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HAVINGA 33.4-EERCEHT*CHORDFLAPWITHANOVERHANG

20.1EEN23NTOE’TEEFIAP

ByDavidB.StevensonandAlfred

suMMmY

CEORD

A. Adler

Testswereconductedtoinvestigatetheeffectsofcom-
pressibilityona ~-inch-chordNACA0009-64airfoilsection
havinga 33.k-percent-chordflapwitha noseoverhangof
20.1percent of the flap chorilanda O.O1’i’-percent-chordun-
sealed,gap.Airfoilliftandpitchingmomentandflayhinge
momentwereobtainedove~anengle-of-attackrangeof6°and
a flap-anglerane of16 froma Maohnumberof0.4tothe

Ymaximum(chokingMachnuniberthatcouldbeobtainedforeaoh
configuration.

Theresultsshowedthat,ingeneral,theflapeffactiveness
decreasedwithaninoreaseinMachnuniber.Therateofohangeof
hinge-momentcoefficientwithbothangleofattackandflap
deflection[~~/&c)~ and(~~/~3)abecmmnorepositivewith
inorease inI&@ numberinthesubcriticalspeedrange. The forces
andmomentscausedbydeflectionof the flapchangedabruptlywith
a ohangeinWch numberinthesupercriticalspeedmange.

Ingeneral,theflhpeffectivenesswasgrea%rthroughoutthe
speedrangeandthe variationin (~0#3a)5and (a~/m)G
withMaohnmiberwaslessfortheNY&A0009-64airfoilthanfora
simiklyflappedairfoilofNACA16-009sectionpreviouslytestecl.

Thepossibilitythatthetrailing-edgeanglemaybeusedto
control&e variationof (~~@3)a or
numberise??own.

~TRODUCTTON

Flightandwind-tunnelstudieshave
willhaveseriousadverseeffectsonthe

(ach/aa)~ withMach

shown.th=tcompressibility
,characteristicsofthe
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usualflapt~e oontrclsurface.Inorde~toinvostigatotheso
effodtstwoflappedairfoilswerbtes+edinWe Langley2&inch
high”speedtunnel.Testsofthefirsta&fotl,enNACJ.16-009,
werereportmiinreference1. Theresultsofthetestsofthe
secohdairfoil,anNACAbcw-6k, exe given herein.

SYMB(XS

M stroemMachnumber

C2 airfoilsectionliftcoefficient

%/4
airfoilsecticmpitching-mcm6ntcoefficientaboutthe

quarter-chordpoint

% flapsectionhinge-momentcoefficient;lmsedcmcf

6 flapdeflection;negativedeflectionisu_

a angleofattack

$ trailing-edgeangle

R radius

G* flapchordbehindthe

c chordofairfoilwith

hingeline

O flapdeflection

Whena,5,endCzareusedassubscriptsoutsidethe
parentheses,theysi~tfythatthequantityisheldccmstant.

ThetestswereconductedintheLangley24-inchhigh-spood
tunnel,whiohisdescribedinrefcnmnce2. Recentmodificatim
tothistunnel,whichreducedthetiel spanoxposodtotheair
streamfrom 24to18inches(fig.1),ISdescribedinreference3.

Themcdelspanmdthetestsection,pamsingthroughholesin
endplatesfnthetunnelwalls.(Seefig.1.) Thoseholeswore
ofthescumshapeastheairfoilprofilebutworesi.ightlylarger.
Thisarrangementapproxhnatedtwo-dimmmionalflaw;hence,the
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forcesandnmmentsobtainedaxeessentiallysectioncharacteristics.
Themodelwasa symmetricalairfoilmadeofsteel’withanNACA
0009-64airfoilprofilemodifiedtohavea 33.?+-percent-chordflap
withanoverhengof‘4.1percentoftheflapchord,Zhe0.01.7cgap
wae”unsealed.A cross section ofthemofielisshownasfigure2.
Theordinates,exceptforthep,nrtoftheairfoilaftectedbythe
flapnoseandthegap,maybeobtainedfromreference4.

