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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RESEARCHMEMORANDUM

TWO-DIMENSIONALTRANSONICINVESTIGATIONOFFIOWSAND

FORC= ONA9-PERCm-~CK A3RFOIL

WITH30-PERCti-CHORDFLAP

ByWalterF. LindseyandRobertG.Pitts

SUMMARY

An investigationhasbeenconductedtomeasurethepressuresonand
to observeby sch.lierenphotographytheflowaboutanNACA65A009airfoil
witha 30-percent-chordtrailing-edgeflapintransonicflow.Theinves-
tigationwasmadeina two-dimensional.slottedtunnelatMachnunibers
from0.7to about1.2. ThecorrespondingReynoldsnumberrangewasfrom

“62.4 x 10 to 2.8 X106. Datawereobtainedatanglesofattackto 10°
andflapdeflectionsto 30°.

Theresultsindicatethattheflowsovertheflaparesubjectto
changesfronsubsonicto supersonicvalues,whicharedependenton cotii-
nationsandvariationsinMachnuniber,sngleofattack,andflapdeflec-
tion. Theresultingeffectontheforcesistoproduceerraticvariations
thatwe notsubjectto anysimplecorrelationfactors.Thehighest
flapnormal-forcecoefficientsobservedinthisinvestigationwerearound
1.5andoccurredinthehighestflap-deflectionandMachnmiberranges
ofthetests.

INTRODUCTION

.
Thedeterminationofaerodynamicloadsonflapsandcontrolsisa

basicproblemthatconfrontsaircrsftdesigners.Theseloads,inpure
subsonicandpuresupersonicflow,canbe readilyestimatedby accepted
theoriesandexistingexperimentaldata.Fortrsmsonicspeeds,howeverj
thereareno theoreticalsolutionsandverylittleexperimentaldata,
especiallyatMachnwibersaround1.0orforlargeflapdeflections.
Variationsinangleofattack,flapdeflection,andMachnumberinthis
speedrangecombineina largenumberofwaystoproducemanydifferent
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flowpatterns.Thenmltiplicityofflowpatternsdonotlendthemselves
to analyticalsolutionsby adaptationsofeitherthesubsonictheoryor
thesupersonictheory.

Inordertoprovidesomeinformationattransonicspeedson loads,
loadvariations,andmaximmloadings,a limitedinvestigationhasbeen
conductedonanNACA65AO@airfoilwitha 30-percent-chordplainunsealed
trailing-edgeflapintwo-dimensionalflow.Theinvestigationwascon-
ductedatMachnumbersbetween0.7and1.2atpositiveanglesofattack
of0°,5°,and10°andatdownwardflapdeflectionsof0°,5°,10°,20°,
and30°. TheReynoldsnumbersofthetestswerefrom2.4x 106to
2.8X106.
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SYMEOIS

flaphinge-momentcoefficient,basedonflapchord

sectionpitching-momentcoefficientaboutquarter-chordaxis

sectionnormal-forcecoefficient

flapnormal-forcecoefficient,basedonflapchord

free-streamMachnumber

sqQe ofattack,deg

angleofflapdeflection

pressurecoefficient,

relativeto airfoilchord,deg

Localstaticmressure- Free-stresmstaticmressure
Free-stresmdynamicpressure

pressurecoefficientforlocalMachnumberequalto 1.0

APPARA!I’US,MODEL,ANDTESTS

TestswereconductedintheLangleyairfoiltestappsratusshown
infigure1. Thefacilityhasa testsection4 incheswideand19 inches
highwithupperandlowerwallsslotted.Totalwidthof slotsatthe
testsectionis-one-eighthofthe4-inchwidthofthetestsection.The

., :- .;..- .. . .,
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apparatusoperatesonthedirectblow-downprinciple
airthathasbeendriedandstoredat300poundsper

Thetestsweremadeata stagnationpressureof

3

andusescompressed
sqwe inch.

26poundspersquare
inchabsolute.Inthecalibrationsoftheapparatus,staticpressures
weremeasuredthroughtheemptytestregion.At a Machnumberof1.25
anda stagnationpressureof26poundspersquareinchabsolute,theMach
numberswereconstant(variationslessthanfO.002)fo a distanceofone
chordlengthaheadof andbehindthemodelmidchord.?Themodelspanned
thek-inchtestsectionwidth.)

