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Growth in Size of Commercial Wind Turbines
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Its an old problem .. g5 g aemees
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g * Need for evaluation of wind
speed all over the rotor disk

* Example of early experiments
in a small wind turbine:
— CRES Lavrio Test Station
1995-MOUNTURB project :
Array of anemometers upwind
of the rotor disk

(Wincon XT 110kW, D=21m,
H, .=22.4m)

Not practical to reproduce
~such lay-out at 80m+ diameter
~wind turbines for oommercral
power curve measurements
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A new def/n/tlon pro,( e§+a—§&a“éot5f;@5$a%?
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Use as reference wind speed a 1

“rotor averaged” wind speed instead U N Dz Ll 4
of a “point-measured” hub height £ A L !
wind speed.

speed zones”. The energy flux

3
Rotor surface is divided in “constant U eqT1 S Dz : U ; DAi
through each zone is calculated 4

*  Ugq: rotor averaged wind sped

The “equivalent rotor averaged wind Sl s ee at 20ne) |
speed” is the wind speed which, if * U,y rotor averaged wind sped, turbulence

constant over the whole rotor disk, - e . .
would give the same total energy « U2 wind energy flux in zone i, turbulence
included

flux as the sum of the energy fluxes

> A : Surface of zone i
from all cons_tant speed Zones.: — L

+  A:Total rotor surface -

-~

g Alternatlve defi nltlons proposed i . "Source
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tip position to upper tip position

* Fora2.0MW - 80m wind
turbine, Lower tip position: 40m,

Upper tip position: 120m

* Use of very high mast (>100m)

* Use remote sensing techniques
(Lidar / Sodar)

*  Both solutions mvolve

¢ Evaluation study of a ZephIR™
LLONSIGSLabIggns CRESTARNIRIS. ISAR' S tom At ORES Lavrio test

<l 100mEEENAyT  Station (comparison with cups on a.

L PE ’. - REstvy—rowmcs 100m mast, showed good p
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* lvieasuie wiid shieai i the iowei pait o1 the rotor by installing

anemometers at more than one height (below hub height)
* Assume same wind shear profile above hub height

* Apply the method for the evaluation of the rotor averaged wind
speed in the estimated profile.

* Advantages:

— Avoid use of very high masts. Use hub-height masts (already used
for power curve measurements. ,

— Compensate for wind shear
— Data already available from older campaigns. =

2 Dlsadvantages

— The assumption that the wind shear proflle above hub helght is
- same as below is notvalid in every case. |

Iata avallable are (usually) comme“rmally confldentlal
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Revising Reference Wind Speed Definition for Power Performance
BFEMTTO—F RIELHI Measurements

Low cost approach : Validation and limitations

* Comparison of shear profiles

Vo Sector SW Sector WSW measured with
. 207 — cup anemometers (up to
| 18 hub height)
151 15 — Lidar system up to 2*Hhub
S 13 13 ] * Differences in shear profiles as
2., 3 estimated from cups at the
T 1.0 1.0 -
= % ' lower part of the rotor compared
0.8 | 0.8 to shear profiles as measured
05 | 05 by Lidar system are seen in
— — Cup some direction sectors.
03 | Cup 03 | .
— Lidar —Lidar «  Gtill, this is an easy to apply, low
00 = 00 _.cost approach, which could give
0.7 0.8 0.9 1.0 1.1 1.2 07 08 09 10 1.1 12 [ = Valuable information_
U/Uhub Uthub T
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Share the experience — respect confidentiality
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*The Laboratory for Wind Turbine Testing (LWTT) of CRES is a Testing Laboratory
accredited by DAP GmbH according to ISO/IEC 17025 for wind turbine power
performance measurements (and others).

*Numerous power curve measurements in complex terrain sites have been
successfully completed by CRES-LWTT

*In some cases, wind speed was measured at more than one heights, allowing for
estimation of wind shear (at the lower half of he rotor)

*A pool of data to experiment on the “low cost approach” is available, but these data
are commercially confidential

| ets talk Confidential:

£~

~ »No site names

»

%No wihd turbine types

>Non-d|men3|onal results
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Standards applied

*IEC 61400-12-1:2005 -Wind Turbines-12-1: Power
performance measurements of electricity producing wi/t

*MEASNET Power Performance Procedure
*Additional features

»Shear profiles measured at reference mast and at
wind turbine position
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Overview of Cases studied (no photos, sorry..)

AN e ekl
CASE P

* P1F1EMT
* P21EM L
*Semi-flat terrain (terrain inclination typical 4%)

* PIEEICHEH
] * PAFEE I
*Power curve measurement campaign complete
CASE P2

*Complex terrain (terrain inclination typically over 20%)
*Power curve measurement campaign complete
CASE P3

*Very complex terrain (terrain inclination typically 30% to 40%)
*Only site calibration and wind shear measurements available
CASE P4

o

*Very complex terraln (terrain inclination typlcally 30% to 40%)
°Only SIte callbratuon ‘and wind shear measurements avallable
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Revising Reference Wind Speed Definition for Power Performance
Measurements

Wind flow characteristics (1) : Turbulence

o>—o— Case 1, semi-flat

X- — X — —X Case 2, complex terrain
G—©o—9© Case 3, complex terrain

\_ Case 4, complex terrain
I




Revising Reference Wind Speed Definition for Power Performance
Measurements

Wind flow characteristics (2) : Shear —"Typical” profiles
(4 m/s to 16 m/s, at main direction bin)
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Revising Reference Wind Speed Definition for Power Performance
Measurements

Shear —Profiles used for the calculation of rotor averaged wind
; speed
s > Case.l. (sem flat) ~, Case?2 (complex)
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Revising Reference Wind Speed Definition for Power Performance

. Measurements .
_ Results
Power Curves Comparison Power Curves Comparison
- - Case 1 Case 2

- - WARRANTED £ f - u - WARRANTED

—o = Uhub o 06 [ —o-[EC31400-12-1

——Ueg | | | & (4 —+—UeqM!1 :

~%~ UeqT1 - f %~ UeqT1 :
0.2 o UeqT3 H




aiiaa SRSV Reference Wind Speed
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~ Rev Reference Wind Speed
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Active Power Difference From

Warranted / Case 1
=gy Uhub

=@ UeqM1
== UeqT1

—— Uncertainty (k=1)




Revising Reference Wind Speed Definition for Power Performance
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averaged (for velocity and direction) shear tables |51,
=11ne inciedase i wilnu wruiine rnup rneiygrit dila didineter imndres fiecessary

the redefinition of reference wind speed for power curve measurements

*A definition taking into account the vertical wind speed shear is
needed.

"Remote sensing techniques are expected to be applied in the future

"Low cost approaches (shear profile measurements below hub with
conventional systems) can be used alone or in parallel with remote
sensing systems — Uncertainty evaluated accordingly

»MEASNET Procedure (New draft under discussion) :

£~

Recommendation for shear measurements in site calibration using
either remote sensing or conventional systems. Shear conditions, if
‘;_measured to be presented in test report as “bin averaged (for
velomty and dlrectlon) shear tables”
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