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SUMMARY

An investigationhasbeenmadeat a Jfachnumberof 1.61fora
Reynoldsnumiberof3.6x 106to determinetheeffectof lo-percentcon-e
trolareaattachedtabsonthehinge-momentcharacteristicsof a trailing-
edgefl.ap-~econtrolona trapezoidalwinghavinga 23°sweptback
leadingedge,aspectratioof3.1,andtaperratioof 0.4. Control
hingemomentsweremeasuredovera controldeflectionrangefrom-30°
to 30°at anglesof attackfrom-12°to 12°withtabdeflectionsof
approximately0°,-10°,and-20°.

Theoreticalcalculationsbasedon lineartheoryconsiderablyover-
estimatedtheincrementalhingemomentsduetothetabs,butunder-
estimatedthelargeratiosoftabto controldeflectionrequiredto
balancethehingemomentsdueto controldeflection.Theconfiguration
hatinga gearedtablocatedinbosrdonthesweptforwardcontroltrailing
edgewasmoreeffectiveinbalancingthecontrolhingemomentsandmaint-
ained
having

considerablymore
anequal-areatab

controleffectinnessthantheconfiguration
locatedoutboard.

INTRODUCTION

AsPartof a generalprogramofresesrchon controls,aninvestiga-
tionis&der wayintheLangley4-by 4-footsupersonicpressuretunnel
todeterminetheimportantparametersinthedesignof controlsforuse
onvsrioustypesofwingsatsupersonicspeeds.Testshavebeenmade
on a trapezoidalwingof aspect,ratio3.1,taperratioof 0.4,and
having23°of sweepoftheleadingedge. Controleffectivenessand
hinge-momentresultsforthewingequippedwithvsriouspartisland
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full-spantraikbg-edgeflap-we controlswerereportedinreference1.
In an attemptto reducethehingemomentsofthefull-spancontrolof
reference1, attachedtabsweretestedattheinboardandoutboardends
ofthecontroltrailingedge. Theresultsofthesetestsarepresented
in thispaper.Theresults
toreducethehingemoments
werereportedinreferences

Thepresenttestswere
X2°forcontroldeflections
approximately0°,-10°,and

ofsomepreliminarytestsoftabsdesigned
ofunbalancedcontrolsatsupersonicspeeds
2-3.

madeatwinganglesof attackfrom-12°to
from-30°to 30°andfortabdeflectionsof

testswas1.61W theReynolds
-c chord,W= 3.6X 106.

-200. Thefree-streamWch number
number,basedonthewingmean

SYMBOLS

ofthe
aero-

.

streamMachnuniber

streamdynamicpressure
0

wingangleof attack

controldeflectionrelativetowingchordplane,perpendicular
to thecontrolhingeMne, positivewhencontroltrailing
edgeisdown

tabdeflectionrelativeto controlchordplane,perpendicular
tothecontroltrsilingedge,positivewhentabtrailing
edgeisdown

controlplan-formarea(excludingtab)

controlmeanaerodynamicchord(excludingtab)

tab-areamomentaboutcontrolhingehe

controlhingemomentabouthingeline

controlhinge-momentcoefficient,H/q=
.

incrementin controlhinge-momentcoefficientduetopresence
oftab

_—— .——— _—
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.

Slopeparameters:

achc%=~

bT c%—=.—
6 C%T

Allslopeswereobtainedat a = 0°, b = 00, ~T = OO.

APPARATUS

WindTunnel

ThisinvestigationwasconductedintheLangley4-by &foot
supersonicpressuretunnel,whichis a rectangular,closed-throat,
singk-returntypewindtunnelwithprovisionsforthecontrolofthe
pressure,temperature,andhumidityoftheenclosedair. Flexible
nozzlewallswereadjustedto givethedesiredtest-sectionMachnumber
of1.61.Duringthetests,thedewpointwaskeptbelow-20°F sothat
theeffectsofwatercondensationinthesupersonicnozzlewerenegligible.

— _ _.—_--—— —— .
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Fkdel and lhdelMounting
.

!Chemodelusedinthisinvestigationconsistedof a trapezoidal
winghavinga fuU-spantrailing-edgeflap-@_pecontrol(configuration4
ofref.1). ‘lhecontrolplan-formareawas~ percentofthewingsrea.
A tabhawinganarea10percentofthecontrolareaanda span25per-
centofthecontrolspanwasattachedatthecontroltrai~ngedge,
firstatthetibosrdlocationandthenattheoutboardlocationasshown
infigure1.

