4 . x X
0.2 R
0
14 12 10 8
! Tu'r’rbine Numéer 1 Turbine Number
- WD — 221 determines the loss in power to the
largest number of the turbine of the wind farm
ROW D T+ WD-221 ROW H -+ WD-221
1.2 —x- WD-281 =X- WD -281
1 x4 “e-Wb-191 1.2 -8-WD-191
0.8 .\‘/\ N —A—WD - 251 1 a
E - 0 8 4 _ — =f=\WD - 251
a- 06 .. 3 « A x XTI Se— T T -
P 0.4 . ] , == ~ n.g 06, s
0.2 . ,’l M—’ \.0'4 \‘.‘;—.._ ©
. - ¢ ., Tl
0 0.2 ==
30 28 26 24 0
Turbine Number 48 47.5 47 46.5 46
= OEEWIN Turbine Number




Instantaneous Velocity Contours:
horizontal plane at the rotor hub height

~— ~— _ Ahigh wind turbine

— o

= —S . .
-~~~ interaction, to a larger
- = number of turbine is

S

" noticed for WD = 221°

= =t .
‘—.4’\.‘__.9-“

== = —

e
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-Wave Model- Web Model

Rased Model

ME20 WIND

@ Database

B Current Data

l Velocity Freg.

* Wind Roses

UUAKE SIMULATION

& General Properties
@ Turbine Coordinates
@ Simulation

@ Post-processing

WIND WAVE POWER

¥ Input Data

@ Power Output
@ Power Qutput Adv.

# | Engineering Tools / Wind Wave / Input Data
WindSpeed @ 7
ReferenceHeight @
ME 50 VWIND # | Engineering Tools / Wind Wave /| Power Output
TurbineHubHeight @ @ Database
B Current Data Method | Velocity (mis) = Power Output (MW) = Diff. (%)
) 1 Charnck | 7.88494822 1.57848381 | 0.00000000
. . L Velocity Freq.
TurbineDiameter & ) z Tobs 5.028542282 1.88842055 | 5.82520581
* Wind Roses —
3 Sugimeri|  8.08187310 1.89759258 | 7.88119718
TurbineE fficiency @ VVAKE SIMULATION 4 Smith|  8.04207427 1.87700822 | 6.37548800
& General Properties 5 Johnsen| &.07455071 1.68288257 | 7.28877622
. . [ Drennan| 8.02588888 1.66241985 | 545013765
WaveSpeed [7] & Turbine Coordinates

Canci

® Simulation
@ Post-processing
VVIND WAVE POVVER

¥ Input Data

@ Power Output

MES0 VWIND

@ Database

E Current Data
bd Welpcity Freg.
* Wind Roses

UPAKE SIMULATION

& General Properties
& Turbine Coordinates
® Simulation

@ Post-processing
VIIND VWAVE POUVER

¥ Input Data
@ Power Qutput

@ Power Output Adv.

b

T R R

Engineering Tools | Wind Wave:

Methed  Friction Velocity (m/s)  Roughness Height (m)
Charnok 0.21983520 0.00005817
Tobe 0.25722800 0.00027828
Sugimeori 0.28888222 0.00080050
Smith 10.28073080 0.00043282
Johnson 0.26706238 0.00055928
Drennan 0.25481202 0.00022927

— Output Adv.

Power Output Advanced

Velocity Profile
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Wind-Wave- Advanced Model

The Wind Velocity profiles along vertical lines
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Wind-Wave Model- Advanced

Model

Velocity Profile Turbulent Intensity
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Short-term forecasting up to 60 minutes (Nowcastmg)

Controller dynamics affect the wind flow

* Realistic farm and turbine control algorithms

* Using fast statistical models for wind prediction

* Estimation of power production within the next short time
period

it
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Nowcasting

Estimated power production
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Nowcasting

Fast online power production
estimates.

Continuous input from real wind
farm/CFD simulator

i
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Real System / CFD
simulation

Short term
Prediction
casting)

Current wind flow (EWS)

Calculate Distribute
Available »{ Power

}

Power References

~

Calculate
Wake

e

Calculate expected
power production

L » FindCt |

—Wake ————p —

Predicted power estimate

Comparison With
CFD analysis



Wind farm controller modes

Farm control
Power demand

Farm controller:
Distribution of power demand to
each turbine affects the wake

P_demand<P_available?

Equal power factor M'“'"'I_IZEd Ct
(optimal)
Preflij=Pa(i|*P_demand,/P_available — PTT——
Level?

Complexty
Level?

— =—|ncreasing Complexitys =

= Theoretical

. Optimal Induction
maximum power

Dynamidal Model
Based

(find optimal induction Derated Derated DE. ated
factor) (find blade pitch)  (dynamical model) (dynamigal model) [;-173 | d0/dt=Ma-Mg = T
| dEudMa Mz Cp=4"a"[1-a)"2=0.59 Ma=¥"p "A*Cp™v 3/ Cp=4Ta™(l-a}"2
Cp=Pref/(*p* Amv3) Cp=rref/ispramerd) | |1 d/di=Ma-Mg Ma=H"aA* Co™v"3/0) e M_Egk*ﬂ“z Ce=a%a(1-a)
zﬁs;h[:;pfd'a"tlﬂal"i:ﬂmﬂﬁ g:sf;_h'z;::: . Ej:[?];g'fp’““ifﬂ Mg=Fali)/0) Palil=}*p* A*Cp*vt3 E;ciam-ME Palij=t*p*A*Cp*vi3
CH=Ct[h, B DR/dt=PI*(0)_rated-0) Eggtt;f;;]mﬁm_m P_availablessumiPalil} P_availab|f=5uth‘a[iﬂ P_available=sumi{Pali))
CT-Cti Bl C=Ctih, B=0)
L L 4 Y Y l Y l
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Wind farm controller modes

P_demand<P_available?

Only looking at full power
production

(Not partial load demand
from grid)

Mo

W

Increasing Complexitys = et

Single turbine controller The::Etical

. i Dynamidal Model Optimal Induction
and dynamics has a large "‘a‘“{"‘_“ I'T“'E' Based FEEEN
| e
effeCt On wa ke- a=1/3 | d0)fdt=Ma-Mg a=f_opt{v_dir]
Cp=4*a®(1-a)"2=0.59 Ma=}"p *ATCp w3/ Cp=4*a*{1-a}"2
Cr=4*a*[1-a)=0.89 Mg=k*(1"2 Ct=4*3*{1-a]
=0
Palij=K*p*A*Cp*v"3 Pali)=(1* Mg Pali]=}*p*A*Cp*vn3
ﬁ P_available=sumiPali}) P_available=sumi{Pali)) P_available=surm{Pali]]
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Wind farm controller modes

P demand<§ available?

Only looking at full power
production

(Not partial load demand
from grid)

Lt

Single turbine controller Thedfeti
and dynamics has a large ™M®™

Optimal Induction
Baled Fa:{nr

(si
effect on wake. a=1/3 P a=f_opt(v_dir)
Cp=4*a*(1-2h2=0.59 Ma=}*p *a* bt vn3/0 Cp=4*a*(1-aj"2
Ct=4*a*(1-a§0.59 Mg=k*1*2 Ct=4*a*{1-a]

=0

Palil=)*p=ARCp=v"3 Palij={}* Mg Palij=¥=p*A=Cp*v"3
P_available=gim(Pa(i}l) P_available=3mi{Pali)] P_avail able=surmiPali])
ﬁ Cr=Ct{h, B=0)
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gFFWIND Workshop

22-23, Oct, 2013
Stavanger

Free registration

Jafar.Mahmoudi@iris.no
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