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Abstract

InvestigationsonmodelingmethodsofaCFDwindresourcepredictionprogram,WindSimforaccuratepredictions
ofwindspeedswereperformedwiththefieldmeasurements.MeteorologicalMastshavingheightsof40mand50m
wereinstalledattwodifferentsitesincomplexterrain.Thewindspeedsanddirectionweremonitoredfromsensors
installedonthemastsandrecordedforoneyear.ModelingparametersofWindSim inputvariablesforaccurate
predictionsofwindspeedswereinvestigatedbyperformingcrosspredictionsofwindspeedsatthemastsusingthe
measureddata. FourparametersthatmostaffectthewindspeedpredictioninWindSim includingthesizeofa
topographicalmap,cellsizesinxandydirection,heightdistributionfactors,andtheroughnesslengthswerestudied
tofindoutmoresuitableinputparametersforbetterwindspeedpredictions.Theparameterswerethenappliedto
WindSimtopredictthewindspeedofanotherlocationincomplexterraininKoreaforvalidation.Thepredictedannual
windspeedswerecomparedwiththeaveragedmeasureddataforoneyearfrommeteorologicalmastsinstalledforthis
study,andtheerrorswerewithin6.9%.Theresultsoftheproposedpracticalstudyarebelievedtobeveryuseful
togiveguidelinestowindengineersformoreaccuratepredictionresultsandtime-savinginpredictingwindspeedof
complexterrainthatwillbeusedtopredictannualenergyproductionofavirtualwindfarm incomplexterrain.
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1.Introduction

Recently,interestsonrenewableenergy

sourcesaregettinghigherduetohighoil

pricescausedbytheearth’senvironmental

pollutionanddepletionofthefossilfuel[1-3].

WindEnergyisconsideredasoneofthe

mostefficientrenewableenergies,and

lotsofnew windfarmsareconstructed

everyyearallovertheworld.

Forconstruction ofwind farms,wind

resourcesoftheareaofinterestmustbe

investigated,beforehand.Accurateanalysis

andpredictionofwindresourceespecially

incomplexormountainousterrainareimportant

becauseitincreasesasthealtitudegetshigher

[4-5]. Twopopularcommercialprograms

mainlyusedforwindresourceanalysisand

predictionareWAsP(WindAtlasAnalysis

andApplicationProgram)andWindSim[6].

BecauseWAsPusesalineartopographic

modelknownasBZ-model,itisknownthatit

cannotconsiderflow separationphenomenon

thatoftenoccursoncomplexterrain. As

theresult,WAsPisnotconsideredtobe

suitableforwindspeedpredictionincomplex

terrain[7-8].UnlikeWAsP,WindSim isa

CFDprogrambasedontheReynoldsAveraged

Navier-Stokes(RANS)Equation,anditobtains

thesteadystatesolutionofathreedimensional

computationaldomainofinterest. Dueto

thisreason,WindSim isconsideredmore

suitabletopredictwindspeedsincomplex

terrainthanWAsP[9-13].

AlthoughWindSimisconsideredsuitable

topredictwindspeedincomplexterrain,its

validationstudyhasbeenlimitedtoseveral

Europeancountries,sofar.Also,unlikethe

expectation,thepredictionsfrom WindSim

intheliteraturewerenotalwaysmoreaccurate

thanthosefromWAsPdependingonregions.

Oneofthemanysourcesoftheinaccurate

resultsfromWindSimisconsideredduetoan

inaccurateWindSimmodeling.Howeverstudies

ontheaccuratemodelingofWindSiminput

parametersareveryrare.

Finding suitable design parameters of

WindSim areimportantforawindfarm

designandespeciallysitingwindturbines

atoptimallocationsforwindenergyproduction.

Also,duetotheincreasingtrendofconstructing

windfarmsincomplexterrains,reliableand

practicalmodeling methodstouseCFD

programssuchasWindSim arenecessary

tobeinvestigated.

About70%ormoreoftheKoreanterritory

isknowntobecoveredwithmountains.

However,basedontheliterature,studieson

wind resourcepredictions using a CFD

codeinKoreaareverylimited[14].

