Downloaded from orbit.dtu.dk on: Dec 19, 2017

Technical University of Denmark DTU
oo

WASsP engineering DK

Mann, Jakob; Astrup, Poul; Kristensen, Leif; Rathmann, Ole Steen; Madsen, Peter Hauge; Heathfield, D.

Publication date:
2000

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Mann, J., Astrup, P., Kristensen, L., Rathmann, O., Madsen, P. H., & Heathfield, D. (2000). WASP engineering
DK. (Denmark. Forskningscenter Risoe. Risoe-R; No. 1179(EN)).

DTU Library
Technical Information Center of Denmark

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


http://orbit.dtu.dk/en/publications/wasp-engineering-dk(43ecffd1-fc91-454e-b067-4d6ccd1869dc).html

Risg—R—1179(EN)

WASsP Engineering DK

Jakob Mann, Poul Astrup, Leif Kristensen,Ole Rathmann,
Peter Hauge Madsen& Duncan Heathfield

RisgNational Laboratory, Roskilde, Denmark
May 2000



Abstract  This reportsummarizeshe findings of the EFP projectWAsP Engineering
\ersion 1.0 DK — Vindforhold for vindmglledesignWAsP Engineeringis a seriesof
experimentalandtheoreticalactiities concerningpropertiesof thewindsin moderately
comple terrain with relevancefor loadson wind turbinesand other large structures.
Thesepropertiesncludeextremewinds, wind shearandturbulence Most of the models
have beenintegratedin awindows programprototype alsocalledWAsP Engineering.

Thebasicmeanflow modelLINCOM hasbeenchangedn severalrespectso accom-
modatethe demanddgrom load calculationsThe mostimportantchanges theinclusion
of acomplex modelfor theroughnessengthonwaterbodies.Thisis particularlyimpor-
tantfor the estimationof extremewindsin the vicinity of seashoresA secondaddition
is the calculationof spatialderivativesof the meanflow to be usedfor the modelingof
turbulence.

Theturbulencestructureon hills is modeledby perturbingthe flat, homogeneouter-
rain turbulenceusing Rapid Distortion Theory A simple model for the adjustmentof
turbulenceto roughnesshangess alsoapplied.Secondorderturbulencestatisticssuch
asturbulenceintensities spectraandcross-spectraanbe estimatecdat userchoserposi-
tionsin theterrain.A programfor simulationof turbulencewith the calculatedstatistics
hasbeendeveloped However, it hasnotyet beenintegratedinto thewindows interface.

Climatologicalseriesof wind speechave beenanalyzedo establishthe extremewind
climateover Denmark.Theextremewind climatecontaingdirectionalinformationandis
usedfor estimatinghe extremewindsatanarbitrarypositionin comple< terrain.A netof
high precisionpressuresensorgoveringDenmarkhasbeenestablishedh orderto obtain
aclimatologyof thegeostrophiavind. A tentative conclusionfrom only oneyearof data
is that, statistically the geostrophiavind decreasewhengoing from westtowardeast.
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1 Intr oduction

The outcomeof WAsP EngineeringdK is measurementgnalysisandtheoriesconcern-
ing propertieof thewind which arerelevantfor the estimationof loadson wind turbines
andothercivil engineeringstructuressituatedin complec terrain.Most of the resultsof

theseactvities areunifiedin the computemprogramWAsP Engineeringyersionl Proto-
type.Thewind propertiedreatedn thiswork are:

1. Extremewind speedseg.g.the 50 yearwind. If a wind turbineis well situatedon
a hill the meanwind speedand therebythe enegy productioncan be increased
significantlycomparedo thatover flat terrain.Unfortunately the 50 yearwind will
increasecorrespondinglymaybecalling for increasedtrengthof thewingsor other
partsof theturbine.

2. Wind shearsandwind profiles. Strongmeanwind shearglarge differencesof the
meanwind speedover the rotor) give large fluctuatingloadsand consequentlya-
tigueonwind turbinebladeshecaus¢hebladesmovethroughareasof varyingwind
speed.

3. Turbulence.Turbulence(gustsof all sizesandshapestauseslynamicloadsonvar
iouscivil engineeringstructuresincludingwind turbines.The strengthof theturbu-
lencevariesfrom placeto place.Over landtheturbulenceis moreintensethanover
the sea.Also the hills affect the structureof turbulence.We modelvariousterrain
dependenpropertiesof turbulence.

This reportoutlinesthe varioussubtopicsof the projectandpresentghe prototypesoft-
ware.

