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Summary
Evaluation methods of today do not give a fully

sa iis factory p icture of the fine structure of a tmospheric
turbulcnce. A possibleway of improvementmight be to:

- employ a running mean for assessmcnt;
generalize the Krrmin spcctru,n for smoothinS

of the raw spectra;
introduce regular-instationary modeling for the

treatnlcnt of transient iurbulence.
Na hrra I parame ters o f lurbulence calculated this way

will be much more consistent and reproducible tharl
thosc obiajned using bulk assessment for ('hole flight
rccords. Updraft/turbulence measurements donc by
threepol{ered sailplanes on a single-ccll iherma I canbe
r€commended for the trial anLl development of the

l. Spectrum Formulae
Atmospheric turbulen.e thcory has - as regards spec

irum processinS a flying siart from the general turbu-
lence research. Firstofall, ithas inherited the concepiof

and two spectrum formulae. The first one of them
(Dryden, 1e37) reads:
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The exponent ofthe Dryden spectrumbeing a litile on
the high side, Kirmrn (1948) rcviscd it to rcad:
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I-atcr, for hiSh speed
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modified soon ai Lockheed-Georgia

Both formulae (a) and (5) canbeshownnot to fulfill drc
Kovesznaycriierion([1] pp. 91-94.):

r!(a) ' 6j 0.81 (s)
(r * 0.8L,fl)I I

;\ G"(a) = 36i L

so the auihorproposed for thcm 16l:
Lc,Q) =361 - t?- ^Ti7;tl + G Lr4 )

(7)

h,,bu1.,,.( 4.c, m' ro h{',1,, ngly d pFnJ ,r o,, lh.
flidhl.pn d Jrid. n lhc r:r 'l eidFnlr".}r.rn ) or rl'epl-ne
fl''ing in i t. The d ifference in cffcc tivc in tcnsi ty is rciiis-
tered by the crew of a jet fightcr or airlincr on ihe one
hand, a light primary sailplane on thc oiherhand, can be
expressed in the mathematical form:

(Fircbaugh, 1967)

(6)
0-i qi (e)

(10)

Checknrg and ranking ofthe analytical PSD fonnulae
can be madc-by using them for smooihnrS measured
lurbulencespectra asshownonligure 1. firststepinthe
smoothjngpiocess should be the correci determinaiion

* r" '. fl i, m,'.rnr ro be ll,p "lJnd.,rd JF\ ..,rio,, ol rl'.
8t'n.,rl c:r.ul,,l.J,r .rs nrp F.rreo -lo,rt rl,e n) ,r,t roule.
Of cou.sc, Equation (9) is meant only as a theoretical
concept, not as an evaluaft)n formula.

An idealized picture of what to expect from a good
runnnlg rnean calculatun for the travcrsc of a sntglc-ceu
ihermal is shown by the lvirejnesh model on ligLlre 2.

3. Generalized Kermnn Specrrum
A productivc and correct an.rlysis of hr rbul€nce spec-

tra from flightrccordscanbe made e.g. as follorvs. Afier
lh" d(tcrminJliun olJrrd 'or.\er'ror l, lrF nrd,r.rB
mean, the standard deviation {u and tlt: nrtcgral scalc
parameter L should be calculatcd using thc rcspcciive
definition formulae in Tablc l, rcproduccd from (8).

These canbe then cross checked i,y snloothing the riiv
poirer spcctrum using an nppropriate spectrum for
mula. No]., formulae (2) (s) ind (7) are not i.lcal f
sucl.r aprrrpose, all ofthem havnrg fixcd exponenis. The
fourth parameter of the K6mtn fonnula, ih. peak
cocfficieni, has also ihe fixcd valuc of E/3.

All thisinduccd the author io look for a rnore l'lexible
formof thel'SO function.lt hnsbccn found h ihc forln
of a generalization of thc Krirnrin forrnula, originrlly
developed for ihe trcatmcnt of road/terrain and riil
spectr.r (Gedeon, 1992). ii rcads is follorvs:

'!--- ---

FIGURE 2.Wie meshmodtl ofi snrgl.-..11 thdmal updrifl
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IIGURE 1- Ahnospheric tu.bulencespect um (Enstrasser,
1991).

2. General Circulation
When measuring boundary layer or wind+unncl

tLubLrlence iiis not thewholeinstantaneous local vcloc-
itywhlchistreated as such. Onlythedifference from the

r, l{... " ,s,tr-d 'r i
is cleclar€dand ireaiedas hrrbulence. Now, Equation(il)
is good for towcr mcasurcncnisbutin-flight measured
upd.afis cannot be treated this way, because ii is not
possible to evaluaie the right side inietral. Instead of
this wc can t.y lvith a suitablc nnning mean possibly
cross checked with parallel flying of say three planes.

On ihe otherhand, it seemswe have here a new and
interestinB problcm. The, lct us say, cffcctive intensity of
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Table 1. Natural parameters ofstitionary siochastic processes.

The toodness of fit of the smoothint with this for-
muln as well as with ihe other ones canbe checked wiih
ihc valuc of the relative error standard deviationl

3) In.rc.sc ofthc scale pnrameter Ldocs
not affcct the overall intensitv of hrbu
lcncc6uilorvcrsthedominantfrcqurncv
(Iigu( 'l). Augmcntatior of the €xpo-
ncnlcl d inrnrishes the intensity onhighr
frclluencjes but !rithoui mrrch affcctin8
tlrc location of maxinlal intcnsity(F-igurc
5). An increase of the peak coefficient A
does what the nanre implies (uigure 6)
rcsulting in a 'irarrower band " spectrum
with a lowcr domhant frcqucncy.

