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Wind Farm Optimization with Turbine
Design Under Geographical Constraints

Li-Hao Chen', Kuei-Yuan Chan?
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Abstract

The increase of energy consumption in all sectors
calls for more sustainable sources of energy. In
the pursue of green energy, wind turbines have
the highest potential and are also the most
implemented worldwid. Design and planning of
wind energy require the integration of wind farm
location and layout, wind turbine frame design, the
aerodynamics of wind turbine blades, among many
other cost and engineering considerations. The
integrated wind farm and turbine blade design has
a large number of variables, numerous constrains,
and time-consuming engineering computer simula-
tions. In the literature, most researchers consider
only one aspect of the wind farm design while
ignoring the rest. Since these disciplines are deeply
coupled in nature, in this research we propose an
integrated framework of both wind farm layout
optimization and turbine blade design to improve
the overall energy transformation efficiency while
considering the aerodynamics of turbine blades and
the wake effects of wind turbine placement. This
complex problem is decomposed as a multi-level
system and then solved using Analytical target
cascading (ATC). By systematic coordination,
ATC should provide comparable results as the
all-in-one problem. Site-specific geographical
constraints and the local wind characteristics are
both considered in the wind farm planning. The
result is a more rigorous all-around wind energy
solution that fits local geographical characteristics.
Keyworks : Wind Farm, Turbine Blade Design,
Sustainable Energy, Collaborative Optimization
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