2 The linear flow model LINCOM

Within the concepbof linearizedflow modelsoriginally introducedby JacksorandHunt
(1975),Troenandde Baas(1986)developedarelatively simplemodelfor neutrallystable
flow overhilly terrain.Themodelwaslaternamed.INCOM, anacrorymfor LINearized
COMputation.Several investigatorseextendedand changedthe modelcodein different
waysuntil SantabarbardJlikk elsenKamadal.ai andSempreiva(1994)rewroteit com-
pletely The baseof this versionof the code,giving the influenceof the topographyon
theflow of aneutrallystratifiedatmospherehasbeenextendedoy Astrup,Mikk elsenand
Jenser(1997)with a modelfor the influenceof varying surfaceroughnessThis exten-
sionwasbasedn theassumptiorihatcloseto thegroundtheflow is in equilibriumwith
the local surfaceroughnessand on a complicatedmodelfor the vertical extent of this
equilibriumzone.

Later the model hasbeenextendedto calculatespatialderivatives of the meanwind
field, suchastheverticalsheardU /dz, whichis usedin theturbulencemodeling.

LINCOM is basednananalyticalsolutionin Fourierspaceo asetof linearequations
derived from the normal nonlinearmass-and momentumequationgor incompressible
fluid flows. Thelinearequationslescribeheperturbationsn velocity andpressuravhich
therealterraininducesn anequilibriumflow correspondingo aflat terrainwith uniform
surfaceroughnessThe perturbationcausedy horizontalgradientsn groundelevation
andsurfaceroughnesaredeterminedseparatelandaddedasafirst orderapproximation
to thecombinedperturbation.

LINCOM is differentfrom the flow modelin WAsP (Mortensen,Landbeg, Troen
and Peterser1993)in several aspectsWASP usesa FourierBesselexpansionon a po-
lar zoominggrid and calculateshe wind speedat the centralpoint only. The zooming
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grid resolhesthe landscapéetterthe closerto the center which is obviously appropri-
ate.LINCOM calculateghewind vectorby Fouriertechniquesn every meshpoint of a
rectangulagrid, seefigure 1. Thisis appropriatdor WAsP Engineeringor two reasons.
Firstly, to modelawind speedandfetch) dependentoughnesst seait is necessaryo
know thewind speedover the entirebody of water Secondlythe turbulencemodelde-
scribedin section3 usestheflow field upwindfrom the point of interestasinput. Again,
informationonthe flow in morethanonepointis essential.

WAsP WASsP Engineering
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Figure 1. Thecalculationmeshe®f WAsPand WASPENgineering

Anotherdifferenceis that LINCOM hasa morerealistictreatmentof the inner layer,
i.e.thelayercloseto thegroundwhereperturbationsn theturbulentmomentuntransport
is important.

Finally, thanksto Santabarbarat al. (1994)andlater contritutorsthe sourcecodefor
LINCOM is well structuredandeasyto change.

2.1 The water roughnesamodel

For WASP Engineeringthe bestpossiblepredictionof flow over waterbodiesis of great
importancebecauset extremely strongwinds the roughnesof the seais muchlarger
thanataveragewind speedsThisin turninfluenceshecalculatedb0-yearextremewinds
whenever large bodiesof waterare closeto the site of interest.For thatreasona water
roughnessnodeli.e.amodelgiving theseasurfaceroughness$eight,hasbeeninterfaced
with LINCOM. The modeledroughnessiependsiponthe LINCOM-calculatedvelocity
field whichin turndependsiponthe modeledroughnessReasonablgonsistenfields of
roughnessengthandwind velocity arethereforeobtainedby iteration.

The basisof the modelis the well known formula of Charnock(1955)for surface
roughnes®f the sea,statingthatroughnessncreasesith increasingwind speed.This
hasbeenmodified to take into accountfinite fetch lengths(Astrup and Larsen1999,
Astrup,Larsen RathmanrandMadsen1999).An exampleof calculatedvaterroughness
for strongwindsis shavn in figure 2.

3 Turbulence

A lot is known aboutturbulenceover flat terrain. The purposeof this partof the project
is to developmodelsthattake into accountheinfluenceof roughnesghangesndgentle
hills ontheturbulencestatistics Thisis describedn moredetailbelow. In section3.2we
outline how this modelof theturbulencestatisticss usedto simulatefields of turbulence
suitableasinputto dynamicload calculationson wind turbinesandotherstructures.