Therefore,thisstudywasperformedto

fulfilltwogoals.Onewastoestablishaguidance

toaccuratelyemploytheCFDcode,WindSim

tocomplexterrainsinKoreatoaccurately

predictwindspeed.Theothergoalwasto

validatetheWindSimmodelingandpredictions

in complex terrain otherthan European

regions.Inorderforthese,twometeorological

mastswereinstalledincomplexterrainin

Korea,andthewindspeedanddirectionfor

eachmastwererecordedwiththeinterval

of10minutesforayear. Then,various

modeling parameters ofWindSim input

variablesforaccuratepredictionsofwind

speeds were investigated by performing

crosspredictionsofwindspeedsatthe

mastsusingthemeasureddata.
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2.Modeling

2.1Sites

AsshowninFig.1,thetwositesused

forwindspeedmeasurementandprediction

inthisstudyarelocatedincomplexterrain.

Fig.1.TopographyincludingsitesA&B.

ThealtitudeofsiteA,locatedslightlyoff

thetopofamountain,is1,147m.ThesiteB

inthefigureislocatedontopofamountain

anditsaltitudeis1,154m.Ameteorological

mast(MM)havingaheightof40m was

installedatsiteA.A50m highMM was

installedatsiteB.Thedistancebetweenthe

twomastsinsitesAandBwasabout7.6km.

MostoftheterraininFig.1iscoveredwithtrees.

TheRIX(RuggednessIndeX)representing

adegreeofcomplexityoftopography[15,

16]wascalculatedandfoundtobe20.63%

and32.23%,respectively,forAandB.A

flatsitehasanRIXvalueof0%.AnRIX

valueof30% meansthataboutonethirdof

theterrainissteeperthanthecriticalslope

whichisnormally0.3.TerrainhavingRIX

valueshigherthan20%isnormallyconsidered

highlycomplex.

Theannualaveragedwindspeedmeasured

atthesitesAandBwerefoundtobe3.72m/s

and5.09m/s,respectively

2.2MeasurementData

The10minuteaveraged measurement

dataforoneyearisconvertedintothewell

knownWeibullprobabilitydensityfunction

forsimplicity. Comparedtoabout52,000

measurementdatasets,Weibullprobability

densityfunctionrequiresonlytwoparameters

todescribetheannualwindcharacteristics.

AsshowninEq.(1),thetwoparametersin

Weibullprobabilitydensityfunction,Aand

k,areknownasthescalefactorandthe

shapefactor,respectively.

  
 
 

 

exp



 

 



 (1)

whereV isthewindspeed,fisthe

frequencyofoccurrenceofthewindspeed,

kistheshapefactor,Aisthescalefactor,

andexpistheexponentialfunction.The

scaleandshapefactorsarerelatedtothe

wind speed,and its distribution shape,

respectively.InWindSim,winddirectionis

sectoredbya30degreeintervalandthe

parametersA andktobestdescribethe

measurementwindspeedandfrequencyof

occurrencearecalculatedforeachsector.

Aslongastheparametersarefound,the

windspeedaverageisestimatedusing

   
  (2)

where V istheaveragedwindspeedand

G isthegammafunctionknownas

  


∞

    (3)
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Table1showstheWeibullrepresentation

ofthemeasureddataateachsite.When

converting themeasurementdatatothe

Weibullprobabilitydensityfunction,conversion

errorsof2.15% and0.39% occurredfor

sitesA andB,respectively.Theseerrors

wereconsideredsmallforthisstudy.

Site
WeibullData  

[m/s]A[m/s] k  [m/s]

A 4.23 1.57 3.77 3.72

B 5.77 1.98 5.14 5.09

Table1.MeasurementdataandWeibullfitted

parameters.

2.3WindSim modeling

WindSim isaCFD program developed

solelyforapplicationtothefieldofwind

energyusingthewellknownPhoenicscode

[17].WindSimmodelstheatmosphereabove

thegroundasathreedimensionalmesh

systemandapplythe,time-averaged,RANS

equationtoeachcellinthemeshsystemto

obtainathreedimensionalwindflowsolution.

