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Characteristics of natural wind - Pt. II

I

Turbulent flow
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AI~'TRACT. The characteristics uf wind Iluctuetione are critically revie wed and analysed in terms of turbu­
Il'II00. Intcnsi y, pewee spect ra l dens ity and correlation coefficient. It i8 shown that. root. mOOD I!l/ure ~Ullt speed
dccreesce very ellghtl y with beigbt in the lowe r part of the boundary laye r. Various mathema.tica models of power
spectrum for t be three components of the fluctuating wind velocity are critiCllt lly discussed. It is noted (,hat u·
and e-epcct re ebow a Jtrca.t~r dependence on tJIOtype oCthe te rrain IlUggceHng that 1Ile8O-806lc featut'08 are of iIUIW)rt.
anoo for tho low frUIUlJ lICY portion. The low frequency port ion of " . and e-epcctre reect to che ugee in atmospher ic
stebility with the e-spect rum being more d ependen t th an a-spect rum . The w-epecr rum follows t.he 8imilarit,Y
t heory tbe moet of t he throe components. The vert ical spectrum appears to be depe ndent 0 11 height wbcrees it liS

d ifficult to conject ure in Ievour of e ither hy pot heeie for tho horizonta l epectee. Correlat ion coefficient meeeu eemente
of u· and s-compcncnte show t hat the Icn~th ~1C8 inoreosc wit h height. Besed on the aeeump tton of Tay lor's
hypoth es is and isotropy, expreeelona arc gtven for the t hcc reti cal pred iction of correlation coeffic ient. coherence and
th e \ 'tU'i OUB lrut~t,h 8C8 1l'6, Both anal,rtiea.1 end emp irical gust factor mooels are presen ted and it is shown that tho
gust factor vurtes with the uvcreg lng t.itne period, tho site oondltlo na and the height above the gro und.
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1.. Introduction

Air ne ver ilows with a parfoctl y smooth a nd
streamline motion, but always with fluct unt lons
which, when sudden a nd relatively brief, are ca lled
gusts. Those volocity fluctuat iollR are of vir t ually
all ti mo scales, varying from fract ion of a second
to many days an d can become detri menta l for
present day structures, a. evidenced by parti al
or complete fai lures of numerous structu res in tho
pa st , Besides tho du rat ion of tho gust the dimen­
sions of tho gust are also of importance in con ­
siderations of wind loading on long structures.
F or our pu rpose t ho instantaneous value of tho
wind velocity (u) may be expressed as tho sum
of two torm..~ ,

u = u+ u' (I)

where iI represents tho mean velocity (its charac­
teristios were discussed in P t. I ) a nd u' is t he flu­
ctuat ing component whose characterist ics oro d is­
cussed in this pa per ,

2. Characterlstles 01 atmospherle tneeutenee

Tho usua l w" y of rep resenting tho character of
t he wind /luctua tioll' in quantitat ive terms is the
energy spectrum, usually tho longitudinal ouergy
spectrum (F ig. I ). S(n)d.. represents t ho moan
sqllaro value of th o velocity fluout at ions in the
bandwid th <Ill centred at frequency .. . By defini­
t ion, t ho to ta l onorgy of th o turbulent fluctuations

11

is givon by tho intergal of S(Il) over tho whole
range of froquencics, i.e., tho total area under the
curve,

u"= f~S. (II) <I" = f~" S, (11) ,1 (log s) (2)

whore S.( ,,) is power spectrum of u-componont lind
" is frequency ill cycles per sec. It is obvious t hat
tho wind in tho eert h's boundary layer consists
of fluctuations ha ving characteristic periodicities
of tho order of a year , several daya, a day a nd a
minute . Thus t ho entire spectrum, ma y he di vided
into throe regions :

( I ) Tho macromoteorolog ical region associa ted
with large sca le ai r flows-c-cyoloncs and antiey­
clones .

(2) The mesomctcorological ra nge which pro­
bably accounts for the d iurnal wind Iluc tua tion.s.

(3) The mierometeorolog ical range which rc­
presents t he truo t urbulence of tho flow, also
known a. wind gustiness.

The primary production of wind 's kihot io
energy , derived from tho sun through cyc logcnesis,
takes place a t tho maorometeorological scales of
period icity of several days, correspon ding to the
major macrometeorologica l peak in tho wind on­
orgy spect rum in F ig. I. Solar ac tivity accou nts
for two subsidia ry diurnal and annual peaks. The
former iKassociated with d iurnal heat ing and cool­
ing .effocts and iii more apparent noar the ground




