Airfoilliftandpitchingmomentwereoltainedbymeansofa
spring-typebalancesimilartothatdescribedinreference~. Flap
hingemomentsweremeasuredlymeansofanelectricalstrain-gage
systemmountedontheW1.snce.

Theforcesandmomen%weremeasuredoveransmgle-of~attack
rangeextendingfrom-4°to‘#anda flap-deflectionrangefrom
-6.J.Ota 9.9°.

TheMac%numberrangeforwhichthetestsweremadeexte&ed
approximatelyfrom 0.40 to O.*, correspondingtoReynoldsnum%ers

‘ froml,100,@Xltol,W,000.

FACTORSAFFECTINGTESTRESULTS

Tunnel-WallEffect

Aswaspointedoutinreference1,tunnel-wallcorrectionsin
thesubcriticalspeedrsn~ef,ora lowratioofmodeltatunnelsize
suchasexistedinthepresenttestsareEmsll.Nocorrections
haveyet‘beendeterminedfor,thesupercriticalspeedrange.For
thesereasons,notunnel-wallcorrectionshavebeenmadetothe
force-testdatapresentedherein.Seriousconstrictioneffectsda
oqmr,however,nearthelimitingor chokingMachnumber(reference3).
Theonsetoftheseeffectswas indicatedtooccuratMach.nunibers
about0.02tq0.03belowthechokingMachnudberbysurveysor
staticpressurealongthet~el wallsimilartothoseofreference3.
Theresults presentedare, therefore,questionableinthisspeedrenge.
Ingenerel,thehighestMachnumbprforeachconfigurationshownin
thefigurescorrespondstothechokingcondtticn.
., .’

._.
End-GapEffects

.:

Ihringthesetests,leakageoccurredbetweenthetckrhsection
endthesurroundingtestchsmberthroughtheend-plategapsatthe,
Junctionbetweenthemcdelad thetunnelwell.Zheeffectof
thisleskegeuponliftand~~nt coefficientisshowninreference2
by acomparisonofforce-testdatawithend-plategapsendessentially
two-dimensionalpressure-distributiondataobtainedInthe
Langley2h-inchhigh-speedtunnel.Althoughtheabsolutevalues



obtainedbythetwomethodsdiffertosaneextent,theresultsare
inagreementasregardstheeffectsofccunpressibilityandtherefcre
nocorrectionforendleakagehasbeenapplied--tothedatapresented
herein.Theeffectofendgaponlift-curveslopeIssmallsince
theeffectiveaspectratioofthemcklelalwaysremainsabove20.
Theeffectsofendgaponhingemomentshavebeendeterminedtobe
negligible.

Humld3.tyEffects

Atthehighertunnelspeedstherelativehumidityofthe
atmosphere,fromwhichtheairinthetunnelisdrawn(referenceI)j
wasfoundtoaffecttheliftandmomentsundercertainconditions.
Howeveria valueofrelativehumidityhasbeendeterminedbelow
whichnomeasurableeffectsexist.Thehigh--apeeddata’contained
hereinwereobtainedwithrelativehumiditieslessthanthisvalue.

RESULTSANDD3XWUSSION

Lift

Theeffectsofcompressibilityontheliftcoefficientfor
constantangularconditionsareshowninfigure3. Thevariation
ofliftcoefficientwithangleofattackandwithflapdeflection
arepresentedinfigures4 and5,respectively.Thenonlinearity
ofthecurvesshownforlowMachnumbersinfl~e ~ isessentially
anincreasein dC-L/dBinthesmallflap-anglerangebetween3°
and4°,indicatinganimprovedflw over theairfoilinthisangular
range.Thisimprovementseemstobeconfinedtotherearportionof
theairfoilasindicatedbythepitching-momentandhingeamment
datainthisrange.Thenonlinearitycannotbeattributedto
Inaccuracyinforcemeasurementsorinangularsettings.

Infigurek,thedecreaseintheslopeoftheliftcurves
beyondanangleofattackofabout-2.50atMachnumbersof0.775
ormoreindicatestheeffectofcompressibilityon separationof
theairflowover theairfoil.Similarly,in figure~ theslope
ofthecurveofliftagainstflapdeflectiondecreasesabovea
Machnumberof0.7’jforflapanglesfromti”to ~6°. Atflap
anglesabove6°acmeimprovementin slopeisevidentforthevery
highMachnumbers.Asnotedinreference1,dataobtainedfrom
testsonothermodels,someathigherReynoldsnumbers,indicate
similarhnprovementinflapperformanceatcomparativelylarge
flapdeflections.

