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TECHNICAL MEMORANDUM X-53771 

LOW LEVEL WIND GUST AMPLITUDE AND DURATION STUDY 
J/  

SUMMARY 

Presented i s  some information on low level wind gust  amplitude 
and gust  frequency of  occurrence a s  a funct ion of  gus t  dura t ion  period. 
The wind da ta  from which these  c h a r a c t e r i s t i c s  were determined were 
obtained from NASA's 150-meter Meteorological Tower F a c i l i t y  located 
i n  the  M e r r i t t  I s land  Launch Area a t  t h e  Kennedy Space Center ,  F lor ida .  
This r epor t  shows t h a t  a s t a t i s t i c a l  gus t  shape may be charac te r ized  
by a f a s t  build-up r a t e ,  a cons tan t  mid-portion, and a f a s t  decay r a t e .  
Fur ther ,  i t  i s  shown t h a t  t he  l a r g e s t  percentage of  gus t s  occur f o r  
the s h o r t e s t  gust  dura t ion  per iod.  

* 

I. INTRODUCTION 

I n  the design, launch, and f l i g h t  of l a r g e  space veh ic l e s ,  i t  i s  
important t o  consider the magnitude of the loads caused by v a r i a t i o n s  
from the quasi-steady wind condi t ions.  Such v a r i a t i o n s  are commonly 
r e fe r r ed  t o  as wind gus t s .  It is known t h a t  la rge-  and small-scale 
wind v e l o c i t y  v a r i a t i o n s  inf luence v e r t i c a l l y  r i s i n g  vehic les  whether 
on the  launch pad o r  i n  f l i g h t  ( reference 1). 

A s p e c i f i c  problem concerning wind loading on a v e r t i c a l  r i s i n g  
veh ic l e  is  t h a t  of low-level (surface t o  150-meter) wind v a r i a t i o n s  
(gus t iness ) .  The c h a r a c t e r i s t i c s  of gus t s ,  such as s t a t i s t i c a l  shape 
and frequency of occurrence,  are important i n  determining the  inf luence 
of gus t s  on vehic les .  Exact c h a r a c t e r i s t i c s  of high frequency gus t s  
cannot be determined from most a v a i l a b l e  wind da ta  because of the  
response l i m i t a t i o n s  of the  measuring instruments.  These charac te r -  
i s t ics  can be determined, wi th  reasonable accuracy, however, f o r  gus t s  
with periods of a few seconds and longer (lower frequency),  using con- 
vent iona l  measuring equipment such as the Climet Model CI-14 anemometer 
which w a s  used t o  measure the wind da ta  f o r  t h i s  r epor t .  The response 
c h a r a c t e r i s t i c s  of the Climet Model GI-14 anemometer a r e  presented i n  
References 2 through 4 .  



11. GUST CHARACTERISTICS 

Before d iscuss ing  the  c h a r a c t e r i s t i c s  of a gus t ,  it i s  expedient t o  
def ine the  wind g u s t  as used i n  t h i s  r epor t .  A wind g u s t  i s  defined as 
a build-up i n  the measured instantaneous* wind speed above a two-minute 
arithmetic mean wind speed t o  a n  amplitude equal  t o  o r  g r e a t e r  than 0.5 
meters p e r  second and a decay back t o  the  mean wind speed. The two- 
minute mean was  computed f o r  the  f i r s t  two minutes of a given s e t  of 
wind da ta .  The numerical d i f f e rence  between the measured instantaneous 
and the  mean wind speeds was  determined using a da ta  i n t e r v a l  of 0.5 
second and tabula ted  i n  a frequency d i s t r i b u t i o n .  These d i f fe rences  

were used t o  determine the  s t a t i s t i c a l  gus t s .  Af te r  a l l  the  d i f fe rences  
(gust va lues)  had  been determined f o r  the f i r s t  two-minute mean and tabu- 
l a t e d ,  a second two-minute mean was  computed f o r  t he  second and t h i r d  
minutes of t he  given s e t  of wind da ta .  The gus t s  f o r  t h i s  two-minute 
mean were a l s o  determined and tabulated.  This procedure w a s  then stepped 
t o  the  t h i r d  and f o u r t h  minutes, f o u r t h  and f i f t h  minutes, e t c . ,  u n t i l  
a l l  of the  wind d a t a  i n  the  given wind record were used. 

