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SINI}IARY

Exrcl N!sessrnenl ard correctsi u lxri(m of armosphcr ic tu I
b!lcnr.isofprinrci rportrn.e ib r s,dring. R wporu sPec
lrr ollurbtrlence should bc pn)cessed usin! nrlural pirxDrcter
$ccrrunr ibmuhand c\ ahrring phase anslc retfibnships.l(x)
This nxkcs it l)()ssiblc lo crl.uhte lLrftulcDce indLrced \ail
phn. loNds rnd rlot()ns U\inc rnpul sp.ctral vecrLrb insre d
ol lhc u\u!l sl]ecllll nratric.s. Recoftlsol-rhenn l nde^csrre

fi1 ll //ne .tl Y Ah .l

belr nrocl.ilcd !s regulrr rx)nslarionrr\ frocesscs. E\ploirr-
Iidr possibilitiesofrlres. n.w delelop.r. nis in soaring irrcludc
d)nanric rhcrnraling and x n]ore rerlisri.latigLrc lord \imLrta-
tLon BounJlD lalcr rtscuch. too. ma.- beneltt troor lt.

l. INTRODLCI'ION

f ,.' r-"1. .. r'.. . it D r.. I.l.J.t.l, I

gliding \\e ha\c thrcciald rcasors n) know rs nNch ol ir r\
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ever) kind ofupdraft. ourpdnrc vtrme ofene.gy. is sr()n8ly
cornected sith rir turbulencei

unwanted turbulcnc. in the srilplaDc houndarr- la.,,cr
diminithes the pcrlbrmanccl

- rhc m4or pafl .,l glidcr i.rtigLre loacls is caused by
atnosphcric tubulence.

One ofthosc l'n)hlems would bc quitc cnough rojusrill our
interesl. Succcsscs and firilures in lhc plst emthasize thc
leading role ol brsic rcsearch in rhc cllicicnr handling ol
tu rbulerce problcDL l his isthe re.rson whr-. rccording tolhc
humblc otinion of th. author, lrne recenl delclopnrenrs in
lhe thcon oI stochrslic proccsscs deseNe our duo consid
ention. Bul. rheorr alonc cannor givc u\ ihe pr:rclical rcsults
requircd. so ba!ic nd rpplicd rcscrrch 9roukl borh b.

Innovalions intheor) shoLrldsrrrlwithwriti,rgspcclrunrand
conelaljon lirncti(m\ in terrns of naLu ral faramete rs. The\'hNc
bcen used rn tu rbu lctrcc work n)rsele.nlIccaJcs(seee g. reti.
:1. 10, lll bur lill urilizrtion ofthei. possibilirics is still lack
ing. Furthennorc. amc dingrhc individLr.rl ors npl. spc.o.a
wilh ph$e an!te ditagircs u\a !er! etilcrcnr rd)l li)rdsse\s
nrcnt rnd !inrultrtion ol rtmospheric turbulcncc. Adding the
phase rnglc t) the presenl d.ry rnnosfheric lLrrbulcncc mc.r

, e',r r.rlr..l, rr,ir I -\ u rr.! eJ I. r.\
piclureolrhc finc ltructure olconlcctir)n The nexl s(cp lo$ ard
the tull undcrstrnJnrg of .rtmosphcric J)nrnrics nrr\ bc thcn
l ,e n\(r dr.1 '. . ..'.1.,1 ,.1 r r. r r.'rr,{. rJ r. f.
of stochaslic pn)ccsses

$ 'rer..,a.,p, r'l r1 -. ,c\r-e.r...\.l.l L.l ,1..,,pr.,.
ti.e. sr shnllbcrblc lodesisn. dincnsi(m and 1l] our nlchincs
lor bener advanksc in ltrrbulent en!i(J ncnts

2. NATURALPARAN'IE'I ER SI'ECTRTINI
T'UNCTIO\S

The se.on.l one Ta!l(n's \calc. rc.i!ls:

,i:

'l he lmcgal scrleof rurbulence Lis uscd inelcrvturbulcncc
Lri l b)ll Jr ri1 lr.J.rerJ.r rp.. (( r1,.te,,,.,.
r.,r. r. r' ..o!h.rir. a\'1 "..|r..J i, .J

Kovasznar,(l) pp. 9l 9.1 r. Tarlor's scatc lcngrh !alu.s
rbole zdo rrc indicaling a finite licctuency uppcr hourd tur

l hc lu Ll lisl ol rhc so cillcd nriu J1r I pa.anrete rs ol sro.hlnic
/r, i ..- 'J r. rLr r. r. ,r.. , .,,JJ d tL\ .rL,. r.
rll.".un.rl ..1. tJ'.r rcr'r\l nl .riJ,-! L,t...t,.
trunr crponcnio. Dcllnilions and cdl.!tation tor nmt:r arc sho\n
on ltblc L

Natural-pxrlnreterlurb lencespccnumequrLi(n rreotthc

(;,, (a): G.. (0l O(LA. l-/l. a) ,3al

It \ce.rs rhrt li)rxtmosphcr ic tLtrbulencc l_i,l >> I or terhaps
$cn ,{,1-' l) yr \c.rn $.rk s'iih

G., lal = G,, (0) @(1.4. d) i:lbl

Zerc \rlu.s to. such one sidcd \tecna xrc r.cordilg ro

C 
^('ll =

t2l
1t)

t1t

Thc li\r li, nulalorrhc\erircaI conr1)onenlotrir tuftLrtcncc
hrs bccn give. b) Drydcn (2):

cr,. {a) = o; 
:iL I + SL]Q:

(i + Lra:;

(+.r').=.,

lt .

,..,+

Intclligcnr rnd rarion:rt sro!hnsric nrcasureIrcnt .rrcl crl
culali(rr de!cloftrrcnrs.ornc in\rnrbt! l,j thc rdoplir!r otthc
te. .I ,.rh .l R, T,".' .T., '. \ , t. .,,,r i,,, .1
ri.. itlr 11,1.

.\.,.r.,r.tr.i t.r..., ,.r..r, ,.t ....,r r.I .r.lll,1.r,Lr .r(rt. ir..t.rr .trr....,n.\,rr., I,i ter..r\r. r.lrlrujrr.....,..rltt.,, tr.(1 ,,, .r!
rre sc\crrltr-pcs gi! ing a.replablc lol.rt fil lo ttro \pccrrr o\cr
the mcasurcd lrcquenc\'tungc. bur jt Nilttry L() sctccl r spccut
gr'0up

IL-b.1.r,. 1.,,\. rr'..t h. .1..n,J \li ., r\\,r''I rr \.n l<n J) r.,.r r.. \t 1..,r. r, .,,,.,,,
Pr .,.ll' Lrrr,r.1. l.\lr K.,1,.,r .,r I,rtcr..",,t ,.. r,,r rr
lwo sorls olthc n) cailcd scrt. lcnlth. I h. fi.sr one is thc in
rcgral scale and is delincd rs ti)ltow\:

L = linr

lD l(1.18 Karnun ilo) .$is.d this idnnulr gtrrlgl

r1 339LO)l
(1,, (Q)

l1 + (r.l191.a)rl u

r\..o ins k) nlle arrhor.\. lo\\ altjrudc rurbut.ncc hr\ !
\pc. ir I .hrrlc(cr neccs\itarin8 rhc usc oi \pccirt io.n u h Irppc
llll f'.pos(d j;r it rhc sfcctrunr cq!rtion

i, L\1r o I

l + l!)r

Thc Lxfpc sfccnunr hl\ bccD nrotliiirll rt t.ockh.cf
tlc.'six, l.ircblLrgh (4)i innr:

t)$
" 

tJ o ,r , ,r,<t o,

lh.rc \ I lill1. pnrhlcnr conccrnin! thc con\tr.r\ in hqs
(7) !nd ll) bccau\. rh.y rlo n,)t nr.cl rlt thcorrriut rcquir.

