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Abstract

복잡지형에서의 풍력단지 CFD모델링을 통한 시뮬레이션 결과가 이 논문에 주어졌다.이 연구를 위하여 작은 산(오

름)들로 둘러싸인 제주도 성산 풍력단지가 선택되었고,두 개의 주풍향에 대하여 ANSYSCFX로 시뮬레이션 하였다.

격자생성을 위하여 실제 지형데이터가 사용되었고,풍력발전기와 복잡지형으로부터 발생하는 후류효과를 예측하기 위

하여 SST난류모델 및 액추에이터 디스크 모델이 적용되었다.그 결과,성산 풍력단지 주변에 있는 작은 산 및 풍력발

전기에서 발생하는 후류의 영향은 3∼7km계속된다고 예측되었다.또한 그 후류는 풍속 및 난류강도에 상당한 영향

을 미치고 있다고 예측되었다.
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NOMENCLATURE

u :windvelocityprofile(m/s)

u* :frictionvelocity(m/s)
k :VonKarmanconstant

z0 :aerodynamicroughnesslength(m)

z :heightabovegroundlevel(m)

Cμ :standardmodelconstant

w :eddyfrequency(s
-1
)

e :eddydissipation(m
2
/s
3
)

V :windspeed(m/s)

Vref :referencevelocity(m/s)

k :turbulencekineticenergy(m
2
/s
2
)

[논문] 한국태양에너지학회 논문집

Journal of theKorean Solar Energy Society

Vol. 31, No. 5, 2011

ISSN  1598- 6411

투고일자 :2011년 6월 28일,심사일자:2011년 7월 5일,게재확정일자 :2011년 9월 15일

교신저자 :고경남(gnkor2@cheju.ac.kr)



[논문]한국태양에너지학회 논문집

한국태양에너지학회 논문집 Vol. 31, No. 5, 2011 20

1.Introduction

Windenergytechnologyisoneofthe

fastestgrowingtechnologiesinnew and

renewableenergy.Averageannualinstalled

windpowercapacitywas27.8% overthe

pastfiveyears.Windpowerisestimatedto

provide1.92% oftheworld'selectricityin

2011,andtobeabletomeet9.1% ofthe

world'selectricitydemandsby2020.
[1]

InEurope,wherewindenergytechnology

isleadingthewayintheworld,asimple

WAsPmodelwasdevelopedformicrositing

inaprospectivewindfarm,andnowmany

researchersandwindfarm developersare

usingtheWAsPmodelforestimatingthe

powerproductionofapotentialsite,and

finding better positions for each wind

turbinetoobtaingreaterpowerproduction

inmanycountries,includingSouthKorea.

HoweverastheterraininSouthKoreais

consideredcomplex,itmightbeaproblem

toapplytheWAsPmodeltomosttypesof

terraininSouthKorea.Thisisbecausethe

simplerrapidmodelssuch asin WAsP

havedifficultiesin accurately estimating

windspeed,turbulenceintensity,evenelectric

powerproductiononcomplexterrain.Ifthere

aremanywindturbinesinawindfarm,itis

moredifficulttopredictthesevariablesdue

towindturbines'downstream wake.

To estimatewind characteristics over

complexterrainandbehindwindturbines

moreaccurately,analysesusingComputational

Fluid Dynamics(CFD)havebeen made

ratherthanthoseusingaWAsPmodel.
[2-5]
In

SouthKorea,however,therehavenotbeen

manyinvestigationsusingCFDtechniquesto

applytowindfarmdesignovercomplexterrain.

AsafirststeptoapplyingCFDtechnique

tocomplexterraininJejuIsland,South

Korea,thispresentstudyaimstopredict

windspeedandturbulenceintensityusing

ANSYSCFXsoftwareattheSeongsanwind

farm onJejuIslandwhichisconsideredto

havebeensetuponcomplexterrain.

2.Sitedescription

ThelocationoftheSeongsanwindfarm

onJejuIslandisshowninFig.1.The

Seongsanwindfarm islocatedineastern

inlandpartofJejuIsland.Asshowninthe

figure,there are some hills,which are

called'Oreum'bylocalpeople,aroundthe

windfarm.Becauseofthehills,theSeongsan

windfarm isconsideredtobesetwithin

complexterrain.Atpresent,thewindfarm

hastenwindturbines.Itusedtohavesix

windturbinesbeforethesummerof2010,

withwhichthisinvestigationwasperformed

asthefirststeptoapplyingCFDtechnique

toarealwindfarm.Thetypeofthesix

windturbineswasVESTASV80-2.0MW

withhubheightof78m.

