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ByF.B.GuetafsonandAJ.fredGessow

Performancedataona helicopterrotorwereobtainedinflight
overa rangeofcomblnationsofthrustcoeffiotentandtip-speed
ratiosvhichincludedoom.inationeintendedtoresultinblade
stalli~.Thedatathusobtainedwereana2yzedbyplottingtheratio
ofmeasuredvaluesofrotorprofiledrag-llftratiototheoretical
valuesagainstthecalculatedanglesofattackatthetipofthe
retreatingblade.Thetheoryused.forcalculatingthedrag-lift
ratiosintentionallyomitsanyallowanceforstalling.Thisratio
isclosetounityuntila tipangleofattaakofabout12°isreached;
thenitrisesabruptlyandreachesa value of about2 at16°.Whereas
thepilotwasabletohandlethehelicopteruntiltheblade-section
stallangleintheregionofthetipwasexceededbyabout4°,the
performancelossesbegaaaboutastipstallingsetin.

Thestudy furtherindicatedthatthecalculatedangleofattack
oftheretreatingtipshouldbea usefulparameterinconnectionwith
boththeoreticalandexperimentalstudiesof”helicopterperformance,
inasmuchasitisshowntodefineadequatelytheconditionsatwhich
stallinglossessetinfora rangeofcombinationsofthrustcoeffi-
cientE@ tip-speedratio.

INTRODUCTION

A questionconcezmingrotor-bladestalling;whichhasappeared
towarrantrfurtherexperimentalstudy,istheeffectonpowerrequired.
Itisofinteresttoknowwhetherstallingmateriallyreducesrotor
efficiencybeforetheoyeratinglimitationduetovibrationandloss
ofoontrol(seereferenoe1)isreachedascalculationsmadebythe
weighting-curvemethodofreferenoe2 indiaated.Datasubstantiating
thispredictionhavebeenobtainedbytheLangleyFlightResearch
Divisionandarepresentedherein,
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APPARATUSANDMETHOLX3,.

Themeasurementsweremade’ontheSikorskyENS-1(A~YR-kB)
helicoptershownin.fi~re1 anddescribedinreference3, equipped
witha plywood-coveredsetofmai-rotorbladeswhichincorporated
-80oflineartwtst(tippitchlowert@n rootpitch).Theseblades
havea relativelylowsolidity(0.042).TheairfoiJseotionusedis
a reflexedNACAi?3015profilewhichdifferedmateriallyfromthetrue
sectionasregardsleading-edgeshapeandmaximumthickness,although
allflatsanddepresslorisWen”faiiddoutwithfiller.These
deviationsfromthetruecontourprobablyappreciah~reducedthe
stal.ling”angleforthisqirfoilsection.Wind-tunneldataonsample
airfoilsectionsrepresentingtheactualcontourarenotavailable
butarenotessentialforthepurposeofthepresentpaper.A .
c“ompletelisting.ofthequantitiesmeasuredenda d&scriptionofthe
methodofreductionofdataaregiveninreference3. A detailed
descriptionoftherotorbladesIsgiveninreference4.

..
:.- -:msT”cmmicoNs,. ,,

DatawereobtainedforthrustcoefficientsCT rangingfrom
0.0040to0.0060andtip-speed”ratiosL ranging~rom0.11to0.24.
Thecombinationsofthrustcoefficientandtipspeedratiowere
initiallychosentoproduoecalculatedtip.anglesofattackofthe
retreatingbladem(l,o)(~oo

1
of16°o.rless,tid”thepilotts‘“

commenteconcerning,thesevarousCombinationsshowedthatthis
limitationcouldn& beexceeiled.withoutexcessivevibrationand
controldifficulties.

-.
—

ANALYSISOFMTA

Inordertoseparatetheeffeoteotstallingfromtheeffects
ofthrustcoefficientandtip-speedratioanticipatedwithoutstalling,
thedatahavebeenanalyzed?Jyplottingtheratioof–measuredva%~ee
ofdrag-liftratios(D/L)% totheoreticalvalues(D/L)o+against
calculatedtipangle.(Seefig..2.) Thetheo~usedfor“calculating
thedrag-liftratiosintentionallyomitsanyallowanceforstalling.
Thesevalueswere’obtainedfromunpublishedtheoryparallelingthat
given1Preferencej butworked’outfortheappropriateblade twist.
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RESULTSANDDISCUSSION

Figure2 indioatesthattheratioofe~erimentalvaluesof
profiledrag-liftratiostotheoreticalvaluesisclosetounity
forcalculatedtipanglesofattackbelowabout12°,Ashigher
tipanglesarereaohedthescatterincreasesandtheratiorises;
a valueofabout2 isindicatedfora tipangleof160.Limited
cameraobservationsoftuft acttonwhichparalleledthosein
reference1 weremadeinordertoestablishthecorrelationbetween
thisriseandtheoccurrenceofbladestalling.Theseobservations
weresufficienttoindicatethatstallingbeginsontheouter(and
mostimportant)partofthebladeata calculatedtipangleOfabOUt
12°andthatthispartofthebladeisstalledforaboutone-quarter
ofeachrevolutionata tipangleofL60.

