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-_ Previous research in small (<3 row) wind farms indicate wake models capture
power losses due to wakes

- In large offshore wind farms, models over-predicting power output i.e. under-
predicting wakes

- Need new models/measurements to reduce uncertainty and provide accurate
power output prediction

Bridge gap between CFD and wind farm models

Tools to predict loads and power loss for lifetime wind farm assessment in
order to determine optimal layout
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- Wind farm models assume
turbines >3D spacing

-_ Power losses due to wakes in large
wind farms estimated at 5-8% but
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in reality can be (much) larger : = ., : g
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SIXTH FRAMEWORK PROGRAMME

Wind farm data are crucial
Data processing complex

Offshore wake data from
Vindeby, Middelgrunden, Horns
Rev, Nysted

Complex terrain data from test
site with five turbines and
complex terrain wind farm

Some data are publicly
accessible via POW WOW
project

Help
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www.see.ed.ac.uk/powwowwiki
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You are here: TWiki = POWAYOYY Web = WebHome
Welcome to the POWWOW wake web

Available Information

« Vindeby sodar wake cases (Go to Wake data httpainy see ed ac uknoauthittwikifindiew cgilP OO
« Middelgrunden one year of power, vaw angle and wind speed data (see attachments below). Zipped pow

POWWOW Web Utilities

.| | Search |- advanced search

YWebTopiclist - all topics in alphabetical order

YebChanges - recent topic changes in this weh

Wehhlotify - subscribe to an e-rail alert sent when topics change
YWebRss, Wehatam - RSS and ATOM news feeds of topic changes
YehStatistics - listing popular topics and top contributars
WebPreferences - preferences of this web

(] Hide attachments (4)

I | Attachment Action Size Date

B Windsby sodar. data.doc A 25K 31 Jan 2007 - 10:27
Et] MiddelgrundenP.ower.zig manage BEE1 .5 | 13 Mar 2007 - 20:12
@ MiddelgrundenSpeed.zilgl .Mgg B199.1 K 13 Mar 2007 - 20:1
Ej Middelgrunden't aw. zip manage 21762 K 13 Mar 2007 - 20:23

Edit | Attach | Printable | Raw ‘iew | Backlinks: Web, All'WWebs | History: 15 < 7 < 6 < 15 < rd | More topic actic
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http://www.see.ed.ac.uk/powwowwiki
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Progression of wake models:

- Empirical e.g. WAsSP (under modification)
Ainslie Group —e.g. Windfarmer
Analytical models (Risoe group)
Parabolised CFD e.g. Wakefarm
CFD: CRES, CENER, NTUA

PN P NN

—————_ Wind Direction

Turbine

-~

____—Meteorological Mast
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Evaluation of single wind turbine at

the top of a Gaussian Hill
- CRES CFD

~{ CENER Fluent

- RISOE WAsP

Main results
-{ Good agreement between CENER
and CRES models
-{Minor discrepancies attributed to
surface parameterisation
-{ WASP not shown in near wake
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SIXTH FRAMEWORK

Normalised velocity deficit (DU/(C*U))

0.5 —
| TI=13%
0.4 —
0.3 —
0.2 —
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1| — CENER
OT— 7T 717 T 1 7 17 T 1 ]

-60 -40

-20

0 20 40 60

Axial position (in rotor diameters x/D)

Results courtesy CENER/CRES

(
©

Wind



Examining multiple wakes in complex
terrain:
- Five research turbines (2.5 MW) with

one 108m high meteorological mast
(mm3)
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SIXTH FRAMEW

Normalised power
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| | | |
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Direction (°©)

Results courtesy ECN
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.H FRAMEWORK PROGH

5 alignments NE-SW in moderate
complex terrain
Wind farm data:

- 43 WTs x 700 kW

- Met masts WS & WD

- WT Nacelle Power

- WT Nacelle WS & WD

Three cases:
- Case 1: 325°+5°, 13D spacing
- Case 2: 247.5°t5° 1.5D spacing
- Case 3: 67.5°+5° 1.5D spacing

=

RAMME

Data courtesy CENER
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Complex terrain - Wind farm terrain effects

To quantify wakes, data must be
Cleaned “of topographic effects

435

An example at 8 m/s, "
direction 325°
Modelling in WASP
Engineering -
Terrain induced AU~0.75 m/s
(4th row)

323.5
9,69 Horizonkal speed

[rnfs]
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(613535, 4653485) (G14356,46583999)
E12000 £12000 E15000
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. Ensemble statistics at Horns Rev

Mmoo PP NP PN
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80 Vestas V80 2 MW turbines

8 by 10 grid, spacing 7 D

14 km from Danish west coast
Power, yaw and status  extracted
from SCADA

Reference period 10 min

Met data M1,M6,M7

nsemble statistics at Nysted

72 Bonus 2.3 MW turbines

8 by 9 grid, spacing 5.8/10.5 D

11 km from Danish west coast
Power, yaw and status  extracted
from SCADA

Reference period 10 min

Met data M1-M6, plus coastal

. Time series
. Others?

