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Presentation Notes
Proposed WP2 benchmarks for SWiFT.  Some data are available now, more is currently being produced and processed.  Will start with an overview of the SWiFT site, then move onto proposed benchmarks.  SWiFT WP2 benchmarks overlap with proposed WP3 benchmarks, which will be discussed in the next presentation.



SWiFT exists to:
 Reduce turbine-turbine 

interaction and wind plant 
underperformance

 Public, open-source 
validation data

 Advance wind turbine 
technology

Facilities:
 Three variable-speed variable-pitch heavily-

modified V27 wind turbines with full power 
conversion and extensive sensor suite

 Two heavily instrumented inflow anemometer 
towers

 Site-wide time-synchronized data collection 

DOE/SNL Scaled Wind Farm Technology (SWiFT) facility 
hosted by Texas Tech University (TTU)  
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SWiFT Site Layout and Capabilities
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Presentation Notes
Main Point: Highly instrument experimental site, data will all be public, making it ideal for benchmarking.
The Scaled Wind Farm Technology (SWiFT) facility located at RTC represents the collaboration between the US Department of Energy, Sandia National Laboratories, Vestas, Group NIRE and TTU to operate a research scale wind plant. 
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SWiFT Wake Steering Campaign
Goal: Demonstrate the influence of wake 
steering control on downstream rotor power 
and loads using two instrumented turbines 
with inter-turbine wake measurements.

Measurements: 
• ABL Conditions: 200m MET tower
• Inflow: Dual 58.5m MET towers
• Rotor and Tower Strains and Accels.
• Wake Flow Diagnostic: DTU SpinnerLidar
• Other Flow Diagnostics: Spidar, Windar

SWiFT Turbines
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Main Point: The first major experiment at SWiFT is for demonstrating wake steering control.  The resulting datasets are ideal for wake model benchmarking, and will be used in the proposed WP2 and WP3 SWiFT benchmarks.



 Uniquely capable of measuring 
the wind turbine wake at high 
temporal and spatial scales

 Capable of scanning 5D (135 m) 
downstream

 Configured to stream averaged 
Doppler spectra at a rate of 492 
measurements per second

 Prisms have fixed gear ratio with adjustable 
motor RPM

 Ability to cycle through focal lengths rapidly
 3-axis accelerometer accounts for changes 

in the roll and pitch angle orientation

Wake Measurements: DTU SpinnerLidar
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Main Point: Lidar best met experimental needs, high res velocity profiles from 1 to 5D downstream where next turbine is. I’d remove all this text and refer to the paper or a reference in the paper. Could instead move the video/image from slide 4 down here.



Wake Measurements: DTU SpinnerLidar

5

Presenter
Presentation Notes
The lidar is shown sampling from 1-5D.  Scans are typically 2 seconds per depth, and take 2 seconds to change the focal distance.






 Comparison of identical time steps in order to show effect of Spinner Lidar on 
measurements and how that impacts wake position determination

 Measurements at 3D downstream of turbine

SOWFA Simulated
Velocity

Simulated Lidar
Measurements

Simulate Instrumentation
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Main point: Synthetic lidar was used to design the experiment and develop the wake tracking algorithm.  Further study is needed, particularly for uncertainty estimates.  WP2:SWiFT can use current wake tracking algorithm, WP3:SWiFT can work on uncertainty quantification for the method.
The wake position was determined by iterating through contour levels until the low velocity region of the wake separates from the low velocity region of the boundary layer. The connected region of the wake is then determined and the center is calculated from the weighted centroid with respect to velocity. 
The algorithm works well but still has some issues to sort out with instantaneous SOWFA data on a few cases. 
The wake position between the “true” SOWFA result and the lidar measurements are very close, but this is only one case and further uncertainty analysis is needed



Stable ABL 
Positive Veer

Stable ABL 
Negative Veer

Measuring Impact of Inflow
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Main point: Able to resolve impacts of atmospheric inflow characteristics like veer on the wake, due to the instrumentation and the atmospheric conditions at the site. Wake skews with veer. More cases will be presented during the Wakes Conference presentation and can be found in the associated paper.



Lidar data viewed 3D (81m) downstream looking downwind

Wake Tracking
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Main point: Further study is needed for wake tracking, particularly for uncertainty estimates.  
WP2:SWiFT can use current wake tracking algorithm, WP3:SWiFT can work on developing uncertainty quantification estimates of wake tracking algorithms.
Mention turbulence measurements as a proposed quantity of interest (QoI).







Wake Tracking with Higher Order QoIs
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Lidar data viewed 2.5D (67.5m)
 Bulk Richardson = 0.78
 α = 0.25
 wind speed = 5.7 m/s
 TI = 0.04
 veer = 5.7°
 yaw offset = 7.43°
 yaw heading = 145.6 degN

vlos v’los

 Note that you can see turbulence coming off
the nacelle and tower before the turbine turns
on and the wake forms

Presenter
Presentation Notes
Main point: Further study is needed for wake tracking, particularly for uncertainty estimates.  
WP2:SWiFT can use current wake tracking algorithm, WP3:SWiFT can work on developing uncertainty quantification estimates of wake tracking algorithms.
Mention turbulence measurements as a proposed quantity of interest (QoI).







