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WITEOVERHANGNOSEWCES

By JsmesN.Mueller

suMMARY

Someofthefactorsaffectingthetwo-dimensionalcharacteristics
of flap-typecontrolsequippedwithoverhangnosebalanceshavebeen
investigatedat a Machnumberof 2.40. Theeffectsof changingnose-
balanceoverhang,alteringtheshapeof thenosebalance,bevelhgthe
afterbodyofthebasicwingforwardoftheflapnose,varyingwing-flap
gapsize,fixingtransition,sndvsryingtheflaptrailing-edgethick-
nesswereevaluated.

Theresultsoftheinvestigationindicatedthatlowvaluesofboth
hingemomentsdueto flapdeflectionandhingemomentsdueto angleof
attackcouldbe obtainedfora flapattachedto a blunt-basewingwith
a gapof0.033cwhenthebalsnceoverhangwasabout80percentof the
flapchordrearwsrdofthehinge>ine.Theprimaryeffectofbeveling
therearsectionofthebasicwingor increasingwing-flapgapsizewas
tominimizethewing-wake-boundary-layereffectsovertheflapsothat
thenose-balanceeffectivenesswasincreased.Theliftingeffectiveness
oftheflapwasnotappreciablysffectedby overhangbalance.Theeffects
of fix- transitionandchangingflapoverhsngnoseshapeonthebal-
ancingcharacteristicswerenegligible.Increasingflaptrailing-edge
thicknessresultedinincreasedcontrolheaviness.

A methodforestimatingtheaerodynamicloadingovertrailing-edge
flap-typecontrolsequippedwithoverhangnosebalancesis shownto give
goodresults.

INTRODUUITON

At-supersonicspeeds,unbalancedcontrolshavelargehingemoments
thatrequireheavyandcomplexmechanicalboosters~tems. A reduction
inhingemomentsby useof aerodynamicbalanceisdesirableto reduce
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thesizeandweightof theboostsystemrequiredandinsomecasesto
providecontrolsthatcanbe operatedmanuallyinanemergency.

ForsometimetheNationalAdvisoryCommitteeforAeronauticshas
beenconductinginvestigationsof thebalancingcharacteristicsattran-
sonicspeedsofvariouscontrolarrangements(refs.1 to 6). At super-
sonicspeeds,however,experimentaldataontheaerodynamicbalancing
of flap-typecontrolsarerelativelymeagerandadequatetheoryisnot
availableforpredictingbalancingcharacteristics.

An investigation,therefore,hasbeenmadeintheLangley9-inch
supersonictunnelata Machnumberof 2.40of someofthefactorsaffecting
thebalancingcharacteristicsof flap-typecontrolsequippedwithplain
overhangnosebalances.TMs studyisshilartothatreportedinref-
erences7 and8 butwasmadeina two-ratherthanthree-dimensional flow
fieldaudutilizedpressuredistributionsratherthanforcetestssoas
to deterndnethenatureoftheflowfieldsaboutthewing-flapconfigurations.

A preliminary-datareport(ref.9)hasbeenpublishedrelatingto
theinitialphasesofthetestprogramwhichencompassedtestswithdif-
ferentmountsofflapnoseoverhangbalanceandseveralwing-flapgap
sizes.Subsequenttestsincludedtheeffectofbevelingtheafterbody
of thebasicwingforwardoftheflapnose,fixedtransition studies,
theeffectofbalancenoseshape,andtheeffectofflaptrailing-edge
thickness.ThepresentpaperpresentsaU thepertinentdataobtained
inthisinvestigationtogetherwitha morecom@eteanalysisthanthat
of reference9.
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pitchingmomentaboutmidchord,positivewhenit
torotatetheleadingedgeof airfoilupward

chordforce,positiverearward

hingemoment,h/qcf2

hinge-moment-coefficientpsrameter

normal-forcecoefficientof completeconfiguration,

pitphing-momentcoefficientof completeconfigura-
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chord-forcecoefficientof complete

free-streamvelocity
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maximumthicknessofmodel
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rateof changeofflapsectionhinge-momentcoefficientwith

()

a%
flapdeflection,

_%a ‘

rateof changeofflapsectionhinge-momentcoefficientwith

(Jikh
angleof attack, —

5

rateof changeof flapsectionnormal-forcecoefficientwith

()acnflapdeflection,
T5a

massdensityoffreestream

absolutecoefficientofviscosity

wingangleofattack

deflectionofflapchordwithrespectto airfoilchord,posi-
tivewhentrailingedgeisdown

includedangleofflapnose

includedangleofflaptrailingedge

APPARATUSANDMETHODS

WindTunnel

TheinvestigationwaaconductedintheLangley9-inchsupersonic
tunnel,whichisa continuous-operationclosed-returntypeof tunnel
withprovisionsforthecontrolof thehumiditysndpressureofthe
enclosedair. Elevenfine-meshscreensintherelativelylargesettling
chamberaheadof thenozzlesaidinkeepingtheturbulenceinthetunnel
testsectionata lowlevel.Forqualitativevisual-flowobsenations,
a schlierenopticalsystemisprovided.Duringthetests,thequantity
ofwatervaporinthetunnelairwaskeptsufficientlylowsothatthe
effectsofwatercondensationinthesupersonicnozzlewerenegligible.