Thedataoffigure2 shownoapparentdifferenceincorrelation
forthevariousthrustcoefficients;thus,thetipangleforwhich
stallinglossesbeginappearstobea uniquevalue,unaffected
(withinthelimitsoftheexperimentalaocuraoy)bytheparticular
combinationofthrustcoefficientandti~peedratiowhichproduces
it. Also,thescatteroftheratiosbeforethetipanglefor
stallingisreachedisgenerallyquitelowinasmuchasthedeviation
fra themeanformostofthese~ointsrepresentsonlyabout1 or
2 percentofthetotalroto~haftpower,whichistheminimum
experimentalerroranticipated.Othermethodsofplottingwhioh
weretried,suchasmeasuredprofiledrag-liftratioagainsttip-
speedratioforarbitra~groupsofthrustcoefficients,showed
relativelylargeapparentscatter,mostofwhichisactuallydueto
stilling,Itisconcludedthatthemethodusedinfigure2,sad
mostparticularlytheuse ofthecal.oulatedtipangle,shouldbe
valuableinanalyzingexperimentaldatawheneverstalling.losses
areanticipated.

Figure3 showshowthetheoreticalvariationofrotordrag-lift
ratiowithtipangleofattackfora tip-speedratiov of0.25
wouldbemodifiedbyanallowanceforstallinglossesbasedon
figure2. Th6choiceof u = 0.25 ispertinentbecauseitrepresents
themaximumvaluereachedinthesetestsandbecausetheoryshowsit
tohenearlyoptimumasre~rdsprofiledrag-liftratio.Thecharts
ofreference5 andthecorrespondingunpublishedchartsfor-8°twist
indioatethattheslopeofthecurveoffigure,3withstallinglosses
omitted(solidline)maybeconsideredtypicalforthetippeed
ratiosandpowerloadingsreachedwithourrenthelicopters.The
lossesduetostallingarethenseentooutweighgreatlythegains
otherwiseanticipatedframuseofhigherblade-seotiontipanglesof
attack?
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It issignificantthat,whereasthepilotwasabletohandlethe
helicopteruntilthestallangleintheregionofthetipwasexoeeded
by approximately4°,theperformancelossesbeganaboutaatip
stallingsetin, Further,sincetheoptimumprofiledrag-liftratio
isshowntoocourapproximatelyasetallingsetsin(fig.3), the
linesofconstarittipangleofattack,whichwereoriginallyputon
thetheonticaldrag-liftratiochartsofreference5 aslimitingthe
applicationofthethe.ory~areseentobeapplicableaslinesof
o@num perfomanoeaswell.

CONCILEXONS

Forthehelicopterrotortestedandfortherangeofcombinations—
ofthrustcoefficients.@tip-speedratiodovered,the’analysis
indicatedthefollowingconclusions:

.- .
1,Whereasthepilotwasabletohandlethehelicopteruntil

theblade-sectionstallangleintheregionofthetipofthe
retreatingbladewasexceededbyaboutho,theperfomanoelosses

1-

duetostallingbeganaboutastipstallingsetin. Theprofile-drag
lossesapproximatelycloubledbythetimethelimitationresulting
fromexcessivevibrationandcontroldifficultieswasreached.

2.Calculationofconditionscorrespondingtoa fixedvaluedf
theangleofattackoftheretreatingbladg_tipisa usefulapproach
indeterminingtheconditions-foroptimumperformanceaswellasin
limitingtheapplicabilityoftheoreticaltreatments@cklngspecifio
albwanoeforstalling losses. — —.

3. Aplotoftheratioof,experimentalvaluesofprofiledrag-
liftratiostotheoreticalvaluesagainstt~ecalculated.a@e of ._..
attackofthetipofthe”-ketreating”bladetg%neffec~lve_&&u%d
analyzingexperimentalmeasurementsofrotorperformancewhenstalling
lossesarean%loipate~. .—

.

IangleyMemorialAeronauticallaborato~
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,February13,1947 .-
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HelicopterRotcrinForwardFlight,
forUntwistedRectangularBlades.
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Figure 1.- Helicopterequippedwithatwisted,plywocd-coveredsetof
A-rotor blades.
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Figure 2.- Variation of the ratio of measured valuea of rotor-profile drag-lift ratio M

(D/L)~ with the calculated angle of attack of the retreating
l-:

to theoretical valuee y

(D/L)ot N

blade tip U(l.0)(270°)-
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r’igure3.-Vmi.a~icm of%~etheoreticalrotorprofile
calculated~le ofattaok of there~reatlngblade
P = 0.25.
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