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SUMMARY

An analysisbasedon simplegeometryhasleenmadeoftheeffect
ofthrust-axisinclinationonproyellerdiskloading.Calculatimsare
inexcellentagreementwithavailableflightmeasuremmts,sothatthe ,
analysisistidicalmdtote adeqzateforpredictingtheprimsryeffects
of inclination.Foraccuracyin thegeneralcase,however,a more
completetreatmentmaybe necessery.Fuselageandwinginterference
effectsmaybe largeand,foraccuracy,surveysfordetermimlngflow
anglesaresuggested.

Considerationoffactorsinvolvedindicatesthat,fora givenM&b
desi~,thesimplestmeansforreducingthefluctUat@3bladestresses
duetoinclinationis suitalilethrust-axissettingand/orrestrictionof
airplaneangle-of-attackrangethroughuseofflaps.

INTRODUCTION

Publishedpapers(references1 and2) concerningpropellerflight
@sts haveshownthatinclinationofthethrustexisto theairstream
causeslargevariationsinpropellerdisklo@g. Withthetrend
towardhigh-solidi~,large-diameterpropellersforhigh-speed,long-
rangeoperation,thiseffectisnowlecomingimportantin thestructural
deaifp“ofpropellerMLades.Cm.sequently,it isdesiralletobe able
topredictthemagnitudeofthiseffect.,

In thispapera simpleanalysisismadeoftheeffectofan@e
ofattackonthrust&Lstributicm.Calculationsbasedontheanalysis
arecomparedwithsomeunpulil-isheddatafrompreviousflighttestsin
whichthethrustdistributionsontherightandleftsidesof theprop-
eller&Lskendthethrust-axisangleofattackweremaasured.
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SYMBOLS

slo~e

()PowerP&#

()

Thrust
~

\
. . .

bbd.e-sectimmarhmmthickness

advanceratio (v/nD’) ‘

load

Maohnuaiberofadvance

I@3hnumberbasedonresultantveloct~at station

propillerrotationalspeed

-c pressure
()
1+ “2P

ratiustoa bladeelem3nt

fO~a velociti -

resultantvelocityatbladesection

()
fractionofpqeller tipradius r

z
angleofattackofbladesection

thrust-axismgle ofatbck

bladeangleat x = 0.75

influwengle

efficiency

bladeangle

x
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density

solidity
$0
b=

aerodynamichelixangle

gmmetricheltiangle
6-’*)

Primalsymbolsindicatequantitiesaffectedby ticlin.ation.

ANXLYSIS

Theanalysis,aspresen%d,isdevelOpOafordetermhingthemarinmm
effectsofangleofattack.At a positiveangleofattack,thedown-
-travelingbladewillexperiencean ticreasedloadandtheup-traveling
bladeontheothersideofthepropellerd@k wiJ2experiencea decreased
load.Uudernonml circumstances,therefo~,themaximumeffectsof
inclinationwilloccuralcngthehorizontaldiameter.

Thisanalysisshouldalsoapplyforanglesofyawor combinations
ofangleofattackandyaw. ~ anycase,thenmimnmeffectsshouldhe
experiencedalonga propellerdiameterperpendicularto the@ane of
resultantsnglevariation.

lhfigure1 isp~sentada vectordiagramof theblade-section
operatingconditionspertinentto thisanalysis.

Whennotinclinedto theairstreamthebladesectionangleof
attackisgivenby

“a=e ~flo-’

where

PO= tml-lL
llnDx -

and c istheinflowangledeterminedhy conventionallyxpelJ.ertheory.

Theprimaryeffectofinclinationwillbe torotatethe“forward
velocityvectorV throughtwicethethrust-axisangleofattackati
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duringeachrevolution.As a result,thebladesngleofattackonone
sib of theyropellertiskwillbe increasedandthatontheotherside
w3X1.be decreased.