Models

General.- Presentedinfigure1 arethewing-flapconfigurations
teste~is investigation.No dataarepresentedforthoseconfigu-
rationsshownshaded.(Seee lauationundr “Results.‘1)Alsoincludedkd
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inthefigureispertinentinformationrelativeto eachof theconfigura-
tions.T& majorityoftheflapstestedhaddismond-shapedprofiles;
othersincludeda flapwithanelliptical-shapedoverhangandonewith

[

a full-blunttraiingedge.KU theflapshadplainoverhangnosebal-
enceshavingCbcf valuesof0.38,0.60,andO.82. Themaximumthick-
nesslocationsoftheflapswerecoincidentwiththehingelinesandthe
totalflapchordswere~ percentofthechordofthewing-flapcombina-
tion(exclusiveof anywing-flapgap).Thethicknessratioofthecom-
binationswas6 percent.Variationsinthewing-flapgapsizewere
obtainedby translatingtheflaprearwardfromthebasicwings.

Theartificialroughnesssee’nnesxthenoseof someoftheconfigura-
tionsof fi~e 1 (seeforexsmple,configuration6(a))srefixedtransi-
tionstripsusedtoproduceturbulentboundary-layerflowandtherefore
to simulatehigherReynoldsnumberflow. Thefixedtransitionorrough-
nessstripswereprepsredby sprinklingcomontablesalt,groundto an
averagegrainsizeof slightlylessthan0.01inch,ontoa thinlayerof
dopethathadbeensprayedonthewingjustpriortotheapplicationof
thesaltgrains.Thechmdwisethicknessofthestripswasapproximately
3/16-inchandwerelocatedapproxiniatelyat19percentchord.

Themodelsweremachinedfromsteelwiththesharpleadingand
trailingedgesgroundto a thicknessof lessthen0.002inch.Thewhg
andflapsurfaceswerecuttowithin0.(X)2inchofthespecifiedvalues
andweregenerallyfreeof scratchesandwell-polished.

Figure2 showsthegeneralarrangementandbasicdimensionsofthe
pressuredistributionandschlierennmdels.Alsoillustratedisthe
methodusedforcouplingtheflapstothewings.As shownonfigure2,
twobasicwingsdifferingonlyinprofileshapewereemployedinthese
tests.Basicwing1 consistedof a n-percent-chordnosesectionof
double-wedgeshapesndsharpleadingedgefolIlowedby a slab-typeafter-
bodysectionwitha fullblunttrailingedge.Basicwing2 differed
frombasicwing1 inthattheafterbodywasbeveledto a sharpedgeat
thebase. (Theterm“afterbody”asusedhereinreferstothesection
ofthebasicwingrearw=dofthenosesection.)AllmOddS had 3-inch
chords(forzerowing-flapgap)andrectangularplanforms.Theflap
chordsin allcaseswere30percentofthemodelchord.

Pressure-distributionmodels.-Figure3 isa dimensionalsketchof
thepressure-stributionmodelsillustratingthemannerinwhichthe
modelswer’emountedinthetunnelfortesting.For’conveniencein
carr@ngpressureleadsfromthewingstotheoutsideofthetunneland
in settinganglesof attack,themodelsweremountedinthetunneldirectly
fromcircularendplateswhichreplacedthetunnelobservationwindows.

Thepressure-distributionmodehwereequippedwithstatic-pressure
orificesonboththeupperandlowerwingandflapsurfacesatthemidspan

.,----- “’- -’
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stationonlyas shownh figure3. Thislocationaffordedanessentially
two-dimensional-flowregionrelatimlyfreefromtheUsturbanceswhich
origtiatefromtheinboardedgesof thewing-flaplinkageplates.Two
pressureorificeswerelocatedon thebaseofbasicwing1. Exceptfor
theorificesnearthesharpleadingandtrailingedgesof thewingsand
flaps,allorificesweredrilledon a linenormaltothewingleading
edge. Inordertoestablishsomeorificesas closetotheleadingand
trailingedgesaspossible,theseparticularorificeswereslightlystag-
geredspanwise.AU pressureleadsfromtheorificeswereductedtothe
outsideofthetunnelinternallythroughthemodel.

.
Wingangleof attackwaschangedby rotatingthecircularendplates

andmeasuredbymeansof a clinometerattachedtooneoftherotating
plates.Theflapsweredeflectedwiththeaidof 1/16diameterwire
cablesattachedtotheflapsanda manuallyactuatedmechanism.Inorder
to indicateflap-anglesettings,thehingepin,fixedrelativetothe
flap,wasextendedthroughthecircularendplateandequippedwithan
indicatorhandwhichtraverseda circularscale.