A suitable regressbn alBorithn for
the new formula, too, hasbeenfound.
4. Regular-Instationary Process Evalua-
tion

The standard rcquirenlent for the
proofof staiionarity is ihe nrdependence
beiween time of start and location of-
stari siatistical pararneters. This, while
obviously a correct m.thematical nrrcr'
pretatim, seems to be only a necessary
but nota sufficient proofin case of some

I

Fi(:IiRE4.Inflncn...f th.r.al. D.r.meter Lon th..harac-
n'r.flhe PSD fun.tion.

IIGURE 5.l uence ofti,c cxporent-.n llrechrra.ierof
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rvhere G*, n, (i = I + m) are for the rarv spcctrum pohts
ancl G*(n) are valucs given by the smoothing functjorl
for the i th specirum poht.

FIGURE 3. lnlluence of the stnndard deviition 6

.hrractci o1 drc PSD thclion.

n

Thc infl ucnccan.l role of thesinSlcparamcicrscanbe
sccn on FlgL,res 3 b 6, dralvn on logaritluric scalcs.
Incr(nse of the standard dcviation O,,, increases all
spectruin valucs unifornny for ill frec[rencics (Figu,c
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!IGURE 6. lnfluen.e of lhe peak cocfficient A on rhe .ha.ac
tcr of the PSD tun.tion

FIGURE 7. tlamcd fl ightpaths of lhe planes for ihc updraf t

8(x)f(x) = r.6(r) and s(ix0 = f.0r(0) 01)
staiionary, then ancl only then can the records f(x) and
f(t) be de.larcd to be r€gulir-inst.rt,onrrv

The transforme.l record is nolv opcn to siandard
frequency analysis procedures. Even rcconstrucii(n of
the original record is possible from thc pseudo-spec
tnrm cr of the transformed recorcl (1.1). Re,rrinsforma-
l:.n ol thp p".udo std Jrrd d(\ rJlion 5'.rnd ol lhc
p,cudo \cale L' rnd l'give"rlr.n.rrdmcr,.' furrtius

6,(') 6'q-1,, t rnd d"rLr.6'q-l1t)rtsr

and also

L(x) . Lx h-r(t) and T(t) = rt h-](t) (16)

Recor$tructionof the originalrecord is now possible
using for eachpoint thc correspondhg actual values of
tlre parametcr tunctions.

A majorpractical problem willbe th€ dcvclopment of
thcprocedures forihe catculation of the transformattun
functions g( ) and h( ). For the former, ilEre are ar firsr
tlvo possible candjdates. The first one is ca lcu lation of an
approximate "runnin!! standard deviatn'r" o" (x) and
q(t) sivinc

s(x) = 6+it ind s(t, - 6*rD \7zt

tcchnical fivesti&iions. So, e.8. the local intensity of
ihermal as well as of orographic rurbulcnce is notcon-
stant along dozen-s of kilometers bur it is of transient
charactcr in the surroundings of up- and downdrafis.
And the formal proof of stationariry neverthelcss suc
ce€ds !vithin acceptable toterances f or a sufficiently long
flightsection.

Stalionary modeling and bulk treatment oI flight
rccorcls rcgistered over such long distances is formatly
possible bui not really correct. At lcast parr of the
nrconsistencies h the details of ru rb Lrlence spcctra night
be due to ihis. An answer to the problem can be ihe
introductionof regular Llstationarymodeling (ced€on,
1990).

D, iir rtron ,'f ihe rFtulJr-in.t!irondry prole-. I, J.
follows Let us suppose the record

$,= f(x)and w = f(t) (13)
io bc instationary. If there are turctions g(x) and t(0
and/or another fLrnctions h(x) and h(t) making the
iransformcd re.ord

So far li ttle can be said of candida te procedurcs for rhe
lran.formulron lunciion5 h{ ) orJ\ irom prn.li.Jl rri.rt.
alld e\pe' iL rr e cJn we hope iochoo.L .,,mellung. Hy tnp
wa, Lmaybeperhapsstationary, arlcastforthcarea of
a single cell or for a group ofcells.
5. Flight Test Program

In ihe case of thermal turb ulence a fliSht iest progra m
for the development of regular-insiationary evaluaiion
methods might bc composed :s follows.

Updraft measurements are to be made h the flow
field ofa single cell thcnnalby tlucc (or more) insiru
mented powered sailplanes fl ying at three levels (Figure
7). The middl€ oneis holding position wlnle circlnrSin
the thermal corei fie others makc perpendicular alrer-
nate crossings through the core a id ed in the oricntation
by ihe middle one. The method can perhapsbe extended
by filmin& release of little balanced colored balloons,
etc. All this will require dc'tailcLl, careful planning a^d
cxpertpiloting to give coherentresultsbutirsecnrstobe
rvorth the effo.t.

With goodposiiio1r holding, thc rccod retistcrcd bt
ihe middleplane can bc LlecLued to bc nca rlystatiotur) .

[va]uation i{i]l givc therelore acccptable values of rhe
turbulcnce parametcrs for the circlhg riclius. Thc rwo
oiher planes will Sive transien i sections and the calcula-
tion of the ftmning parameters c.rn be checked .rt thc
circlingradius.
Conclusions

Inconsistencies insome dcta jls of atmospheric turbu
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ity con\ronents should be scparatcd from thc gencral
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p;rrameier generalization ofihe Karman specirum can
be recommended f orsmooihnrt of raw spectra. Lastbut
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