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ABSTRACT

Thecountryorregionwhereenergyproductionisbasedonimportedcoaloroilwillbecomemore
self-sufficientbyusingalternativessuchaswindpower.Electricityproducedbythewindproducesno
CO2emissionsandthereforedoesnotcontributetothegreenhouseeffect.Windenergyisrelatively
labourintensiveandthuscreatesmanyjobs.Windenergyisthemajoralternativeofconventional
energyresources.Awindturbinetransformsthekineticenergyinthewindtomechanicalenergy
inashaftandfinallyintoelectricalenergyinagenerator.Theturbinebladeisthemostimportant
componentofanywindturbine.In thisarticle isconsideredthesingleairfoilNationalAdvisory
CommitteeforAeronautics(NACA)0018andacomputationalfluiddynamics(CFD)analysisis
doneatdifferentbladeangles0º,10º,15º,and30ºwithawindvelocityof4m/s.Theanalysisresults
showthatabladeangleof10ºgivesthebestpossiblepowerandpressureandvelocitydistributions
areplottedforeverycase.
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INTRODUCTION

Reducingcarbondioxideemissionsisamajorcontributingfactorinalternativeenergyproposals.In
theUnitedState(US)averagefuelmix;about1.5poundsofCO2areemittedforeverykilowatt-hour
thatisgenerated.Electricityconsumptionaccountedformorethan2.3billiontonsofCO2in2006.
Thisaccountedfor39.5percentofthetotalemissionsfromhumanresources,accordingtotheUS
DepartmentofEnergy.Coal-firedplantsalonereleasedover1.9billiontons,whichisone-thirdof
theUStotal.TheUSDepartmentofenergyalsoprojectsthatCO2emissionsfrompowergeneration
willincreaseby19percentbetween2007and2030.Thisisduetoneworexpandedcoalplants.A
single750KWwindturbineproducesroughly2millionkilowatthoursofelectricityannually(James,
2009).Generationofpowerfromrenewableenergyresourceshasbeenextensivelyincreasedinseveral
countriesduetoenvironmentalissuesandfossilenergytrouble.Inwhichthehighgenerationlevelof
renewableresourcesgivesnewopportunitiesandchallengesforpowersector(Alhelouetal.,2015;
Alhelou&Golshan,2016).Oneproblemisthatwindenergycanonlybeproducedwhennaturesupplies
sufficientwind.Thisisnotaproblemformostcountries,whichareconnectedtobiggridsandcan,
therefore,buyelectricityfromthegridintheabsenceofwind.Itis,however,anadvantagetoknow
inadvancewhatresourceswillbeavailableinthenearfuturesothatconventionalpowerplantscan
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adapttheirproduction.Nowadaysinupcomingsmartgrids,keepthesenseofbalanceamongthe
electricaldemandandproduction.Electricenergywouldbethemainconcernduetotheuncertainties
ofbothrequirementandproductionofelectricalenergyfromrenewableresources(Alhelouetal.,
2018;Makdisieetal.,2018).Reliableweatherforecastsaredesirablesinceittakessometimefora
coal-firedpowerplanttochangeitsproduction.Combiningwindpowerwithhydropowerwouldbe
perfectsinceittakesalmostnotimetoopenorcloseavalveattheinlettoawaterturbineandwater
canbestoredinthereservoirswhenthewindissufficientlystrong(Spera,1994).Windmachinehas
adoptedthetechnologydevelopedfortheconstructionofairplanewingsandairplanepropellerblades
andaddedsomeingeniousideasoftheirownleadingtoanewanduniquespecializedtechnology.
Windmachinesoperateinanenvironmenttotallydifferentfromtheairplanewingscharacterizedby
continuouslychangingwindspeedsanddirection.Sincethepowercontainedinamovingairstream
isproportionaltothesquareoftherotordiameterandtothecubeofthewindspeed,therotorblades
mustbecarefullydesignedinordertooptimallyextractthispowerandconvertitintotorquethat
drivestheelectricalgenerator.Windturbinescomeindifferentsizesandtypes,dependingonpower
generatingcapacityandtherotordesigndeployed.Smallwindturbineswithoutputcapacitiesbelow
10kWareusedprimarilyforresidences,telecommunicationsdishes,andirrigationwaterpumping
applications.Themajorresponsibilityofapowersystemistoconstantlyprovidethedemandedelectric
energywithasuitablevalueofservice.Whentheproductionislower/higherthantherequirement,the
frequencywillgounder/abovethenominalvalue,tomaintainthepowerbalancethepowersystem
isused(Finietal.,2016).

Mainobjectiveofthisarticleistoobtainoptimumpoweroutput.Windenergypresentsseveral
challengesinordertogenerateelectricity.Powerproducedfromthewinddependsonwindvelocity.
So,atconstantwindspeed,constantpowercanbeobtained.Ifconstantwindspeedisnotthereat
thattimeconstantpowercanbeobtainedbyprovidingmechanism,i.e.bychangingthebladeangle
uptocertainlimit.Thisworkseekstodevelopthedesignoptimizationforwindturbinerotorblade.
Byanalysisoftherotorbladeshowswhichbladeanglegiveoptimumpoweroutput.CFDsimulation
ofbladehelpstopredictpower,pressuredistributionoverthesurfaceofairfoilandforceactingon
it.Therearevariousbladesimulationsoftware’scommerciallyavailableinthemarket.Inthiswork
AnsysCFXsoftwarewasusedforsimulation.

METHODOLOGy

AirfoilSystem-Anairfoilistheshapeofawing,blade,anairfoil-shapedbodymovedthroughafluid
producesanaerodynamicforce.Thecomponentofthisforceperpendiculartothedirectionofmotion
iscalledlift.Thecomponentparalleltothedirectionofmotioniscalleddrag.Thenomenclaturesof
airfoilsystemare(Chandrala&Choubey,2013)(Figure1).

• Chordlength-lengthfromtheLeadingedge(LE)totheTrailingedge(TE)ofawingcross-
sectionthatisparalleltotheverticalaxisofsymmetry.

• Meancamberline–halfwaylinebetweentheupperandlowersurfaces.
• LE-thefrontmostpointonthemeancamberline.
• TE-themostrearwardpointonthemeancamberline.
• Camber - maximum distance between the mean camber line and the chord line, measured

perpendiculartothechordline.
• 0camberoruncambered-meanstheairfoilissymmetricaboveandbelowthechordline.
• Thickness-thedistancebetweentheuppersurfaceandlowersurfacemeasuredperpendicular

tothemeancamberline.
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