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ON THE OBSERVATION OF GUST FRONT II

Hatsuo IsH1zAK1, Yasushi M1TsUTA and 7Taszchi HAvASHI

Synopsis

Field observation on the structure of the gust front is performed at Shionomisaki since 1980.
The phenomena of the gust front can be detected by the array of three cup anemometers when
the averaging time to estimate the wind speed is larger than 1.5 sec if the wind speed is over 10m/s.
The results obtained in the case of 13 m/s mean wind speed are as follows,

1) The gust front has a spatial expanse 20-30 m wide in lateral wind direction.

2) The gust front exists in front of a strong wind region, where the horizontal gradient of wind
speed in the mean wind direction is 0.36 (m/s) /m the maximum.

3) The gust front changes its own shape in moving down to the leeward and the moving speed is

not necessarily equal to the mean wind speed along the gust front path.
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Table 1. Statistics of wind speed measured by three cup anemometers.

BRSO | EEERE Hho®X, B X ! % /) | Skewness | Kurtosis
m/s| m/s ‘ m/s m/s|
1 13.0 2.5 0.20 : 210 5.8 0.04 2.53
2 12.7 2.6 0.21 19.8 6.7 0.16 2.64
3 12.8 2.5 0.20 20.7 6.2 | —0.07 2.73
4 1.7 2.5 0.21 20.7 6.0 0.43 3.02
5 11.9 2.6 0.22 19.3 5.5 0.15 2.65
6 12.4 2.3 0.19 19.5 6.0 | —0.03 2.61
7 12.8 2.8 0.22 22.0 6.5 0.22 2.54
8 12.4 2.6 0.21 20.5 6.8 0.39 2.76
9 12.9 2.6 0.21 22.0 5.5 0.12 | 2.93
10 12.6 2.5 0.20 19.2 5.8 0.00 2.67
1 12.1 3.0 0.25 21.2 5.3 0.25 2.45
12 12.8 2.5 0.20 20.0 7.0 0.36 2.64
13 12.8 2.5 0.20 21.5 6.3 0.17 2.98
14 11.8 2.5 0.21 20.0 | 55 0.15 2.78
15 13.4 2.4 | 0.18 22.2 ;1.5 0.04 2.68
16 11.9 2.5 ‘ 0.21 20.2 5.5 0.18 2.85
17 12.9 2.5 0.19 19.7 7.2 0.30 2.56
18 13.4 2.6 0.19 22.0 6.8 0.19 2.95
19 12.7 2.3 0.19 203 | 7.3 0.30 2.75
20 13.5 2.4 0.18 203 | 6.8 | —0.02 2.69
21 12.6 2.5 0.20 207 | 7.0 0.25 2.90
22 13.1 2.4 0.18 20.0 7.2 0.15 2.72
23 13.3 2.6 0.19 20.7 6.3 0.17 2.96
24 12.5 2.5 0.20 19.3 6.2 0.29 2.43
25 13.7 2.5 0.18 20.8 7.7 | —0.01 2.54
26 13.5 2.6 0.19 21.3 6.7 | 0.15 2.74
27 13.1 2.4 0.18 19.7 7.2 | 0.19 2.76
28 13.3 2.5 0.19 21.0 7.2 0.13 2.68
29 14.9 2.5 0.17 22.7 8.7 0.11 2.69
30 14.7 3.1 0.21 22.8 6.5 0.16 2.59
31 16.4 2.8 0.17 24.6 9.0 0.11 2.64
é%fé 12.7 2.5 0.20 ‘ 016 2.71
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Skewness (3, HEREMTTHE L, SMTNE {733, Kurtosis (£ T, 10B<¢50ETD
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Table 2. Statistics of time derivative of wind speed measured by three cup anemometers.

RIS 3 <) EEEE = N 5 N Skewness Kurtosis
i m/s? m/s? m/s? m/s? a
1 0.00 1.20 5.78 —3.11 0.72 4.32
2 0.00 1.17 3.67 —3.67 0.30 3.25
3 0.00 1.14 3.67 —2.67 0.37 2.90
4 0.00 1.15 5.33 —3.00 0.42 3.75
5 0.00 1.23 5.00 —3.00 0.49 3.40
6 0.00 1.07 4.33 —2.33 0.51 3.39
7 0.00 1.24 4,22 —3.11 0.48 3.22
8 0.00 1.19 4.33 —3.11 0.55 3.61
9 —0.01 1.20 3.89 —3.56 0.31 | 3.01
10 —0.01 1.09 4,22 —2.67 0.57 3.60
1 0.01 1.29 4.67 —3.00 0.41 3.00
12 0.00 1.06 3.78 —3.00 0.39 3.41
13 0.00 1.13 3.33 —2.79 0.29 2.99
14 0.00 1.09 3.78 —2.78 0.49 3.24
15 0.00 1.10 4.67 —2.56 0.47 3.36
16 —0.01 1.12 4.44 —2.78 0.48 3.22
17 0.00 1.07 411 —2.89 0.48 3.41
18 0.01 1.15 4,00 —3.33 0.35 3.20
19 —0.01 1.04 4.22 —2.44 0.55 3.72
20 0.00 1.10 4,67 —2.67 0.55 3.39
21 ~0.01 1.11 4,56 —2.56 0.66 3.78
22 0.01 1.06 4.67 —~3.11 0.40 3.49
23 0.01 1.07 4.44 —2.67 0.46 3.50
24 0.00 1.08 4.33 —2.78 0.47 3.46
25 0.01 1.11 3.89 —2.67 0.51 3.00
2 0.01 1.15 4.33 —3.22 0.52 3.54
27 0.01 1.09 4,00 2,67 0.44 3.30
28 0.01 114 1.4 —3.33 0.55 3.64
29 0.00 1.02 4,00 —2.56 0.49 3.40
30 —0.01 1.26 4.00 —~3.33 0.10 2.82
31 0.01 1.20 5.11 —3.00 0.39 3.36
é%fg 0.00 113 | | 046 3.40
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Fig. 1. Comparison of statistics of wind speed and its time derivative measured by three
cup anemometers and a sonic anemometer. Dots are statistic values measured by
three cup anemometers and circles are those by a sonic anemometer.
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Fig. 2. The space average of auto correlation coefficient on 28 observation points at the
height of 8.25m.
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Fig. 3. The space-time correlation coefficient for various separation differences. The figures
are space lags. (unit m)
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Fig. 4. The spatial pattern of correlation coefficients at the height of 8.25 m.
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Fig. 5. Example traces of wind pseed measured by three cup anemometers.
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Fig. 6. Example traces of three components of wind velocity and momentum fluxes in
vertical and horizontal directions.
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Fig. 7. Time series of instantaneous spatial distributions of wind speed and its time
derivative in observation net work.
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Table 3. Characteristics of gust fronts and following strong wind region.

% = Hil i ® L B
No. F ; R . et g
SRAZ | WY | wmam Lpog | v, | 08 gl e

(m/sh) | (m/s)/m | Ug(m/s) | Uglm/s) (m/s) (m) (m)

4 4 0.28 13.3 | 144 0.92 19.5 >100 30

5 3 0.23 13.3 14.1 0.94 19.0 100 30

7 5 0.33 13.3 14.6 0.91 18.5 >120 40

9 3 0.25 13.6 10.7 1.27 17.0 80 20
10 5 0.36 16.0 13.8 1.16 21.0 120 20
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