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This study proposes and considers the practicality of a new multi-point mobile observation
method using a Mini Doppler SODAR for the purpose of a wind characteristics investigation,
which is the feasibility study of electricity generation from wind power for commercial realization.
Furthermore, this study shows feasible conditions for wind power generation at Hojyo Sand Dune
of San-in coast, which site can expect moderate breeze.

The height of a conventional observation tower is lower than 30m for wind characteristics
investigations. This conventional observation tower cannot therefore directly measure the wind
speed at heights of 70m to 100m, which the hubs of many modern high-power wind turbines are
located at. In such case, the wind speed at higher than 40m is usually extrapolated by using the
power law of a wind profile. However, the power law is effective only if the geographical feature is
simple. It overlooks many factors caused by the complexity of the terrains, which is usual in most
parts of Japan. Therefore, the pinpoint determination of a wind power optimum site by
multi-point mobile observation is desired, instead of a fixed-point observation, using an
observation tower.

Recently, Mini Doppler SODAR (sonic detection and ranging) has been developed for the
observation of atmospheric boundary layers. It is a kind of acoustic remote sensor and can be used
to measure the wind velocity and direction at various heights up to several hundred meters. It is
portable and may be used in complex terrains. The ultimate goal of the present work is to use a
Mini Doppler SODAR, not only in place of observation towers, but also as a portable instrument
to investigate the wind characteristics of the entire site planned for the construction of a wind

farm. As a first step, this research project looked into the feasibility of using a Mini Doppler



SODAR as an instrument for the investigation of wind characteristics.

Hojyo Sand Dune, facing the Sea of Japan, was selected for the study site. The site has the
characteristics of moderate breeze and relatively flat terrain; however, there are windbreaks of
pine groves. On the south side of the windbreaks, a wind characteristics investigation was
performed by a 70m tower corresponding to the hub height of a large-scale wind turbine, and a
feasibility study of wind power electricity generation was implemented. And a phased-array type
Mini Doppler SODAR (KPA-100C made by Kaijo Corp.) was set at about 40m south of the pine
groves and at 80m west of the observation tower, and the Mini Doppler SODAR examination was
carried out. The wind data obtained by the Mini Doppler SODAR were compared with those from
the 70m-observation tower in this study.

From the results obtained by the 70m-observation tower, sea and land breeze circulations were
observed in the early summer. It was found that the extrapolation by the power law produced a
large error under the influence of the windbreaks. The capacity factor c (¢ =P/ Pr, P is the mean
power which the wind turbine yields within a calendar year, and Pr is the rated power) exceeded
20% for the large-sized turbine with hub heights of 80m to 100m. This means that Hojyo Sand
Dune is a promising place for wind generation. In this research, in order to raise the accuracy of
data, only the received acoustic signal which had the signal to noise ratio of the 9dB or more was
considered as effective. And the averaged data, which had the rate of data acquisition of 75% or
more for 10 minutes were used for evaluation of the wind characteristics. Good correlation of wind
speed was observed between the tower data and the Mini Doppler SODAR data. The correlation
coefficient of wind speed ranged from 0.86 to 0.91. The Mini Doppler SODAR tended to
underestimate wind speed compared with the tower. However, it can be corrected mathematically
with a suitable regression line. The statistical characteristics of the wind direction obtained by
the Mini Doppler SODAR and the tower were very similar. The wind profiles measured by both
methods agreed well in the land breeze period, because the stable stratified boundary layer was
formed at night. On the other hand, the wind profile of the sea breeze could not be obtained
accurately using the Mini Doppler SODAR. This was caused by the sound noise from the adjacent
highway, the turbulence from the pine groves and the large unstable convection in the daytime.
As mentioned above, this study shows that Hojyo Sand Dune is a promising place for wind
generation, if a large-sized wind turbines with a hub height greater than 70m (e.g. 80m t0100m)
1s used. Wind characteristics investigation at multiple points was proposed with a portable Mini
Doppler SODAR, and a Mini Doppler SODAR could be a useful and reliable instrument for the
investigation of wind characteristics by use of correction with a suitable regression line. In

conclusion, the Mini Doppler SODAR could be a good substitute for an observation in the future.
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