ThemodelinvestigatedwasanNACA65m09airfoilsection(ordinates
inref.1)witha 30-percent-chordtrailing-edgeflap(fig.2). The
modelhadbotha spananda chordof4 inchesandhadstatic-pressure
orificesat 1.25-, 2.50-, 5.00-, 7.50-, 10-, 15-, 20-, 25-, 30-, 35-,
40-, 45-, 50-, 55-, a-j 65-, 70-, 75-, M-, 85-, 90-, and95-Percent-
chordstationsonbothupperandlowersurfaces.,.

Theflapwasattachedtothesolidbrassmodelby meansofa hinge
similarto a pianohingelocatedonthechordofthesymmetricalairfoil.
Thehingepinextendedthroughthetunnelwald.andwasrotatedto deflect
theflap. A checkwasmadeaftereachtest,andthemethodof setting
andholdingflapdeflectionsseemedsatisfactory.Becauseofthelen@h
andthesmallsize(0.238-inchdiameter)ofthepinthereexistedsome
possibilityathighflapdeflectionsof slightangledeviationsdueto
torsionaldeflectionofthehingepinforwhichno correctionhasbeen
applied.

Pressure-distributiondatawereobtainedona mercurymanometer
andphotographicallyrecorded.Coefficientsforsectionnormalforce,
pitchingmoment,flaphingemoment,andflapnormalforcewereobtained
by integrationfromthepressure-distributionmeasurements.Thepres-
suredistributionsontheforebodyandontheflapwereintegrated
separatelytoprovidetwonormal-force-coefficientcomponentsandtwo
momentcoefficients.Thenormal-forcecoefficientobtainedfortheflap
wastheflapnormal-forcecoefficient~. Thesectionnormal-force

coefficientwascomputedby addingtheforebodynormal-forcecoefficient
to 0.3C+ Cos5. “

Thetunnel-wallboundarylayerflowedoverthemodelatthemodel
walljunctures.Preliminarytestsina simi~ testfacilityandcom-
parisonsofdatawiththatfromothersources(seeref.1) indicatethat
theendeffectsaresmall.ThedatawereobtainedatMachnumbersfrom
0.7to 1.2foranglesofattackof 0°,5°,and10°forflapdeflections
of0°,5°,10°,20°~and30°. TheReyaoldsnumberoftheflow,based
onthek-inchmodelchord,rangedfrom2.4x 106to 2.8 x 106.
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Schlierenmotionpicturesoftheflowpastthemodel(withoutpres-
sureorifices)weremadefora fewcombinationsofanglesofattackand
flapdeflections.Thesephotographsandothersimilarinvestigations
(refs.1 and2)indicatedthattheboundarylayeronthemodelaheadof
theshockwaslsminsr.

tive

REwErs

Pressuredistributionsalongthechordofth~modelforrepresenta-
Machnumbers,anglesofattack,andflapdeflectionsareshownin

figures3 smd4. Schlierenphotographsareshowninfigures3 and5.
VariationswithMachnumberofsecti-onnormalforce,sectionpitching
moment,flapnormalforce,smdflaphingemomentfordifferentanglesof
attackandflapdeflectionsarepresentedinfigure6. Figures7 and8
showthevariationof sectionnormalforceandflapnormalforcewith
angleofattackandflapdeflectionforMachnunibersthroughoutthetest
range.Figure9 showshighestvaluesofflapnormalforceobtainedover
theMachnumberrangeoftheinvestigation.Figure9 alsopresentsthe
msxinmmandtheminimummessuredpressurecoefficientsontheflapfor
vsriousMachnumbersas comparedwithcomputedpressurecoefficientsat
stagnationbehinda normalshockforthestreamMachnuniberconcerned
andatvacuum.

E

DISCUSSION
,

Thesetwo-dimensionaldataobtainedina one-eighthopenslotted
two-dimensionaltestsection(fig.1)aresubjectto corrections.The

.

lsrgestcorrectionappliestotheanglesofattack.A comparisonof
datafromdifferenttestfacilitiesindicatedthatnoreliablecorrections
sreavailableatpresent.Thedataarethereforepresentedinuncorrected
form.