Thebasicwinghada 23°sweptbackleadingedge,a rootchordof
15.88inches,a tipchordof6.17inches,anda semispanof17.02inches.
Thewingsectionwasa modifiedhexagonhatinga ratioofthichessto
chordof4.5percentbasedonthe10CSJ.chord.‘llheflatmidsection
(fig.1)extendedfrom30percentchordto 70percentchord@the
intersectionsoftheflatmidsecticmtotheleading-andtraildng-edge
wedgeswererounded.‘lhecontrolhingeWe wasunsweptandwaElocated
atthe74.6-percent-chordstation.

Thewingandcontrolwereconstructedofsteelandthetabwas
constructedof 1/16-inchstockbrass.KU screwholes,pits,andmating
lineswerefilledwithdentalplasterd ftied smooth.Thesemispan
wingwasmountedhorizontallyin thetunnelfroma turntablein a steel
boundary-lsyerbypassplatewhichwaslocatedverticsll.yinthetest
sectionabout10 inchesfromthesidewallas showninfigure2.

TESTS

Themodelangleof attackwaschangedbyrotatingtheturntablein
thebypassplateonwhichthewingwasmounted(seefig.2). Theangle
of attackwasmeasuredby a vernierontheoutsideofthetunnel,inas-
muchastheangulardeflectionofthewingunderloadwasne~gible-.
Controldeflectionwaschsngedby a gearmechanismmountedonthepres-
sureboxwhichrotatedthestrsin-gagebalance,thetorquetube,and
thecontrolaEa unit. ‘Ihecontroldeflectionsweresetwiththeaid ~,
of au electricalcontrol-positionindicatormountedinsidethewingat
thehingelineandwerecheckedwitha cathetometermountedoutsidethe
tunnel.Controlhingemomentsweredeterminedlymesmsof anelectrical
strain-gagebalancelocatedinthepressurebox (fig.2)whichmeasured
thetorqueonthetubeactuatingthecontrol.

.

Thetestsweremadefornominaltabdeflectionsof 0°,-10°,and
-20°atanglesof attackof0°,*6°,*12°.Hinge-momentmeasurements
weremadeat5°ticrementsoverthecontrol-deflectionrangefrom-30°
to300.Thetestsweremadeat a tunnelstagnationpressureof
13.0poundspersqusreinchabsoluteat a lkchnuniberof 1.61,

—— —— ———
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correspondingto a Reynoldsnuziberbasedonthewingmeanaerodynamic
chordof3.6x 106. Throughoutthetestsa 3/16-inchstripofno.60
carbomndumspannedthemodel1/4inchfromtheleadingedge,to insure
a turlmlentboundarylayeroverthemodel.

PRECISIONOF DATA

ThemesnMachnumberintheregionoccupiedby themodelisesti-
matedfromcalibrationdatatobe 1.61withlocalvariationsbeing
smallerthan+0.02.Thereisno evidenceof anysignificantflowangu-
larities.Theestimatedaccuracyofotherpertinentquantitiesis:

a, deg. . . . . . . . . . . . . . . . . . . . . . . . . . . .. %.05
?l,aeg.. ● . ● . . .* . . ● . . ● . . . ● . . . . . . . . . . *().1
bT,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . a.1
Ch ● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M.01

THEORETICALCALCULATIONS

Thetheoreticalcalculationsoftheincrementalhinge-momentcoef-
ficientslopes~~, ~, and ~ werecomputedonthebasisof

lineartheory,after-makingtheshplifyingassuqtionthatthetabtips
werestreamwise,ratherthannormslto thecontroltrsdlingedgeas
tested.Themethcdfollowedwasthesameaathatusedin reference4,
inthatthetwo-dimensionalregionsandthetriangularsegnentsofthe
conical-flowregions,causedby deflectionsofthetab,thecontrol,or
thewing,wereconsideredindependently.Theaveragepressureratios
andcenter-of-pressurersylocationsfortheconical-flowregionswere
determinedfromreferences4 and5. Forcomputingtheloadingsdueto
controldeflectionandangleofattackintheconical-flowregionsat
theoutboardtipoftheinboardtabandattheinboardtipoftheout-
boardtab,itwasassumedthattheloadingswerethesameasthoseused
in computingtheloadingsduetotabdeflectionfortheisolatedtab.
Afterdeterminingtheloadingsontheconicsl-flowregionsandonthe
two-dimensionalregionsforeachparticularcase,thecontributionto
thecontrolhingemomentoftheportionoftheloadingthatwasonthe
tabcouldbeobtained.

