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SJMMARY

Flightmeasurement of thrustlossesdue to shankshave been
on a f lared-shti ~o-blade propellermowted on an airplane
a streamlineslendernose.

Thrustlossesdue to the dmnlnj were found.to be high;they
of the orderof ~ percentat en airplaneMach nuniberof O.7
the propellerwas operatingat the hiaest testpowercoefi?i-

cientof 0.17 per blade.-LOSS G thrust&e k shmk~ was a function
primari~ of airplaneMach amber ad was relativelyindependent%cf
blade loading. A 1$)-percent -larger-diameterspinnex’,used with the
se3nepropelleron anotherairplane,reducedshanklossesby about
60 percent.
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Previousflighttests(reference1)
losses,especiallyat high qeeds, with
Attemptshavebeen made to reducethese

. .,,. .

have shownlargethrust
round-shankpropellers●
lossesby variousmethods

such aE the use,of propellerctifsor of shsnksectionsgiving
rapid transitionfrom thin airfoilsectionsto roundblade roots.

The propb?.lerblade testedrepresentsa @sign obtainedby the
method incorporating the rapid traps j.tion from thin airfoilsections
to roundblade roots,as illuatratgdk figure1. Iuringa generel
investigationof thisblade,thrustlossesdue to propellerohanks
were investigated.V&is paperpresemtsmeasurementsand ELUscmsion ‘
Of time losses. Testswere made at airplaneMach nunbersfrom O.3
to OS7for power coefficientsper bladeof 0.07 end 0.17with a
propellerspeedof U20 r-pm.
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Some limited mem-urekented’ shahk drag with’ the same propeller
blade designon another.airplane)were made to determinethe effect d
of increasingthe spinnerdiameter,
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APPARATUSANDKFY’f30~

The propellerwas testedin a’two-bladeconfi~ation- Blade-
form curvesfor thispropellerare shownin figure2. Figure 3
showsdetaUs of the shanksectionsand spinnerjuncture. The
propellerhada diameterof XL feet 1 inch,NACA 16 seriesaiifoil.
sections,a designlift coeffici~t of 0~5~ =L~ a blade acttvitY
factorof 130.

The airplane W3edwas a fighter airplanewith a streamline
slendernose. Figure1 showsthe propellermountedon the airplene~
The spinner w’asmodifiedslightlyby fairingsused to coverthe two
unusedstubsof a four-bladehub, Thesefairingspro~ecteda%ove-1
the contourof the ~pinnerby a maximumof a%outL$ inches”

.-
Propellerthrustwas measuredly the slipstreamtotal-pressure

surveymethoddescribedin reference2. The surveyrakewas located ‘

about 3$feet from the planeof the propellerand is shownin figure1.

Additionalsurvey‘tubeswere i.nstsllednear the fuselageto measure .
.._

more accuratelythe totslpressuresin the shbnk-surveyregion.
Propellertorquewas measuredly en NACA hydraulictorquemeter.
StandsrdNACA recordinginstrumentswere used to determineengine
speed,iqact pressure,static~ressure,end free-airtemperature.

Testswere made at airplaneMach numbersframO.3 b 0.7 for
power coefficientsper blade of 0.07 mdO.17 with a propellerspeed
of UXl ~m.
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RESULTSANIIDISCUSSION ‘

Thrust-distributioncurvesfor a typicallow-speedrun and a
t~icel high-speedrun are presentedin figuresh(a) and k(b),
respectively● The negativesreashave been hatchedto indicate
thrustlossesas definedin thispaper. Thesethrustlosuesare
composedof lossesattributedto the blade shanksand an apparent
loss due to the fuselafleboundarylayer. Theoretic&lCdaihitiOnf3
indicatethat thisboundaryl~er is less than1/2 inch in thiclmess.

Shemklosses,as determineabyintegrationof tienegative
thrustareas (excludin&the boundarylayer),are presentedin
figurez(a)as the variationof AT/qc with airplaneMach number.
Shankloss appe~s to be relativelyinde~endentof’blade loading.
The increaseof about~()percentin AT/qG with Mach number
over theMach number rangeis considerablyless thanwouldbe
expectedfrom two-dimensional~,estsof thicksections,and this
resultis believedto be due to three-dimensionalreliefeffects
e~erienced at the propellel’ shankse _

..+
In figure~(b) shanklosse~are presqtedas lo~sesin propeller

efficiencyAq. In the determinationof the loss in efY’i,ciency,the
powerabsorbed’bywe E@@Es was assumedto be smell. Efficiency
loss is shownto increaserapidlywith Mach number. For example,
at a powercoefficientof’0.17 per blade and an airplaneMach
numberof 0.72 a loss in efficiency of 9 percentdue to shankswas
measured. This efficiencyloss is due in part to the increasein
shankLosswith s~eedad in part to the reductionin totelthrust
with speedat constantpower (fj.g.~(c)), Becauseof thislatter
effect,the efficiency10SSwotidhave increasedwith speedeven if
the shmk loss”hadbeen independent’of M.achnumber (seefig,’~~);
the increa~ingimportanceof reducingshanklossesas the speedis
increasedis thusem@asized, Figure~(b) also showsthat efficiency
loss due to poor shenksincreasesas the pjweriH reducedbecauseof
the correspondingreductfanjn totalthrust.