Theflowpatternsovera modelcanbe definedaspurelysubsonic,
purelysupersonic,ortransonic.Therangeofthisinvestigationincluded
bothpurelysubsonicandtransonicflows.Thetransonicormixed-flow
rangeisof.geatestinterestbecauseoftheunpredictablecharacterof
theflow. Thedistributionofpressuresoverthemodelshowninfigures3
sndk inthespeedrangeofprimaryinterestisrepresentativeofthe
deviationsfromandconformancetowell-knownconditions.

EffectofFlapsonFlows

~“ - Theflowalongtheuppersurfaceofthemodel
(figs.3, , and5)followsthecharacteristicpatternoftransonic-.(11~Ubk .1+

flows

-. —— —.. -. —
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pastthickad moderatelythickairfoils(refs.1 and3). Theexpansion
angleatthehingeaxisformedby thedownwarddeflectionoftheflap
assistsinproducingflowseparationovertherearpartofthemodeland
greatlyreducestherate(withfree-streamMachnumber)ofrearwardmove-
mentofthepositionoftherapidcompressionassociatedwiththeshock
attheresrofthesupersonicflowregion.Ata givenangleofattack,
increasingtheMachnumberproducesincreasedangleof separation(angle
betweentheflowboundaryandthemodelsurface)withoutaffectingthe
locationoftherapidsurfacepressureriseeventhoughtheshockmoves
rearwsrdalongtheseparationboundary.(See M= 0.89 and M= 0.94,
fig.3.)

WithfurtherincreaseinMachnumberanditsattendaqtdecreasein
pressurebehindthemodel,theflowfirststsrtsexpandingwoundthe
corneratthehingeaxisandreducestheangleofseparation.Laterthe
chordwiseextentof separationstartsdecreasing.Thisprocesscontinues
withincreasingMachnumberuntiltheflowiscompletelyclosedinmound
thehingesxisandsupersonicflowexistsalongtheflapuppersurface.
Theexpansionmoundthehingeaxisisapproxhatel.y95percentofthe
turninganglepredictedby supersonic-flowtheoryfor.al&amdtl-Meyer
turn.An analysisofdl thedataobtainedshowedthattheMachnumber
atwhichtheupper-surfaceshockreachesthetrailingedgeincreases
withbothincreasingflapdeflectionandincreasingangleofattack.See
forexsmplephotographsat M= 1.04 and b = 7.75°for a= 0° (fig.3)
and cc= 10°(fig.~). .,.

AtMachnunibersof0.84and0.97andansingleofattackof0°
(fig.4),an increaseinflapdeflectionabove5°producesa decreasein
thepressuresontheflapeventhoughtheflowremainssepsratedfrom
theflap.Thismaybe attributedtothepumpingactionoftheincreased
vorticityofthewakeoftheseparatedflow.As a result,theupper
surfaceoftheflapcontributes.toan increaseinflapnormalforcewith
increasingflapdeflectionregardlessoftheexistenceofflowseparation.

Iowersurface.-Theflowalongthelowersurfacediffersfromthat
ontheuppersurfacebecausepositiveflapdeflectionsforma local
concavityor corneratthehingeaxis.Apurelysubsonicflowmayflow
intoandoutofthecorner,buta supersonicflowcsmnotbecomeestab-
lishedontheflapuntilthelocalsurfaceMachnumberissufficiently
hightopermitflowattachmentwithinthecorner.Thelimitingcondi-
tionsoftheflowangleintothecornerandtherequiredlocalMach
numbercanbe estimatedfromobliqueshocktheory.-sis ofpressure
measurementsforconditionsofattachedshockattheh@e axis(repre-
sentativeexamplesarepresentedinfig.4) showedthattheflow-angle
changesbasedonthepressuresaheadofandbehindthehingeaxisand
onoblique-shocktheorywerearound70percentoftheflapdeflections
ortheoreticalvalues.Thedifferenceinpercentattainment“oftheoret-
icalvaluesbetweenupper-surfaceexpansio&

~*~T~e&~

andlower-surface
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compressionscanbe attributedtopressure-gradienteffectsonthe
boundary-layerconditions.