6 Risg—R—1179(EN)
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Figure 2. Calculatedroughnes$engthsat seafor 24 m/swindscomingfrom 300°.

3.1 Turbulencestatisticsmodel

Themodelingof theturbulencestructureis dividedinto two parts:Orographyandrough-
nessvariations For theformerrapiddistortiontheory(RDT) is used.

Effectsof both on the turbulencearetreatedasperturbationgo the flat andhomoge-
neousterrainturbulencemodelof Mann (1994),which encompassesary well known
propertiesof atmosphericsurface layer turbulence.The model assumesieutralatmo-
sphericstratification.This maybe a seriousrestrictionin caseof moderatewind speeds
overtheseawherestablestratificationmaysuppressurbulence Also atlow wind speeds
both stableand unstableatmospheristratificationmay alter the meanflow andthe tur-
bulenceandhencethe structuralloadsdrastically A prominentexampleof thisis a steel
chimngy, which mayexperiencehelargestdynamicloadsatlight stablystratified(turbu-
lencefree)winds,wherevortex sheddingoccurs.

The modelingof the changeof turbulencedueto orographyis limited to the so-called
outerlayer For asimpleisolatedhill the height? of theinnerlayeris estimatedy

éln2<%) =22, (1)

wherez, is the roughnesdength, L the upwind distancewherethe elevationis half the
hill heightand k =~ 0.4 the von Karman constant(JensenPeterserand Troen 1984).
At heightslowerthan/ thereis approximatehfocal equilibriumbetweerproductionand
dissipatiorof turbulentkineticenegy, andabove / theperturbationgausedy thehill are
approximatehyinviscid. The inner layer heightis alsoapproximatelyequalto the height
above which thetravel time overthe hill is shorterthanthe Lagrangiartime scaleor the
eddy‘turn-over’ time scale.
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Innerscalegderivedfrom (1) comparevell with measurementsom Askervein,anice
“Gaussian’hill onthe OuterHebrides(Walmsley and Taylor 1996). Examplesof calcu-
latesinnerscalesareshavn below:

Hill dimensionL [m] Roughnessengthz, [m] Innerlayerheight/ [m]

100 0.03 2
100 0.3 4
1000 0.03 10

Thelower limit of the applicability of the modelthusdependsn the terrain® However,
mostwind turbinerotorsarein the outerlayer.

N
[
/4

Figure 3. Qualitative sketch of the action of a ridge on the turbulenceaccoing to the
RDT model. The fluctuationsin the u-componenbdf the turbulenceare attenuatedas
seerfromthe u-spectrun{solid curve),thev-fluctuationsare not changedmud (dashed
curve),while thew-fluctuationsare amplified(dottedcurve).

To simplify the RDT equationsvariousapproximationsareapplied(Mann 2000),and
althoughtheresultshave beentestedagainsthe Askervein data,thelimit of applicability
in termsof thecompleity of thelandscapeemaingo befully understoodAn illustration
of themodificationof the turbulencespectras shown in figure 3.

The modelingof turbulencechangeglueto roughneswariationsis not limited to the
outerlayerandshouldapply all the way down to the roughnessub-layerwhich is very
closeto theground.Theflow disturbancegroducedoy roughnesshangesreby nature
viscousand thus much “slower” thanthosedue to RDT. We useand modify the idea
thateddiesrespondo roughnesghange®onthe orderof “the eddyturn-overtime scale”
(Panofsky, Larko, Lipschutz,Stone Bradley, BowenandHgjstrup1982,Hgjstrup1981).
A consequencef thisis thatthelow frequeny endof thespectrunrespondsery slowly
to roughnesshangeshile smalleddiesquickly getin equilibriumwith the underlying
surface.

Thebasicmodelresultis the so-calledspectratensor(Mann 1994).Fromthis mathe-
maticalquantitymorefamiliar statistics suchasspectracross-spectrajariancesturbu-
lenceintensitiesand coherences;anbe derived. The calculationdoesnot useinforma-
tion aboutthelandscapelirectly, but indirectly throughthe meanflow field calculatedoy
LINCOM.

1it shouldbe pointedout, hawever, thatthe meanflow modelLINCOM doesnot have this limitation.
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3.2 Turbulencesimulation

The spectraltensorproducedby the modeldiscussedbove is very well suitedfor sim-
ulation of turbulencefields, which canbe usedfor time domainsimulationof dynamic
loadson turbinesandotherstructuresThe simulationalgorithmis describedn detailin

Mann (1998)for turbulencefieldsoverflat terrain,andcentralpartsof thealgorithmscan
be usedunchangedn comple terrain. As opposedo the turbulencestatisticspart the
simulationparthasnotyet beenintegratedin the Windows programprototype.