The wind gus t s  as determined by the  procedure descr ibed above had 
the following c h a r a c t e r i s t i c s :  (1) An amplitude equal t o  o r  g r e a t e r  
than the  spec i f i ed  value of 0.5 meters per  second, where the  amplitude 
of a g u s t  is  defined t o  be the maximum d i f f e rence  between the mean and 
measured instantaneous wind speeds occurring wi th in  a gus t .  (2) A 
period equal t o  o r  g r e a t e r  than 4.0 seconds and equal t o  or  less than 
58.0 seconds (4.0 5 P 6 58.0). The reason f o r  the  4.0 second minimum istbat 
even though a gus t  could be def ined (obtained) f o r  a s h o r t e r  period than 
4.0 seconds, i t  was bel ieved t h a t  the  gus t  would be more r e a l i s t i c a l l y  
defined f o r  the  longer period. Thus,a 4.0 second minimum period was 
a r b i t r a r i l y  se lec ted .  The upper l i m i t  of 58.0 seconds was used a s  a 
cut-of f po in t  f o r  reasons of convenience. 

t i o n  per iod and sensor  loca t ion .  Class i n t e r v a l s  f o r  the  dura t ion  period 
were 4.0-5.9, 6.0-7.9, 8.0-9.9, 10.0-13.9, 14.0-17.9, ..., 54.0-58.0 
seconds. The s t a r t i n g  po in t  of a gus t  is the poin t  where the measured 
instantaneous wind speed crosses  the mean wind speed, and the  end of a 
gus t  i s  the po in t  where the  measured instantaneous wind speed r e tu rns  t o  
the  mean. Thus, it is  r e a d i l y  seen the re  w i l l ,  i n  a l l  p robab i l i t y ,  be 
fewer g u s t  po in ts  used t o  determine the  s t a t i s t i c s  a t  the end of a gus t  
than a t  the s ta r t  and mid-portion of a gus t .  Af te r  a l l  of the  gus t s  had 

- 

The gus t s  as def ined above were c l a s s i f i e d  according t o  gus t  dura- 

* 
Instantaneous as used i n  t h i s  r e p o r t  r e f e r s  t o  the wind speed values  
recorded a t  0.5-second i n t e r v a l s  using the C l i m e t  Model CI-14 anemometer 
and an  Ampex FR-1200 magnetic tape system. 
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been c l a s s i f i e d ,  they were tabulated i n  a cumulative frequency d i s  t r i bu -  
t i o n  (CFD). The 50, 90, 95, and 99 percentage l eve l s  from the CFD'S a r e  
p lo t t ed  i n  f igu res  1 through 31. Figures 32 and 33 show the  percentage 
of occurrence of gus ts  as a func t ion  of gus t  dura t ion  per iod.  
f i gu res  show, as expected, the l a r g e s t  percentage of the gus ts  occur i n  
the s h o r t e s t  gus t  dura t ion  period. 

These 

Figures 1 through 31 a r e  r e fe r r ed  t o  as the  s t a t i s t i c a l  gus t s ,  
which can be character ized by three  f ac to r s :  (1) a f a s t  build-up r a t e ,  
(2) a constant  mid-portion, and ( 3 )  a f a s t  decay r a t e .  The decay r a t e ,  
however, is not  q u i t e  so f a s t  as the build-up r a t e .  An ana lys i s  of the 
reasons f o r  t h i s  d i f f e rence  i n  the acce le ra t ions  (build-up and decay 
r a t e s )  is beyond the scope of t h i s  r epor t .  It is  a n t i c i p a t e d ,  however, 
t h a t  a s t u d y  of t h i s  d i f f e rence  w i l l  be made i n  the near fu tu re .  

A check was made t o  see  i f  the acce le ra t ions  obtained f o r  the 
s t a t i s t i c a l  gus ts  were f e a s i b l e .  
t i s t i c a l  gus t  acce le ra t ions  wi th  the t h e o r e t i c a l  maximum ( l imi t ing)  
acce le ra t ion  poss ib le  f o r  the anemometers used t o  obta in  the wind d a t a  
f o r  t h i s  s tudy ( the  Climet Model CI-14). The l imi t ing  acce le ra t ion  was 
computed by use of 

This was  done by comparing the sta- 

;i-f="r 'e exp (- y) , dU 

where (reference 4 )  

u = m [I - exp (- y-)] 'et , 

and &I is the change i n  wind speed, Ue is the f i n a l  equi l ibr ium wind speed 
value,  L is the d is tance  constant  ( 0 . 7 3  meters) ,  and t i s  time. The com- 

puta t ion  was performed using a time constant  equal t o  one (- = 1). 