An increaseinflapdeflectionrequiresan increaseinthelocal
Machnuniberforthesupersonicflowto flowintoandoutofthecorner.
An increaseinangleofattackproducesa reductioninthelocalMach
numbersalongthelowersurface.Thus,increasesineitherangleof
attackorflapdeflectiondelaythedevelopmentof supersonicflowson
theflaptohigherfree-stresmMachnumbers.Theincreaseinpressure
fromthe90-to95-percent-chordstations,observedinsomeofthedis-
tributions,appearstoresultfromanerraticvariationinthepressure
atthe90-percent-chordstationwhichcannotbe explained.

General.- Forincompressibleflows c% =fl(a)+f2(5) (wheref(a)

isa functionof a,ref.3)andtheflap-loaddistributionistriangular
withitscenterofpressureattheone-thirdflapchord.Thistypeof
distributionpersiststoMachnuniberswellinexcessofthecritical
value(fig.4, u = 0°, b=5°, M=O.8k). At supersonicspeeds
c%= (u+ S)~3(M)-f4(M)~ (whereT is a trailing-edgeshapefactor

basedon13usemann’ssecond-ordertheory,ref.5). Theloaddi~tribution
isrectangularwithitscenterofpressureatthe50-percent-flap-chord
station.Therectangularloaddistributionisshowninfigure4 to
occuratfree-stresmMachnumbersgreaterthan1.0althoughtheseparate
flapsurfacesexhibitthesupersonictypeofdistributionatMachnumbers
lessthanl.O(fig.k(a)).Thechangesfromtriangulartorectangular
loadingsoccurovera rangeof speedswithinthetransonicMachnumber
range.Theresultingloadingswhichmaybe calledtransitionalloadings,
vsryinshape,butme predominantlytrapezoidal.

A comparisonoftheflaploadsonthebasisofequalvaluesof (u-l-5)
isstillof interestandcanbemadefromfigure4. For (a+ b)= 100
atthetwolowanglesofattackof0° and5°,theflap-loaddistributions
me similsratMachnumbersgreaterthan1.0. Thedifferencesthatexist
ata givenMachnumbersrea slightlymoreforwardpositionoftheabrupt
compressionontheuppersurfaceat u = 5° ~ theresultonthelower-
surfaceflowofthedeceleratingeffectofan increaseintheangleof
attack.Thelattereffectisevidentina delsyintheestablishmentof
supersonicflowintothecorner.At anaof10°and50f 0°
(fig.k(b)) theflaploads,however,areverydifferent.Atthelower
Machnumbersthereisno similarityintheloads.

For (u+ 5)= 20°,theloadsat a = 0° and 8 = 20° arequite
differentfromthoseat a = 10° and b = 10°. At a~~ n~er of 1.04
supersonicflowexistsalongtheuppersurfaceforthelow-angle-of-
attackcondition,andseparatedflowisencounteredontheflapatthe
high-sngle-of-attackcondition.(Seefig.5.) Becausean increasein

.

.
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a or b orbothincreasesthefree-streamMachnumberforattainment
ofthesupersonicorrectangularflap-loaddistributionandbroadensthe
Machnumberrangeoftransitionfromsubsonicto supersonic,loading,a
simplifiedmethodof correlationofthechangesinloadisprecluded.

Thesedataalsoprovideinformationontheextentofpropagation
ofpress~einfluencesarounda model.Itappearsreasonablethatthe
positivepressurefieldofthedeflectedflapcouldextendnotonly
throughthesubsonicdistributionsalongthelowersurfaceofa model
butalsosffecttheflowsxoundtheleadingedgesmdontheuppersurface.
Examinationofthedatafortheuppersurfacepressuredistributionin
figuresk(a)and(b)atMachnumbersfrom0.84to 0.94indicatethatthe
effectoftheflapflowfieldontheupper-surfaceforebodyflowisvery
smallandpracticallyinsignificant.