Thestandardk-epsilonturbulencemodelis

normallyused.Unlikeatimestepapproachto

solveflowfields,WindSimstartsfrominitial

boundaryconditionsspecifiedbyusersand

obtainatimeaveragedsteady-statesolution.

Thethreedimensional(3D)calculation

domainofWindSim islimitedbythemap

boundaries in the horizontalx and y

directions,andbythegroundatthebottom

andtheupperboundaryheightatthetopin

theverticalzdirection.

Theatmosphericboundarylayerwhere

thewindspeedvarieswiththealtitudewas

assumedtobe500m,whichisknownin

literaturetobethemostusedbyscientists

todescribetheheightofgeostrophicwind

[18].Abovetheatmosphericboundarylayer,

thewindspeedwasfixedtobeaconstant

value,10m/s.Theeffectofaconstantspeed

oftheatmosphericboundarylayeronthe

speedpredictionisknowntobesmall[18].

Abovetheatmosphericboundarylayerthere

existsanupperlayer.Theupperboundary

heightisautomaticallydeterminedbyWindSim

depending on sitesand high enough to

avoidablockingeffectonthewindflow

[19]inanylocationsofthemap.Normally,

itistheorderofseveralkilometers.

Alongthexandyboundaryofthe3D

calculationdomainbelow theatmospheric

boundarylayer,alogprofileofwindspeed

isappliedasaboundaryconditioninWindSim.

Thisisknowntobeequivalenttothefact

thatinfiniteplainterrainisconnectedtothe

xandyboundaries[19].

Thesolution procedurefrom WindSim

consistsoftwoparts.Inthefirstpart,it

calculatesthewindvelocitiesateachsector

andgridpointusingtheprovidedboundary

conditionssuchasthewindspeedabove

theboundarylayerheightandthelogprofile

ofvelocitywithoutknowingthemeasuredwind

data.Afterfinishingthewindfieldcalculation,

WindSim knowsthevelocityvectorinany

gridpointrelativetotheothergridpoints.

Inthesecondphase,WindSim usesthe

measuredwinddatawhichisthesectorwise

windspeedandthefrequencyofoccurrence

toobtainthewindvelocityrelativetothe

measurementpointforthewholemap.

3.ParametricStudy

A totaloffourinputparametersthat
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affectthewindspeedpredictionofWindSim

wereselectedandusedfortheparametric

study.Asmentionedintheprevioussection,

two siteslocated in complex terrain in

Koreawereselectedandmeteorologicalmasts

wereinstalledtoobtaindataincludingwind

speedanddirectionforoneyear.WindSim

wasusedtopredictthewindspeedofone

siteusingthedatameasuredattheother,

viceversa.Whenpredictingwindvelocities,

onlyoneinputparameteroutoffourwas

variedandalltheotherswerefixedtobe

constants

3.1MapSize

Inwindresourcepredictionprograms,a

mapsizemeansthesizeofthesolution

area,anditdeterminesthesizeoftheterrain

informationincludedwhenthepredictionof

windresourcearoundacertainpositionof

interestismade.Ifthepredictionposition

islocatedtooclosetothemapboundary,

thesurroundingterraininformationcannot

be included when the solution to the

governingequationismadefortheposition.

Thereforerelativelylargepredictionerroris

expected. Ontheotherhand,ifthemap

sizeistoolarge,thetimerequired for

modelingandanalysisincreasesdramatically.

Alsoduetothelimitedcomputerresources

andthelimitednumberofcellelementsthat

theprogram canhandle,thecellsizemust

getlargerasthemapsizegetslarger.This

oftencauseshighpredictionerrors.Therefore,

the relationship between the prediction

errorsandthemapsizeisveryimportant.

However,researchonthismatterisvery

limitedandcannotbefoundintheliterature.

Fortheparametricstudyofthemapsize,

asshowninFig.2,thedistancebetween

thetwositesandthemapboundarywas

settoL.Then,Lwasvariedfrom1kmto

5km andthewindspeedofAandBwere

predicted.WhenpredictingthespeedofA,the

measureddataatBwasused,andviceversa.