.lL

1

I
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ments. l his iDduced dre author k) pnpose insiexd of lq
thc lollo\ing/Cedeon (5)i :

'lhc dirgonalaul() spect elenrents G,(D nr matrir /101cln
hcc.rlculared iiomoneofthe sp{cc don in spcctri / 5/ /9/ ln
lhcfirllo{irig\r?t. FiNt.wehlvcn)calcolalctheIimescaie/see
e.g. Gedeon (5.6)/rs:

t= L /lli
V

The 7er) \xluc oi spcctra G."(l) is /Gedeon (6)/l

G,.(0) = aroi" it2t

a cl tor Eq. 13bl lve should witc:

G,,(D : G".(0) o(2r Tf,a) 11li

\.' rn 'rnr'J"nr.,L 
\:rtu 

'r 
o le K: ri.1 prcrr r, i.

(8)

G,, (o)= + 'i" 0+ 12 

'Q'rL'6

The pcculiarir-v ol these lirmult ol bcing written in tcnrs
olthc natu ral prmrnere$ gi!cs us sc!c ral pJ acticrl rdva uges.
It licilitalcs lbe crlculation ol licquenc! cutoiicr rors, spece

lrc!ucnc] donnin convcr lion, crc. iSee e.8. (;cdcon (5.6)/ I-e1

us go now ! ltet lurth.r rurd e\.rminc Lhc problenr ol lhtsc

3.'IURBTILE\CE TIELI,} \ItsAST]RTNItr\']'
AND SIN{f,LATIO\

Al rospberic tu lcDcc is acting not on onc single poirt.
bul o lhe whole ntrlacc ol our sailplancs. Scalar type func

tions as gilen in Eq!. / l1'/91 are inlulficicnt lor calculating
$rch input output relrti(mships.Il is. thercftrc. custonrary nr
sel up a discrete clcmcnl Inodel ofthc planc and io describc
'1.(r, 'rle'.. f J ' |c,ori.,'iLlilrr. narr'1\i{ 1..

r ++ (81rI rr)l
G,,(l) : c"(t) =aror" ll/

Il + (s.1132 rlrlrL'6

l-.1us think rnd sperk in lcrnb ol I srilplanc IlyiDg rl irn

rir spcc(lV Lhrough tu lcn.e. Ford)nrmrc.rlculdlions Ne

hr!c to.on)po!e a discritc elerl.nt !orlcrlnrass
{acrod}.r'rriclnrechxnical)rnodel of thcpltncl\ece g. Fig I

a d Mri (12)i.

G",,(1):

G (0 G,rr r) .... Gr ,(l)

crr(i) G:.(tl ... Gr,(i)

c, (0 G,rtl).. . G,,,tl)

Iigure l. Sri\nrnc discrctc elemcnt lortci'/lnlss
nrn,i./mcchnicalr urodcl.

ValLme XlV, l'10. i

C!lcuhtion oi thc nondiagoMl cross spectra C,r(lJ ol thc
mriril is not s' cbar They crn bedctemnrcd lio rthecone
spondiDg rutGspeclra using the rttn)trirlc coherence lurc

!.r | ."' r\"^r\ Jo.'r^r:r\e
rhcorcri.alcoherence !alues, so mdividual c rpirical valu.s

lor trtrbulcrrce air had sirnulrtion n inpul lirne funcliolrs
w (r) ri:]+n, hale to be gencratcd lrom lhe nralrix q,,.,(l) br
r., lJU,,(" rrJ L ,i{. $lrl, rn<L.,Ltl'1"1 tr"

,..|J-c .u" r,< ..".rr. \.,1r(\"t rhe luLr'e-. "1 t n.nr. i

.rJril r'. rk.,rd. rner.r,.. h \r .''l ronnJ l t r L Ik r..rr
poncnl phase rnglecalculation It is. thcretore. usLrl to assign

randonr phase anglc ulucs lo the calculated abv)lutc lalucs
of rhe Fourier componcDts. Allhough sutisli.rlly not r big

Ihi i',h.orer,., l. r.r."r.'l
lnpni output rrlationshlps can be writlcn in the classical