Thenewbladeanglesofattackaregivenby

. a’=8- @o’-6

where

If G isassuredtoremainunchanged,
*

Liz =CL-ct’

= @o’-90

or

tanLa=tan(@o’_do)
tan@o’-tsnj40

——
l+talpo’tmgo

Substitutingthevaluesfor .~oand PO’ fields
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Forsndl vduOS Of ataj itmaybeassumdthat cos~=l =d

that $ sinG*
()

J2
issmallwith‘respectto1 + ~ andtheforegoing

equation“reducesto

orfinelly,

Assundnga sectionMl%-curveslope CZ= eqzalto
0.10

1=2 “r
degreeandusingsimple blade-element theory results in tie follmdng
expressionforthethrust-gratientcoefficientshesultingfrominc13naticn
ofthethrustaxis:

/dC.\

k?)where ‘ is thethrust-gradientcoefficientat zero-thrust-axis
o

angleofattackand ~.~o+e.

COMPARISONWITHFIJG3Tmm

h connectiontiththeproblemoftheeffectd angleofattackon
yropellerefficiency,a fewtestsweremadeoftheHamiltonStandard
No.6507A-2four-bladeproyeller,onanairplaneofthetypeshownb
fi~ 2,inwhichthethrustdistributionsontherightandleftsides
of thepropellerdiskandthethrust-axisangleofattackweremea-d..
Theblade-formcurvesoftheis-foot-diametertestpropelleraregiven
infigure3.

Infigure4 am presentedthethrustUstributions,as determined
fromwakesurveys,forthree,anglesofattack.Otheryertinentoperating
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conditionsmmI-istiain table1. Onthesefiws are
thrust-gradientcoefficientsas calculatedaccordingto
-is “

NACATNNo.1723_

alsoylottedthe
theforegoing

. .

/aC-n\
Thevaluesof ()sousedinthecalculationsweredeterminedfrom

testsmadeunderthesameoyeratingconditionsbutat sulmtantiallyzero
thrust-axissngleofattackOb-a %y ayprqriateuseoftheairplane
flags.

DISCUSSION

Exa@nationoffigure~ showsthattheeffectsofthrust-axis
ticlin.ationonld_adeload3ngas calculated%y thesimpleanalysispresenbd
areb exce13entagreementwithe~e~nt. ~E ChCUIIIStaIl~, however,
ispossiblyfortuitoussincesomefactorsareneglectedh these
calculations.

@ Thechangeh interferenceanglee dueto thechangeinloc~
tiskkadingwasneglected(= thesecalculatimse wasassumed
constantat 2°). If thechangein c hadbeentakenintoaccount,
thechangeinbladeloaiungwouldhaveteenmderesttitedbY perhaps
10 to1>yercentforthetestconditions.Theexactamountcannotbe
detemninsdsticetheyrocedureforcalculatinge isbasedon a uniform
dlslfloadlng* cemnot30 exyectedtoa~’lyinthepresentinstance
ofnonuniformload3n.g. 1

Alsoneglectedin the calculationsistheeffectofqflow ahead
oftheu5ng.Whilethiseffectis%elievedtole small,Ityresumabl.y
issufficienttoconqensat.efortheeffectofthechangein E.

Foroyeratingconditicmsotherthanthoseforwhichdataare
amble, orford3fferentaiqlaneconfigurations,theeffectsof the
neglectedfactorsmaynot%e ccqensating.WithLheinformation
availableatthistime,however,thes@le analysisseemsadequatefor
predictingthepimaryeffectsofinclination.

ThefluctuatingM_adebendingmomentsmastressesandthevibratory
excitingforcesareallTroporticmaltothefluctuatingload dL at
snybladesection.Itis seenthat,

,
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Thise@ationindicatesthatthebladestressesarea functiononly
oftwt-axis _ andthe-C pzw3m Offught andarc3independent
‘of theprqelleroperatingconditlcms.Thestressescannot,forexample,
be reducedby a reductionh pm~ller speedsincethereductimin blab

sectionspeediscounterbalancedby theincreasein& sectionau@e-of- -
attackincrementduetoinclinatiau.