Initial Model Assessment 

10

Measured and Simulated vlos

Presenter
Presentation Notes
Certain cases seem to match pre-experiment simulations well from a qualitative stand point (ie. viewgraph norm); however, other cases show much higher wake movement in the field measurements relative to the simulations.  
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Initial Model Assessment 
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Measured and Simulated v’los
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Presentation Notes
Certain cases seem to match pre-experiment simulations well from a qualitative stand point (ie. viewgraph norm); however, other cases show much higher wake movement in the field measurements relative to the simulations.  

'06-Feb-2017 18:44:59‘  -0.740959972137716  1	8.75523059032089	0.0710250724499842	3.00369731267055	5.04370500441899	0.306967439610189	274.311828761020 0.0781605286989012
time				veer avg	num foc        ws			TI			foc Distance	 yaw offset		alplha			yaw heading
Ri bulk









PROPOSED SWIFT BENCHMARKS

Presenter
Presentation Notes
Main Point:  These are benchmark concepts we have created based on our experience with the data so far.  We encourage additional proposals, and the initial work of benchmark participants will be to select metrics and cases for analysis.



Objective: Develop and verify wake metrics and tracking 
algorithms. Utilize wake identification algorithms to assess the 
ability of models to predict wake shape, strength, and 
deflection. Focus on a few datasets, looking at time histories.

Inputs: Time history: wind speed, direction, turbulence intensity, 
shear, veer, temperature profile, and stability.

Metrics: Wake deflection, strength, and shape, 1-5D
3D 4D 5D

Case 1: SWiFT V27 Wake Deflection, 
Strength, and Shape
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SWiFT Case 1 is proposed for this year.  We propose to start by selecting field data sets with low wake movement and less severe inflow conditions (low shear, veer, TI), and focus on wake deflection, strength, and shape from 1-5D.  The benchmark will then move to cases with more severe inflow conditions (higher sheer, veer, TI, and other stability classes).
Example shown here is for Stable No Veer BL vlos.




Objective: Assess the ability of models to predict the amplitude 
and frequency of wake deficit movement. Focus on a few 
datasets, looking at time histories.

Inputs: Time history: wind speed, direction, turbulence intensity, 
shear, veer, temperature profile, and stability.

Metrics: Wake movement, amplitude and frequency, 3-5D

Case 2: SWiFT V27 Wake Dynamics
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SWiFT Case 2 is proposed for later this year.  Cases with higher observed wake movement will be explored to assess the previous wake metrics as well as the amplitude and frequency of wake movement.  A case with unsteady inflow is shown.






Objective: Develop and verify wake tracking algorithms. Utilize 
wake identification algorithms to assess the ability of models to 
predict wake shape, strength, and deflection. Focus on many 
datasets for a variety of inflow cases.

Inputs: Hub height wind speed, direction, turbulence intensity, 
shear, veer, temperature profile, and stability statistics.

Metrics: Wake deflection, strength, and shape, 1-5D

Case 3: SWiFT Ensembles of Wake Metrics

SWiFT Yaw Example
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SWiFT Case 2 is proposed for later this year.  Cases with higher observed wake movement will be explored to assess the previous wake metrics as well as the amplitude and frequency of wake movement.  A case with unsteady inflow is shown.



Case 3: SWiFT Ensembles of Wake Metrics

SWiFT Yaw Example
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SWiFT Case 2 is proposed for later this year.  Cases with higher observed wake movement will be explored to assess the previous wake metrics as well as the amplitude and frequency of wake movement.  A case with unsteady inflow is shown.






Objective: Assess the ability of models to predict the impact of a 
range of wake conditions on downstream turbine loads. Focus on 
many datasets for a variety of inflow cases.

Inputs: Hub height wind speed, direction, turbulence intensity, 
shear, veer, temperature profile, and stability statistics.

Metrics: Downstream turbine loads.

Case 4: SWiFT Downstream Turbine Loads
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SWiFT Case 2 is proposed for later this year.  Cases with higher observed wake movement will be explored to assess the previous wake metrics as well as the amplitude and frequency of wake movement.  A case with unsteady inflow is shown.



Conclusions

▪ The DTU Spinner Lidar is measuring the wakes from 1-5D 
behind a V27 turbine at the SWiFT, with changing yaw control 
input angles over a range of inflow conditions.

▪ Currently applying an experimental uncertainty quantification 
process for the inflow, wind turbines, and lidar measurements.

▪ Initial data campaign results anticipated for public release.
▪ Some datasets will be held back for blind validation cases

▪ First benchmark proposed to look at several wake time 
histories.

▪ Future benchmarks will investigate model performance over 
many datasets of wake data and downstream turbine loads.
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Thank You
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Spatial Measurement Uncertainty
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Expected Deflection at 5D

1° error = 2.35 m
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Progress has been made this year on reducing and calculating the uncertainty of the lidar measurements, although there is still considerable potential for further development.



Initial Wake Measurements
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Actual lidar measurements are shown here; the clarity of the wake is consistent between measurements.



Focus Distance Probe Length
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Case 3: SWiFT Ensembles of Wake Metrics

SWiFT Yaw Example
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SWiFT Case 2 is proposed for later this year.  Cases with higher observed wake movement will be explored to assess the previous wake metrics as well as the amplitude and frequency of wake movement.  A case with unsteady inflow is shown.
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