Geophysical Research Abstracts
Vol. 16, EGU2014-11205, 2014 ’\
EGU General Assembly 2014 G

© Author(s) 2014. CC Attribution 3.0 License.

An analytical 1-D model for vertical momentum and energy flux through
a fully developed wind farm

Corey D. Markfort (1,2), Wei Zhang (2), and Fernando Porté-Agel (1)

(1) Wind Engineering and Renewable Energy Laboratory (WIRE), Ecole Polytechnique Fédérale de Lausanne (EPFL),
Switzerland (corey.markfort@epfl.ch), (2) Saint Anthony Falls Laboratory, University of Minnesota, Minneapolis, MN, USA

Wind farms capture momentum from the atmospheric boundary layer (ABL) both at the leading edge and from the
atmosphere above. Momentum is advected into the wind farm and wake turbulence draws excess momentum in
from between turbines until momentum is only available from above the wind farm. This distance can be described
by the so-called drag development length scale, which arises from the canopy drag force term in the momentum
equation. At this point the flow can be considered fully developed. The horizontally-averaged velocity profile for
a fully developed wind farm flow exhibits a characteristic inflection point near the top of the wind farm, similar to
that of sparse canopy-type flows (Markfort et al., JoT, 2012). The inflected vertical velocity profile is associated
with the presence of a dominant characteristic turbulence scale, which may be responsible for a significant portion
of the vertical momentum flux. We evaluate an analytical canopy-type flow model for wind farm-atmosphere
interaction by testing it against wind-tunnel experimental data of flow through a model wind farm. The model
is adapted to predict the mean flow, vertical momentum flux, and the mean kinetic energy flux as well as kinetic
energy dissipation within the wind farm. This model is particularly useful for wind farm configuration optimization,
considering wind turbine spacing and surface roughness and can also be useful to represent wind farms in regional
scale atmospheric simulations.