—. — ———— ————
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RESUIK’SANDDISCUSSION

Hinge-MmentCoefficients

Thevariationsof controlhinge-momentcoefficientwithcontrol
deflectionforthebasiccontrolwithouta tshandforthesixtabcon-
figurationsarepresentedh figure3. lhgeneralthecurvesare
approximatelylinesr,exceptnearthelsrgestcontroldeflections,
wheretheslopestendtodecrease.Thisoccursforboththebasicand
tabconfigurationsandisingeneralagreementwiththepitching-moment
resultsofreference1,whichshoweda decreasedpitching-momenteffec-
tivenessforthelargecontroldeflections.Thisdecreasewasattributed
to flowseparationaheadofthehigh-pressuresideofthecontrolcausing
a forwardshiftinthecenterofpressureanda reducedloadingonthe
control.Theadditionofthet~ tothebasicconfigurationateither
locationcausesincreasedslopesofthecurvesof controlhinge-moment
coefficientwithcontroldeflection(fig.3) aswouldbe expected.
Changingthetabdeflectionfromapproximately0°to -20°causedEttl.e
changein slopes,aspredictedby line=theory,andaswssshownin
thetipcontrol-tabtestsofreference2.

Crossplotsofthecu’vesoffigure3areshownin figure4,where
thevariationsof controlhinge-momentcoefficientwithtabdeflection
sreplottedfortheinboardandoutboardtablocationsat a = OO. The
curvesattheotheranglesofattackareverysimilarandaretherefore
omitted.Thepositivetabdeflectionvaluesforthisanalysiswere
obtsinedby assumingsymnetryofthedataforoppositeangleconditions.
Thecurvesoffigure4 arelinesrandparallelovermostoftherange,
exceptforthelargestcontroldeflectionsandtabdeflections,where
thetaheffectivenessisreduced.

TabParameters

Boththetiboardandoutboardtabsarethesamesize;however,due
to thetaperofthecontrol,movingthetabfromtheinboardto theout-
boardpositionreducesthemomentarmofthetababoutthecontrolhinge
line,andtherefore,reducestheeffectivenessofthetabasa balancing
device.Thetheoreticalandexperibmntalincrementalhinge-momentcoef-
ficientslopeshavebeenplottedh figure5 asfunctionsoftab-area
momentaboutthecontrolhingeMe. Thevariationsof ~m with ~

sreapproxbnatelyllnear,indicatingthatthemomentaboutth~tab
leadingedgeoftheliftdueto tabdeflectionisunaffectedlyspanwise
movementofthetab. Thevariationsof ~ ti ~ with ~ me
notllnesxbecauseof therelativelylargelossesof 13.ftnearthewing
tipdueto controldeflectionandangleof attack.b thecaseof 4’

.

*
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thereisno correspondinglossontheinboardtabsincethehingeline
isunsweptandthebypassplateactsasa reflectionplane.b the
caseof C%, thereis somelossontheinboardtabdueto theconical-
flowregionfromthewingapex;however,thislossis indicatedby
theorytobe smallinrelationtothelossinthetipregion.

Thetheoreticalcurvesof figure5 showthepropertrendsofthe
variationswithtab-areamoment,butconsiderablyoverestimatetheeffec-
tivenessofthetabsoneachoftheparameters.Itappearsthatthe
thiclmessandviscouseffectsnearthewingtrailingedgewhichsre
evidentintheunpublishedpressuredistributions* it impossible
topr&ictwithanydegreeof accuracy(bythelineartheorymethod)
thecharacteristicsof attachedtabs. Thetestsofreference2 showed
similarresults.

Thetheoreticalad experimentalratiosoftabdeflectionto con-
troldeflectionreqpiredfor c% =

O areplottedinfigure6 asfunc-
tionsof angleof attackforthetwotablocationstested.Withinthe
rangeof anglesof attacktestedthereseemstobe littlechangeinthe
experimentalvaluesobtained;however,theexperimentalratiosof-6
and-8 me largewhencomparedtonormalsubsonicsmdtransonicvalues.
Thetestsofreference6 showedvaluesof ~T/b near-3 fora 15-percent
areaattachedtabat M = 1.0 andvaluesnear-2forsubsonicconditions.

