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Applicability of statistical turbulence characterization to typhoon wind turbulence
exemplifying typhoon Dujuan off the west coast of Taiwan
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Abstract

The challenges of tropical cyclones for the use of wind energy raise the question of differences
between typhoon and normal wind condition turbulence. Using the example of typhoon Dujuan, the
applicability of a framework to statistically characterize wind turbulence is evaluated. As wind
generated loads affecting a wind turbine are built up typically in a few seconds, we concentrate on
wind fluctuations in this time range. The framework is based on the division of wind turbulence
characteristics into subsets that may be described by existing turbulence models. It focuses on the
analysis of wind speed increments (characterizing wind fluctuations in the range of seconds), which
can be extremely damaging for wind turbines when occurring suddenly. A higher than Gaussian
potential for extreme velocity increments is called intermittency. This work shows how typhoon
turbulence can be divided into different packages, which often resemble the famous lognormal
turbulence of Kolmogorov. With this approach it is possible to quantify differences between typhoon
and non-typhoon turbulence. Indications are found that typhoon turbulence has a partially lower
intermittency at larger scales or higher time lags. The characteristics of turbulence at smaller scales or
time lags, however, do not differ substantially from normal wind condition turbulence. This promises
an applicability of existing turbulence models to typhoon turbulence at smaller time scales. Further
typhoon data is needed to explain the discrepancy in turbulence at larger time lags as well as to
characterize periods of low wind speeds associated with the typhoon eye. By applying the current
statistical framework originating from Europe to Taiwanese data, a stepping stone is added to the
search for optimal global wind turbulence characterization, which aims at enhancing fatigue control of
wind turbine systems.
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