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SUMMARY

Resultsarepresentedofvibratory-stress

0.82

ONA

measurementsobtainedin
flightona propellerdesignedforan advanceratioofk.0anda forwsrd
Mch numberof0.82.

Thevibratorybendingstresswaslowthroughouttheflightrange.
Themaximumstresswasonly*3,700poundspersquareinchat a forward
Machnumberof0.66. Bendingstresswasprimarilyonce-per-revolution
(l-P)forMachnumbersup toO.8+.ForhigherWch rmdersthestress
assumesa morecomplicatedwaveshapeas itapproachesa minimum.

Themaximumtorsionstressoccurredduringa groundruninwhich
thebladewasstalled.Thebladewasflutteringbutitwassufficiently
stiffto keepthestressbelowf5,000poundspersqusreinch.Themaxi-
mumtorsionalstressmeasuredin flightdidnotexceed+1,000pounds
persqusreinch.

INTRODUCTION

Airplanepropellersdesignedto operateefficientlyathighsub-
sonicMachnumberssrecharacterizedby thinbladesection~operating
atnesr-optimumadvanceangle.A propellerenibdyingbothofthese
chqacteristicsisreportedon inreferences1 and2. Somerelaxation
oftherequirementof optimumadvanceanglehasbeenshowninreference3
tohavelittleeffectontheefficiency.Althoughtheoptimumpropeller
ofreference1 isefficient,it is quitenoisy.Thepropellerofrefer-
ence3, operatingathigherthanoptiu advmceaqej iSmuchWieter
becauseofitslowertipspeed.Inan efforttoreducethenoisefurther
andat thesametimeto findan endpointintherelaxationofthe
requirementofoptimumadvanceangle,thepresentpropellerwas
investigated.
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Thevibratorystressesofmajorimportancearethe1-Pandstall

flutterstresses.The1-Pstressisthestressthatoccursonceper
revolution,causedby theoscillatingaerodynamicloadimposedonthe

d

propellerasa resultof inclinationofthethrustsxis(refs.4 and5).
Theuseofthinbladesectionsresultsina moreflexibleblade,which
inturnlowersthenaturalbendingfrequencytoa valueclosertothe
operatingrotationalspeedwithattendantmagnificationofthe1-Pstress.
Useofthinbladesresultsinlowvaluesoftorsionalfrequencyandthus
makestheblademoresusceptibleto stallflutter(ref.~).

Thepropellerofthisinvestigationwasdesignedforan advsnce
ratioof4.0,comparedwith2.2and3.2forthepropellersofrefer-
ences1 and3. A similarthicknessdistributionwasused(2percent
at 0.75radius)andinadditionthebladeswerecambered,whereasthe
bladesofreferences1 and2 weresymmetrical.Becauseofthelimited
rotationalspeedsavailablethepropellerdiameterhadtobe reduced,
sothatonly25percentofavailablepowercouldbe absorbedefficiently
undertake-offconditions.

Thisreportpresentsflightmeasurementsofthevibratorybending
andtorsionstresses,whichareindicativeofthe1-Pandflutter

fora propellerwithanadvanceratioof4.0. ResultsareWe-
.

stresses,
sentedforlevel-flightconditionsatapproximately30,000feetand

—

forwardmchnumbersup to 0.96. b
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SYMSOLS

localangleofinclinationofthrustexiswithflreestresm
atpropellerplane,deg

bladechord,ft

designliftcoefficientofpropeller

propellerdiameter,ft

bladethickness,ft

free-stresmMachnumber

dynamicpressure,lb/sqft

radiusofanelementonbladefimncenterlineofrotation,ft

bladeangle,deg
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EQuIelYIENT

Thepropellerisa three-bladeconfigurationof6.&foot dis.meter,
designedfora forwardMachnumberof0.82smdan.advanceratioof4.0.
ThebladesareofsolidsteelmachinedfromSAX4340steel.forgingsand
havea rectangularplanformwithNACA16-seriesairfoilsections.The
designliftcoefficientisO.~ outboardof the35-percentradiusstation.
Thethiclmessvariesfrom0.077chordat the35-percentradiusstation
to0.02chordat the80-percentradiusstation,andthenhasa constant
valueof0.02chordto thetip. Theblade-formcurvesareshownin
figure1.

Thepropellerhasan experimentallydeterminedfirstnatural(non-
rotating)bendingfrequencyof28.3cpsanda firsttorsionfrequency
of115Cps.

Thepropellerwastestedin conjunctionwithan ellipticalspimner
thatwas55 incheslongand30.2inchesindiameterat thepropeller
plane.A photographof thespinnerandpropellerispresentedinfig-
ure2. Thebladesealsshowninthephotogapharealinedwiththe
spinnersurfaceat thedesignadvanceratiotoprovidean aerodynamically
smoothsurface.

ThetestvehiclewastheXF-88Bpropeller-researchairplane.Gen-
eralspecificationsoftheairplanecanbe foundinreference1. A
turbopropenginedrivesthepropellerat 1,710rpm. An overallview
oftheairplaneispresentedinthephotographoffigure3.