/l0i

\\'e can imptr)vcon bolb lhcse relalionships in thc lbllotting
wry. RNrier s.rics thcorr- inciicates drat fhrsc aDglc \alucs

'' e. \ rni,' lJn-rIr(rr(.e,r,rr,\J\J,"inr ?'e.n/.
lnftion k) thc licquency. Using ihis thcorcnr

. ,., r !,\. rr' c,e lr{, pn. e ,1 IJ ILc'

c,,(1) = H"i,, (t c,,,,(1) El"(t) i L5/

wc can disca tbc spc.tml Dratrir fbrn ol rcl'.esentanon
and crn switch ovcr t(' thc complex auto spcctrtrm vector
G."(l) (for details scc AppcDdix 2)

ln ihi\ concept wc can writc tar Lq /151:

tc.(i)l!! : 8,,,(i tq.,olr l '16/
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Sunmrbg up bricny. the essence olour mcrhod is rhefollo$
ing. If rhere arc n picccs oi finrte length s.r rplcs w,() ironr
a slationary and .ryodic stoch{stic processr sec Fig l/ Lhcn
iinuc ba\e lenglh nrdi!idurlluto spectfa dohale phascanglc
lrlucs rs well. so they can bc cxtrcsscd in the lbrnr:

Cl.(i) e "' 
ril tlll

The classicrl aurlJ spc.r'um c"11) i.e. i spccrrum c,,(D
in the diagonalof rhc spcclr!l nratr i\ q,.,,(l) isarcalrypc
clscmble \pectrunr ofrhc sholcrr)ce!! {wO} Theco rplcr
ruk) sFctruDr vecrorq,(l) composcd lrom n compler aukf
spcctracontainsall intbrnralioDon thc indi!idu l and rclari!.
phiscanglcvrluesa!well Itisa lullsubstitutclarthespec0al
natrix q,,"(i) and ir makes possiblc thc co.recr reconslluc
I or ^l i'J \rJ rJ u Lrrj r.r. .,.1-.r', r"r..
Eq. 1l6i li)r L.l. i 15/ yields srgnillcrnt comNl.r rinre dnd

l,igure 3. Vertical \clocit) reco of a thcnml lmveAc

h: Ar'V l rl ilSr

Lel us rake e.g it rccord liom r lralcrsc Lnugh a thcrmal
core and irs near sufoundirgs ]see Fig -11. Thii prrt ol thc
fecord $=slt) is ob!iousl) nonstatlonrf. eler alicr subtkcG
Lng the updruft lebcity trotile fnn ir. Bul. tbe lrrrsicrl
luft!'lenee crn he 

'egarded 
rs.r case ol rhe so called rcgular

nonst!tionrrr f()ccsscs. l h!t mefi! lhar \hile the trlne iunc
ti(m $:\!(L) is nonsuti(rrar\. dr.rc is r transfoDnalion func
ti(m g(t) nrxkiDg lhc product

il (i) $(l)

\lrLi{nurt ,Ccdcon i 7),. U\iDs tbc ronrflc\ sa.rplc spectrum
concefr and an appropriarc $eighnrr lun.rur g(t) llllrccord
rsiessnrent crn be rch ieved b) olhc n\ r !c sl.1ndar cl pr)ccd u rcs
Even reconst'ncrbn oi rhe ori!inal or equrlalcnl li c lur.-
rions $(tl h!)nr the conple\ samfle specrrulrr Gr(t) lor
siDru|rtion is lD!iible.

Drr!.o1le.ti(D is the nxxt difficrLlr rnd frcUemlticrl prn
ol!ir turhul..cc invcstigations An idc!l !)lurion s.uld be
rhc simultrncous s|.rpling o!.r \hort intcnrls Atoicr !r! rn
nrnrn nraLii cuhc n.sh (n uDili)r m h diri\r)n \\hat$rhar.
rl prcn'rl is r lorrralion ol thr.c n lorglidcr\ rccor.liDgcon
linuous lirn. hislorics \cc c g. Iluttcr t8)r lronr $hi.h \rnrpling
in linrc irrlc.\xls AL $illgi\c ! sp!Lirl srmplms di!ision