Fig.1LocationofSeongsanwindfarmonJejuIsland

Fig2.showswindroseatSinsanmeteorological

observatory,whichisabout7km southof

Seongsanwindfarm.Twoprevailingwind



EstimationoftheWakeCausedbyWindTurbineandComplexTerrainbyCFDWindFarmModelling/Ko, Kyung-Nam 외

Journal of the Korean Solar Energy Society Vol. 31, No. 5, 2011 21

directionsarefrom thewest-north-west

(300deg.)andthewest(270deg.),which

wereconsideredasdirectionstoanalyzefor

thisstudy.Thewindspeedof12m/sat60m

abovegroundlevel,usedasthereferencewind

speed,wasinputastheinletconditionbecause

itwasexpectedtoresultinobtainingcleareffect

ofthewakesbehindwindturbinesandhills.

Fig.2WindroseatSinsan,whichisabout7km

southofSeongsanwindfarm

Thetriangulationalgorithm[6]wasimplemented

tocreateterrainrepresentationbasedon

realterraindataonandaroundtheSeongsan

windfarm.Tocreatethemesh,12,000m of

radiusand1,000m ofheightweregiven,

andhorizontalandverticalgridresolution

were30m,respectively.Toobtainmoreaccurate

simulatedvalue,7mand7mweregivenforthe

firstandthesecondverticallayerthicknesses.

Theverticalexpansionfactorwas1.3.

Fig.3Meshforcomputingwindcharacteristics

distributioninSeongsanwindfarm

Though there was a little difference

betweentherealhubheightandthegrid

height,itwasignoredbecausetheerrordue

tothatwasexpectedtobesmall.Thenthe

surfacemeshwasprojectedontotheterrain

representation.Thefinalnodesandelements

were6,194,154and6,636,409for300deg.of

winddirection,and4,639,679and4,725,857

for270deg.ofwinddirection,respectively.

Also,theaerodynamicroughnesswasset

to0.03m whichcorrespondstoroughness

class1.Themesh forcomputing wind

characteristics distribution in Seongsan

windfarm isshowninFig.3.

3.Physicalmodels

TheflowwascomputedusingtheReynolds

AveragedNavierStokesequationsimplemented

inANSYSCFX12.1.ShearStressTransport

(SST) w-k turbulencemodelwasusedin

thisstudy.Theinflowboundaryconditions

wereinputusingprofilesasfollows:
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wherethefrictionvelocityu*isaprescribed

referencevelocityatareferenceheight.k

istheVonKarmanconstant.z0andzare

theaerodynamicroughnesslengthandthe

heightabovegroundlevel,respectively.Cμ

isastandardmodelconstantwithavalue
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of0.09.Theeddyfrequencyw canbeobtained

inANSYSCFXbasedonequation(3).

Toprovideapracticalmodelforcalculations

withmanywindturbines,anactuatordisk

model
[7]
wasusedinthisstudy.Eachwind

turbinewasrepresentedbymomentumsink

thathasconstantthrustpervolumeatdisk

location.Sowindturbinethrustcurveis

neededtocomputethewakeeffect.

4.Simulationresults

Normalizedvelocity,Vnormalized,andturbulence

intensity,TI,werecomputed throughout

thedomain,whichareexpressedby:

ref
normalized

V

V
V = (4)

V

k

TI 3

2

= (5)

whereVisthewindspeedatalocation,and

Vrefreferencevelocity.k istheturbulence

kineticenergy.

Fig.4showsnormalizedvelocitydistribution

athubheightunderwinddirectionof300

deg.Thelocationsofwindturbinesare

illustratedby (+),andthewindturbine

numbersarealsopresentedinthefigure.

Firstofall,the locations ofhills are

identifiedcomparativelywellinthefigure.

Thewakesbehindsomehillsextendover

severalkilometers,which hardly affect

windturbinesinthewindfarm.Although

therearesomehillsupwindofnumber4,5

and6windturbines,theyscarcelyaffect

thewindturbinesbecauseofthelowheight

ofthehills.

Thewakefromsomeofthewindturbines

haveadirecteffectonotherwindturbines.

In particular,number2windturbineis

consideredtobestronglyaffectedbythe

wakedownwindofthenumber4windturbine.

Turbulenceintensity distribution at

hubheightunderwinddirectionof300

deg.isshowninFig.5.Overallaswind

speed is high atany particularregion,

turbulenceintensityislow atthatregion.

Fig.4Normalizedvelocitydistributionathubheightabove

groundlevelunderwinddirectionof300deg.

Fig.5Turbulenceintensitydistributionathubheightabove

groundlevelunderwinddirectionof300deg.
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Strongturbulenceintensityisfounddownwind

ofsomehills.Thecumulativeeffectofthe

wakewascreateddownwindofnumber1,

2and3windturbinesbecausethewind

turbineswere closeto each other,and

furthermorenumber4windturbineexisted

upwindofthethreewindturbines.

Fig.6showsverticalnormalizedvelocity

profiles at the position of each wind

turbine.ThezAGL inthefiguremeans

heightabovegroundlevel.Duetotheeffect

ofactuatordiskmodelwhichisapplied

between38mand118mabovegroundlevel,

momentum lossesareobviouslyidentified

atthatposition.Thenumber2windturbine

had the lowestwind speed ofallthe

turbinesbecauseitwasaffectedthemost

bythewake.Ontheotherhand,thenumber

6windturbinehadthehighestwindspeed

becauseitwashardlyaffectedbythewake.