4 Extremewindsin Denmark

Wind-speeddatafrom four sitesin Denmarkhave beenanalyzedn orderto obtaines-
timatesof the basic wind velocity which is definedas the 50-yearwind speedunder
standardconditions,i.e. ten-minuteaveragesat the height 10 m over a uniform terrain
with theroughnes$ength0.05m. Thesitesare,from west,Skjern(15years),Kegnaeq7
years),Sproga(20 years),and Tystofte (15 years).The dataare ten minute averageof
wind speedwind direction,temperatur@andpressureThelasttwo quantitiesareusedto
determingheair densityp. Thedataarecleanedor terraineffectsby meanwof aslightly
modified WASP techniquewherethe sectorspeed-ugfactorsand roughnessengthsare
linearly smoothedwith a directionresolutionof one degree.Assuminggeostrophidal-
ance,all the wind-velocity dataare transformedo friction velocity u, anddirectionat
standarcconditionsby meansof the geostrophiadraglaw for neutralstratification.The
basicwind velocity in 30° sectorsare obtainedthroughrankingof the largestvaluesof
the friction velocitypressue 1/2pu? takenboth onceevery two monthsandonceevery
year Themainconclusionis thatthe basicwind velocity is significantlylargerat Skjern,
closeto thewestcoastof Jutland thanat ary of the othersites.Irrespectie of direction,
the presentstandardestimatef 50-yearwind are25+ 1 m/sat Skjernand22+ 1 m/s
attheotherthreesites.Theseresultsarein agreementith thoseobtainedby Jenserand
Franck(1970) and Abild (1994) and supportsthe conclusionthat the wind climate at
the westcoastof Jutlandis moreextremethanin ary otherpart of the country Simple
procedureso translatan a particulardirectionsectorthe standardasicwind velocity to
conditionswith a differentroughnessengthandheightarepresented.

Dk24 basic data

Omnidirectional speed 24,0 m/s. Return interval 50 years

30,0 my's

Seckor: 6 (150°)

50 wr speed: 19,1 mfs
Alpha: 0,145

a YEars 1000

Figure 4. The extremewind atlas for all of Denmarkwith exceptionof the West Coast.
Clicking ona sectorin theleft paneldisplaysthewind speedor that sectorasa function
of returnperiodin theright panel.

A centraloutcomeof this analysis,which is describedn detailin Kristensen Rath-

mannandHansen2000),is the sectorwiseextremewinds for Denmark.An exampleof
this so-calledextremewind atlasis shovnin figure4, whichis valid for themostof Den-

Risg—R-1179(EN) 9



mark exceptfrom thewesternpartof Jutland.The left panelshowvs the 50-yearstormas
afunctionof directionin twelve sectorsof 30°. It is no surprisethatthe strongestvinds
comefrom the WestandSouthwestTheright panelshovstheextremewind asafunction
of returnperiodfor sector6 on alogarithmic(the almoststraightline) andalinearscale.
The resultson the extremewind climate have influencedthe Danishcodefor loadson
buildingsandotherstructures.

The extremewind atlasis the basisfor estimatingextremewindsin comple terrain,
whereit is very importantto know the directionaldistribution of strongwindsrelative to
directionalfeaturesn theterrain.How the userof WAsP Engineeringdoesthis calcula-
tionis shavn in section6.

For moreinformationon uncertaintiesindanalysison extremewindssee(Mann, Kris-
tenserandJenseri998,KristensenRathmanrandHanserl999,Kristenseretal. 2000).

5 Pressuemeasuementsand geostiophic
winds

The basisfor the methodsusedin WAsP EngineeringlandWAsP) s a relationbetween
the ‘free’ wind kilometersabove the surfaceand nearsurfacewinds. This idealizedre-
lation is calledthe geostrophiaraglaw, andthe purposeof this partof the projectis to
obtainandanalyzedatato investigatethis relationin moredetail.

