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AERONAUTICS

HINGE-MOMENT~ OFA WIW WITHLEADINGEDGE

ANDTRAIIJNGED2EFLAPSATA MACHNUMBEROF1.93 “ —

ByWilliamB.Boatri@tandRobertW. Rainey

Hinge-momentmasuremntswereobtainedfroma semispanwingwith
%othleading-edgeandtrailing-edgeflapsintheLangleyg-inchsuper-
sonictunnel.Thewinghada straighttaperoftaperratioequalto
0.79,anaspectratioof3.14,andccmstant-chordflaps(18.9percentat
theroot). Alltestswerecarriedoutat a Machnumberof1.93anda
Reynoldsnuniberof1.31x 106basedonbsn chordoftiel.

d
Leading-edge-f@testresultsshowthatthsratesof changeofhinge-

9
mommt coefficient~ withan@e ofattacka arealmosti.ikrrtical
withvaluesoftherateof changeofhinge-momentcoeffIcientwithflap
deflection5 andareinexcellentagreementwiththeoreticalced,culaticms.
Theslopesoftot!!tendto increaseat thehighervaluesofthetotal
angleof theflapplust~eemgleofattackas thetheoreticalcalculations
yredict.

Forthetrailing-edgeflap,thetestresultsindicatethat dCh/du
end dCh/d5areessentiallythesameforthesmallrangeo?_bothflap
snglassmdanglesofattackthatweretested.Thetestvalues ofboth
dC#da and dC~d5 weresomewhatlowerthanthevaluesobtainedby
theoreticalcalculations,asmightbe expected,primarilybecauseof
separationmar thetrailingedge.

It isindicatedfromtheresultsthat,atleastforthetestMach
numberof1.93,a linkagesystemwitha fixedratio_betweentheleading-
edgeandthetrailhg-edgeflapmightbe usedtoreducetoap~roximatel.y
zerotherestitantforcerequiredtodeflecttheflaps.

INTRODUCTION

Oneoftheproblemsinthedesireof supersonic
isa means.forovercomingthelarge;tickor

aircraftandmissiles
servocontrolforcesremlti.ng
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fromcontrol-mu%acedeflection.A win43or stalillzer,whichhas10ti
leading-edgeandtrailing-edgeflapsconnected%y a linkagesuchthat
thehingemomentofonehelpsto counteractthatoftheother,hasbeen
suggested.tian efforttoinvestigatethefeasibilityofsucha l~ge,
hinge-momentmeasurementsfroma wingwithleading-edgeandtrailing-edge
flapshavebeenmadeata Machnuder of1.93. —
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wingangleofattack

flap-deflectionangle
thedirectionthat

SYMBOLS

withrespecttothewing (positivewhenin —
willincreasethewingliftcoefficient,up

cleflectionforleading-edgefJ.apandd= deflectionforttii3ing-
edgeflap)

angleof sweepback
—

-— .- ..+

wingtaperratio
()
Ct/Cr

.
free-streamdensity

flapsemiengle(measuredinstreamwisedirection) *

absoluteviscosity .

aspectratio(b2/S) .

spanofmodel

meangeometricchordofwing
-.

chordofflap(perpendiculartohinge,line)

wtigchordatroot

wingchordattip .-:-.:-.—

hinge-momentcoefficient

()

H
7q(w)~

hingemomentofflapaboutitshingeline(ofoppositesignthanb —
whenactingasa restoringmoment)

8
streaml&chnmiber --- “r
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P streamstaticpressure

~ dynsnicpressure(o.7pM2)

R Reynoldsnmiber (PV&)/LL

s totalareaoffull-spanmodel

t thicknessofwing

v free-streemvelocity

3

Subscripts

m leadingedge

TE trailingedge

APPARATUSANDTISTMWI!HOIE
●

AlltestswerecmductedintheLangleyg-inchsupersmictunnelat
,. a Machnuuiberof1.93anda Reynoldsnumberof1.31x 106 (%asedonmean

geometricchordofthewing).Thetunnelisoftheclosed-returntyle,
andtheMachriuniberisvariedby interchangingnozzleblockswhichform
testsectionsapproxtitely9 inchessquare.Theairis sufficientlydried
beforeeachtestfortheeffectsof condensationinthesupersonicnozzle
tobe negligible.

