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Numerical Study on Aerodynamic Loading of Two Cascading Wind Turbines
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Abstract

This paper investigates the aerodynamic loading of two cascading three-blade 2MW wind turbine
installed on the western Taiwanese coastline under the rated wind speed via a numerical approach,
where a three-dimensional flow simulation around target horizontal-axis wind turbines aligned with
the wind direction and operating at rated speed is conducted. The unsteady flow field is described by
the continuity and momentum equations incorporated with a k-  turbulence model. The governing
equations are solved by the commercial software CCM+, which employs a SIMPLE-type algorithm to
decouple velocity and pressure. Several subdomains of grid refinement are embedded in the
computational domain in order to reduce the diffusion error of flow field, especially those between
two cascading wind turbines. The aerodynamic loadings, such the pitch moment of rotor blade, the
axial moment of rotor, the yaw moment of nacelle and the overturning moments of tower, are
calculated and expressed as functions of the azimuthal angle of rotor blade. Comparing the
aerodynamic loadings between two wind turbines reveals the nontrivial wake influence of the first
machine on the second one, where the second wind turbine clearly suffers from more significant
loading variation in a complete revolution of rotor blade. This loading characteristics may lead to an
unfavorable impact on the fatigue life of material, whereas the demand of frequent maintenance as
well as a reduced lifetime of the system is consequently expected. The occurrence of cascading wind
turbines during their operation might indicate an improper choice of siting in the wind farm design,
which deteriorates the availability and stability of wind turbines in operation
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