Fig.2.Variationoftopographicalmapsize

Thecellsizeinxandydirectionwas

fixedtobe50m.Thenumberofcellsin

zdirectionwaschosentobe30.Forthe

z-cellsize,itisrelatedtothenumberof

cellsinzdirectionandheightdistribution

factor.Theheightdistribution factoris

definedastheratioofthecellsizeatthe

groundtothatattheupperboundary.The

heightdistributionfactor(HDF)waschosen

tobe0.01.AstheHDFdecreases,thecells

inzdirectiongetclosertotheground.

AsshowninTable2andFig.3,asthe

mapsizechanges,thewindspeedprediction

alsochanges.Whenthedistancebetween

thepredictionsiteandthexandyboundaries

ofthemapwasbetween1kmand3km,the
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changeratesofthepredictionwerelarge.

Asthemapsizefurtherincreased,therate

decreased,andbecamelessthan0.8% when

themapsizereached5km.

Fig.3.Change Rate ofWind speed predictionsfor

differentmapsizes.

MapSize[km]

1 2 3 4 5

A→B[m/s] 5.41 5.26 5.09 5.02 4.98

B→A[m/s] 3.81 3.86 3.91 3.92 3.94

CellNo.[x10
3
] 59.5 98.9 147.8 206.4 274.5

Cal.time[hour] 6.0 9.5 14 22 28.5

Table2.Predictedwindspeedwithchangeofmap

sizes.Dimensionsinm/s.

Thisisduetobethefactthatthelog

profileofwindshear(horizontalwindspeed

overheight)usedasaboundarycondition

bytheWindSim program causeserrorsin

predictingwindspeedsoflocationsnearthe

xandyboundaries.Alogarithmicprofileof

wind shearis known to occuratflat

terrains,thereforeapplyingthatprofileasa

boundaryconditiontotheboundariesofthe

mapimpliesthatthegiventopographyin

themapissurroundedbyflatterrains.Thisis,

however,differentfromtheactualtopography.

Ifthemapsizeissmall,thepredictionsite

isnotfarenoughfrom theartificialflat

terraincreatedbytheboundarycondition

andthelogarithmicprofileattheboundary

willaffecttheactualprofileoncomplex

terrain. Ifthemapsizeislargeenough,

however,althoughthetopographyofthe

map issurrounded by flatterrains,the

effectoftheflatterrainonthewindshear

willdisappearforregions thatare far

enoughawayfrom themapboundaries.

Asthemapsizeincreases,thesitesA&

Bgetsfurtherandfurtherawayfrom the

boundaries,andtheeffectofthelogprofile

boundary condition on the wind speed

predictiongetssmallerandsmaller.Therefore

ifthechangeinpredictionerrorsareconsidered,

thedistancebetweenthepredictionsiteand

themapboundaryshouldbeatleast5km

orlarger.

However,asthemapsizeincreased,the

numberofcellsusedinthesimulationincreased,

andfinallythecalculationtimeconsiderably

increased,too.Therefore,itshouldbecareful

nottohavethemapsizetoobigforan

efficientcalculation.

3.2CellSize

A parametricstudyofthecellsizewas

performed.Themapsizewassettobe5km

basedonthefindingsintheprevioussection.

Thecellsizewasvariedregularlywithan
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intervalof25m from 100m to50m.Asthe

cellsizedecreased,thenumberofcells

increased.Duetothelimitedcellnumbers

thatWindSimcanhandle,acellsizeof25m

wasn'tbepossible.Inordertomakethecell

sizeslightlysmallerthan50m,a“refinement”

optioninWindSimwasused.Thesmallest

cellsizeachievedwas30.5m.Iftherefinement

areaisselectedinthemap,asmallerconstant

cellsizeisappliedinsidetheareaandthe

cellsizesgraduallygetlargerastheyget

furtherawayfromthearea.Therefinement

areawassettobe1kmawayfromboththe

measurementmastandthepredictionposition

asshowninFig.4.

Fig.4.Topographicalmapforparametricstudyofcellsize.