Thesend-spanmodeltestedwasof en-steelconstructionwithboth
lead3ng-edgeandtra5J.ing-edgefuU.-spanflaysofwedgesection(fig.1).
Thegeometriccharacteristicsofthemodelareyresentedin thefollowing
talle:

Wingsemispan,b/2,inches. ●

Wingrootchord,cr,inches. .
Wing-tipchord,ct,tithes. .
Flapchord,q, inches’. . . .
Wingarea,S, sq,,reinches. .
Flaparea,q, sqzareinches.
Wingaspectratio,A . . . .
Taperratio,A . . . . . . . .
Wingthicl.mess,t,inches. . .
Angleofsweepback,A, &egreea
Flapsemiemgle,8, degrees. .

● *O**** ● ***esm ● .9

.* *o** ● ***.* .. *S*

● **rob** ● ****m 990

O* .**.* ● 9..**. .9*

.0 .0., . . . . . . . . . . .

. . ..s. . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . ● ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

6.00
4.EL
2.84
0.91

47.90
5.52
3“.14
0.59
.0.30
9*33
9.16
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Eachflapwascoupledtothewingthroughs@’ain-gagebeams,with&-Inch
clearancebetweentheflapandthewing. --

Thedeflectionofoneflapwassetata value in the range-~”to~o,
withtheotherflapsetata~roximatelyzei+o,withthetunnel,notrunning.
Then,withthetunnelrunning,hinge-momentjneasurementsweremadethrough
a rangeofwingez@.esofattackfrom-30tq 10o. Becauseof strati-gage
troubletithoneoftheflaps,thetestswerecomductedwiththele~hg-
edgeflapata givenangle;thewho16ixxlel“nsthenrotated1800,andth6
leadlng-edgeflapbecamethetrailing-edgeflap.Neitherflapremainedata
constantdeflectionlecauseofchangingloadson theflapas theangleof
attackwasvaried.However,allanglesweremeasuredfranphotographsof
thetiptalcensimultaneouslywiththeMinge-moment~asurements.Bothemgles
ofattackandflapangleswerereferencedtothecenterlineof thetinnel.
Theflapangleswerepracticallythesaneu if theanglesweremeasured
normslto thehingelineoftheflapsincetherewasonly9.33°sweepQ=
thehingelines. .

Thesemispanmodelwasmountedona boundary-layerscoop-offplate
sothatthepartofthemodelneartherootwasfreeof tunnel-wall
loundsry-layereffects.Oneof thecharacteristicsof semispantesting
isthatthedataincludetheinterferenceeffectsofa mirrorimageof
thewingbeingtested(due toreflectionsofdlsturlm,ncesbackon the
wi~)j thus the data presentedcorrespondh:thosefOra fl-sP~ WW
wherethecontrolsuzfacesoperakasflayssndnotasailerons.

PRECISIONOFREXJLTS

Itwasfoundfroma surveyalongtheairstreemat threevertical.
positionsthat,fora Machnumberof1.62,theinstallationofthelmundmy-
l.ayerscoop-offplatealonecauseda maximLuRchangeinstaticpressureof
0.8 percentintheregiontole occupiedly themodel.It is%elieved
thatthischangeinstaticpressurewasevenlessata Machnuniberof
1.93. The maximumstreamwisevariationins’taticpresmzmfora Mach
numberof1.93withnoboundary-layerplateinstalledis~1.~percent
overtheregionoccupiedby themodel. .—

It isbelievedthatthestraingagespermittedaccuratemeasure-
mentsof thehingemomentstowithinCh= t’().003.Thisfigureisbased
onobservationsofhowwelltiezeroreatingscheckedleforeandafter
eachtistandthelinearityandtielackof--hysteresisof thecalibration
curves.