ligu.e 2. Sanrtlc Lirne hisrorics

,I. TRANSII]\T TUItItUI,I]NCE

'lhc stationlrr' stocha\lie proccs\ mtclol lurbulcnc. is cor
r.ctonh $ hcn llvin! it stca.l! lurbLtlcncc. c ! 1nthcnnthng
Ho.bg.neous lurbLrletc. liclcl lcngth\ in rhc order ol 5L t|e
nece$drl lo iu\ril\ sLrch <rn 1\\urr\nlon. ln nmighr th.rr)rtrj

ttu\crs.s. Ihe .rxgniludc oj rurhulcncc i\ lrr srcnl Nc\cr
rlrclc\\. ir rs.usL(rrirr! lr) trcrl e\cn loig ri\cd rccords !\ Lf

thc) rere \uti(marl ilrtrinu.h rsbulk lnr.cssl.g ir.lhrl\rrc
applied. Re{lls 01\Lr.h fr(i..si'U.r.dn s cli b. inlcryr el!(l
r\ s,rnre tir.r ol cxlend.d rrngc sllti\li.\' but x .r)r. ron..r
mcrhod \.uLd bc rhe tiilk)\irrf.

Ho$ r.a ro $har erlc l such ilrlar.ll lrl\cr\cs crn t,c
s bsrrlutel ian r lrlrui\dakr\crsrn intcrcn irrg pnrlrlc r bct o l
rhe \cofc ol thc prcscnr papcr

5. SBNTI-D} \A}IIC IHBRIIIT\LI\G

'lhe kr.s ledle \ hich will be gri|ed on the trne nruclLlrc
ol rnnospheric tuftule.ce could be pur t(i pr ciLcal u\e r(
l'1. 1,.l L.'. r.'.r'L.lr'.,t
bLc lnlnrjr.rtrnosph.rc i;r st.!iDguprnllrnrking$r) \\lrld
ir bc fo\sibl. L() utilirc atruphcri.lurtlicn.c lor d\Dlmic
nrNrilul l h.r. rr. quirc r Durnbcr ol tr(rrisc\ or rhc l\Dami(
cn.rg) c\rhrngc bcl\ccn lhc s.rilpllnc !n.l ! rn)rfsLcrlll rr
nrxfhcrc brl lull 5crlc rlilialion. c\.cpl ji,r Jolfhin \l!lc
rhcrn llr!\ch.\ is still licl,ing In \ c\ .l lh. $ird sh.rr
rr1.\ nfcc\\rr\ ro srpforr rhc p.rrunrirr ll) |rg ol r srilphnc
thcr. i\ lit(lr ll)t( ol c\cr rttainirg ihis dcrl Bu1 s. can

Ircrhal^. irnpr\c rrr!'ol .linrb \rlLre\ rr drcn)ral.ir.lin! b)
urilizi ! rLrb!lcnr. conrronef t\.

r[ihN].l\t 50AR/['6



RerenlL! Sn)rr)vic(l:l) rcc(nli rdcd doing a scr ics ofuhcr
nrtedynxmicbcatsthnNghLhcthcrmalcorc. Hcdidhiscrlcula
rion\ on a. froncnrixl updrali prolllc /Fig 3. nrcan lincl
{ithout rrkirg .urbuienc!: conrponerls inro accoLrnl.

Inst.rd.l lhrr. the authoi prete^ norher nrethod. whrle
...,..1r '- ' . 'i f h, .",,rrr' .r..r,t..fl r'

rhel.).5 I Hzfreq .r.t / l0 J0nr $a\clcngth/ rxnsc. \\'hcn wc
shrll knos nrr. aborl thrsc rnglc rcLltions in turbulcncc. il
\ilLbc l)os\ibl. t. d. {nnc intclligont rilcur and clc\at{rlrud
J.r d!nlmic liDc$ork mcirclnr: lbrrli(lccrlfu rarcol clnnb.
'IhcruLh(trdid !nnc insLiIcli\c tracl ica I crperincln irg in thls
surv. I! sclk clcnmg ronrlnjons r d,ll,erence L. the order ot
0.5 nrr s scc rel lo be rlr.ri,rble Nfuybe u is eorth$hile . k