Schlierenmodel.-Fiaure4 showstheschlierenmodelmountedfor
visual-flowobservation~d schlierenphotography.Themodelwassup-
portedby twostrutswhichinturnwereattached-tosupporttrunnions
whichpiercedthetunnelsidewalls.Theangleof attackof themodel
waschangedby rotatingthesesupporttrunnionsfromoutsidethetunnel;
thustheangleofattackcouldbe changedwhilethetunnelwasinopera-
tion. Ontheotherhandtheflapanglehadtobe setwhilethetunnel
wasinoperative.Thespanofthemodelwasslightlylessthanthetunnel
widthinordertopermitmodelmovementinthepitchdirectionwithout
-~ theobservationwindows.

PressureMeasurementsandReductionofData

Thepressuresonthewingandflapsurfacesandthetotalpressure
inthetunnelsettlingchsmberwererecordedstiultaneouslyby photo-
graphinga multiple-ttiemercurymanometeronwhichthepressureswere
indicated.Subsequently,thepressureswerereaddirectlyfromthefilm
aspressurecoefficientsthroughuseof a filmreader.

.

Sectionaerodynamiccoefficientswereobtainedby integratingthe
pressuredistributions.Thechordwiseforceswerecomputedina similar.
mannerbyplottingthepressuresnormalto a linewhichwasperpendicular
to thewingor flapchord.No attemptwasmadeto includeviscouseffects
inanyoftheaerod.yuamiccoefficients.
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RangeofTests

Mostof thepressure-distributiontestsweremadeatanglesof attack
@ and@’andthrougha flapdeflectionrangeof*20°in increments
4°. Additionalpressuredistributionswereusuallyobtainedat a= 0°,

of
of
4°,6°, and10°and-atflapdeflectionsof0° sad+12°only. Schlieren
photographswereobtainedusuallyat a = @ and& at 5 s 0°, 5 =*12°,
and b -220°. Thetestsweremadeat a Reynoldsnumberof 0.78x 10b
basedonthemodelchordof 3 inches.

.PrecisionofData

Stresmsurveysobtainedwithanemptytestsectionindicatethatthe
meanvalueoftheMachnumberintheregionoccupiedby thetestconfig-
urationsis2.4oandthatthevariationaboutthismeanisabout*0.01.
Othersurveyshaveindicatedthatanydeviationsinstream-flowdirection
inthetestsectionaresmall.

Estimatesoftheprecisionofthetestvsriablesareasfollows:

Hinge-momentcoefficient,ch . . . . . . . . . . . . . . . . .+0.008
Normal-forcecoefficient,cn . . . . . . . . . . . . . . . . .K1.005
Pitching-momentcoefficient,cm . . . . . . . . . . . . . . .*0.00k
Chord-forcecoefficient,cc . . . . . . . . . . . . . . . . .+0.004
Angleofattack,u,deg. . . . . . . . . . . . . . . . . . . . *O.1O
Flapangle,b,deg . . . . . . . . . . . . . . . . . . . . . . to.25
Pressurecoefficient,P . . . . . . . . . . . . . . . . . . . . *0.01

REwIm

Theresultsofthisinvestigationme presentedintheformof sec-
tionaerodynamiccoefficients,pressure~stributiondiagrams,schlieren
photographs,slopeparameters,andloadingtiagramsinfigures5 to 1.2,
figures13to 21,figures22to28,figures29to 31,andfigures32
and33,respectively.TableI showstheconfigurationsforwhichdata
we presentedalongwithcorrespondingfigurenumbers.No datame shown
for: (1)Configurations3, 8,and10becausetheresultsobtatiedsre
intermediateto datawhichsrepresented;(2)configurations6a,6b,14a,
and14bbecausetestsoftheseconfigurationsshowedthat,whenthewing-
flapgapwaslsrge(0.333c),fixingtransitionproducednegligibleresults;
smd(3)configurations13aandin because
parabletothoseresultspresentedforthe

theresultsobtainedarecom-
sharp-noseflaps.

. .. . . . . —- .—. —. .— — ———-—.—..
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data,isequivalent
chord,Ct. Since
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ch— , usedinthepresentationofhinge+nomentCt .
to a hinge-momentcoefficientbasedonoverallflap
Ct remainedconstantinallthetests,thevalues

ofthisparsmeterafforda directcomparisonofthehinge+omentsfor
thevarioustestconfigurations.

NILpressure~istributiondi~sms areshownfora zerowing-flap
gapconditionforconvenienceandinordertopreserveuniformityamong
plotswhencomparisonsme beingmade. Thetheoreticalpressuredistri-
butionsincludedon thepressure-distributiondiagrams(figs.13to 21)
werecalculatedfromshock-e~ansiontheory(ref.10)forthebasicwings
only. (Eecauseofthemixed-typeflowwhichprobablyoccursoverthe
flaps,no attemptwasmadeto includetheoreticalpressuredistributions
overthesesurfaces.However,itwild.be shownina subsequentsection
ofthispaperthatreasonablygoodpredictionsofthepressuredistri-
butionsovertheflapscanbe obtainedby usinga methodbasedon shock-
expansiontheory.)

Theflowonthestrutsideofthemodelsshownintheschlieren
photographsmustbe discountedbecauseof interferenceeffectsfromthe
supportingmember.