INSTWMENTATION

Onsofthepropellerbladeswasinstrumentedwithfourstrain-gage
bridgesformeasuringvibratorybendingstrainandonebridgeformeas-
uringvibratorytorsionslstrain.Thebridgeswerelocatedontheblade
centerline,withthebendinggagesat the35.0-,37.5-,38.7-,and
kl.1-percentradiusstationandthetorsiongageat the72.5-percent
radiusstation.Thegageswerelocatedsoas tobracketthepositions
ofmaximumvibratorystressthatwerecalculatedby themethodQf
reference6.

A four-componentstrain-gagebridgewaslocatedat eachstrain-
measuringstation.Thefourgageswereusedtoacquirethedesired
outputsensitivityandto cancelgageoutputsdueto centrifugalfQrces
andminimizetheeffectoftemperaturechanges.Theoutputofthestrain-
gagebridgeswasrecordedonan oscillograph.Thegalvanometersusedto
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recordbendingstrainhada responsecurvetxt wasflatto 100cps;the
galvanometersthatrecordedtorsionstrainwasflatto 190cps. ●

The Aq factor,orthepr~uctof
of thrustaxiswithtreestreamandthe
duringflighttestswithouta propeller
ditionsforwhichstresswasmeasured.
accurateto*0.2°.

thelocalangleof inclination
-c pressure,wasdetermined
installedundertheflightcon-
Angledeterminationisconsidered

Thesouxceof staticandtotalpressureforthecalibratedairspeed
systemwasa Kollsmantype651pitot-statichead,mounted1 tip-chord
lengthaheadofthewingtipoftheairplane.Theimpactpressureand
staticpressurewererecordedwitha standardNACAairspeedrecorder.
TheMachnumberwasdeterminedfroma radarcalibrationtobe accurate
withinti.005forMachnumbersreportedonherein.Measurementsofair-
planenormalacceleration,propellerrootbladeangle,andpropeller
rotationalspeedweremadewithstandardNACAinstrumentation.

TESTSANDPROCEDURE

Strain-gagerecordswereobtainedduringessentiallylevelflight
at approximately30,000feetwhiletheairplanewasbeingaccelerated
tomaximumMachnumberby increasingthemain-jetpowerandthen
enteringa shallowdive.Thepowercoefficientofthepropellerduring
thetestsvariedfrom1.59to 2.36,thethrustcoefficientvariedfrom
0.43to0.46,andtheadvanceratiorangedupto4.9.

Thestressvaluesweredeterminedfromvisualinspectionofthe
strain-gagerecords,simplyby readingamplitudesthroughouttherecord
lengthwheneverthereweresignificantvariationsinstrain.

RESULTSANDDISCUSSION

VibratoryBendingStress

Wave-shapeanalysis.-Bendingdatawereobtainedat the35.0-,
37.5-,38.7-,~d 41.1-percentradiusstations”TWOtypicalex=les Of
therecordedwaveshapeofthevibratorybendingstressarepresented
infigure4. Theexan@einfigure4(a)isrepresentativeofthewave
shapeexistingforMachnuuibersupto 0.84. Inthiscasetheshape
indicatesthatthevibrationisthatoccurringata tiequencyofonce
perrevolution(l-P).TheexsmpleofwaveshapeaboveM = 0.84
(fig.4(b)) changesfrommostly1-Pto a morecomplicatedformasthe
stressapproachesa mininmmandtheinclinationofthethrustaxis

——
—
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approacheszero. The va-iationoftheenvelopeamplitudefrommaximum
a tominimumstresscorrelateswiththeshort-periodoscillationofthe

airplaneas determinedfromthenormal-accelerometerrecord.Theair-
plane,smdthusthethrustaxis,isoscillatingthroughzeroangleto
a smallpositiveandnegativeangleat twicethefrequencyof theair-
planeshort-periodoscillationofapproximately2.5seconds.

Stressmeasurements.-Thevariationsofthevibratorybending
stressandtheexcitationfactorAq arepresentedinfigure5 as
functionsofMachnumber.Thevibratorybendingstressmeasuredat the
fourstationsdecreaseswithincreasingMachnumberinthesamemanner
that Aq decreases.Thelocationofmsximummeasuredstressat the
35-Percentr-us stationagreeswellwiththecalculatedvalueat the
37.5-percentradiusstation.Themximumvibratorybendingstresswas
*3,700poundspersq~e inchat M = 0.66. Thesimilarvariationof
thestresswith Aq isa furtherindicationofthe1-Pstresspreviously
notedby observationof thewaveshapeofthevibration.