AsshowninTable3andFig.5,the

resultshowsthatasthecellsizedecreases,

thewindspeedpredictionfrom WindSim

approachesthemeasuredvalue.Alsowhen

the cellsizes changed from 30.5m to

100.0m,thechangeinwindspeedprediction

waswithin2.36%.Althoughthechange

rateofpredictionlookssomewhatlarge,a

smallercellsizecouldn'tbeachieveddueto

thelargesizeofthemap.

CellSize

30.5 50.0 75.0 100.0

A=>B[5.09m/s] 5.09 4.97 4.9 4.8

ChangeRatefrom

5.09m/s[%]
- 2.36 3.73 5.70

B=>A[3.72m/s] 3.88 3.95 3.99 4.06

ChangeRatefrom

3.88m/s[%]
- 1.80 2.84 4.64

CellNumber[x10,000] 27.6 27.5 12.1 6.9

Cal.Time[hour] 30 21 8 4.3

Table3.Predictedwindspeedwithchangeincellsize.

Fig.5.Predictedwindspeedfordifferentcellsizesinx

andydirection.

Thereasonwhythewindspeedprediction

from theprogram isaffectedbythecell

sizeisthatthecellsizeisconsideredasthe

resolutionoftheterrainmodelwhichdepicts

theactualterrain.AsshowninFig.6,ifthe

cellsizeislarge,theresolutionoftheterrain

modelbecomeslow.Forflatterrains,the

lowresolutionoftheterraindoesn'tplaymuch

roleonthewindspeedpredictionbecause
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theactualterraincanbeaccuratelydepicted

bythelow resolutionterrainmodel.

Howeverforcomplex terrain,thelow

resolutionoftheterrainmodelwillactually

changethetopographyoftheterrainfrom

theactualtopographyoftheterrain,andasa

result,themountainsmightbecomesubstantially

lower.

Fig.6.Terrainaccordingtocellsize

This,intheend,affectsthepredictionof

theterrain.

The topography ofthe terrain model

neverbecomesexactlythesameasthatof

theactualterrainbecausethecellsizeis

finite.However,asthediscrepancydueto

thefiniteresolution decreases,thewind

prediction errorsassociated with itwill

decreasesandintheendwillbewithina

certainerrorlimit.

3.3Z-cellNumbersandHDF

Bothcellnumbersinzdirectionandheight

distributionfactorsarerelatedtothecell

size(resolutionofthesolution)inzdirection.

Theupperboundaryofthethreedimensional

solutiondomainisautomaticallydetermined

byWindSimhighenoughtoavoidablocking

effectonthewindflow.Incomplexterrain,

theupperboundariesoftenreachseveral

kilometers.Asmentionedbefore,theheight

distributionfactor(HDF)isdefinedasthe

ratioofthecellsizeatthegroundtothat

attheupperboundary.Theratioofthe

height/width/lengthbetweenthefirstand

lastcellaccordingtoHDFisdefinedas

[19]

∆ 



 

  

  




(4)

and

∆
 

∆ 
(5)

In Equations (4)and (5),L is the

distance overwhich the distribution is

applied,nisthenumberofelements(cells)

withinL,cistheheightdistributionfactor

andequalstoh1
*
,hn
*
,,h1

*
,isthesizeofthe

firstelement(height/width/lengthof

firstcell),andhn
*
-Thesizeofthelast

element(height/width/lengthoflastcell)

AstheHDF decreases,thecellsinz

directiongetclosertotheground.Therefore,

itdeterminesthecellsizesinzdirectionin

conjunctionwiththezcellnumbers.

Forwindenergyapplications,thesolution

especiallylowerthan500metersareimportant,

because the maximum heightfrom the

groundtothetipoftherotorbladeofmodern

multi-megawattwindturbinesislessthan

300meters.Moreover,forthisstudy,the

measurementheightsofthewindspeeds

anddirectionfrommeteorologicalmastsare

40and50meters,thereforeitisimportantto

findoutasuitablezcellresolutionrelatively
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closetotheground.

