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UP TO0.95OFA TR~ -WINGCANARDMODEL

HAVINGA TRIANGULARCONTROL

By JackD. Stephensonand

SUMMARY

RalphSelem

. Thelongitudinalstabilityandcontrolof a canardmodelemplo@ng
a triangularwingof aspectratio2 anda controlsurfaceof identical
planformhavebeeninvestigatedatMachmnibersup to 0.95. The

. sectionsofthewingin stresmwiseplanesweretheNACA0008-63andthe
sectionsof thecanardsurfaceweretheNACA0005-63.The modelwas
testedbothwiththehorizontalcanardsurfaceat severalfixedanglesof
incidenceandwithitfreetopivotabouta lateralsxisat 30percentof
itsmesnaerodynamicchord.Theangleofattackof thefree-floating
surfacewasvariedby meansof a trailing-edgeflap.

Thefixedcontrolsurfacewaseffectiveinproducingpitching
momentsat anglesof incidenceup to 10°. Increasingtheincidenceof
thecontrolto 20°,however,didnotproduceanyfurtherincreasein
pitchingmomentatMachnumbersof 0.80or aboveforthehighermodel
anglesofattack.Thetrailing-edgeflapwaseffectivein changingthe
incidenceofthefree-floatinghorizontalsurfaceforalldeflectionsfor
whichtestswereconductedandthefree-floatingsurfacewaseffectivein
producingpitchingmomentthroughoutthe completer=w ofMachn~ers
andanglesof attack..

Thedatahavebeenap_@iedtothecalculationof someofthestatic
● longitudinalcharacteristicsof twohypotheticalcanardairplanes.The

calculationsindicatestick-fixedstabilityforthecanardairplaneswith
eithera fixedor a free-floatingcontrolsurfaceatlowMachnunibers,
butthecharacteristicsatthehigherMachnumberscorrespondto neutral
stabilityor instability.

Withintheangle-of-attackandMachnumberrages investigated,
calculationsshowthatthehypotheticalcanardairplsnewiththecontrol
surfacefreetotrimitselfat anglesdeterminedby thedeflectionof a
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trailing-edgetab(simulatedinthewind-t~eltestsby a splitflap)
wouldhavea variationofnormalaccelerationwithtabanglethatcorre-
spondedto staticlongitudinalstability.A similarairplanewitha

●

horizontalcanardsurface,theincidenceofwhichcouldbe variedby
meansof an irreversiblecontrolsystem,wouldhavea stiblevariationof
normalaccelerationwithcontrol-surfaceincidenceforincidenceangles
under10°,butthisvariationwouldbecomeincreasinglyunstableasthe
incidenceexceeded10°. Thecalculationsshowedthataddingthefree-
floatingcanardsurfaceto thewing-bodyconibinationinordertoobtain
longitudinalbalancecausedno significantdragincrease;whereas,to
balancea correspondingtaillesstriangular-wingairplaneatlowspeedby
meansofelevens,thedragcoefficientwouldbe increased.by 0.02.

INTRODUCTION

Resultsof studiesoftheaerodynamiccharacteristicsof several.
airplaneconfigurationsemployinga low-aspect-ratiotriangularwinghave
indicatedthatthearrangementof theairplaneasa canardmightoffer
advantagesoverotherarrangements,suchasa configurationwiththetail
behindthewingorthetaillessairplanewithlongitudinal-controls~-..
faceson thewing. Inreference1, itis shownthata horizontaltail
behinda triangularwingmaycauseerraticstabilitychangesandinstabil-
ityunlessitisclosetoorbelowthewingchordplaneextended.Such
.snarrangementof thetailimposesseverelimitationsonthelanding
angleofattack.Theanalysispresentedinreference2 fora tailless
airplanehavinga triangularwingwithtrailing-edgeelevensindicated
excessivelyhighpower-offsinkingspeedsinthelandingattitude,large
anderraticcontrolhingemomentsathighsubsonicspeeds,anda lossin
thewingefficiencyaccompanyingthenegativeflapdeflectionrequi~d
forlongitudinalbalance.