Theanglesofattackof the
fromphotographstakennorinalto
It isbelievedthattheseangles

.{ —.. .—.

wingsndtheflapan@esweremeasured
thetipwhilethetunnelwasrunning.
areaccurai%towithfif0.2~0’with
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respecttothetunnelcenterline. Thisvalueis%asedontheconsistency
withwhichitwasp,ossibletorecheckemglemeasurementstskenfrointhe
photographsof themodel.b figue 2 it canhe seenthatfor a = Ooj
zerohingemomentfortheleading-edgeflapoccursat 5 = 1.1° end,
similarlyinfigure3, thatfor 5 . 0°,zerohingemomentoccursat
a = 1.10.Becauseofthemannsrof testing,thatis,rotatingthemodel
1800whentakingtrailing-edge-flapdataas comparedwiththeposition
when takinglea--edge-flapdata,iO.40canbe ascri%edtomodel
asymmetry.Thismaybe seenhy comparing(infigs.2 and.s)thezero
hinge-momentvaluesof theleading-edgesndtrailing-edgeflapswitheach
other.Theremainingpartof thedisplacementofthecurvesisbelieved
tobe a combinationoftwootherpossiblesourcesoferror:(1)stream
angle,and (2)misplacementof thereferenceaxis.

DISCUSSION

Thedataohtainedfromthesetestsarepresented.in tableI. Itwas
necessarytomodifythetestpoints,formoreconvenientamlysisof the
data,inthefollowingmanner:curvesof themeasuredvaluesof C!hagainst
themeasuredvaluesof u wereplottedj and, at selectedconstantvalues
of a, thecorrespondinghinge-momentcoefficientswereread. Thevalues
offlapdeflectionat tieselectedanglesofattackwerereadfromplots
of themeasuredflap-deflectionanglesagatistthemea~d anglesof
attack,wheresmoothcurveswerefairedthroughthepoints.(Theaccuracy
-S lelievedtobe ~.~o andalsoitwasreco~izedthatotherthena
smoothvariationofdeflectionunderloadwithapgleofattackseemed
highlyimprobable.) Curveswerethenplottedof thevariationofhinge-
momentcoefficientwithflapdeflectionforconstsmtvaluesofagle of
attack(fig.2). Thevariationinhtige-momentcoefficientwithangle
ofattackforcanstsntvaluesofflapdeflection(fig.3) was oltained
by cro3s-plotting.

Fotitheleading-edgeflap,forwhichtheresultscanhe expectedto
le independentof trailing-edge-flappositionendforwhichtherewasno
discernibleinterrelationforthesmallrangeofanglestested,the
experimentalvalueofboth dCh/d5and d~da wasthesameInthelow-
sngleregionata value,of 0.030.At thehigherflap-deflectionangles
endagles ofattacktherewasa tendencyfortheslopetoincrease.An
interestingpointis tiat,fortieg.160half-wedgesn~e of thefk~
enda streamMachnumberof1.93,theleading-edgeshockwoulddetach
(theoretically)at a totalengle(flap-cleflectlonangleplussngleof
attack)ofabout12.60. No abruptbreakin thec~u’veswasnoticedat this
point.Thetheoreticalvaluesof dCh/d8andd~/du fortheleading-
edgeflaparethesame,andthisvalueof 0.031irithelow-anglerange
witha gradualincreasetoabout0.035in therangefromabout 60to1P
compara=favorablywiththetestresults.Thesetheoreticalvalueswere
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obtainedbyuseoftheinviscidshockendexpnsiontheoryoverthetwo-
dimensionalregionoftheflap(outsidethe’Machconesarising”fromthe
leadingedgeof thetipandoftheroot)andby useofthelineartheory
fortheregionwithintheseMachcones. ;

