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As wind farm size increases,
mean generation per unit area decreases
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As wind farm size increases,
wake extension increases
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Abkar et al. (2015), Influence of atmospheric stability on wind-turbine
wakes: A large-eddy simulation study
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Platis et al. (2018), First in situ evidence of wakes in the far field behind
offshore wind farms
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What controls and limits the energy extraction
in large wind farms?
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Transitional scales in wind farm performance
and wake characteristics



Developed flow Recovery of
over wind farm downstream flow

Upstream flow
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Key takeaways

We provide a theoretical basis for upper limits of power density in large wind farms
Pressure gradients within the Ekman layer supply energy to large wind power plants
Interacting pressure-gradient, Coriolis and drag forces control the power density

We characterized transitional scales in wind farm performance and wake characteristics
Timescales related to the forces at play give a physical explanation to such a transition

Wind farms smaller than the characteristic length scale result in higher power densities and
shorter wakes

Increasingly larger wind farms result instead in power densities that asymptotically reach
their minimum and wakes that reach their maximum extent
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What’s next?

Are many small, highly packed wind farms better than a single large, sparse wind farm?

Can we validate these numerical and analytical solutions with experimental observations?

Can we design better engineering wake models for inter-wind farm interaction?

Can we define a power coefficient for large wind farms?



Thanks for you attention!

Contact information:

Enrico Antonini
eantonini@carnegiescience.edu
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