ing Lhe cilirI lor s ch an iDrtrlvement

O RATI(;I]I' TI'ST I,oADS

A subs Lrn I ial pr oponi(D olglidcr liriguc krads is c.ruscd by
Ntnosphcrie Lurhulon.c. Sii.ulrting rhc lor tiliguc rcns rs

b$.d cithcron scr\ico load natinir\ or on lpcc{Lrlcrlcula
rinr\ L(:l rs in!.:\lir'rru rlrc l,rler .rse

6, d:l
.,4"

1E 0

142

't-l
li-t ]E 0

n tyml

Iigrrc !1. Annospheric turbulcnce spcctrunr rJochLrnr (9)/

modcl on Fig L is ali) lhc pulrern tar rhc a.rodlna ic load

!cclor iirnctx)n f(l) calcul.t1on
The trrnsicr nulrir lrtr(1) nc..ssrry li,t rhis can be ctlcu

hlede g br- lhc Lo{ Frequenct Acr)cltslic Element Nlctln
deleloltd br M.ii(12). Cufent latiguc load sinruhii,n n.rhd](
lrc nrditrrcnlar! in two \dls. Lr cilculalions it is usurl to
prcsume cohtant inPUl vcclo r conrponcn t phasc x gle ! htes

rllalong th. wing span. r.e. to rs{unc or thotropic turbulencc
.re.'.,.t i.iir,p. \4u"e,{.r l..,Jr, i, o,, L,c,. r '.:

b a singlc hydl.aulic iinerrxcLurt(tr thmugh I mechrni.allc\c.
s!stem. lhis pftciicalI pr.cludcs anl possibilily 01 phrse

diftarcnccs in loldrng.
A'Irt , ' t',1{r- 1,...|.n ru' .. {.r".,Jir.ei'.^r.r

rcspccl ii pmportion to lirc se^'ice loads, but on lhe olherhxn.l.
rlllheanris!nnDclricloadconrl]oncDtsar.lackirg. Inl)osscs'
sionof thcconpl!'\srnrpl. sNctrri lhcibnnof Eq.' 171lhis

crn be .ontcrcd. Accoding to lq. / 16r the conrplex Loading

tQFol 'r : 4',"(il lq,,( I /lel

Lord timc hislories crn bc conrposcd br_ lhe fomuh

lr,t r) : lG!,li) AtlLr o r'r r+r,' r

Full sinrulrti()n of th. Locrl load flu.tMti(trrs ior erch
$ing,t!i1l'Llnc section rcquircs a seftratc load acluatt lbr
clery s.crxrr rnd a rorrcsPo d in! control slncm. Ho$ iar lhis

cun be sir4rlilled $ithin tcceptable cnor n)arglns is still a

open quclliolr. but surcl) $orthy 01 \crious conqiil.r,1i.'r

7. r,,\)IINAIi !l-OW CO\TROl.

l-r\r bul not le$t. Lh. new conccpts coLrld be rl'tlicd lo lhe

. hssicrl boundu ,' l4er and lamin.ir protile froblcnrs as !!e11.
'l h. ir.onsequcnt usc in Ihe r!sc\sncnlande\alurtionofnrulti
pl. \inrul1llneous hot \ire ancmonrcrer and hscr Doppler
rn.nnucrer rerord\ nray conlribulc lo lhe d!\covcr) of rew
conccpts inilowstructure interprcltlior. lnrfucnrcnts in!ail
planc design as $cll .rs in flos nrechrnirs m gcncral would
bcrhcnetrcsultollhis. Alprcsc l. we cannot prcd ict for N rc

thc pr cticrl inrproveDrcnts. bul r better trn.lcrmnding oithe
la$s of nrturc hrs .rl$ays gilcn anrple di!idcnds.