Additionalgeneralinformationontheflowisshowninfigure5
whichshowsthechangesinflowthrougha Machnumberrange fortheair-
foilatan’angleofattackof 10°anda flapdeflectionof 7.75°.The
movingpicturesshowedthattheflowalongtheuppersurfacewasvery
unsteadyatMachnumbersfrom0.77to0.90.Theunsteadyflowisillus-
tratedinfigme5 by thestripofmovingpicturestakenata Machnumber
of0.84whichshowstheseparationpointoscillatingfromtheleading
edgeto aboutthe25-percent-chotdstationandshowssimultaneousvari-
ationsintheshockstrength.SimilarconditionsexistatMachnunibers
of0.87and0.89althoughtheseparationpointhasmovedresrwardand
theoscillationsoccuxlessfrequently.Theseunsteadyflowsproduce
unsteadyforcesandcontributetobuffeting.(Seeref.6.) me pressure-
distributiondiagrams(figs.3 and4) sretime-averageresultsandshow
onlya generalsmoothingoutofthepressure~adientsasa resultof
theoscillatingflow.AstheMachnumberisincreasedabove0.90,the

5 separationpointmovessteadilyrearwardalongwiththeshocktothe
hingeaxisat M = 1.04.FurtherincreasesinMachnwiberproducea
continuousdecreaseintheextentof separation.

,;

Forces

ForceandmomentvariationswithMachnuniber.-Theseparationeffects
havea lsrgeinfluenceontheaerodynamiccharacteristicsoftheairfoil. “
Asthefree-streamMachnumberisincreased,separationoftheflowfrom
theuppersurfaceoftheflapcombinedwiththedevelopmentof supersonic
flowwithitsattendantreductioninstaticpressuresonthelowersurface
oftheflapcausedtheflaptobe ineffectiveat u = 0°, b = 5°,and
MachnumbersfromO.94to0.97(fig.4(a)).Theflapineffectivenessis
similartothereversedloadingobservedonmoderatelythickairfoils
(refs.1 and3)andisevidentintheforcecoefficientsinfigure6(a).

.
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Theineffectivenessoftheflapat b = 5° observedinthesection
normal-force-coefficientvariationwithMachnumberismagnifiedby a
flowchangethatisindependentof separationeffects.Foranangleo?
attackof0°andflapdeflectionsof5°and10°,therapiddecreasein
thesectipnnormal-forcecoefficientfromMachnumberssruund0.85to
Machnumbersmound 0.94(fig.6(a))area resultofthe,developmentof
supersonicflowandtherearward movementoftheshockonthelower
surfaceoftheairfoil.(Seealsofigs.3 and.4(a).) Theriseinsection
normal-forcecoefficientatMachnumbersfrom0.97to 1.0iSa resultof
gradualeliminationoftheseparationandestablishmentof supersonic
flowovertheflapu~er surface.Thesectionnormal-forcecoefficients
(u= 0°, b = 5°,and b = 10°)atMachnumbersabove1.03areentirely
attributableto forcesontheflapaloneandareabout4-Opercentofthe
valuesatMachnumiberswound0.75.

Athighflapdeflections,20°and30°,thenormal-forcevariation
infigure6(a)isconsiderablydifferentfromthatatlowerflapangles.
Thereisa generaldecreasein sectionnormal-forcecoefficientwhich
canbe attributedto a slowdecresseintheflapeffectondecelerating
theflowonthelowersurface,butthedecreaseinsectionnormal-force
coefficientissmallerbecausethroughoutthespeedrangeatthesehigh
flapdeflectionstheflowdoesnotbecomesupersonicovertheentire
forebodyofthelowersurfaceof%hemodel.(See a = 0° and b = 20°,
fig.4(a).)

hcreasingtheangleofattackaccentuatesthehigh-flap-deflection
formofforcevariationinthatthechangesaresmallandthedeviations
decrease.For u = 10°,theflowisessentiallystalledalongtheupper
surfaceatMachnunibersbelow0.90as indicatedby figure5;and,asa
consequence,theforcevariationsortheeffectofflapdeflectionsare
lessandthevmiationsovertheMachnuniberramgeme alsoless.

