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ABSTRACT

During the first phase of the U.S. Department of Energy’s turbulence characterization program, important dis-
coveries were made about the field application of propeller-vane and cup anemometers under very turbulent
conditions. First, averaged speeds measured by the propeller-vane anemometer were consistently lower than
those from the cup anemometer, even though both registered virtually the same during wind-tunnel calibration
testing. Second, the propeller-vane anemometers suffered from structural failures much more frequently than
the cup anemometers. '

The difficulties associated with the use of the propeller-vane motivated us to consider the cup anemometer for
turbulence measurements. At fast sample rates, the output of the cup anemometer is severely degraded by
discretization error that stems from pulse counting demodulation. However, we found that a low-pass Gaussian
filter could be applied to the time series of wind speed derived from the cup anemometer to yield time series and
frequency spectra that compared very favorably with those obtained from the propeller-vane anemometer. This
finding suggests that the cup anemometer may prove to be an inexpensive and rugged sensor appropriate for
turbulence measurements for wind-energy applications.

INTRODUCTION

A turbulence characterization program was:initiated in the U.S. Department of Energy's Wind Energy Program
to establish turbulence parameter values for the design of advanced wind turbines and to provide a basis for the
development of an efficient and cost-effective turbulence characterization scheme. To accomplish these
objectives, Pacific Northwest Laboratory (PNL) developed a measurement and analysis program (1) in an effort
to work jointly with the wind energy community to characterize wind turbulence in a variety of complex terrains
at existing or potential sites of wind turbine installation.

To characterize the turbulence, the configuration of sensors shown in Figure 1 was chosen. This configuration
not only provides vertical and horizontal wind shear data at a site, it also provides the opportunity to examine the
effect of rotational sampling of the turbulent wind. The combination of propeller-vane and vertical propeller
anemometers was selected as a lower-cost, more-durable alternative to the uvw propeller anemometers used in
" previous short-term turbulence measurement studies by PNL. The propelier-vane (prop-vane) anemometer uses
a miniature tachometer generator to produce a DC-voltage signal that is linearly proportional to wind speed. The
propeller has a distance constant of 2.1 m. The vane assembly has a delay distance of 1.3 m and a damping
ratio of 0.25. '

A cup anemometer and wind direction vane were mounted near the propeller-vane anemometer at the top of the
30-m tower to provide an independent measurement of the wind speed and direction. The cup anemometer
produces a sine wave voltage through a single coil by a four-pole magnet. For ali practical purposes, the
frequency of the AC signal is linearly proportional to wind speed. The distance constant of the cup is 3.0 m.

A data collection scheme was established to measure the horizontal and vertical components of the wind speed
from the four locations at a rate of five samples per second during any time period when the average wind speed
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