& CONCLUSTO\S

It is rdvisablc to usc Drlural patunrcLcr spectru for rl o

spheric turbulen.c dcscription and sinrulation. CoDt.rr) n)

Ihe prc\rlcnl belici. srmple aulospc(lra do hlvc non zetrr

phasc rDNlcvaluesrs tunctionolthclicqLrcnc\. lndivnlrrrl srnl
ple spcctft should bc $rillen. thcrclbrc. in a comtlc\ lbfln
This sinrplifre! considcrably thc (al.ulation and sinNlalion
of turbulcnce induccd sailphDc nrolion and ol lLrrb lencc

lLtigu. lo.ids 'llrnsisrl tLtrbulcncc c.tn be modcllcd as l stc
.iri (x\cofrcgtrLrr nonstrtilimrl (ochrstic processes. Prrc
ricrl usc ol thcsc nc$'lhcscs is in dynanric thcrrnaling. iD lhc
cotrrpilxl ion ol liligLre lesl pr1)gtu'n s lnd n r'bc i hnrnnr ll(Nt

k:r

Ii i\ tracLicxl 1lr di!id. Lhc scr!icc lit! ofthc glidcr inlo
chrra.teristic llight mode! l'lach ol lhcrr has il! o$n bk)ck
i, l.( .'r! | r.*r '.'. f'.- r ,' \'{, .rcce. r'r' , i1r, '
\pcclrunr llrdmclcr ileternriDation ctn be lbund e g. in Rcl.
(6). Slufiing l'oints lor lheDr !r. ra\ rir turbulence slccl'r rs
shown e.-! on Fig. .1. They rrc Lo bc prrce\\ed using oDc ol
thc sLandrftl t(trnula!. e 3 Bq. /61or Eq. i 

(li. which onc ol
thc r i! Io bc prclcrrcd is l qucstion ol fu her slxristicll in
\cstlgatiors. No n ffer how. phat angle dru arc to hc pre

scned during the proccssmg. Thc aerodynanri.lmcchanrcrl
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Append l: Notation

i

g( )

h

i

dt

v

F

c;( )

c( )

E( )

H( )

L

R( )

5

T

T

,t

{

t

1:2rf1

inteNal between samples

space frequency

Yertical component of turbulence velocity

induced time vadable

force i air load/

Power sPectral density function

complex spectral vector

spectral matrix

intetlal scale parameter

autocorrelation f unction

sample lengih

time

air sp€ed

phase angle

Taylor's scale ienSth

standard deviation

time lag

space coordinate parallel to flight spe€d

spac€ la8

circular frequency

shape function

space circular lrequency

complex conjutaie

l/s

l/m

s

N

rad/ma

T

Superccripts:
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Appendi( 2: Proof of the Spectral Vector Concept

l{e stnic that n pieces ol finite length jO < i < Ti siationary and c€idic linre lunctions \!L(0 ii:1:nl
can bc fully described and represented by the complexspcctral vector Q,,(f) insiead of th€ traditional
sPcctral matrix !.!,Jf).

Let us iake an n degree .rf fr€edom aerodynamicr m cc h an ical nrodel ol the glicier iFig 1i. lly use of the
direct Fourier calculation meth(Jd thc complc\ spectrum.rt the i,th degree of freed.'m point rcads:

Then

The spectral matrix is a dyadic product:

E,","(t = IGi{f)1"' IGL(f)t"'

The diagonal elenents ol the maLrix read:

c,,(f) = c,,(f)l= cl,,(f)

and thc general formuln tor the €lements reads:

cl'r(l: c,"(f) [cos (e,(f) !p(l) + isin (e,(f) - er(f))]

The spectral matix is obviousl!' hernitic:

G,",(f) : GR".,(f) + j{;r-,(0 = c".(0 kos e,(t + j sin et(f)l

i24,

25

l26i

27i

/28i

,231

)2

|c,,,(r''' = lc,"(01,, tcos e,(f)+ j sin qo,(f)l

and the input spectral vecior

rc,.(flIr'z :

in Eq. ll9l readsl

f rc,r'rr'' l
lGnf)lrr

rc ri,l '

= tc,,ot"' l'-',tr-'.1nll ft + r :ll r.
.os e, +jsn e.
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