Forthesimulation,thecellnumberinz

directionwasfixedtobe30andtheHDF

wasvaried.Themapsizewas5km,and

thecellsizeinxandydirectionwas30.5

mwithrefinementoption,likebefore.Table4

showsthefirstfivecellheightsfrom the

groundinzdirectionforthreedifferent

HDFvalues.ForeachHDFvalue,Minand

Maxmeansthelocationswherethedistance

betweenthealtitudeofthegroundandthe

upperboundaryareminimumandmaximum,

respectively.Forotherlocations,thecellheights

inzdirectionarebetweenthevaluesofMin

andMax.

Distance[m]

1 2 3 4 5

1.0
Min 69.8 209.5 349.2 488.8 628.5

Max 89.0 267.0 445.0 623.0 801.0

0.5
Min 46.6 141.3 239.2 340.3 444.7

Max 59.3 180.0 304.8 433.7 566.7

0.01
Min 1.4 8.9 25.8 52.2 88.0

Max 1.8 11.3 32.9 66.5 112.1

Table4.CellheightinzdirectionwithvariousHDF

(HeightDistributionFactor).

TheresultisshowninTable5andFig7.

Ascanbeseeninthetable,thevariations

weresmallbutwhentheHDFwas0.01,

thewindspeedpredictionfrom WindSim

wastheclosesttothemeasuredvalue.As

thelowestcellheightdecreasesfrom69.8m～

89.0m to1.4m～1.8m,thepredictionerrors

decreased.AlsowhentheHDFreached0.1,

thelowestcellheightbecamelowerthan

thepredictionheight,andthechangesin

predictionvaluesforthecasesof0.1and

0.01inHDFwereverysmall.

HeightDist.Factor

0.01 0.1 0.5 1.0

A=>B(5.09m/s) 5.09 5.06 4.95 4.75

B=>A(3.72m/s) 3.88 3.88 3.99 4.11

CellNo. 2,764,000

Cal.Time(hour) 30

Table 5.Predicted wind speed with change in

heightdistributionfactor.

Fig.7.Predictedwindspeedfordifferentcellsizesinz

direction.

Forthez-cellsize,Thisisconsidereddue

tobethefactthataslongasthewindflow

solutionsareobtainedatthelowerand

uppercellscomparedwiththemeasurement

orprediction height,thesolution atthe

heightofinterestisobtainedsimilarlyby

interpolationregardlessofthenumberofcells

lowerthanthemeasurementorprediction

height.Therefore,whenthepredictionor

measurementheightsarelow,itisvery
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importanttoadjustthecellnumberinz

directionandtheheightdistributionfactor

tomakesurethatthefirstcellheightinz

directionislowerthanthepredictionor

measurementheight.

3.4RoughnessLength

The roughness length represents a

friction from the ground surface which

affectsthewindvelocity,anditvarieswith

differentstateoftheterrain.Generallywater

surfacehasthesmallestroughnesslength

andthecenterofalargecitysurroundedby

tallbuildingshasthebiggestroughness.

Forthisstudy,alltheanalysesaremade

forcomplexterrainasshownpreviouslyin

Fig.1.

Theroughnesslengthsrecommendedin

literatureforcomplexterrainareslightly

differentasshowninTable6.Thereason

whydifferentroughnesslengthsexistfor

complexterrainisthattheroughnesslength

ofcomplexterraindependsontheheights,

leavesanddensityoftrees.

Literature Rough.L.[m]

Dev.WindPow.Proj.[20] 0.3– 0.5

WAsP[6] 0.4

Int.WindE.Eng.[21] 0.5

Table6.Roughnesslengthvariationforforests.

Theroughnessalsodependsontheclimate

ofthecomplexterrain.Inotherwords,the

roughnesslengthisthelargestintheSummer.

Tofindasuitableannually-averagedroughness

lengthonforest,theparametricstudyof

roughnesslengthwasperformed.Theroughness

lengthwasvariedregularlywiththeinterval

0.1m from 0.3to0.5.

TheresultisshowninTable7andFig8.

Whenthepredictionofwindspeedwas

performedfrom siteA tositeB,thebest

resultwasobtained with theroughness

lengthof0.4m.However,fortheprediction

from siteBtositeA,thebestresultwas

obtainedwiththeroughnesslengthof0.5m

butthepredictionwasveryclosetothat

withtheroughnesslengthof0.4m.