Theslopeparameters,normallytakenastangentsto thecurvesat
5 = 0° whentheangleof attackwasheldfixedandat a = 2° when
theflapanglewasheldconstant,areshownprimarilyto indicatethe
generaltrendsofthetwo-dimensionalslopepsmmetersofoverhang-
balancedflaps.ticludedforcomparativepurposesarethetwo-dimensional
hinge-momentparametersof a plain,unbalancedtrailing-edgeflapona
6-percent-thickcirculsr-arcw@j (ref.U), and.theslopeparametersof
a three-dimensionalwing-flapmodel(refs.7 and8)havingflapswith
geometricalcharacteristicssimilartothoseofthepresenttests.

lhe
intothe

DISCUSSION

discussionoftheresultsof thisinvestigationhasbeendivided
followingsections:Effectofflapnoseoverhang,effectof

wing-flapgapsize,effectoffixedtransition,effectofflapnoseover-
hangshape,effectofflaptrailing-edgethickness,andestimationof
control-surfaceloading.Theeffectsofalteringtheprofileof the
wingafterbodyfroma constant-thickness,blunt-baseshapeto a double-
wedge,sharp-baseshapearediscussedundereachsectionwiththeexcep-
tionofthesectionon “effectofflaptrailing-edgethickness,”where
theeffectsofbasic-wing-afterbodyshapewerenotevaluated.
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EffectofFlapNoseOverhang

Figure5 showstheeffectofdifferentsmountsofflapnoseover-
hangonthevariationofthesectionaerodynamiccoefficientswithflap
deflectionat a = 2° and a = 8°. Theaerodynamiccharacteristicswe
shownforboththeblunt(basicwing1)andbeveled(basicwing2)wing-
flapconfigurations.

Infigures6 and7 me shownthevariationsofthesectionhinge-
momentandnormal-forcecoefficientswitham?leof attackat b = - 12°,
Oo,andno, forthebluntand
respectively.

AU configurationshavea

beveledwi.ng-=lapconfigurations,
.

wing-flapgapsizeof 0.033c.

J%%%(.)).-Thedecreasein slopesofthehinge-momentcurvesat
a= astheflapnoseoverhangisincreasedfrom0.3&f
to().82cfcanbe lsrgelyattributedto thefactthattheleast-balanced
flaphasmostof itsoverhangbalanceimmersedinthewingwake,and
“unporting”(noseof flaprisesabovethewingsurfaces)doesnotoccur
untiltheflapdeflectionexceeds20°. Thepressure-distributiondia-
grsmsoffigure13(a)(andto someextent,theschlierenphotographsof
figure22(a))showthiseffect.Conversely,whentheoverhangbalance
isnmderatelylarge(82percent),itseffectivenessincreasedbecause
itwaspossiblefortheexpandedflowaroundthew@ baseon thelower
surfaceto hpi.ngeon a greaterportionofthebalancesurface.(Com-
parethehinge-momentslopeparameterc% (fig.29)of thevarious

balancedconfigurations.)

At a = #, thedetrimentaleffectsofthewingwakeontheeffec-
tivenessoftheoverhangsisdecreased(see,forexample,figs.13(b)
and22(b));however,therelativereductioninthehingemomentsbetween
theconfigurations(configurationsla,7a,and9a)havingdifferentamounts
of flapnoseoverhangis comparableto thoseat u = 2°,as seeninfig-
ure5(a)becausetheloadstotheresroftheflaph-e linesalso
increased.(Thiseffectisalsoillustratedinfig.29,whichshowsthe
~e-IIIOIUent slope parametercha measuedat ~= 80.)

Infigure6(a),whichshowsthevsriationofthehinge-momentcoef-
ficientwithangleof attack,theslopesofthecurvesat allflapdeflec-
tionsme seent~be relativelysmall(all c~ valuesfallingwithin

a rangeof0.001to ~.@6). (Seealsothehinge-momentparsmeter%
offig.@.) At 5= Oo,the82-percent-balancedflap(configuration9a)
showsa veryslightsmountofoverbalance(positivevalueof c@ .
At 5 = I@, a considerablereductioninhbge momentsisobtainedasthe
flapbalanceisincreasedf 82percent.



10

and
are

the

NACARM L53121

Normal-force-coefficientvariationswithflapdeflections(fig.~(b))
normal-force-coefficientvariationswithangleofattack’(fig.6(b))
notsignificantlyaffectedby changeinamountofflapnoseoverhang. -

Pitching-momentcharacteristics(fig.5(c))showtrendssimilarto
hinge-momentvariations(fig.5(a))previouslydiscussed,andindi-

catea lossofpitching effectiveness@ withincreaseinpercentof
flapnoseoverhang.Thislossisprobablycausedby a forwardshiftin
flapcenterofpressureduetotheincreaseinloadontheoverhang.

Chord-forcecharacteristics(fig.5(d))exhibitonlyslightchangee
withchangeinamountofflapnoseoverhamg.

w“-
Figure5(a)showsthat,ata lowangleof attack

(a= 2 , bevelingtheafterbodyofthewingaheadof theflapnose(con-
figurationslb,7%,and9b)resultedinno significantreductionsinthe
slopesofthehinge-momentcurves(thatis,increaseinaerodynamicbal-
ance)relativetothoseoftheblunt-wing-flapconfigurations.(See

Cb
slopevalues,fig.29.) Thereasonforthislackof improvement

inaerodynamicbalancecanbe seenfromthepressure~istributiondia-
grsmsof figure14(a),whichshowthat,althoughthereisan increase
in loadontheoverhangbalance,theloadstotherearof thehingeline
havealsoincreased.