Horns Rev
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Averages
- ldentical conditions (ws,wd)
- Maximise number of observations  sis4000 —
- Discrete in time N M2

Case 2
-~ Small wake widths=limited obs.

6152000 —

FirSt set 11 21 31 41 51 61 71 83401
- Direct down or across rows z
< Different wake widths Z o Casel
6148000 —
| Case 3

6146000 ‘ ‘ \ ‘ ‘
/124000 428000 432000 436000
UTM (m)
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SIXTH FRAMEWORK

Measurements directly down the row
-{ Case 1 (7D)
- Normalised power
- U at first turbine 8.0£0.5 m/s

Normalised
power
o
0
I

Wind turbine number

Z
2 y

Data courtesy DTU
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- Initial drop is larger for narrow angles

-_ Observations are in the maximum wake loss (approx. Gaussian)
1.1 —

Normalised power

0 270 280 290
Direction (degrees)

W Od UpWind
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SIXTH FRAMEWORK
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Normalised power Normalised power Normalised power

Normalised power

3 4 5
Turbine number

8+0.5 m/s

Direct down the row wake losses
are the largest esp. at low wind
speeds

Defining narrow rows and wind
sectors gives few values

Not representative for all wind
speeds and directions

Case 1 270°, 7D spacing

- — @ — Observed
—&4—— Model A
— B Model B
A Model C

—%—— Model D
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Data from Nysted

-{ Recently released to Upwind 10 —
: ; *¥—%—xX All
- Wind farm spacing 5.8 and 10.5D 1 Stable
- Stall regulated two speed turbine A—A—A Unstable
: : . 1 E—E—& Neutral
-C Analysis on atmospheric stability
y _
=
3 0.8 —
3
= -
o
o
D 0.6
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0.4 —
02 8<U<10 m/s Turbines in row 5 operating+0.5 s.d.
- ' [ ' [ ' | ' |
0 2 4 6 8

Turbine number

» UpWind
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Objective
-{ Assess optimal spacing between wind farms
Modelling
-(Added roughness, canopy type model, new analytical model
-{ Modifications to the WAsP/Windfarmer models
Data
-{ Horns Rev/Nysted —both have downstream masts

R.Barthelmie IU/UE
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-_ Tuning of Tl (or via roughness) - good agreement with measurements
- Wind speed within the wind farm drops < 80% of freestream

~_ Recovery to ~ 90% occurs within ~5km of wind farm end

-_ Further recovery over ~20 km

-{ More: Frandsen et el. EWEA 2008/Risg-R-1615

240 deg, Im/s
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Y Y VYV VY R VYV VY S YV YV Y S VY VYV O VY VYV L YT YV &

power relative to turbine 1

1 1 21 31 41 51 61 71 81 91

turbine number

« SCADA data » WF EV with IBL model =~ WF EV without IBL model ‘

W. Schlez, Garrad Hassan & Partners



SIXTH FRAMEWORK

1. Minimise power losses due to wakes
-( Based on maximising energy output in a given area

-. Modelling based on concepts developed at ECN e.g. changing pitch or yaw
angles

2. Optimise the wind farm for lifetime power and loads
- Examine new tools to link power and load modelling

-_ Power losses can be minimised but the impact on loads also needs to be
examined
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= Objective

-{ Reduce costs of wind energy by reducing uncertainty in predicting power

losses from wakes
= UpWind project
-_ Provides platform for undertaking model evaluation
-_ Provides platform for data sharing
- Combined activity is most effective
= Progress made
-( Data sets collated and analysed
- Model evaluation complete/underway
-_ Areas for model development illustrated
-_ Deliverables available at www.upwind.eu
= Future
- Minimise power losses due to wakes
-_ Integration of loads and power to give optimal layouts
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http://www.upwind.eu