Fig.8.Predictedwindspeedfordifferentroughness

length

RoughnessLength(m)

0.3 0.4 0.5

A=>B(5.09m/s) 5.07 5.09 5.13

B=>A (3.72m/s) 3.89 3.88 3.87

Table7.Predictedwindspeedwithchangein

roughnesslength
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3.5SuitableParameterSelection

TheselectedparametersforabetterWindSim

prediction,obtainedfromtheparametricstudy

arepresentedinTable8.

Table8.Selectedparameters

Parameter Value

1.MapSize 5km

2.x,yCellSize 30.5/34m

3.zCellNumbers 30

4.HeightDist.Factor 0.01

5.RoughnessLength 0.4m

Theywereusedforwindspeedpredictions

andtheresultsareshowninTable9.

Table9.Resultswithoptimizedparameters

MeasuredPredicted Error(%)

A=>B 5.09 5.13 0.78

B=>A 3.72 3.87 4.0

CellNo. 2,764,000

Cal.Time(hour)
ModelingSimulation Total

24 31.3 55.3

Asshowninthetable,theprediction

errorwas0.78% whensiteBwaspredicted

usingthedatameasuredatsiteA,andit

became4.0%whensiteAwaspredictedusing

thedatameasuredatsiteB.Considering

thatsitesAandBarelocatedincomplex

terrain,theresultsarefoundtobeexcellent.

Forthecalculationtime,ittookaboutthree

daystocompletetheWindSim simulation

withacomputerhavingaquadcoreprocessor,

16Gigabytesofmemory anda64-bit

operatingsystem.

4.VALIDATION

Foravalidationoftheresult,ameteorological

masthavingaheightof50mwasinstalled

atalocationnamedsiteCwithanaltitude

of876mincomplexterraininKoreaandthe

parametersobtainedfrom theparametric

studywereused.TheRIXvalueofsiteC

was37.80%,whichmeanstheterrainis

highlycomplex.Thepredictionsofwind

speedweremadeforCfrom bothA and

B.ThefirstcaseincludedsitesA andC

andwasnamedlocationI.Thesecondcase

includedsitesB andC andwasnamed

locationII.Descriptionsofthetwolocations

arepresented in Fig.9.Themeasured

annualwindspeedforsiteCwas4.22m/s.

Forthetwolocations,thetwositeswhere

meteorologicalmastsareinstalledareseparated

by21km and24.6km,respectively.

(a)LocationI

(b)LocationII

Fig.9.Topographyofapplicationlocations.
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ForthetwolocationsIandII,themap

sizesarelargerthan thatused forthe

parametricstudybecausethedistancebetween

thetwomeasurementsitesare21.0km and

24.6km,respectively,andthereforethecell

sizehadtobelarger.InWindSim,thecell

sizecannotbespecifiedbytheuserbut

ratherdeterminedbythemapsizeandthe

maximum allowablecellnumbers.Therefore

itcouldn’tbepossibletosetthecellsize

exactlythesameforalldifferentlocations.

Thecellsizewasselectedtobecloseto

75m forcomparison.Table10showsthe

parametersusedforthesimulation.

Table10.InputParametersforparametricstudyand

validation

Study LocationILocationII

MapSize(X*Ykm) 14x17 24x22 20x28

x,yCellSize 30.5x34.0 74.0x84.0 78.0x77.0

zCellNumbers 30 30 30

HDF 0.01 0.01 0.01

AsshowninTables11and12,forthe

twocases,thepredictionerrorswerewithin

6.9%.Thepredictionresultsareconsidered

excellentbecause the measurementand

predictionsitesareabout25km awayand

locatedbothincomplexterrain.

Table11.PredictionresultsforLocationI

Measured

(m/s)

Predicted

(m/s)

Error

(%)

A=>C 4.22 4.02 4.7

CellNo.(x10
3
) 195.7

CalculationTime(h)
Modeling Simulation Total

24 18.7 42.7

Table12.PredictionresultsforlocationII

Measured

(m/s)

Predicted

(m/s)

Error

(%)

B=>C 4.22 3.99 6.9

CellNo.(x103) 185.1

CalculationTime(h)
Modeling Simulation Total

24 14.1 38.1

Figure10showsthecontourmapsobtained

usingthedatafrom SiteAandSiteB.As

showninthefigure,thetworesultsare

consistentandveryclose.