Theeffectoftheleading-edge-flappositiononthetrailing-edge-
flapresultswasexpectedtobe small,andfor”therandomvariationsof
leading-edge-flapengles%etween-2.50~d ?.50,t~re ~ no ~scefible
intarelat~ou.Thetrailing-edgeexp@rimen@.1valueEobtainedwere
dch/dbof-0.010withno appreciablevariationwith a and dCh/da
of-000095forvarious8 values.h Syi-@of“~ effectof &e leading-
edgeflap,therewasverylittlescatterof’thetest~oints.The
theoretice.1valueof dCh/d8forthetrailj.ng-edgeflapwascompuhdby
themethodoutlinedinreference1 and,for’a = Oo,was-0.015.The
theoreticalvalueof dCh/duof-0.01.1at b . 00wqscomputedby
assumingthattheratioofthethicknesseffectinthetwo-dimensionalcase
emdthethree-dimensionalcase(computedfromthelinearizedtheory)were
theseine.Thetestremd.tsareseentobe somewhatlowerthanthese
theoreticalvalues,asmightbe expected,pr~rily because of separation
nearthetrailingedge. *..

Ifa wing or stabilizerwith_bothleading-edgead trailing-~geflaps
weresodesignedthatthehingemomentofWe flaphelpedcounteractthat
oftheother,thenforthedesigntobe feabitlethedifferencebetween
dCh/,~and d~/d6 mustbe small.“Theresultsfortheconfiguration
as f,d”stedindicatedthatthisdifferencewaspotlarge,theratioof
hingemomentsforeqpaldeflectionof thetwoflapsvaryingonlykrom
about2.65to3.3.5tluyxzghoutthetestrangeof augleofattack,as shown
infigure4. h“ ordertoreduceto zerotharesul~~ forcereqyi~d~cj
deflecttheflaps,itcanbe shownthatthe’ratioof~lapdeflections
(whichisequaltothemechemicaladvantageef ~ suitablelinkage)would -
varyaccordin~fromaboutd- tc”~,-:or fromi.63 ta 1.83. k
analysisof theforcesinvolvedinthelinkagewillshowtherelation
betweenthelinkageratioforzeroresultantforce-d thehinge-moment
ratioforequal.flap&@_es,namelythatthe,formerratioisthesqtie
rootof thelatter.Thesmallnessof thevariationoftherequired
linkageratiosuggeststhata constantrati~ofabout1.73wouldreduce
theresultantforcereqyiredtodeflecttheflapsto“avaluecloseto‘“
zero.Theconstancyof thisratioforhigheranglesmightbe in some
doubtowingtothefactthattheeffectonthetrailhig-e~eflapof
largerleading-edge-flapdeflections.wasnotdetermined;however,sincethe
leading-edgeflapwfu ~flect~ 1/1.73& tie~ai~ng-edge-flapdeflec-
tionandthetestresultsincludeleadtig-edge-fla.pdeflectionsof -2.5°
to 2.5°j theresultsshouldbe applicabletoa rangeof trailing-edge-flap
deflectionsfromabou}-4.30to4.30.Theratiobetwe”enhingemoments
mayalsobe a functionofMachnumbersothata linkageoffixedratio
mightholdhinge-momentvaluesclosetozeroforonlya limitedrange
ofMachnumber. —, .
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Theexperimentalresultsas obhinedfortheleading-edgeflapwere
h excellentagreementwiththeoreticalcalculation.Forthetraildng-
edgefla??,themeasuredhinge-momntvaluesweresomewhatlowerthanthe
theoreticalcalculatiaos,asmightbe expected,pr-i~ ~eca~seof
separationnearthetrailingedge.Thesmalldifferencesh d~db
and d~da foreachflapsuggestthata linkagebetweenthetwoflaps,
whichwouldreducetheremltlnghinge-momentvalueclose“tozero,wofid
be feasibleforthetestMachnuniber.Hawever,theratio%etweenhinge
manentsmeJalso‘bea functicmofMachnuder sothata 11.nksgeoffixed
ratiomightholdhtige-momentvaluescloseto zeroforonlya limitedrange
ofMachnudber.

LangleyAeronautics.@%oratory
NationellAdtisovCotitteeforAeronautics
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