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Monthly Update 

• Testable Hypotheses
• Instrumentation Logistics
• Communications

– https://openei.org/wiki/AWAKEN
– Next Update Wednesday, January 6, 8 am MST

https://openei.org/wiki/AWAKEN
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Testable Hypotheses

• List of hypotheses to be tested in AWAKEN
• Will drive experimental design
• DOE funded AWAKEN
• NSF funded ARISE
• Still in development – feedback welcome
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DOE hypotheses

1. The maximum energy produced by a large (>100MW) wind farm is constrained 
by the momentum flux between the surrounding atmosphere and the flow 
within the wind farm. The greater the momentum flux the faster the wake 
velocity recovers to a freestream value. Internal boundary layer develops over 
the top of the wind farm, the size of which slows the momentum exchange. The 
vertical momentum flux is a function of atmospheric stability that varies with the 
diurnal cycle. Stable conditions produce Low Level Jets in the US Great Plains 
whose characteristics modulate wind farm performance/power output The LLJ 
characteristics include jet height and magnitude, atmospheric stability, 
turbulence structure, horizontal variability, vertical location, jet turning over the 
course of the night, and wind veer. Horizontal momentum flux is dependent on 
horizontal pressure gradients and wind direction relative to the wind farm 
layout.

2. Dynamic momentum intermittent turbulent bursting events related to Kelvin-
Helmholtz instability, gravity waves, and bores lead to power fluctuations in 
wind farm power production. 
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DOE hypotheses (cont.)

3. Wind turbines in the interior of wind farms tend to have more turbulent 
inflows resulting in higher damage-equivalent loads than those on the 
exterior. The turbulence in wind turbine wake asymptotes to a fully 
developed condition after the first several rows of wind turbines.

4. Turbine wake morphology, evolution, and wake interactions are affected by 
stochastic events connected with turbine settings, control, and short-term 
variability of the incoming wind conditions. Including a stochastic 
component to wake models can enable higher accuracy for predictions of 
wind turbine wakes and their interactions.
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DOE hypotheses (cont.)

5. The decrease in hub-height velocity 1-30D upwind of a wind farm due to wind-farm 
blockage, undermines power performance, depends on atmospheric stability, inflow wind 
speed, boundary-layer height, wind shear and veer (interacting with wind turbine 
characteristics, wind farm layout, terrain & surface roughness, and operative conditions). 
This blockage may be accompanied by speed-up along the edges of the wind farm, 
necessitating measurements far upwind (perhaps from remote sensing instrumentation) 
as well as a more dense network of wind speed measurements near the upwind edge of 
the wind farm to quantify speed-up. These parameters could be included in effective 
reduced-order models for characterizing blockage through a wind-farm equivalent thrust 
curve.

6. Wake steering and turbine consensus control increase wind farm performance and 
reduce structural loads of turbines under a range of atmospheric conditions. The overall 
increase in energy production of wind farm control is primarily dependent upon 
atmospheric stability, boundary layer height, wind shear and veer, and wind direction 
variability (interacting with the turbine type, orography, inter-turbine spacing and 
alignment), with maximum benefit coming when rows are aligned with wind direction 
under stable conditions. 



NREL    |    7

DOE hypotheses (cont.)

7. Wind farm wakes propagate on land for tens of kilometers and lower the 
energy production of neighboring wind farms. Characteristics (magnitude 
and extent of momentum deficits, magnitude and extent of region of 
increased TKE) of wind plant wakes depend primarily on the spacing of 
turbines in a wind farm along the primary wind direction, individual turbine 
power level and hub-height turbulent kinetic energy (or turbulence 
intensity). These parameters could be included in effective reduced-order 
models for characterizing wind farm wakes.
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NSF hypotheses

1. Turbulent kinetic energy at hub-height one half diameter upstream of a 
single turbine is the most highly correlated atmospheric property to 
downstream wake propagation distance.

2. Wind farm wake characteristics (magnitude, horizontal and vertical extent 
and surface temperature and flux impacts) vary as a function of inflow and 
stability (which influence structures such as LLJs), with the strongest 
wakes during stable conditions with wind speeds below rated wind speed.
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NSF hypotheses (cont.)

3. Wind farm wakes can delay the onset of the morning and evening 
transition of the ABL (as measured by changes in surface fluxes, 
temperature, moisture), with impacts on PBL height (and air quality, etc.).

4. Mesoscale modeling of wind farm wake impacts should include stability-
dependent turbine-added-turbulence (Fitch scheme adds specific amount 
of turbulence as a function of wind speed; this turbine-added turbulence 
should be modified as a function of atmospheric stability).
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NSF hypotheses (cont.)

5. Investigation on the interplay between meso- and turbulent-scales: Wind farm 
wakes have characteristic dimensions equal or larger than the ABL height and 
the outer-scale of turbulence. However, wind-farm wake recovery and turbulent 
mixing occur within a broad range of large, yet turbulent, scales. Understanding 
what are the physical processes (mixing lengths) dominating meso-wake 
evolution, and their dependencies on atmospheric and surface fluxes is 
instrumental for predicting wind farm wakes and farm-to-farm interactions.

6. Episodic events associated with low-level jets, such as breaking Kelvin-
Helmholtz waves, transport momentum from regions aloft into the wind turbine 
rotor region and impact wind farm wake recovery. (Required measurements 
include high-resolution lidar measurements of wind speed/direction/turbulence 
within the turbine layer and above as well as momentum flux profiles within 
rotor altitudes.)
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Instrument Timeline

• AWAKEN DOE 
– Long-term - January 2022 – September 2023
– Short-term – January 2023 - September 2023

• WFIP3
– October 2022 – September 2024?

• RAAW overlap?
• NOAA

– ESRL - ?
– NSSL – non-storm months

• NSF ARISE
– January 2023 – May 2023
– King Air Aircraft

• Soonest deployment August or September 2023
• DOE ARM

– DOE SGP site – January 2022 – September 2023
– DOE ARM Mobile Facility - October 2022 – September 2023
– Bombardier Aircraft

• Soonest deployment May-August 2023
• EU and Industry - ?
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Instrumentation Questionnaire

• May move to more open editable 
format 



www.nrel.gov

Thank you
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