Thetheoreticalcurvesoffigure6 showthatthetheoryconsiderably
underestimatesthetab-controldeflectionratiosforbalancedhinge-
momentcurves.Thisatfirstseemscontradictorywhenconsideringthe
approximatelyequalpercentagedifferencesbetweentheexperimentaland
theoreticalvaluesof N!~T and ~ showninfigure5. Ihrefer-

ence1 itwasshownthatthehear theorypredictedapproximately
76percentoftheexperimental~ valueforthebasiccontrol
withouttab.

Since

andtheabsolutevalueof C~(no tab)iS comiderab~greaterth~ t~t
of M%, thenumeratoroftheeqwationispredictedmch betterthanis
thedenominator.Thenetresultisthattheoveresthationof %T
by thetheoryis ofgreatersignificanceandresultsin a muchsmaller
valueof &y/8 thsnis obtainedexperimentally.

— —-. —— —— — —-———- -
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Thesmallerexperimentalvalueof @b fortheinboardtabthan
fortheoutboardtabispredictedby thetheoryandwouldbe expected
fromthetab-areamomentrelation.On anequaltab-areamomentbasis,
suchaswouldexistforequal.sizetabsonanunswepttrailingedge,
theoutboamllocationwouldprobablybe moreeffectiveinreducingthe
controlhingemomentsdueto controldeflection,since~~ wouldbe

thesameateitherlocationsmd ~ wouldbesmalJerfor~heoutboard
locationduetothelossin11.ftin thetipregionofthecontrol.

ControlEffectiveness

Ihthepresentinvestigationitwasimpossibletomeasuredirectly
thecontroleffectivenessas affectedby thebalancingtabs. tiorder
to completetheanalysisofthebalancedhinge-momentcondition(~= 0),
itwouldbe desirableto lmowthecontroleffectivenessofthecomplete
configuration.bspectionofunpublishedpressuredistributionsmade
onthecontrolaheadofthetabsindicatedthatfortherangeoftab
anglesinvestigatedhereintherewaslittleif anyinfluenceonthe
pressuresaheadofthetabssolongastheyweredeflectedinopposi-
tiontothecontroldeflection.Sincetheincrementinhingemoment
fromtheno tabto thetabconditioncouldbeassumedtobe entirely
duetotheloadonthetab,itwaspossibleby furtherassuminga u.ui-
formtab10SLIdistribution,to determinetheliftonthetabandthere-
foreonthecompletetab-controlconfiguration.

.

Thisanalysisshowedthatforthetabsinvestigated,theinboard
tabconfigurationwasthemostsuccessfulinmaintainingthecontrol
effectivenessofthebasicunbalancedcontrolconfiguration,while
balancingthecontrolhingemomentsdueto controldeflection.The
inboardtab-controlcotiinationgearedfor ~ = O sufferedapproxi-
matelya one-thifireductioninMft effectiveness,a one-tenthreduc-
tioninrootbending-momenteffectiveness(indicativeof roll@g-moment
loss),anda one-halfreductioninpitching-momenteffectivenessabout
themidchordofthewingmeanaerodynamicchord.Incontrast,theout-
boardtab-controlcmibinationgesredfor ~ = O lostapproximately
one-halftheMft effectimness,gavereversedbending-momenteffective-
ness,andlostabouttwo-thirdsthepitching-momnteffectiveness.From
theoverallviewpoint,it,therefore,appearsthattheinboardlocation
ofthetabisthemostadvantageous.

.

.— —. ———— —.———.. .—. . .
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CONCLUDINGREMARKS

9

An investigationhasbeenmadeat a Machnumberof 1.61todetermine
theeffectof lo-percentcontrol-areaattachedtabsonthehinge-moment
characteristicsof a trailing-edgecontrolon a trapezoidalwing. ‘l?heo-
reticalcalculationsbasedon lineartheoryconsiderablyoverestimated
theeffectoftabdeflectiononthecontrolhingemomntsandtheeffect
oftheunreflectedtabonthehinge-momentco-efficientslopeswithcon-
troldeflectionandangleofattack.

Theexperimentalratiosoftabdeflectionto controldeflection
requiredtobalancethehingemomentsdueto controldeflectionwere
largeandwereunderestimatedby thetheoreticalprediction.Thecon-
figurationhavinga gesredtablocatedattheinboardendoftheswept-
forwsrdcontroltrailingedgewasmoreeffectiveinbalancingthecontrol
hingemomentsandmaintainedconsiderablymorecontroleffectiveness
thantheconfigurationhavinganeyal-sreatablocatedattheoutboard
endofthecontroltrailingedge.

. LangleyAeronauticalLaboratory,
NationalJMM.SOVCommitteeforAeronautics,

LangleyField,Va.,June9, 1954.
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