Fig.7representsverticalturbulenceintensity

profiles at the position of each wind

turbine.Thetrendisoppositetothatof

normalizedvelocity.Thenumber6wind

turbinewhichhadthelowestturbulence

intensityinalltheturbines,hadabout9.3%

ofturbulenceintensityathubheightof78m.

Thehighestturbulenceintensityoccurredat

thenumber2windturbine,whosevalue

wasabout10.8% athubheight.

For270 deg.which was the second

prevailingwinddirection,normalizedvelocity

distribution isdisplayed in Fig.8.The

velocitydeficitanditsdissipationdownwind

ofthewindturbinesandsomehillsare

clearlyobserved.Thenumber2and3wind

turbineswereaffectedbythewakebehind

number1windturbine,andthenumber5

and6windturbineswereaffectedbythe

wakebehindnumber4windturbine.In

particular,number1windturbineiswithin

thewakedownwindofhills,whichmeans

velocitydeficitoccursintheregion.

Fig.9showsturbulenceintensitydistribution

athubheightunderwinddirectionof270

deg.Duetotheeffectofhillsandwind

turbinesupwindofanotherwindturbine,

turbulenceintensity becamehigherthan

normalandpersistedforabout3∼7km.

Verticalnormalizedvelocitiyprofilesat

thepositionofeachwindturbineunder

winddirectionof270deg.areshowninFig.

10.Overallwindspeedsinthefigureare

lowerthanthoseinFig.6whichrepresents

windspeedsunderwinddirectionof300

deg.Thehighestwindspeedoccurredat

number4windturbinebecausetherewere

nohillsandwindturbinesupwindofitself.

Ontheotherhand,number2windturbine

had the lowestwind speed ofallthe

turbinesbecauseofthecumulativeeffectof

thewakesdownwindofthenumber1wind

turbineandhillscreatinganoverallwake.

Fig.6Verticalnormalizedvelocityprofilesattheposition

ofeachwindturbine
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Fig.7Verticalturbulenceintensityprofilesattheposition

ofeachwindturbine

Fig.8Normalizedvelocitydistributionathubheightabove

groundlevelunderwinddirectionof270deg.

Fig.9Turbulenceintensitydistributionathubheightabove

groundlevelunderwinddirectionof270deg.

Fig.11showsverticalturbulenceintensity

profilesatthepositionofeachwindturbine

underwinddirectionof270deg.Overall

turbulenceintensitiesarehigherthanthose

inFig.7.Turbulenceintensityofthenumber

2windturbinewasshowntobethestrongest

inthefigure,whilethenumber4windturbine

hadtheweakestturbulenceintensity.The

reasonisthesameasthatshowninFig.10.

Fig.10Verticalnormalizedvelocityprofilesatthepositionof

eachwindturbineunderwinddirectionof270deg.

Fig.11Verticalturbulenceintensityprofilesattheposition

ofeachwindturbineunderwinddirectionof270deg.
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Forthenumber2windturbinewhichhad

thestrongestturbulenceintensityandthe

lowestwindspeedunderwinddirectionof

270deg.,normalizedvelocitydistributionin

averticalplanewasexamined.Theresult

isshowninFig.12.Thenumber2wind

turbineisillustratedasablacksymbol(+)

and is located between number1 and

number3windturbine,whoselocationsare

denoted by one horizontal black line,

respectively.Thewakedistributionbehind

number2windturbineisobviouslyidentified.

Wherethelinesofthe(+)intersect,this

denotesthehubofwindturbine.A very

low windspeedregionexistsunderhub

heightjustbehindthewindturbine,which

persistsforabout150m.Thewakebecomes

weakerandweakerthefurtheritgetsfrom

thewindturbine.

Fig.12Normalizedvelocitydistributioninaverticalplane

atnumber2windturbineunderwinddirectionof

270deg.

Fig.13showsturbulenceintensitydistribution

inaverticalplaneatnumber2windturbine

underwinddirectionof270deg.Turbulence

intensitydistributionissimilartonormalized

velocity distribution in Fig.12,and the

valueshaveoppositetrendstoeachother.

5.Conclusions

UsingANSYSCFXsoftware,theeffect

ofcomplexterrainandthewakebehind

windturbineswasinvestigatedforSeongsan

windfarmofJejuIsland.Theresultsareas

follows.

1.Thewakesdownwindofhillsandwind

turbinesareestimatedtoresultinwind

velocitydeficitandenhancedturbulence

intensity.

2.ThehillsaroundSeongsanwindfarmare

estimated to cause significant wake

whichpersistsforabout3∼7km.

3.Itisnecessarythatthewakemodelin

thisstudyshouldbevalidatedunderthe

terrainofSouthKorea.

Fig.13Turbulenceintensitydistributioninaverticalplaneatnumber

2windturbineunderwinddirectionof270deg.
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