Fig.10.WindResourcemap(Velocitycontour)

Table13showsthecomparisonsofthe

windspeedpredictionsfrom WindSim and

alinearcodecommonlyusedtowindspeed

prediction fora wind farm construction

[22].

Table 13.Comparison ofthe prediction resultswith

thosefrom alinearcode

Error(%)

WindSim

LocationI
LinearCode

A=>B 0.78 4.52

B=>A 4.0 15.32

A=>C 4.7 11.85

B=>C 6.9 7.58
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Thesamemapsizeandroughnesslength

withahigherresolutionwereused. As

canbeseenfrom thetable,thepredictions

from the CFD code were consistently

betterthanthosefrom thelinearcode.

Therefore,thisvalidatesthattheresults

from the parametric study are useful

enoughtobeusedforWindSim modeling

topredictwindspeedsincomplexterrain

inKorea. Also,itshowsthattheresults

from WindSim areaccurateinpredicting

windspeedsincomplexterraininKorea.

5.CONCLUSION

Investigationsonfindingsuitabledesign

parametersofWindSim anditsvalidation

forwindspeedpredictionincomplexterrain

ofKoreawereperformed.Meteorological

masts were installed to measure wind

speedanddirectionforoneyearatvarious

locations,and the data measured were

impliedfortheparametricstudy.Fourdifferent

inputparametersselectedwerestudiedto

findouttheoptimaldesignvaluesforwind

speedpredictions.Theresultsoftheparametric

studyareasfollows:

(1)Forthemapsize,thedistancefromthe

mapboundaryandthepredictionsite

wasfoundtobeatleastlargerthan5

kilometers.Thisisduetobethefact

thatthelogwindprofileboundarycondition

usedin WindSim produceserrorsin

predictingwindspeedsnearthemap

boundary.

(2)Forthehorizontalcellsize,itwasfound

thatforthecellsizelessthanabout

70m,thechangeinwindspeedprediction

wassmall(lessthan4%)althoughthe

cellsizewaschanged from 75m to

30.5m. The wind speed prediction

convergedwhenthecellsizebecame

about36m.However,whenthecellsize

changed from 75m to 30.5m, the

calculation timeincreased morethan

threetimes.

(3)ForthezcellnumberandtheHDF,it

wasfoundthatatleastthefirstcell

heightfrom thegrounddeterminedby

thetwofactorsshouldbelowerthan

themeasurementorpredictionheight

foraccuratepredictionofwindspeed.

Aslongasthefirstcellheightfromthe

groundislowerthanthemeasurement

heightandtheprediction height,the

predictionresultswerealmostthesame

althoughthesecondorthethirdcell

heightishigherthanthemeasurement

orpredictionheight.

(4)Fortheroughnesslength,valuesof0.3m

to0.5m wereconsideredbasedonthe

literatureandavalueof0.4mwasfound

tobethebestforthecomplexterrainin

Korea.

Forvalidationoftheparametricstudy

results,theparametersobtainedfromthestudy

wereappliedtopredictthewindspeedof

anothersiteincomplex terrain,andthe

resultswerecomparedwiththemeasured

data.Forallthecases,theWindSimprediction

errorsforwindspeedwerelessthan6.9%.

Alsothesepredictionerrorswerefoundto

bemuchsmallerthanthosefromthelinear

codecommonlyusedtopredictthewind

speedforawindfarm construction.The

resultsoftheproposedpracticalstudyare

believedtobeveryusefultowindengineers

formoreaccuratepredictionresultsand
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time-saving inpredicting windspeedof

complexterrainthatwillbeusedtopredict

annualenergyproductionofavirtualwind

farm incomplexterrain.However,inthis

studyonlyonesiteinKoreancomplexterrain

wereconsideredforvalidation.Therefore,

morevalidationstomoresitesincomplex

terrainarenecessarytoprovethefindings

inthisstudy.
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