Thereforehigh-precisiorbarometersiave beendeployedatsix sitesin Denmark four
westandtwo eastof the GreatBelt (seefigure5). The purposss to establisiong clima-
tological recordsof the geostrophiavind asa supplemento therecordsof tensof years
of durationof surfaceobsenationsof wind, temperaturehumidity etc.,which have been
obtainedby Risgat mary sitesin Denmark.Threeof thesesitesarein principlesufficient
to determineanaverageof themagnitudeanddirectionof thegeostrophiavind insidethe
triangleformedby thethreesites.Ten,outof twentypossiblefriangleshavebeenselected
assuitablefor studyingthe geographicalariationsof the geostrophiovind. A tentative
conclusionfrom aboutoneyearof datais thatstatisticallythe geostrophiavind decrease
in magnitudewhengoing from westtoward east.The dataalso shoved that the largest
meanvaluesof the geostrophianeanwind speedarein a directionsectorfrom 285’ to
315°. The Weibull parametersverecalculatedor all tentriangles.The curvatureof the
isobarswere determinedby using simultaneougpressuremeasurementat all six sites
andthe geostrophi@andgradientwindswerecalculatedandcomparedo the geostrophic
wind basedon three pressuraneasurements one particulartriangle. Combiningthe
geostrophionvind with the surfacewind measuredat Tystofte in southernZealand the
two dimensionlesgonstantsA and B in the geostrophicdrag law were determinedas
functionsof the surfacefriction velocity. ThesedatasuggesthatA = 0.5 andB = 3.5.
The surfacedataat Tystofteandat Bgrglumin Vendsysseih northernJutlandwereused
to predictthegeostrophiavind by applyingthegeostrophiaraglaw with theseconstants
andthepredictionswerecomparedo the obsenedgeostrophiavind.

Ultimately, we wantto carry out an extreme-windanalysison the geostrophiovind
andthe geographicaVariationof the 50-yearevent,similar to the analysisby Kristensen
etal. (1999).However, therecordswe have sofar aretoo shortin durationto make such
an analysismeaningful.From that point of view, we hopethat the measurementwill
continuefor atleastl0years.

More informationon geostrophiavinds andpressureneasurementis Denmarkmay
befoundin KristenserandJenser{1999).

10 Risg—R—-1179(EN)
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Figure 5. High precisionpressue stationsin Denmarkinstalledearly 1998.

6 The graphical userinterface

Mostof themodelsdescribedn thisreporthave beenintegratedinto acomputeprogram
calledWAsP EngineeringThe programis a prototypeimplying thatthe architectureand
the userinterfacemay be altereddrasticallyin responséo thefirst experiencewith the
product.The programhasbeendistributedto a limited numberof potentialend-users.

In the following we shall describethe functionality of the programandshaw various
screerdumps.Thisis notintendedio bea completeusermanual.

The GUI (graphicaluserinterface)is organizedasfollows. To theleft threetreesorga-
nizetheuserinputandcontrolwhich resultsaredisplayedo theright.

To starta projectthe userselectsa mapfile, which hasthe formatalsousedin WAsP
The calculationarea,which may not be the entirearea,is thenselectecandthe program
producegrid files of heightandroughnesso beusedin thesubsequertalculationsThe
variousmapscanbeviewedby clicking theiconsin thetop left panel(seefigure6).

Before startingthe meanflow calculationsthe userhasto specify somewind speeds
anddirectionstogetherwith one or more heightsabove the terrain. The usermay also
specifysomepointsof interest(e.g.wind turbinesites)thataregoingto beinvestigated
in moredetail or whereturbulencestatisticsis going to be calculated.The userentered
wind speeds an unperturbedvind speedat a given heightover a givenroughnessver
flat terrain.In a future versionof WAsP Engineeringwe intendto have the option of
enteringthe wind speedat someuserchosenpoint andto do the meanflow calculation
overtheentiredomainfrom that.

An alternatve way of enteringwind speedanddirectionsis to importanextremewind
climate.Thisis a collectionof 50-yearspeeddor the twelve 30° sectorsasshovn onthe
lower left panelor onthelowerright window in figure 7. Also seeronthe‘Map’ window
onthesamefigureis aflag indicatinga userchosersite of interest.

Oncethe heights,winds andsitesof interestare enterecthe calculationsof the mean
flow canbe started.Theresultsto displayis controlledby the two lower left panels.For
example,by selectingthewind ‘270° 22.8m/s’ and‘Fetch’ the upwindfetch over water
will bedisplayedin awindow to the right asshawn in figure 8. Thewind speedsat the
heightz= 70 m aredisplayedsimilarly. Thecalculatedrid fields,which all areavailable
underthenode'Resultgrid maps’in the‘Sitesandheights’panel,arelistedbelow:

Risg—R-1179(EN) 11
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Figure 6. Thegraphical userinterfaceof WAsPEngineering

Quantity

Description

Fetch

Dynamicroughness

Frictionvelocity
Terraininclination

The lengthof the up wind waterfetch. This
is usedin an iterative calculation of the
roughnes®f thewatersurface.