Thevariationoftheflapnormal-forcecoefficient@withMachnumber
(fig.6)differsfromthesectionnormal-forcevariationinthat

%
tendsto increasecontinuallyup to a Machnmibersround1.0. This
variationisa resultofthechangefromthesubsonic(triangular)tothe
transitional(trapezoidal)orthesupersonic(rectangular)loaddistri-
bution.Forlsrgeflapdeflectionsthesamegeneralresultisobtained
eventhoughthechangeinloaddistributionisoccurringonlyalongthe
flapuppersurfaceas showninfigure4. At anglesofattackgreater
than0°,theflapnormal-forcecoefficientsfollowthesamegeneral
patternasatthelowangleandhighflapdeflections.

Theflaphinge-momentcoefficientsforma similsrpatterptothe
flapnormal-forcecoefficientsbecausethecenter-of-pressuretravelis
small. Thetotalmovementisfromaboutthe30-percent-chordposition
atlowMachnuniberstothe50-percent-chordpositionatthehighMach .
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numbers.The30-percent-chordpositioncorrespondscloselytothebasic
triangularloadingontheflapinincompressibleflow. The50-percent
flapchordwisepositioncorrespondstotherectsmgularloaddistribution
forsupersonicflow.

Thedatainfigure6 indicatethatdeflectionsoftheflap(for
(a+ 5)>10°)reducetheerraticvariationsinsectionpitching-moment
coefficient

%/4
withMachnumberandproduce&bnostcontinuous

increasesinthenegativemomentcoefficientwithincreasingMachnumber
up to sonicvelocity.Thisbehaviorissimilartotheeffectsof camber
showninreference1 aswouldbe expected.AtMachnunibersgreaterthan
1“0 ‘he‘Uiationsb c%/4 aresmallbecausechangesinthechordwise

extentof supersonicflowregionaresmall.

Normal-forcevariationswithangle.-Thesectionnormal-forcecoef-
ficientsoftheairfoilandtheirvariationswithangleofattackand
flapdeflectionareshowninfigures7(a)and(b)forMachnumbersof
0.7,0.8, 0.9,1.0,1.1,and1.2. Theseresultsatfree-streamMach
numberslessthan1.0show,forconstantbutlsrgeflapdeflections,
msximumvaluesofthesectionnormal-forcecoefficientofabout1.4that
decreasedwithincreasesinMachnumber.At M = 1.0,an increaseis
indicatedinmsximum~ butthedatasreincomplete.

Thetrendsinthevariationsof sectionnormal-forcecoefficients
withtheflapdeflectionindicateforMachnumbersbelow1.0thatsection
normalforcesinexcessof1.4arepossibleforflapdeflectionsgreater
than30°andatanglesof attackaround50. Flowseparationfromthe
airfoilleadingedgewasencounteredatanangleofattackof 10°. At
higherMachnuuiberssimilartrendssreindicatedforincreasedflap
deflections;however,theangleofattackshouldalsoincrease.

Examinationoftheslopesofthecurvesinfigures7(a)and(b)
showsthatthevariationwithflapdeflectionismuchmorenonlinearthan
thevariationwithangleofattack.Ofparticularinterestisthevari-
ationofthenormal-forcecoefficientwithflapdeflectionfora Mach
numberof1.0at zeroangleofattack.FromOoto 10°flapdeflections,
theslopeismoderate.Intherangefrom10°to 20°theslopeisvery
largebutdecreaaesintherangefrom20°to 30°. !l?hisvariationin
slopeovertheflap-deflectionr-e isa resultofvariationsinthe
flowpatterns.-es occ~ o- h theflaploadwhentheflapis
deflectedfrom0°through5°to almost10°;no changeocws inthefore-
body10ad. Deflectionoftheflapfrom10°to 20°inducesthenormal
shocktomoveforwardontheairfoillowersurface,causesa rapidincrease
inthepressureonthetifoillowersurface,andresultsina consequent
increaseinsectionnormalforce.Themsxlmumeffectofthisshockmove-
mentisattainedatthisMachnuuiberfora flapdeflectionof20°.

.
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Thepressuredistributions(notshown)from20°to 30°showthe
changeinflowoverthelowersurfaceisextremelysmall;theeffecton
theupper-surfaceflowisslight,andconsequentlythechangeinsection
normal-forcecoefficientissmall.Similarchangesoccuratlowerflap
deflectionsforanglesofattackofso andto a muchlessextentatan
angleofattackof10°. Thesechangescontributetononlinearitiesin
theforcevariationswithattitudethroughthetransonicspeedrange.