At a moderateangleof attacka = & (fig.5(a)),theeffective-
nessoftheoverhangbalanceincreasedmarkedlywhenthewingafterbody
wasbeveledas isindicatedby theoverbalancedconditions(positive
valuesof c%, generallyinthenegative-flap-deflectionregion)pro- -

ducedon the@- and82-percent-balancedflap-wingconfigurations(con-
figurations7band9b);alsoseefig.~).

Figure7(a)showsthehinge-moment-coefficientvariationwithangle
of attackforthebeveledwing-flapconfigurations(configurationslb,
7b,and9b). At 5= 0°,boththe60-and82-percent-balancedconfigura-
tions(configurations7band9b,respectively)exhibitoverbalancetend-
encies (c& Positive),tiereastheleast-balancedconfiguration(con-

figurationlb)isslightlyunderbalanced(c% = -O.~14). (Seehinge-
\

momentslopeparameterc~ fig.29.) At 5

figurationshavepositivefloatingtendencies

lawan@e-of-attackrange (upto u = 60 or
anglesof attack,theconverseistrue.

Theincreaseinrateof changeofnormal

c% of thebeveled-wing-flapconfigurations

. 120 allthe’flapcon-

( )
positix c~ inthe

a= 8°). At thehigher

forcewithflapdeflection
(fig.~(b)) overthatof -

.F...,$.J?&-----

f
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theblunt-wing-flapconfigurationswasappreciableatboth a = 2°
and u = &, atleastup to about 8 = 14°. Above b = 14°)theslopes
ofthecurvesbecomezeroandtendto exhibitreversals.‘rhtslossti
liftingeffectivenesscm canbe attributedtotherathersevereflow
separationfromthewing,as seeninthepressure-distributiondiagrsms
offigure14,ratherthanto a lossinflapliftingability.

Thevariationsofthenormal-forcecoefficientswithangleof attack
(fig.7(b))revealthat,atallflapdeflectionsshown,theslopesof the
curvesareapproximatelyequal.Thisresultindicatesthatthe33.fting
effectiveness

c%
ofthewing-flapconfigurations(configurationslb,

~, and9b)-isnotsignificantlyalteredwithchangeinamountof flap

(
noseoverhangatleastwithinthescopeofthepresenttests,

.$. 0.38 to $= 0.82).Itw= alsofoundthattheslopevaluesare

comparableto thoseobtainedontheblunt-wing-flapconfigurations.

Pitch~-momentcharacteristics(fig.5(c))followcloselythe
trendsofthehinge-momentcurves.At a = &, unstablepitching-moment
variationsoccurovera smallrangeof flapdeflectionforthe60-and
82-percent-balancedflaps(configurations7b ad 9b).

Chord-forcecharacteristics(fig.’5(d))showno appreciablediffer-
encebetwe’enwing-flapconfigurationsat a = 2° or a = @. However,
thechord-forceofthebeveled-~—flap configurationsisgenerally
higherthantheblunt-wing-flapconfigurations,andinparticularat
a= 8° wherethechord-forcerise-withpositiveflapdeflectionisvery
rapid.

Comparisonoftwo-andthree-dimensionalslopeparameters.-Infig-
ure~ isshowna comparisonbetweentwo-dimensionalhinge-momentslope
parametersobtainedfromthepresenttestsandreference11,andthe
three-dimensionalhl.n.ge-momentslopepsmmetersobtainedfromtestdata
ofreferences7 and8. !l%ehinge-momentSIOpe VdM2S Cha and

%
of thethree-dimensionaltestsandthepresenttwo-tiensionaltestscor-
relatereasonablywelJ_.Althoughtheflapsofthethree-dimensionaltests
wereattachedto a haM-spandeltawinghavinga subsonicleadingedge
(sweepangleof75°),thehinge-linesweep(whichwas0°),flapgeometry
(hinge-linelocationandprofileshape),andwing-flapgapsizeofthe
three-d@nsionaltestsweresimilsrto thoseofthepresenttests.

Onthebasisof thisbriefcomparisonitappesrsthatthegeometrical
psmmetersoftheflap(asstatedabove)sretheprimaryfactorsindeter-
mininghinge-momentcharacteristics,andit isbelievedthattwo-dimensional
studiess~lar tothepresenttestscanfurnisha reasonablyaccurate
insightintothree-dtiensionalflapcharacteristics.

——————
.

—-. — _.——_ .—-— — ——— —-— .—
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Slopevaluesof thezero-balancedflapon a circular-arcwing(ref.11)
alsoshowreasonablygoodcorrelationwiththetwo-andthree-dtiensional
balancedconfigurations.