Measuredpropellerefficiencies(correctedfor slipstream
rotation)including shank losses for the two testpowercoefficients
are presentedin figure6. Also &tvenare the propellereffici.ences
with shenklossesneglected. Theseresultsindicatethat,evenat
high speeds,efficienciesof the orderof 90 percentcan be attained
if shsnkloseescan be eliminated,

Shanklossescanbe reducedeitherby cove!rihgthe thickshank
sectionsor by improvingthe sections.aerodynamicelly.Thiokshank
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sections maybe coveredby inmeaeingthe spinnerdiameter. A3Mtrery
increases in, spinner diametertend M ~croase structuralproblems
but, sincethe worstregionof’sheds10ss occursinboard,relatively
small, increases in sp~er Minter cm. red~,eshanklossesappreciably●
An idea.,ofthe effectsthatcoul~be acctmpl~shed.by increasingthe
spinnerdlemeterwas obtainedfrom somelimited.measurementsof
shank&r?agwith the samepropellerblade designon anotherslender-
nose fighter-typeairplanewhichhas a.19-percent-largersp~er.
m figure7, a comparisonis given of. the loss in totslpressureas
a fractionof free-streamimpact,pressurewith radislUatance for
the two installations.k orderto make the measurementsdirectly
comparable,the two sets of data are plottedslongthe propeller
radiusratherthsn elongthe radiusat the surveyplane. Survey
data obtainedat eny specificdistancefrom the fuselagesidewere
assumedto applyto a propellersectionen equaldistancefrom the
spinnersurface. By u~e of a leqger-diameterspinner,part of tie
inboardnegativethrustwas eliminated.At an airplaneMaoh nmber
of O ,67, negativethrustwas reducedabout60 percent. (See fig. 7.) “,
Althoughthe spinnershapesof the two airple,neswere slightly
different,a slightdifferenceis probablycausedin radialvelocity
Ustributionin the plane of the propel.l~r;this differenceshould
not appreciablychengethe measured6~-percentimprovement.

me larger-diameters@nner requiredeli@tly largercut-outs
for the propellershanksections. The effecton propel~erefficiency
of cut-outs meritssome discussion.If the spinnerCtWaeterwere
increasedto a propellerradiusat tiich sectionswere producing
lift and thrust$the effectof the cut-outwouldno dcwbtlowerthe
efficiencyof the sectionand a suttablesealat the spirrner-shank
juricturewouldbe required. A suitableseal is-especiallyneeded
“t? the sections’are thin at the spinnerjuncture. For pointsat
which’the propellersectionsproducemainlydrag,the-cut-outmy
relievethe pressuresproducingit and therebyincreasethe over-all
efficiency.If thesefactorsare takeninth accountin the design
of .apropeller-@nner conibination,a betterdesi~ mightbe obtained.

CONCLUSIONS

Testsof a flared-shmk two-bladepropellermountedon a slender-
nose airplme led to the followingconclusions:

1. Thrustlossesdue to the shanksof the propellerbladewere
high; theywere of the orderof 9 percentat en airplaneMach number
of 0.7 when the propellerwas operatingat the highesttestpower
coefficientof 0.17 per blade.
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2● Loss .inthrust
airplanespeedand was
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due to shankswas a f%ncttonprimarilyof
.:
4“

relatively.”inde’pbndentof bladeloading●,,,.:. .
spinnerdiameterof.19 ~ercent reduced

thrust lossesat the sh&k sections.by.about60 percent.,,

‘, ,,.
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NACA TN No. 1414 Fig. 1
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Figure 1.- General view of propeller mounted on airplane showing
rapid transition from thin airfoil sections to round blade roots.
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Figure 2.- Blade-form curves for propeller tested.
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NACA TN No. 1414 Fig, 4a
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(a) Low-speed run. J = 1.899; CP = 0.323; CT= 0.141; q = 0.837;

Ati= 0.011; M = 0.396; Mt = 0.765.
-.

figure 4.- Thrust-distribution curves.
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Figure 4.- Concluded.
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(a)Shamklossesintermsof ~.
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Fig. 5

(b)Shanklossesintermsofpropellerefficiency.
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(c) Total--t curves.

Figure 5.- Shanklosses measured with a flared-shaak two-Made
- propeller on a slender-nose a&plane. Propeller rotational

speed, 1120 rpm.
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(b) Cp perblade= 0.17 at 1120rpm.

Figure 6.- Propeller efficiency curves for the propeller blade tested.
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FQure 7.- Comparison between total-pressure loss due to shanks
for original and 19-percent-larger sphner. M = 0.67;

Cp per blade = 0.13; J = 2.83.
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