Theratioof stressto Aq asa functionofMachnuuiberispre-
sentedin figure6 forthemaximumstresslocation(35-percentradius
station).Forthedesignconditionsof M. 0.82,themaximumexperi-
mentallydeterminedratioof stressto Aq is4.3at the35-percent
radiusstation,whichisin fairagreementwiththetheoreticalvalue
of 3.0at the37.5-percentradiusstationcalculatedby themethodof
reference6. Theratiodecreasessmoothlyfroma valueof5.3at
M = 0.68 toabout4.0at M= 0.84. Thisdecreaseintheratioof
stressto Aq as theMachnumberincreasesis.thoughttobe a result
of lossofliftintheoutboardsectionsas theresultanttipMachnum-
berexceedsO.gO.Above M = 0.84 thevariationisno longersmooth,
thedatascatteringwithnopatternbetweenratiosof3 and30. This
scatterresultsfromthefactthatthepercentageerrorin Aq isIi@
whenthevalueof A is small.Inaddition,thestressislowandthe
vsriationisthereforeoflittleinterest.

Thevibratorybendingstressesthatthepropellermightbe subJected
tothroughthenormalflight-testrangeoftheXF-88Bairplanecanbe
estimtedfromreference2. Thisreferencepresentsthevsriationof
Aq withlkchnumberfortherangeofaltitudeandmaneuverloadfactors
throughwhichtheairplaneisnormallyoperated.Themaximumexperi-
mentalratioof1-Pstressto Aq of5.3usedin conjunctionwiththe
Aq ofreference2 determinesthestress.Themaximumexcitationfac-
torthatcouldbe expectedwiththeXT-886airplaneintherangeof
Machnumbersofthisinvestigationwouldbe 1,330pound-degreessper
squsrefootfora maneuverloadfactorof2.Ogat30,~ feetanda
Machnumberof0.75. Theresulting1-Pstresswouldbe 7,060pounds
persquareinch.Thisisa lowvalueof stressfora steelpropeller
andisnotrepresentativeofa full-scalemodel.Thepowerabsorption
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islow;understaticconditionsthepropellerabsorbsa meximumof
1,100horsepower.To absorbthemaximumpoweravailablefromthe
T-38engineinstalledintheXF-88B(2,500horsepower)wouldrequirea
diameterof20feetina three-bladeconfigurationor15 feetina four-
bladeconfiguration.An exactgeometricscalingofthebladeto absorb
morepowerwouldresultina reductioninthe1-Pbendingstressandcon-
sequentlyinratioof stressto Aq. Thestressisreducedbecausethe
sectionmodulusincreasesmorerapidlythandoesthebendingmomentdue
to increasedaerodynamicloading.Itmightbe desirablefroman instal-
lationstandpointto scalethebladeforincreasedpowerabsorptionto
fitthehubusedinthisinvestigation.Thishubis capableofhandling
muchlargerbladesthantheonestested.Scalingthebladetoabsorb
muchmorethandoublepowerwouldincreasethe1-Pstress,as thebending
momentwouldbeginto increasemorerapidlythanthesectionmodulus.
Thisisdueto
fixed-diameter

theincreaseinmomentarmresultingfromtheuseofa
hubatthesametimethebladediameteris increased.

VibratoryTorsionStress

Inwhirltestsofa four-bladeconfiguration,thebladeswerestalled .
duringthetestwithno evidenceofflutter.Thetorsion-stressdata
wereobtainedfromstrainmeasurementsat the72.5-percentradiusstation
withthethree-bladeconfigurationinstalledontheXF-88Bairplane. u

Themaximumvibratorytorsionstressmeasuredinflightispresented
as a functionofMch nuniberinfigure7. Thestressdidnot.exceed
*l,COOpoundspersquareinch.Thevariationwithhkchnumberfollows
the1-Pstressvariation(fig.5) very closely; thewaveshapeis1-P
witha verysm.11smplitudeat thenaturaltorsionfrequencyimposedon
it.

Themaximumtorsionstressoccurredduringa groundruninwhich
thebladewasstalled.Thebladewasflutteringbutitwassufficiently
stifftokeepthestressbelow~5,000poundspersqusreinch.

SUMMARYOFRESULTS

Resultsarepresentedofvibratory-stressmeasurementsobtainedin
flightona propellerdesignedforanadvanceratioof4.0anda forward
Machnumberof0.82.

..—

Thetibratorybendingstresswaslowthroughouttheflightrange.
Themaximumstre’sswasonlyf3,700poundspersquareinchata forward
Machnumberof0.66.Bendingstresswasprimarilyonce-per-revolution
(l-P)forMachnumbersup to0.84.Forhigherl&chnuuibersthestress
assumesa morecomplicatedwaveshapeas itapproachesa minimum.
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Themaximumtorgionalstressoccurredduringa groundruninwhich
thebladewasstalled.Thebladewasflutteringbutitwassufficiently

4
stifftokeepthestressbelow*5,~ poundspersqusreinch.Themsxi-
mumtorsionalstressmeasuredinflightdidnotexceed*1,00Qpoundsper
squareinch.

LangleyAeronauticalLaboratory,
NationalAdvisoryC!otitteeforAeronautics,

LangleyField,Vs.,September10,1958.
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Figurel.-Blade-formcurvesfor6.85-foot-diameterpropellerdesigned
foran advanceratioof4.0.
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Figure2.-!llE6.8~-foot-dlsmeterpropellersndellipticalspinnerhwtdled onthe

XF-6&Bpropeller-researchvehicle.
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