EffectofWing-FlapGapSize

Figures8 and9 showtheeffectofwing-flapgapsizeonthevaria-
tionof theaerodynamiccoefficientswithflapdeflectionoftheblunt
andbeveledwingsequippedwitha flaphavinga small(0.3&f)andlarge
(O.82cf)overhangbalance,respectively,at u = 20 and u = 8°.

Blunt~ Theh.inge+nomentcharacteristicsofthe38-percent-
balancedblunt-~-flap configurations(configurationsla,ha,and5a)
at a = 20 (fig.8(a))appeartobe independentofgapsizeuntilthe
largestgapsize(0.333c)isobtained.(Seeconfiguration5a.) The
hinge-momentvariationwithflapdeflectionof thisconfigurationdoes
nothavethebreaksorregionsofdiscontinuityevidentfortheconfig-
urationsof lessergapsizes(configurationslaand4a). Theeffectof
gapsizeon aerodynamicbalanceisnegligible,however,becauseofthe
small(0.3&f)overhangbalance.

In figure9(a)isshownthehinge-momentvariationwithflapdeflec-
tionof a flaphavinga largeflapnoseoverhang(0.&cf)attachedto
theblunt-basewing,as a functionof wing-flapgapsize(configurations9a
andha). It isreadilyseenthatitispossibletoobtaingoodbal-
ancingcharacteristics(lowvaluesof cm) throughthejudiciouscom-
binationofwing-flapgapsizeandamountof flapnoseoverhang.

(Seehinge-moment-slopepsrsmeterc% fig.n.)

Normal-force,pitch--moment,andchord-forcecharacteristicsfor
the38-percent-balancedflap(figs.8(b),8(c),and8(d),respectively)
reflectthesametrendspreviouslyobservedInthehinge-momentcharacter-
istics,namely,thattheaeromtic coefficientsat ~ = 20 aPPearto
be independentofwing-flapgapsizeuntilthelargestgapsize(O.333C)
isobtained.me substantialincreaseinflapeffectiveness(fig.8(b))
at thelargestgapsizeisclearlyseeninthepressure~stribution
diagramsof figure15(a).Alsoseenon thediagramsisthesignificant
decreaseinwingbasepressure(thesymbolsshownplottedat ~= o.70)

withincreaseingapsizefrom0.033cto0.333c.‘Ibisresultsinan
increaseinwingpressuredrag,andpartlyacco~tsforthe~ge chord
force(fig.8(d))associatedwiththelargestgap-sizeconfiguration
(configuration5a). At a = & thesectionaerodynamiccoefficients
show,generally,thesametrenti.

Forthe82-percent-balancedflap,thenormal-forcecharacteristics
(fig.9(b)) showflapeffectivenessincreasesasexpectedwithincrease
ingapsizeatboth a= 20 and a= @.
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Beveledwing.- Bevelingthewingaheadoftheflapnoseforthe
3&percent-balancedflapconfigurations(configurationslb,4b,and~)
essentiallymadethehinge-moment(fig.8(a)),normal-force(fig.8(b)),
andpitching-moment(fig.8(c))coefficientsindependentofwing-flap
gapsizeup toandincludingthelargest(0.333c)gapsizeatboth u = 2°
snd a= @. Thechord-forcecoefficients(fig.8(d)),however,still
showsomevariationswithgapsize.

An interestingfeatureofthepressure+listributiondiagams(fig.16)
istheretardationof flowseparationfromtheuppersurfaceofthewing
afterbodywhenthewing-flapgapsizeisincreasedfrom0.033cto0.333c.
(Thiseffectisalsoevidentontheschlierenphotographsof fig.24.)

Thehinge-momentcharacteristics(fig.9(a))ofthelarge-bslance
(82-percent)flap-beveled-wingconfigurations(configurations9b andl.lb)
at a = @ showslopereversals(fromnegativetopositive)asthewing-
flapgapsizeis increasedfromO.033cto 0.333c.(Seehinge-momentslope
parsmeterC@, fig.30.) At a = @, theeffectofgapsizeonthehinge
momentsissmall.

Thenormal-force
inlifteffectiveness
snd a= w. ,

characteristics(fig.9(b))showslightincreases

% a thegapis
increasedatboth a = 2°

EffectofFtiedTransition

Figures10(a)and10(b)showtheeffectsoffixedtransitionon
thevariationofthehinge-momentandnormal-forcecharacteristicswith
flapdeflection,respectively,ofbasicwings1 (blunt)and2 (beveled)
equippedwitha 38-percent-balanced

(
~= 0.38) f~p, at . . 20~

a= ED.

Bluntwing.-Theonlyapparent
momentcharacteristics(fig.10(a))
discontinuityinthecurvesat a =
nessat a = F.

effectoffbdngtransitiononhinge-
appearstobe theelhinationofthe
@ andanincreasein controlheavi-

Normal-forcecurves(fig.10(b))exhibittrendssimilartothehinge-
momentcurvesinthatthe“breaks”orregionsof discontinuityinthe
forcecurves,atboth a = 2° and a = @, sreel=ted whentransi-
tionisfixed.An investigation(ref.11)at M = 1.93 oftheeffects
of fixedtransitionontheforceandmoment
thick,circular-arcatifoilequippedwitha
edgeflapyieldedsimilarresults.

characteristicsof a 9-percent-
m-percent-chordplalntrailing-

— — ———— .—-- ———— ...— —-—- ———— –—
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Beveled@.- ’15eeffectof fixedtransitiononthehinge-moment
andnormal-forcecharacteristicsofthebeveledwing-flapconfigurations
(configurationslband2b)(figs.10(a)andlO(b),respectively)arenesrly -
identicalto thoseproducedontheblunt-wing-flapconfigurations.

