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An Application of the Weather Prediction Model in Wind Farm Development
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Abstract

Offshore wind energy has been playing an important role in sustainable energy recently. In the
development of the offshore wind farm, the regional wind simulation conducted by numerical weather
predictions (NWP) is becoming indispensable because it can provide much wider coverage of spatial
and finer temporal resolution than the meteorological mast. In addition, in order to generate more
electrical power, the size of the wind turbines has been enlarged. This tendency implies that the
interaction between the wind turbines, the atmospheric boundary layer, and the environment are
becoming increasingly significant. To address the interaction, we conduct simulation using the WRF
model and compare to the data recorded by the Fuhai met mast. To cope with the increasing
operational wind farms, the WRF model has been incorporated with a wind turbine parameterization
model, proposed by Fitch et al. The model is applied to simulate the Fuhai wind farm with 30
SWT-4.0-120 wind turbines (Phase I, I1), designed by the Fuhai Wind Farm Corporation. Results
show a distinct wake formed with a nearly 2 (m/s) velocity deficit behind the Fuhai wind farm. To
discuss the characteristics of the wake, a 1D momentum theory is developed and a modified wake
model similar to Jensen’s approaches is proposed. Interestingly, comparing the result of the modified
wake model and the simulation, it is found that the wake decay constant of the wind farm has a
substantial connection to the suggestion of a single wind turbine in this deployment, as if the influence
of the entire wind farm on the wake can be imitated by a single wind turbine. To conclude, this study
is an initial attempt in Taiwan to illustrate the importance of applying the NWP model to wind farm
development, as well as to explain the wake effect of the wind farm from the engineering perspectives
to the better understanding of the wind resources and wind farm deployments of Changhua offshore.
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