Aside fromtheobtiouslycomplicatedprocedureofusingarticulated
blades,theonlyevidentmeansoflimitingorz@.ucingstressesfora
givenbladeisby suitablethrwt-aisorientationorby conbxilof the
- ofthrust-arisEulgles.

Foroneairplamangle~ attackthefluctuatingbladestressesmay
be re~cedto zerobylroperchoiceofthrust-axisticllnatlon.Similarly,
inmsnyinstancesthestressesmaybe reducedby a suitableccmpmmise
thrust-axissetttig.~mwer, as airplane.speedrangesareincnased
sndparticularlyf= Iang-rangeoperaticmsinwhichthevariational?
airphleWOi@t iS W@> it becomesincreasinglydiffiCM.tto effect~
appreciablereductioninKLadestressesby thismans alone.Restriction
ofthethrust-axisangle-of-attack_ my thenbe desirable.This -
resultmaYbe accomplished,particukrlyatlowspeeds,byuseof the
airplaneflaps.

Notallthereduction,byuseofflaps,of theairplmeangleof
attackisnecessarilyred.izedat thepopel16i’s.Theincreaseinlift
overtheflappedportionof thewingwi12be accompaniedby an increase
inupwashaheadofthewinganda pro~ellerlocatedinthisregionwill
e~erienceonlypartof thegrosssnglezwducticm.

OthOrinteflezwmeeffectsmayalJ3oseriouslyaggravatetheproblem.
Itmaybe anticipated,forexample,thattheinboardpropellerson
multienginedairplaneswillbe particularlysusceptible.Iflocatedtoo
closeto thefuse~, thepropellertipswillbe affectedly theflow
aroundthefuselagead theseeffects,addedtothosealreadyexisting
duetoangleofattack,maylecam critical.Becauseevensmallangbs
ofiuc13nathnareimportantathighspeeds,it isprobablethatsurveys
to determineair-flowanglesam necessaqifaccurateresultsaredesired.

—.—.——.----------- .. . . .. . .7 —-—- —— ---- . .
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At lowspeeds,tieeffectofthrust-axisengleofattackmaycause
thebladestoalternatelystallmaunstall.Similarlyat highweeds
shockSta~R&J~ OCCUr.Normally,it is’expectedthattheseeffects
wSU causeno seriouslladestressesandmay,infact,reducethe
vi%ratorystressshoe enystallwillreducethepositivepeakload.
It ispossiblethough,thatthefluctuatingdragloadassociatedwith
periodicstallingmayyrorlucechordwisetitmation.IELckofappropriate
airfQildatawi31,inanyevent,makeestimatesofstressesdifficult;
endneglectoftheeffectsof stallshouldatleastbe conservative.

COIWLULKNGREMKRKS

An analysisbasedon simplegeom~ seemsadsgyateforpredicting
theprimeryeffectstithrust-axisinclinationon diskloading.For
accuracyin thegmeralcase,however,a morecom@etetreahentmay%e
necessary. “

Fora given~ropeller,theleastcomplicatedmthodsforreducing
K1.adestressesdueto inclinationapyearto%8 (a)compromisetbrust-
axisanglesetttig,and(b)restrictionof
attackrengehy useofflays.

Becauseofthepossiblelargeeffects
interference,flowanglesatthepropeller
surveyformostaccumte~sults.

IangleyAeronauticalLaboratory

the-khrum-axis@-of-

ofwingsmdfuselage
should-bedetermined-by

NationalAdvisoryCommitteeforAeronautics
. LangleyField,Ta.,Ayril19,1948
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TABLEI.-FIJE3TTESTCONDITIONS

%a
Figure J CT Cp T (IIL) M (deg)

3(a) 1.48 0.109 0.184 O*Q5 230 0.306 3.6

3(b) 1.43 .Slo .1%2 .866 224“ .303 4.5

3(c) 1.36 .IJ_6 .180 .876 212 .293 6.1

.,
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Figure 1.- Blade operating conditions as aHected by thrust-axis inclination, (Interference
angle e omitted to avoid confusion. )
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Figure2.- Alrplane with test propeller.
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Figure 3.-
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Figure4.- Comparisonof representativepoints
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