Thepressure-distributiondiagramsoffigure18 showthepowerful
effectof ftiedtransitionon curbingor elhdnatingcompletelytheflow
separationfromtheuppersurfaceofthewingafterbody.(~so seefig.26.)

EffectofNoseBalanceShape

FigureXl showstheeffectofnosebalanceshapeonthevariation
ofthesectionaerodynamiccoefficientswithflapdeflectionat a = @
and a= & forboththeblunt-andbeveled-wing-flapconfigurations.
Thewing-flapgapsizeis0.033c.

‘llhesectionaerodynamiccoefficientsofboththe
wing-flapconfigurationsshow,withexceptionof the
ticallynovariancewithchangeinflapnoseshapeat
a= @ (figs.il.(a)tolJ_(c)).

blunt-andbeveled-
chordforce,prac-
both a = 2° and

Thechord-forcecharacteristics(fig.I-1(d))ofthebluntwing-flap-
configurations(configurations7aand12a)arepracticallyidentical
at a= Z@ andshowa slightdeviationinthepositiveflapdeflection
rangeat a= ~. Thebeveled-wing-flapconfigurations(n and12b)
showa markeddissimilarityinchord-forcecharacteristics(fig.n(d))
at a=20. Thiseffectisbelievedtobe duetothevariationofthe
highpressureswhichbuildupon thenoseoftheflaps(seefig.20(a)),
thehighestpressuresgenerallyoccuringontheblunt-noseflap(config-
uration12b)inthenegative-flap~eflectionregion;conversely,the
peakpressuresoccuronthesharp-noseflap(configuration~) inthe
positive-flap-deflectionrange.At a = &, thessmetrendsas at a = 2°
sreevidentbutona muchsmallerscale.

EffectofFlapEl?miling-l?dge‘lhickness

FigureM showstheeffecton thevariationofthehinge-momentand
normal-forcecoefficientswithflapdeflectionandangleof attackof a
blunt-wing-flapconfigurationof changingtheratioof theflaptrailing-
edgethicknesstB toflapmaximumthicknesst fromO to 1. Theflap
hasa 60-percentflapnoseoverhang.Theforceandmomentresultsare
presentedat a = 2° and a = 80.

Theresultsof increasingtheflaptrailing-edgethicknessismani-
festedinan increaseincontrolheaviness(decreaseinbalancingeffec-
tiveness)as shownby thehinge-momentcurvesof figure12(a)(alsosee
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hinge-momentslopeparsmeterc%, fig.31),andan increaseinflap

effectivenessshowninthenormal-forcecurvesoffigure12(b).Both
effectsresultpr-ily fromtheIncreasedloadovertheflaphigh-
-pressuresurfacetotherem ofthehingelinewhentheflaptrailing
edgewasmadeblunt. (Seepressure-distributiondiagramsof fig.21.)

Figures12(c)and12(d)show,respectively,thehinge-momentand
normal-forcevariationwithaggleof attackat constantflapdeflections
ofthepointed-andblunt-trailing-edgeflapconfigurations(configura-
tions7a and17). Thehinge-momentvariations(fig.M(c)) oftheblunt-
trailing-edge-flapconfiguration(configuration15)showa slightlymore

(underbalancedconditionm6renegativec~, seefig.31)thanthatof
thesharp-trailing-edge-flapconfiguration(configuration7a). Thenormal-
forcevariationswith a (fig.12(d))showthatthenormal-force-curve
slopes~ we approximate1e y equalatallflapdeflectionsshown.The

displacementbetweenthecurvesof configurations7a and15 at 8 = 12°
isindicativeofthesuperiorliftingabilityoftheblunt-trailing-edge
flapconfiguration(configuration15).

ExperimentalandCalculatedControlSurfaceLoading

A methodforestimatingtheloadsonflap-typecontrolswithover-
hangnosebalancesbasedon shock-expansiontheoryandsubjectto sev-
eralassumptionswasfoundto givegoodresults(figs.32 and33). !llhe
assumedflowpatternsoverthewing-flapconfigurationsuponwhichthe
calculationsofthelocalpressuresarebasedareindicatedby thesmall
arrowsonthediagrammaticsketchesshownatthetopof thefigures.