The aerodynamiaoughnesf the surface.
It is variableover waterdependingon fetch
andwind speed.

Thesurfacefriction velocity u,.

Inclination of the terrainin the direction of
theunperturbedneanwind.

Speed
Velocity components

DerivativesdU /dx, dU /dy, etc.

Wind tilt angle

Thelengthof the meanwind vector
Componentsin the coordinatesystemde-
fined with x-axisin the directionof the un-
perturbedwind, y in the otherhorizontaldi-
rectionandzthevertical.

Variousshears.

Tilt angleof the meanwind flow.

Theupperfour arenot dependentn height,thelower onesare.

As soonasthe userselectsan otherwind in the ‘Winds’ panel,e.g.‘330° 19.8m/s’,
thewindows will shav the quantitiespertainingto the new wind, asseenin figure9.

An alternative way of displayingthe wind fields is by a vectorplot asshawvn in fig-
ure10. Thesmallwhite rectangleat the upperleft of thewindow controlswhich subarea

to display

By selectingawind in the ‘Winds’ panelanda site underthe 'Site’ nodethe program
displaysalot of variablesof interestto load calculationgseefigure 11. Also, atthe point

12
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Alpha: 0,191

Figure 7. GUI with extremewind climate

of interestthe terraindistortedextremewind atlascanbe displayedgiving, for example,
the50-yearstormat the complex terrainsite.

Finally, atthepointsof interestvariousaspect®f theturbulencestatisticscanbecalcu-
lated. The complexity of theinputwindow (figure 12) reflectsthe wide rangeof second-
orderstatisticsthatcanbe calculatedoy the program.

Startingfrom the upperleft the userfirst hasto checka boxindicatingwhich standard
codespectrunis preferred eitherKaimal, Wyngaard Jzumi andCoté(1972),Simiu and
Scanlan(1996)or ESDU International1986).Parametersf the spectratensorof Mann
(1994)areadjustedo fit eitherof thesespectramodels(Mann1998).Thetypeof output
canbevariances/turblenceintensities pnepoint spectraandcross-spectral he spectral
rangeof wavenumbersasto be set,andfor the (two-point) cross-spectrehe separations
in a planeperpendiculato themeanwind (Ay,Az) hasto bechosen.

Theresultsaredisplayedasshavn in figure 13.

7 Futuredevelopments

In this sectionwe list possiblefuture developmentsSomeof theitemshave got support
from the EFP projectWAsP Engineering2000.

¢ The windows programis a prototype.This meansthat mary featureshave to be
rewritten in orderto obtain a robust product,which can be distributedto a large
groupof engineersAlso, the programlacksessentiafeaturessuchasahelpmenu.

¢ Wehaveonly obtainedadetailedextremewind climatologyfor Denmark We would
like to investigatethe possibility of extendingthe climatologyto Europeor alarger

Risg—R-1179(EN) 13
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Figure 8. Resultdisplaywith a wind directionof 270°.
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partof the Globeby useof the meteorologicateanalysidatacoveringthe last 50
yearsavailable from National Centerfor AtmosphericResearcHNCAR) or else-
where.

We would like to comparethe predictionsof the turbulencemodelwith datafrom
morecomple terrainin orderto geta betterunderstandingf the limitations of the
modeland,ultimately, improve the turbulencemodel.

A continuationof the high precisionpressuraneasurementsiay one day leadto
a betterunderstandingf the connectionbetweengeostrophicwinds and surface
winds.

A very powerful sourceof turbulenceis the wake of wind turbines.Whenturbines
aresituatedvery closeto eachotherwake turbulencemay be the largestsourceof
fatigue.We would lik e to includewake turbulencemodelsinto the program.

An utility programin WAsP calledOWC (ObsenedWind Climate)takesmeasured
wind seriesand calculateghe wind climate.We would like to make a similar pro-
gramfor the estimationof the extremewind climatefrom measurements.

The extremewind climatesreportedhere have beencalculatedwith WAsP with a

constantsearoughnessDetailedanalysisof the hurricaneof December3rd, 1999

shaws that the varying searoughnessnodeledby WAsP Engineering/LINCOMis

in factveryimportant(MannandHanser2000).We would like to make areanalysis
of theclimatologicaltime serieswith WAsP Engineering.
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Figure 9. Resultdisplaywith a wind directionof 330°.
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