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In this presentation, an update of our research and development of a Cyber Wind Facility
(CWF) will be reported. The objective of this project at Penn State and Virginia Tech is
to develop a unique ‘experimental’ capability using petascale computer systems and the
latest technologies in high-performance computing (HPC) to collect data” for advanced
wind turbine research, analysis and design. The CWF is conceptualized akin to a full-scale
wind turbine field facility, but unlike a field facility with limited data collection capabil-
ity, it has been developed to generate the highest fidelity well-resolved four-dimensional
(4D) data possible simultaneously over the entire wind turbine domain, for both onshore
turbines and for offshore wind turbines on platforms. These cyber data will include, for
example, simultaneous quantifications of the 4D turbulent winds in the land/marine at-
mospheric boundary layer (modulated by mesoscale weather), local stochastic loadings
resolved along the blade surfaces in space/time, mean torque and torque transients that
enter the gearbox, time-resolved blade/tower bending moments and power, blade and
tower deformations in response to wind load variations, and for offshore configurations,
the 6 degree-of-freedom (DOF) motions of the platform, tower and rotor from wave-
platform interactions. With this facility, cyber experiments can be designed, for example,
to develop empirical” data correlations to improve and develop design tools as well as
new control paradigms that incorporate statistical knowledge of the atmospheric state in
the statistical response of the controller.

The scope of our work is to develop and integrate central modules of the CWF, and
apply the integrated CWF to notional offshore and land-based wind turbine configura-
tions. Because a wind turbine functions in response to forcing by highly variable turbulent
winds, two coupled high-resolution high-accuracy computational modules lie at the core
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of the CWF: the ‘atmospheric boundary layer’ module, calculated with a low-dissipation
pseudo-spectral large-eddy simulation (LES), and the ‘blade aerodynamics module’ which
applies highly resolved hybrid unsteady Reynolds-averaged Navier-Stokes methods near
the surface and LES in the outer flow (URANS-LES). Integrated with the aerodynam-
ics module is a blade/tower deformation module that applies 3D mixed linear/nonlinear
element-based computational solid dynamics with an efficient conservative fluid-structure
interaction (FSI) interface coupling scheme. The offshore CWF requires a fourth ‘hy-
drodynamics’ module that solves the 6-degree-of-freedom equations of the tower-rotor-
platform, applying hybrid URANS-LES around the platform coupled to a wave model
with wide variety of wave characteristics (also used in the marine atmospheric boundary
layer LES solver). The fifth ‘wake’ module predicts the shed vorticity into the rotor wake
and consequent modulation of atmospheric turbulence structure that then alters the load-
ing on the next turbine. The project team will generalize actuator disk methods with an
actuator vortex embedding method with potential for greater accuracy in wake winds.
Methods are proposed to integrate the five computational modules into a state-of-the-art
CWF.
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