Several  curves were computed ( d i f f e r e n t  B J  values)  i n  order t h a t  the 
f e a s i b i l i t y  of the acce le ra t ion  r a t e s  of the s t a t i s t i c a l  gus ts  could be 
checked. The f e a s i b i l i t y  of the  s t a t i s t i c a l  gus t  maximum acce le ra t ion  
r a t e s  can be e a s i l y  checked by comparing them with the t h e o r e t i c a l  r a t e s  
i n  f i g u r e  34. This comparison can be made by determining the s lope  
(acce lera t ion)  of a given s t a t i s t i c a l  curve. For example, the 99 per- 
cent s t a t i s t i c a l  gus t  acce le ra t ion  f o r  the f i r s t  half-second i n  f igu re  3 
is approximately 8.0 m/sec2. The 8.0 m/sec2 value should be compared t o  
the value of approximately 32.0 m/sec2 given i n  f i g u r e  34 f o r  an  equ i l ib -  
rium speed of 16.2 m/sec and a L3.J of 4.0 m/sec. 
shows t h a t  the 8.0 m/sec2 value is a phys ica l ly  poss ib le  acce le ra t ion ,  
The procedure f o r  determining the values  c i t e d  is  as follows: 

Uet 
L 

Thus, the  comparison 

3 



(1) The acce le ra t ion  f o r  the  s t a t i s t i c a l  curve was found by 
dividing the  wind speed change (D) by the  time in t e rva l  (At) of the  d a t a  

--A= LYJ 8.0 m/sec2. 
At - 0.5 ( 3 )  k. 

( 2 )  However, before  the  acce le ra t ion  values given i n  f igu re  34 
can be used, the mean wind speed value m u s t  be determined fo r  the statis-  
tical gus t  shape. 
equation 

This mean may be estimated by use of the gus t  f a c t o r  

ir + u' 
Y - GF = 

U 
( 4 )  

where GF is the gus t  f a c t o r  and is  found t o  be 1.45 (reference 5) ,  fi is 
the mean wind speed and U' is  the  maximum wind speed occurring within the 
gus t  (5.5 m/sec i n  t h i s  case,  f i g .  3 ) .  Thus, the mean i s  found t o  be 
approximately 1 2 . 2  m/sec. The gus t  f a c t o r  value of 1.45 was  determined 
[5] from 2957 d a t a  samples obtained f o r  the month of September 1966, f o r  
a height  of 18 meters a t  the Kennedy Space Center, Flor ida.  For other  
he ights ,  wind speeds, s t a b i l i t y ,  e t c . ,  d i f f e r e n t  gus t  f ac to r s  may be 
obtained . 

( 3 )  From f igu re  3 it  is  seen that f o r  AJ = 4 m/sec and 
Ue = fi + AI = 16.2 m/sec the theo re t i ca l  maximum acce le ra t ion  possible  
fo r  the Climet anemometer i s  approximately 3 2 . 0  m/sec2. 
of comparison any acce le ra t ion  found f o r  a given anemometer ( i n  t h i s  
case, a Climet) may be checked t o  determine i f  the measured wind speed 
changes (acce lera t ions)  a r e  possible .  

Using t h i s  type 

Histograms were determined f o r  the  number of gus ts  obtained from 
the wind records used i n  t h i s  program versus gus t  dura t ion  time. These 
histograms are presented i n  f igu res  32-33 .  These histograms show that 
the l a r g e s t  percentage of gus ts  occur f o r  the s h o r t e s t  durat ion period. 
Furthermore, there  is no s i g n i f i c a n t  d i f f e rence  between the histograms 
f o r  the  var ious heights  . 

111. COMMENTS 

This r epor t  has shown that a s t a t i s t i c a l  gus t  shape is character ized 
by three  f ac to r s :  (1) f a s t  build-up r a t e ,  (2) constant  mid-portion, and 
( 3 )  f a s t  decay rate. 
gusts  occur f o r  t he  s h o r t e s t  gus t  dura t ion  period. Furthermore, i t  has 
been shown that the Climet Model CI-14 is  capable of measuring f a s t e r  
build-up and decay rates than observed i n  the f r e e  atmosphere and pre- 
sented i n  t h i s  repor t .  

It was a l s o  shown t h a t  the  l a r g e s t  percentage of 
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