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ON THE SPATIAL STRUCTURE OF WIND TURBULENCE
IN HIGH WINDS

By Yasushi Mitsuta, and Osamu TsukamoTO

Synopsis

The spatial structure of natural wind turbulence were studied by the use of the wind speed data
of the anemometer array of 720 m long. The decreasing rates of gust factors with increasing
horizontal averaging distance were evaluated and an experimental formula for them was ob-
tained which contains the value of gust factor at one point as a parameter. Lateral space cor-
relation shows very rapid decrease with increasing horizontal distance as compared to longi-
tudinal correlation and almost no correlation are seen for separation more than 90 m. From
the data of longitudinal space time correlation, Taylor’s frozen eddy hypothesis was checked
and the translation velocity of the eddy was estimated as 80 9% of the mean wind speed. The
results of spactral analysis were also shown.
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Fig. 1. Sample trace of every points on the array for every 1.5 sec wind speed data for Run 38-4.
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Fig. 5. Space-time cross section of wind speed on the array and isotachs for Run 38—4.
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Fig. 7. Gust factor as a function of mean wind speed. Open circles denote the data of
record of severe wind obtained by propeller anemometer with chart recorder.
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Table 1. Integral scale of longitudinal direction estimated from autocorrelation functions.

Run No. 28—2 | 286—3 | 37—1 |38—4 |39—2 | 42— | 47—2
Wind Direction (deg) 84 93 101 167 177 263 16
Wind Speed (m/s) 11.3 12,4 14.6 22,1 17.5 12,6 900
Integral Scale (m) 73 73 87 107 99 112 63
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Fig. 12 a) Averaged space correlation functions with rms values for Run 38-4 at 15 m height.
b) Same as Fig. 12 a) except for Run 28-3.

Table 2. Integral scale estimated from space correlation functions.

Run No. 286—2 | 28—3 | 37—1 | 38—4 | 39—2  42—1 |47—2

Wind Direction (deg) 84° 93° 101° 167° 177° 263° 16°
Wind Speed (m/s) 1.3 12.4 14.6 22,1 17.5 12.6 9.0
Integral Scale (m) 7 7 12 70 89 (109) 49
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Fig. 14 a) Variations of space correlation functions with the averaging time(s) for Run

38-4 at 15 m height.
b) Same as Fig. 14 a) except for Run 28-3.
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Fig. 15 a) Variations of space time correlation functions at 15 m height with space lag(n)
for 38-4.

b) Same as Fig. 15 a) except for Run 28-3.
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Fig. 18. Isolines of correlation coefficient in a vertical plane parallel to mean wind direction.
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