.

.
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ThevariationswithMachnumberoftheslopes*z/& and
ac2/a6, measurednearzeroliftinfigures4 and5,areshownin
figure6. ValuesfortheNACA16..009airfoiltireincludedfor
comparison.Theseslopesresultinthevariationyith.l@chnumber
offlapeffectiveness&L/&5,shokninfigure7.

Figure6 showsthattheliftparametersfortheNACA0009--6k
airfoilweregreaterandvariedmorerapidlywithMachnumberthan
thosefortheNACA16.009airfoilthroughoutthespeedrange.The
lowerlift-curveslopesforthe IWWA16-009airfoilarebelievedto
beassociatedwithitslargertrailing-odgaangle(reference6).
Reference~ showsthattheunumallylowval.upsof.?lcl/&and
da/~ fortheNACA16-UO~ajjfoi~maypossiblybecaused--bythe
largertrailing-edgean@e i?thapresencecfanopengap.Low-
speeddatacorrelationsshowthiit,fdrplainflapswitheealedgaps,

.—

thevalueof &/% 5,s J,ess affected-byalterationoftraillug-edge
anglealone.(Seereference3.)

As showninfigure7,the’1’JACjl(Xx)x airfojlnear zero lift
hada flapeffectivenessofaboutc.48ata Machnuniberof0.4;
theeffectivenessdecreasedtoa valueof(3,34ataMothnumber
of0.83.Itshouldbenotedthatthesevaluesme validonlJfm
liftcoefficientsverynearzerolift.Includedinthisfigure
isa valueofelevatoreffectivenessobtelnedinWneLm@ey Stability
ResearchDivisionbyaneznplricalmethocibasedondatafrcmtests
atMachnumbersnear0.1andatReCynoldsnumberswhj.chwerehi~her
thanthoseobtainedinthepresentinvastigatil.cm.

Themarkedchangesinliftchdracteriskj.csthatoccurred
within0.025ofthehighestMachnumberswereinfluencedVytunnel-
walleffectssincethespeedswerenearchokingvalues,butthey
illustratethenatureofthevariationstobeexpected.

PitchingMoment —

Variationsinthequarter+hordpitching+ncment.coeffi~ie.nt
withMachnumberfor constantan~l.arconditionsareshownin
figure8. Theeffectofcompressibilityon the variationsof
airfoilsectionpitching+ncmentcoefficientwithliftcoefficient
fora cmatantflapdeflectionandfora constantangleof”attack
isshowninfigures9 and10,respectively.Inordertoindtc.ate
center-of-pressureuhiftswithMachnumber,theparameters

~%)E and ~%)a wereplottsdW figures11and12.
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HingeMoment

Theeffectofccxnpressibllityontheflapsectionhhge-acment
coefficientforconstantangularconditionsispresentedin figure 13.
Thevariations.ofhings-mcmentcoefficientwlth”mgleofattaclcand
withflapdeflectionareshowninfigures14and15,respectively.
ThecurvesinthesetwofiguresIndicatethat,incertainrangesof
flapdeflection,changes,inspeedmayproduceirregularvariations
instickforceandevenstick-forcereversals.Thovariationswith
Machnumberof aCh/b and ach/~bfor a = 0°, b = .O.1oare
giveninfigure16. Theseslopesapplyover a very limltedrangeof
‘angleofattackandflapdeflection,asisevident,$rcmfigures14
and15. Ftgures13and15showthat,atthehi~horflapangles,
markedchangesinthehinge+naentcharacteristicsoccurredinthe
speedrangeaboveM = 0.7.Pressure-distributiondataandschli.eren
flowphotographsobtainedintheLangleyrectangularhigh+yeedtunnel
ininvestigationsofotherflappedairfoiluhaveshownthatabrupt
changesinhtnge+nomentcharacteristicsoccurredwhenthecritical
,sp.eedwasexceeded.Theseeffectsarosefromthepe~sageofshock
wavesacrosstheflap.