Figure32 showstheexper~ntalandcalculatedloadingoverbasic
wing1,at u = ~, equippedwithflapshaving38-and82-percentflap-
chordoverhangnosebalancesat 5 = 8° and b = 16°. me flowover
theuppersurfaceofthewingisassumedto followthecontourofthe
wingsurfaceuntilitintersectstheflap. Theflowafterleavingthe
lowersurfaceofthebasicwingsisassumedto expandto free-stresm
direction.Thisassumptionisreasonablycorrectasisborneoutby cal-
culationsmadeby usingtheexperimentalJ_ydeterminedbasepressuresas
measuredinthepresenttests. It isalsoassumedthattheflowveloc-
ityremainssupersonicovertheconfigurations,a prerequisiteforthe
applicationoftheshock-expansiontheory.It isseenthatthemethod
givesa goodapproximationofthemagnitudesoftheloadingoverthe
controlsurfaces,particularlyinthoseregionsforwardofthe-e ties
wherelargepeakpressuressreexperienced.Theloadingoverthebasic
wing,whichcanbepredictedquiteaccuratelyby usingshock-expansion
theoryintheabsenceof flowseparation,iS seentobe goodexcePt~
thoseregionswhereflowseparationisprevalent.

-—.— —.— .-——— —- —--—-—— ———. —



NACARM L133121

Figure33 showstheexpertientalandcalculatedloadingsoverbasic
wings1 and2 at u = & equippedwithcontrolsurfaceshaving82-percent-
flap-chordoverhangnosebalancesat 5 = ~. ‘Theloadingsareshownfor
twowing-flapgapsizes.Forthebasicwing2 case,itisassumedthat
thenoseoftheflapoverhangwhenunportedactsina mannerstiilsrto
thatof a spoilerandtheflowmovesina straightlinefromthewing
shouldertotheflapnose. Infigure33(a),whichshowstheloadings
fortheconfigurationswiththesmallestgapsizes,themethodoverestimates
theloadingovertheflapsurfaces;nevertheless,fairlygoodapproximations
of theloadingswe achieved.Theloadingsoverthebasicwingsaregood
exceptintheseparatedflowregions.

Figure33(b)isforthelargewing-flapgapsizeconfigurationsand
theflapisassumedtobe operatingas an independentairfoilunderfree-
streamconditions.Theflowleavesthetrailingedgesofthebasicwings
inthefree-streamdirectionas showninthesketchesabovethefigures.
Goodapproximationsoftheloadingsoverthecontrolsurfacesareagati
obtained.A substantialdecreaseinseparationeffectson thebasicwinFF
resultedinmuchbetteragreementbetweentheoryandexperiment.

CONCLWIONS

An investigationhasbeenmadeatMachnumberof 2.4oanda Reynolds
numberof0.78x 106of someofthefactorsaffectingthetwo-dimensional
characteristicsofflap-typecontrolsequippedwithoverhangnosebala-
nces. An analysisoftheresultsinticatedthefollowingconclusions:

1.Thehinge-momentcharacteristicsofflapswith0.38flapchord
()Cf overhangnosebalancesonblunt-basewingsfora wing-flapgapsize
of 0.033modelchordexhibiteda staticallystable,orunderbalanced,
variationwithflapdeflection.Increasingtheoverhangbalancechord
from0.3&ftoO.&cf decreasedtheunbalancedhingemomentsduetoflap
deflections~ fromapproximatelyQ.~6 to -0.@2,.&dresulted

ina valueoftherateof changeofhingemomentwithangleofattack
c% ofapproxtitelyzero.

2. Bevelingtheafterbodyofthebasicwingforwardoftheflap
nosecausedtheoverhangbalancetobecomemoreeffective,andat a mod-
erateangleof attack(a= &) resultedinunstablevariationsofhinge-
momentcoefficientswithcontroldeflectionc~ forthe60-and82-percent-

balancedflaps.

3.Increasingwing-flapgapsizefromO.033model
chordontheblunt-wing-flapconfigurationsfavorably

chordtQ0.333
alteredthe

model

..
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hinge-momentparameterschb and ~“ when

17

theflapoverhang.balance

wasabout0.60flapchord ()cf , in~essedtheliftandpitchingeffec-

tiveness,andcauseda substantialchord-forcerise. Theaero@umicchar-
acteristics
general,to

4.The
by overhang

5.The
ontheflap
rationfrom

6.The
antefroma

ofthebeveled-wing-flapconfigurationswereaffected,in
a muchlessextentwithchsmgeinw@-flap gapsize.

liftingeffectivenessof theflapwasnotappreciablychanged
balance.

effectsoffixedtransitionto simulatehighReynoldsnumbers
balancingcharacteristicsweresmall;however,theflowsepa-
thebasicwingswasgreatlyreduced.

effectof changingtheshapeoftheflapoverhangnosebal-
shsrpdoublewedgeto ellipticalwasnegligible.

7. Increasingthetrailing-edgethicknessofthecontrolfrom

%—=0 to %. loo @B/t istheratioofthefl.aptrai~edge
t t

$
thickness.tothemaximumthichessofthemodel resultedinincreaaed
controlheavinesswiththechangein c% bei abouttwiceasmuchas
thechangein cm.

8.Theloadingovertrailing-edgeflap-typecontrolswithoverhang
nosebalancescanbe calculatedby usingan approximatemethodbasedon
shockTexpansiontheory.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,September1,1953.

. . ----- .—— __ _ — —.— —. -.. — .——. .—.. .. ———. —
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