Inthevariationofflapnormal-forcecoefficientwithflapdeflec-
tion(fig.8(b))at a Machnumiberof1.0,whichcorrespondstothecon-
ditiondiscussedforthesectionnormal-forcecoefficient,theflap
normal-forcecoefficientfollowsthesamepatternto a slightetientj
directcorrelationwasnotexpectedfromtheflowstudies.

Thevariationsoftheflapnormal-forcecoefficientswithangleof
attackatdifferentflapdeflectionsarequiteirre~ar (fig.8(a))
especiallyatMachnumbersof1.0andless.Theselargeirregularities
contributetothenonlinearvariationswithflapdeflection.Sincethe
flapnormal-forcecoefficientsat angle-of-attackandflap-deflection
combinationsbeyondtheattainmentofthemaxhnunsectionnormal-force
coefficientarenotimportant,thedataoffigure8 havebeenexamined
fortheconditionsofan increaseinthesectionnormal-forcecoefficient.
Thetrendsinfigure8 indicatethatincreasesinflapdeflectionat
anglesofattackaround5°wouldalsobe accompaniedby increasesinflap
normal-forcecoefficientatMachnuniberslessthan1.0. AtMachnumbers
greaterthan1.0,however,an increaseinbothangleofattackandflap
deflectionwhichwouldbe expectedto increasethesectionnormal-force
coefficientmayormaynotproduceincreasesinflapnormal-force
coefficient.

Maximumloads.-Thedataprovidesomeinformationthatcanserveas
a preliminaryguideintheesthationofmsximumflaploads.Infigure9
thevariationwithMachnuniberofthehighestvaluesofflapnormal-force
coefficientsobtainedwithinthelimitationsofthisinvestigationme
presentedandshowpeakvaluesof about1.5. Throughouttherangeof
Machnumbersitisobservedthattheconibinationofangleofattackand
flapdeflectionrequiredtoproducethehighestvaluechangedoverthe
speedrange.

Themaxhmunandminimmpressurecoefficients(maximumnegativeand
maximumpositive)observedontheflapinthisinvestigationprovide
informationapplicabletopanel-loadestimations.Thevariationswith
Machnumberoftheseexperimentallimitsme comperedinfigure9 with
thepressurecoefficientsforvacuumandwiththepressurecoefficients
forthestagnationpointontheairfoil.Iftheseenvelopecurvesfor
pressuresareusedtoprovideanestimateofflapnormalforce,large
errorsareintroduced.At M = 1.0 theestimatedvalueis2.o4,whereas
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theexperimentalvalueofflapnormalforceis1.~. Thelargeclifference
occursbecausethenestpositivepressureandthemostnegativepressure
coefficientsdidnotoccurs~taneously. Themostpositivepressure
coefficientsonthelowersurfacearegenerallyobtainedunderconditions
ofhighanglesandhighflapdeflections,whereasthemorenegativepres-
surecoefficientsareobtainedatanglesofattackwhereseparation
effectsarenotpredominant.

Theresultsindicate

CONCLUDINGREMARKS

thatthelocalflowsovertheflaptiesub,ject
to chamgesfromsubsonicto supersonicvalueswhicharedep&denton-
conibinationsandvariationsinMachnumber,angleofattack,andflap
deflection.Theresultingeffectontheforcesistoproduceerratic
variationsthatsrenotsubjectto my shuplecorrelationfactors.

Thehighestnormal-forcecoefficientsobtainedinthisinvestigation
weremound 1.4forthe,airfoiland1.5fortheflap. Thehighestflap
normal-forcecoefficientsoccurredinthehighestflap-deflectionand
Machnumberrangesofthetests.

No correlationexistedbetweenmsximumflapnormalforceandmaximum
andminimumpressuresontheflapbecausethemaximum
valuesoccurredunderdifferentcombinationsofangle
deflection.

LangleyAeronauticalLaboratory,
NationalAdvisoryConmritteeforAeronautics,

LangleyField,Va.,Novefier28,1956.

andthemininmm
ofattackandflap

_—. ———. .————.—.—. .
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