Includedinfigure1,6forcomparisonwithtltiesultsofthe
testsareestimatedvaluesof &h/&X and ~h/~ obtainedfrcm
empiricalmethodspresentedinreference8. Comparisonofthehinge-
momentparametersforthetwoairfoilsatthelowesttestspeed
(M= O.4)showedqualitativelytheeffectofchangesintrailing-edge
angleasexpectedfromlow-speedresearch.However,thedifference
inReynoldsnumberandMachnumberbetweentheempiricallyeatabllshed
dataandthetestdatapreventsa dfiectquantitativecomparison,

Ccm@arisonoftherateatwhich‘thehinge+mmentparametersvary
withMachnumberforthesubjecttestsandfortheNACAl&O09
airfoilmodel(trailing-edgeangle= 22°)showedthatthemodel
withthesmallertraillng-edgeanglehadmuchlessrapidchange
In thehinge-momentslopesaCh/& and &h/~ ● -References9 and10,
testsoffull-scalethree--dimensionaltailsurfaceswithsealed
and0,005cgapsandforsmallertrailing-edgeangles(12°and13°)~
showthattherewasonlyslightvariationin ac@a withMach
numberandthat ach/&jincreaeednegatively.Thesoreeulte
suggestthepossibilityofcontrollingthevariationof &h/&
or *h/&$ withhiachnumbertkwoughproperselectionofthe
trailfng+dgeangle.Morehigh-speeddataareneededtoslumthe
effectsofassociatedflap-shapeparametersbefore@electionof’
thedesiredtrailing-edgeanglesfora partloulardesigncanbemade,

.—

.
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CONCIW’SIONS

Theresultsofthepresenthigh-speedwind-tunnelinvestigation
ofa ‘j-inch-chordNACA00Gg-@+airfoilhavinga ~3.&percentihord
flapwitha nosooverhangof20.1percentoftheflapchordanda
0.017-percent-chordunsealedgapcanbesummarizedasfollows:

1. Theelevator+”ffectivenessfactor~/&5 forsmallangle-
of+ttackandflap--an@eincrementswasO.hflata Machnumberof
0.4butdecreasedtoa valueof’0.34.ata Machnumberof0.83.

At subcriticalspeed,stherateofchangeof hinge-+natnent
coeff;~ientwithbothangleofattackandflapdefbC~iOI’i (kh/b)~
and (?w~~a)aShOWd. hlCreO&Ii~ hd.SIM~ withiQC37FXLS@hb.dl
number.At supercriticalspeedsabruptand.l.mgevariationsin
hinge+ncmentcharacteristicsoccurred.

39 Comparisonoftheresultsofthepresentinvestigation
withpreviousresultsfortheNACA16.-009flap~edairfoilshowsthat
(aczhd ~ and (aczh) for thONACA0009-.64flappedalrfcil
(trailing-edgeangle. 3%0)werelargerand.increasedmorerapidly
withMachnumberthan fortheNACAl&009 airfoil(trailing+dge

= 220).Thehinge-mcmentpmameters(&h/&x)aend
~%fiab)awerelessaffectedbyMachnumberfortheNACA000$@+
airfoilthanfortheNACA’16009airfoil.

k. Thepossibilitythatthetrailing-edgeanglemaybeused
tocontrolthevariationof(&h/&))~or (kh/k)~ wlthhlach
numberisshown.

LangleyMemorialAeronaut3.calLaboratory “. “
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,Odxihqr.~,}946
.“
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Figure l.- Langley ,M-inch high-speed tunnel testsectionwith
modelmountedin balance.
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ABSTRACT: 

Tests were conducted to Investigate compressibility effects on NACA 0009-64 airfoil and to deter- 
mine the airfoil lift, pitching moment, and flap hinge moment for various flap angles, angles of 
attach, and Mach number.  Results showed that the flap effectiveness generally decreased with an 
Increase in Mach number.  The rate of change of hinge-moment coefficient with both angle of 
attack and flap deflection became more positive with lncrea ;e in Mach number in the supercritical 
speed range. 
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