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Abstract & Objectives

view facing west

»Accurate data on wind turbine wakes and their dissipation is required to optimize
wind plant design

= Total global wind power potential (Lu et al., 2010; Jacobson & Archer 2012) may
depend on how the enhanced turbulence downwind of wind farms is dissipated
"\Wakes decay due to small-scale instabilities, so wakes may be best
parameterized in terms of the turbulent kinetic energy dissipation rate ¢ (Frech
2007, Sarpkaya 2000, Holzapfel and Steen 2007)

=\Vake ¢ has not yet been measured

"OBJECTIVE: collect in situ measurements of ¢ downwind of a multi-MW turbine
for comparison to remotely-sensed quantities and improvement of turbine wake
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Fig. 3: TLS blimp ((a) top), and
payload ((b), bottom)

We express our appreciation for research funding from the Colorado Research and
Education in Wind seed grant program. We gratefully acknowledge many staff at
NREL's NWTC who coordinated other tests with our TLS flights. We also express
Methods: Experimental Design appreciation to Yannick Meillier, Josh Aikens, Matthew Aitken, Ryan King, and
Brian Vanderwende.

_ _ _ |  Clifton, A and JK Lundquist, 2012, “Data Clustering Reveals Climate Impacts on Local Wind Phenomena” Journal of Applied
GE 1.5 MW turbine (red circle, Fig. 5) '

M5 met tower (135m, several levels of winds and |
temperatures) quantifies turbine inflow
 TLS systems located west of the turbine (Fig. 6)

Meteorology and Climatology, 51, 1547-1557 doi: http://dx.doi.org/10.1175/JAMC-D-11-0227 .1

* Frech, M, 2007, “Estimating the turbulent energy dissipation rate in an airport environment,” Boundary- Layer Meteorology, 123,
385-393

* Frehlich, R, Y Meillier, M Jensen & B Balsley, 2003, “Turbulence measurements with the CIRES tethered lifting system during
CASES-99: Calibration and spectral analysis of temperature and velocity,” Journal of the Atmospheric Sciences, 60, 2487-2495

« Holzapfel F and M Steen, 2007, “Aircraft wake-vortex evolution in ground proximity: analysis and parameterization” AIAA Journal 45

* Climatological data suggest the most frequent _N_
winds are from the west-northwest (Fig. 4) I References
* Frequent wakes are anticipated west of the DOE | 3

. ' ' : _ — (1):218-227
Scanning lidar Iocat.ed east of the turbine _tO Sl Fig. 4. Wind tose from NREL's - Jacobson, MZ and CL Archer, 2012, “Saturation wind power potential and its implications for wind energy” PNAS 2012 ; published
towards east, sampling the TLS volume (Fig. 6 ahead of print September 10, 2012, doi:10.1073/pnas.1208993109
: pling g NWTC (M2 tower) based on
: : : : : * Lu, X, MB McElroy, J Kiviluoma, 2009, “Global potential for wind-generated electricity” PNAS 2009 106 (27) 10933-10938; published
* Radiometrics microwave radiometer to quantify 80m measurements from ahead of print June 22, 2009, doi:10.1073/pnas.0904101106
temperature and hum|d|ty prof”es (F|g 6) several years. (From Clifton & . L\)/Ieillier \I(PMd, F;er;lulch”_ R(32,O12101(]f, “The CIRES TLS Tethersonde: Performances and Research applications” http:/
0 : : : : reeze.colorado.edu/Meillier_2011.p
* Profiling lidar located east of turbine (Fig. 6) Lundquist 2012) - Sarpkaya T, 2000, “New model for vortex decay in the atmosphere” J Aircraft 37:53-61

E FWEA 2013 EWEA 2013, Vienna, Austria: Europe’ s Premier Wind Energy Event

EEEEEE 'S PREMIER WIND ENERGY EVENT




