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* |Introduction to ECN

* Introduction to Wind Energy

* Examples of research activities
- Rotor aerodynamics — dedicated codes
- Wind farm aerodynamics CFD developments
- Rotor aerodynamics — Ansys CFX
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ECN: Mission
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Universities Industry

I e | > Product

Nederdand

Mission: ECN develops and brings to market high-quality
knowledge and technology for a sustainable energy system
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ECN: Trias energetica

Solar Energy

Wind Energy

-T-\ %

Efficiency & H2 & Clean Policy Studies
Infrastructure Fossil Fuels
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Why Wind Energy ?
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Why Wind Energy ?

ne geo-political risk

Nne external energy dependence
NO® energy imports

Nne fuel costs

ne fuel price risk

N® exploration

Ne extraction

N® refining

NO pipelines

NO resource constraints
Nne CO, emissions
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GLOBAL CUMULATIVE INSTALLED CAPACITY 1996-2009

T h e Facts e ——

Global Cumula“ve SOO ___________________________________________________________________________________________________________________________________________
|nSta”ed CapaCIty 400 """"" 1 B

0. - - - - e _——— - . .- - e - [
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
100 7E00 10200 13600 17,400 23900 3100 39431 47620 53,091 74,052 93,835 120297 158,505

GLOBAL ANMUAL INSTALLED CAPACITY 1996-2009

Global annual installed S
Capacity O —

Erom: GWEC — R s BEEN

Q- - L.l L.--. S L...l SN - S - L.
G I b I W T d 2 O O 9 R t © 1996 1947 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
O a I n e p O r 1,280 1,530 2,520 3,440 3760 6,500 7,270 8133 8,207 1,531 15245 19865 26,029 38343

11-11-2010 research Centre of the Netherlands www.ecn.nl




ECIN

\

The Facts

ANNUAL INSTALLED CAPACITY BY REGION 2003-2009
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From: GWEC - Global Wind 2009 Report

11-11-2010 Energy research Centre of the Netherlands www.ecn.nl




ECIN

\

The Facts

* New installed
capacity and
de-commissioned
capacity in EU
2009 in MW.

* Total 25,963 MW

From: Wind Energy Factsheets

By the European Wind Energy
Association — 2010

www.ewea.org
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The Facts — employment

Wind energy sector employment (2008-2030)

\

600,000
500,000 479,224
446,419 466,983
400,000
300,000 282,359
200,000 162,290
155,197
100,000
2008 2010 2015 2020 2025 2030
W Onshore 143,782 148,057 200,870 290,276 228,104 185,478
Offshore 11,415 34,232 81,489 156,143 238,879 203,746

Wind Energy Factsheets By the European Wind Energy Association — 2010, www.ewea.org
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Size evolution of wind turbines over time

160 m @
126 m @
In 25 years wind energy 11240 _< ‘<
technology has g Spen 50m

developed enormously.
With more R&D

Investment it can ‘(
continue to become

even more efficient and 1997

2003 2005 2009
2001 5 -

1999 4.5
2

?
8/10MW

. . 1.6

high performing.
1995
1.3
Rotor diameter (m)

From: Wind Energy Factsheets
By the European Wind Energy 1991 ,
Association — 2010 1990 1985 Year of operation
WWW.ewea.org 0.5 Capacity (MW)
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/ E @ N Sheet from Gijs van Kuik

Blade sizes of today (61.5 m)

LM61.5P b

Product specifications

Blade type LMBISP
Rotor diameter (max.) 126.3m
Blade regulation Pitch
Length 61.5m
Max. chord 4,600 m
Profiled area 183.0 mv*
Weight 17,740 ko*
Mumber of bolts 128

Size of bolts M36

Bolt circle diameter 3.200 mm
*Preliminary data
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Research Programme

Knowledge
z cnre” VWIMC

==

Wind turbine Materials and Constructions

e Rotor- and Farm Aerodynamics

e Integrated Wind Turbine Design (software)

e Operation & Maintenance (Condition monitoring / O&M Tool)
« Material research (WMC)
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Research line: Rotor & Farm Aerodynamics

Rotor aerodynamics Rolarrlew (e
Aerodynamics

* Theoretical and experimental research

* Use of CFD

* Development of industrial codes

Calculation time —

Free Vortex

Wake Model
|
| Combination of
| Potential Flow and

~ Boundary Layer Models
RotorFlow
BE| =

)

Wind farm aerodynamics
» Theoretical modelling

- / Physics —=
» Use of CFD g e e
« Experiments (wind tunnels, scaled wind farm, full scale)
New ideas

« Strip on blade root
* Wind Farm control strategies
» Synthetic jets
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Research infrastructure
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£C N The ECN AWSM code

Numerical code based on the Generalized
Prandtl’s Lifting Vortex Line Method

Able to include:

Coupled to ECN Aeromodule

Arne van Garrel: Development of a wind turbine aerodynamics simulations
tool, ECN report

i i i i AWSM developed by: Arne van Garrel
AnalySIS of mult bOdy CF)nflguratlonS Extended and used by: Francesco Grasso
General-shape geometries
Steady and unsteady analysis
Yaw, pitch misalignments

