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Figure 8.12--Plots of GUST 1 amplitudes vs. times for Case A at 50 m
(50/5 filter).
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9.0 CHARACTERISTIC MAGNITUDE ANALYSTS

For model applications it is often necessary to characterize the
gust parameters with appropriate turbulent (or mean) proferties of the
flow. Here we follow the approach of Powell and Comnnell (1980) and
normalize the rms gust amplitudes by the standard deviation of the
original filtered time series. (For bandpass filtered data the defini-
tions of the standard deviation and the rms value become equivalent.)

The rms gust times are normalized by the appropriate gust time average.

The normalized values in Tables 9.1-9.4 show remarkable consistency.

The following approximations can be made on the basis of these results:

[ o ms(+AO)T ~ _orms(-AO) ~ 1.5 : 9.1

L o (X) 1y L o (X) 7 N (9.1)

K ms(+Al)_ - -Orms(—Al) ~ 2.3 - 9.2

L o g N_ o (X) . I +2)

(+T,) Co_ (-T.)

_ﬁ__o_.] - m__o_.] .1 0.3

L 4T, F L T, F

[———oms(ﬂl)} ~ [_Gms(_Tl)] ~ 1.1 ; (9.4)
+T, T —Tl F

The approximations are valid for both speed and direction.

As pointed out by Powell and Connell,

(+A)
rms 0 _
L———Ejij“‘}F = 1.3 (9.5)
(+T,)
and _rm_s___O_] = 1.25 | (9.6)
L +T, JF
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for a Gaussian distribution. Our larger ratio in (9.1) can be attributed

distribution (Figs. 7.4-7.9).

to the gap centered around zero in the AO
Removal of values close to zero has the effect of raising the rms value.
Presumably, with the gap filled in, the ratio will drbp to 1.3. We have
no comparable theoretical expectation for the ratio in (9.2}, but can
assume from the same reasoning that the ratio would be slightly lower

for a Gaussian distribution. In any case we can deduce from our results

a relationship between GUST O and GUST 1 amplitudes:
~ 3
[orms(+A1)]F = 1.5{0rm8(+AO)}F . (9.8)

For the gust times we have a smaller ratic in (9.2) than the 1.25
required for a Gaussian distribution. Here we have two factors working
in tandem. The increase in the rms value (in the numerator) due to
the gap in the frequency distribution is offset by a larger increase in
the average gust time (in the denominator), causing a net reduction in
the ratio. A relationship similar to (9.7) can be offered for the gust
times
(9.8)

] ~ m
[Grms(+Tl)JF‘~ O'S[Grms(+10)]F

95



99°1 791 G9°1 €S 1 0T/00T

6G° 1 09°1 €61 6% 1 G/0S

7571 1671 8y 1 G 1 €/0¢ 0ST

7L T 7L T GG T 6G° 1 0T/00T

Z9°1 991 05°1 1671 S/06

05" 1 LS T (9771 6%7°1 ¢/0¢ 0G

1L°1 €L 1 19°1 851 0T/00T

€9°1 89°1 961 ST G/06 apnitydue

1671 €61 751 6%7°T €/0¢€ 0t UOTIIXI(
19°1 7671 [S°1T 9% 1 01/001

8G° 1 6%7°1 06°T [y°T /06

€S 1 Sy I gh 1 €yl ¢/0¢€ 0ST

79°1 761 €S 1 661 0T/00T

861 16°1 16°T Sy 1 G/06

#G°T 71 1671 S 1 £/0¢ 0S

8G° 1 1,71 0S°1 9G° 1 01/00T

8y 1 09°1 G T €671 G/06 apniyt1duwe
9% "1 VAR S 1 Sy T €/0¢ 0T poeds
Oy.- Oy Oy Oy I917Td 1Y3ToH I939weIed

q ase)

y 9se)

Sux
maﬁxvo\ﬁo<v 0] sepmyrrdwe @ LSNH SWA PIZTTBWION--T'6 STqEL

96



VAR €11 60°1 €11 0T/00T

7171 71T I1°1 711 G/08§

€11 €11 Z1°1 1171 £/0¢ 0S1

€11 €11 €11 €11 0T/00T

711 711 Z1°1 711 G/08

AR Z1°1 111 Z1°1 €/0¢ 0%

11°1 1171 I1°1 911 0T/00T -

011 60°1 Z1°1 I1°1 /08 swI]
111 711 Z1°1 €11 c€/0¢€ 01 UOTII3ITI(
H1°1 €11 €11 €1°1 0T/00T

I1°1 €1°1 IT°1 211 S/06G

711 €11 711 €11 /o€ 0GT

€11 71°1 I1°1 IT°1 0T/00T

€11 111 I1°1 €11 G/068

Z1°1 €11 Z1°1 711 £/0¢€ 0S

1171 01°1 01" 1 IT°1 0T/00T

CT 1 111 €11 Z1°1 GS/06 Eliig ]
€11 I1°1 211 AR c/0¢ 01 paads
oa- o&+ oH- ow+ I91T14 1Y3ToH Isj9wereg

g ose)