Non uniform wind conditions (local gusts and wind
shear)
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Francesco Grasso

Work by: Arne van Garrel

Shear Effect

Uniform wind

Wind shear

Ground Effect

77

No ground

e

Ground

www.ecn.nl
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Work by: Arne van Garrel
/ E @ N Francesco Grasso

— 4
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Non conventional configurations
Winglets R b

—— winglet —=— no winglet

— no winglet — winglet \

circulation

/R
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P Work by: Arne van Garrel
é E @ N Francesco Grasso

Non conventional configurations

Swept blades

Position (m)

o,
LU

-2.000 LTI
NS
-3.000 DTS
T 4 6§ W0 2 11 1 8 m & n X

Station (m)

The initial mold fabrication for Knight and Carver's sweep
twist blade. rIR
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ROTORFLOW - development N e van Garr

Henny Bijleveld

* Engineering tools: not accurate enough Reynolds-averaged
Blade Element Momentum (BEM), Vortex line oL Thorit;:but

method (AWSM), XFOIL, RFOIL time-consuming

analysis

Calculation time — .

Free Vortex

* CFD tools (CFX): too expensive, too much time Wake Model

- Several weeks on cluster Combination of
Potential Flow and
~ Boundary Layer Models

RotorFlow

| =

/ Physics —

Blade Element Momentum
(being used for design)
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Work by: Huseyin Ozdemir

Development of RotorFlow code Ame van Garrel

Henny Bijleveld

Panel method

* Boundary Layer:
- Integral boundary layer method (IBL)

* Potential outer layer:
- Panel method

* Viscous — Inviscid Interaction (VII):
- Strong quasi-simultaneous interaction scheme

outer non-viscous flow
boundary layer
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g ECIN University of Groningen
RotorFlow VII: Quasi-simultaneous
Interaction
E
T inviscid flow 15 u, ¢

. — - —— - — - -~ — _ interaction

. o o +V

|

inviscid flow

* Combines advantages of direct and simultaneous method

* Interaction law (I): approximation of inviscid flow (E)
solved together with the boundary-layer equations (V)

* Interaction law is an algebraic equation
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Work by: Hiiseyin Ozdemir

g E @ N Arne van Garrel

Henny Bijleveld

Panel code:
skin friction I|ft|ng W|ng
00095 - Turbulent flow over a flat plate, Re=1e7
00028 | 2nd order DG
o e 0.0025 . . . .
oot & 2nd order DG ———
0.0005 |- 177 Powgrleiwn -
S8 | 0.002 Sekar .
0.0015
%
0.001
. _ 6 0.0005
Flow over dented plate: Re = 11.5 10
Separation in middle of the dent )b
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Work by: Benjamin Sanderse

Development of a wind farm CFD code

\

Wake model Energy
conserving
discretization
and Large
Eddy
Simulation

Terrain

Turbine model Actuator
method

Atmospheric Precursor
inflow simulation

. Sanderse et al., Review of CFD for wind- turbine
Turbulent atmospheric inflow wake aerodynamics, Wind Energy 2010

Terrain Immersed
boundary
method
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E @ N Work by: Benjamin Sanderse

Energy conserving discretization of fluid flow

* \Wakes are important to wind farm aerodynamics
* Dissipation must be limited to ‘keep’ the wakes

15 : .
I ; e —\ _,_;_;-;;E.—;:-:-':::fﬂ‘ﬁ_:‘ p— oo

Code to be developed is dedicated to task (L =
- Energy conserving discretization b j ________________ ____________________ .

- LES approach

= 107
- actuator method
- Atmospheric inflow: Precursor simulation . | 06
- Terrain by immersed boundary method 8 i —0
_ _ N 0.4
00 5 150 15
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Wind farm aerodynamics CFD code

\

* Development CFD tool requires work in many areas:
- Suitable discretization schemes
- Turbulence models
- Terrain modeling
- Actuator modeling

* Atmospheric turbulent inflow, coupling with mesoscale model

To answer simple guestions:
Optimum distance between turbines
Optimum wind farm lay-out
Influence of wind farm on local climate
Assessment of control strategies
Farm-Farm interaction
Design specifications (mechanical loads in farm)
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é E @ N Work by: Marc van Raalte

Use of commercial software Ansys-CFX
Analyses

i

of 2D configurations

]
|
I
|

Reference airfoil

NACA 642418

C-grid O-grid
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E @ N Work by: Marc van Raalte
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Use of commercial software Ansys-CFX

seggaininey
40480808

7]

S

Z7

*First cell thickness : 1mm

* MEXICO rotor — mesh setup

[mner wedge  Ouerwedge  Total

MNumbear of Modes; [9%79]9 GRLETS 2ARGTIY
Mumber of Elaments: 1953404 671328 2624734
Weadpes: 4305 o744 [ 4049

Hexahadra: 1949101 G651 584 2610685
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£ -\ Visualisations — Ansys-CFX results

Work by: Marc van Raalte
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Wind Energy contributes to CO, - reduction ambitions.
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