¥ 29se)

Suwx
MMOM\AOHV 0] sopmitrdwe ( LSN9H SWI PIZTTEWION--T"6 TqBL

97



1.°2 79°¢ LG T 6%7°C 0T/00T
97°¢C 22T VAR 02°¢ /08§
7671 0671 81 16°1 ¢/0¢ 0ST
Ge'¢ 61°€ ST 97" T 0T/00T
o%°¢ €z 81°¢ 1T G/08
L0°2Z 80°¢ €6°1 86°1T €/0¢ 0§
Ly ¢ 62°¢ 19°¢ G9°7 0T/00T
19°7 1.°2 rAARA 17°¢C G/06 spnitrdue
12°C €2°¢C 66°1 10°¢ £/0¢ 0T TWOTI29IT(
9¢°¢ 454 [1°2 62°¢ 0T/00T
€7°¢ 0€°2 01:2 y1°2 G/0S
01°2 91°¢2 10°¢ 01°¢ c/0¢ 06T
6%7°C 78°¢ 80°2 Gz°¢ 0T/00T
72°¢C 9677 80°2 £€7°¢ G/06
S1°2 %2°C 00°C S1°¢ £/0¢€ 0§
71°C 7T 22°C 052 0T/00T
€€z YT 71°C 9¢°¢ G/0S spnytydue
7T T 62°C L0°T 92°¢C ¢/0¢ 0T paadg
I 1 1 I
V- v+ V- v+ T93TTd 1y319H SERELELF

g 2se)

y asen

I xo/Ow°

u

ubu seopnitTdwe [ ISND SWI PSZITRWION--C'6 3TqEL

98



€01 €0°1 €01 Z0°1 0T/00T

So°1 701 S0°T S0 1 G/0¢S

I L0 T L0°1 80°1T €/0¢ 0ST

€01 Z0°1 Z0°1 701 0T/00T

Z0°1 Z0°1 70° 1T 70" T S/06§

70" 1 SO 1 L0 1 L0°T ¢/o0¢ 06

7071 10°T %01 Z0°1 0T/00T

Z0°1 Z0°1 701 70°T G/0S Cliigsal

701 7071 90°1 90°1 €/0¢ 0T U0TII3ITI(

701 €01 SO T S0 1 0T/00T

G0 1 %01 L0°T 90° 1 G/0S

80°1 L0 1 60°T [0°1 £/0¢ 0ST

70" 1 Z0°1 SO0°1 501 0T/00T

GO0 1 0" 1 [0°T 90°1 G/0S

L0°T 90°1 60° 1 80°T c/0¢€ 0§

7071 Z0°1 S0°1 €0°1 01/001

701 €01 901 S0'1 G/06G Towr]
L0°1T GO 1 60°T L0°T €/0¢ 0T poadg
Hﬁl HH+ ﬂﬁn HH+ I2TTd 1Yy319H Io39weaed

g 2se)

Y 2se)

SuWx
mﬁow\ﬁoav 0] sopnitrdwe [ LSNQH SWI PIZTTBWION--%'6 STIRL

99



10.0 CONCLUSIONS

1) The statistics computed for the two wind storms represented by
Case A and Case B exhibit a high degree of internal consistency. When
normalized, the gust parameters become insensitive to differences in

static stability, height, and choice of bandpass filter.

2) Bandpass filtering is essential for approximating Gaussian distri-
bution in the original speed and direction time series, more so for

the speed than for the direction. The basic 50/5 bandpass filter of
Powell and Connell appears to be a proper choice for the types of

analyses performed here.

3) A consistent relationship exists between the standard deviation
of the speed (and direction) differences and the standard deviation

of the original filtered speed (and direction) time series. For the
50/5 filtered data, at the optimum differencing interval of 10 s, the

ratio of the two standard deviations is 1.5.

4) Normalized gust statistics for GUST 0 and GUST 1 models show
consistent and constant relationships that are directly applicable to

WECS design.

5) Further work is needed to determine the best approach for eliminat-

ing the gaps in the GUST 0 and GUST 1 distributions.
6) Because of the internal consistency in their statistical proper-

ties, the two cases studied here constitute an ideal data set for

validation of other gust models.
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