Thecsnardexrangementappearstooffera meansofalleviatingsome
ofthesedifficulties.Withthehorizontalstabilizeraheadofthewing,
comparedto thetail-aftlocation,itwouldbe possibleto avoidthe
deleteriouseffectsofthewingwakeanddownwashuponthestability
providedby thetailandto elhninatetherestrictiontothelanding
attitudedueto a lowtailbehindthewing. Comparedto thetailless
airplane,thecanardaffordsa greaterrangeof speedsforefficient
operationofthewing,andthecontrol-surfacehingemomentsshouldbe
moretractablethanthoseassociatedwitha largetrailing-edgecontrol.
Inaddition,thehorizontalcanardsurfacecouldbe sodevisedasto
affordthepilotsomecontroloverthestaticmarginofthecompleteair-
plane.A csmardsurfacewhichpivotssoasto floatfreelyinpitch
shouldhavelittleorno effectuponthestaticstabilityoftheairplane.
Ontheotherhand,theadditionofa,canardsurfaceata fixedangleof
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incidencewoulddecreasethestaticmarginby an amountdependingupon
thelongitudinallocationofthecontrol,theareaof thecanardsurface,
thelift-curveslopeofthecanardsurface,andtheinterferenceeffects.

Testsofa modelwitha triangularwinghavinganaspectratioof
2 (reference3),showedthat,asthespeedwasincreasedfromlow
subsonicspeedsto supersonicspeeds,thestaticmarginincreasedby
about12percentofthewingmesmaerodynamicchordasa resultof a
rearwardmovementof theaerodynamiccenterof thewing. Thislarge
increasein stabilitywouldproduceobjectionablereductionsinthe
maneuverabilityathighspeed.A meansof overcomingthisdeficiency
wouldbe topermitthecanardsurfacetopivotfreelyatlowspeedsand
tolockirreversiblyat supersonicspeeds.At subsonicspeeds,longi-
tudinalcontrolcouldbe providedby a pilot-controlledservotabonthe
canardsurface,whichwouldaffectitsfloatingangle.At supersonic
speeds,thecanardsurfacecouldbe irreversiblylinkedto thepilotfs
controls.Inorderto evaluatethesubsoniccharacteristicsof a
longitudinalcontrolofthetypedescribed,wind-tunneltestshavebeen
madeof a canardconfigurationconsistingof a triangularwinghavingan
aspectratioof2.0anda canardsurfacehavingthesameplanform. The
canardsurfacewaslocatedsothat,withthesurfaceat a fixedangle,
theaerodynamiccenterwouldbe about12percentof thewingmeanaero-
dyusmicchordaheadoftheaerodynamiccenterof themodelwiththe
canardsurfacefree. Thetestswereconductedofthemodelwithan
irreversiblecontrolandwiththecontrolsurfacefreeto trimaboutits
pivotaxis. Themodel
tunnelatMachnunibers

wastestedintheAmes12-footpressurewind
fromO.25to 0.95.

.
NOTATION
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%74 pitching-momentcoefficientreferredtothequarterpointof the
tingmeanaerodynamicchord

. --

angleofincidenceofthehorizontalcontrolsurfacewithrespec-~
to thelongitudinalaxisofthebody,degrees

lengthofthebodyincludingtheportionremoved
thesting,inches

Machnmiber

normalacceleration

free-streamdynamic

toaccommodate

factor
(

normalacceleration
accelerationduetogravity)

pressure,poundspersquarefoot

Reynoldsnumberbasedonmeanaerodynamicchordofthewing

radiusofbody,inches

maximumradiusofbody,inches

totalwingareaincludingtheareaformedby””extendingtheleading
andtrailingedgestotheplaneof symmetry,square”feet

tfieairspeed,milesperhour

longitudinaldistancefromnoseofthebodyexcludingthecanard
boom,inches

distanceperpendiculartoplaneof symmetry

angleof attackofthemodelreferredtothefree-stream
direction,degrees

angleofattackofthecontrolsurfacereferredtothefree-
streamdirection,degrees --

deflectionofthesplitflapsimulatinga tabonthehorizontal
controlsurface,degrees

deflectionoftheelevenof a taillessairplane,degrees
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MODELANDAPPARATUS

Themodelconsistedof a triangularwing,a triangularcanard
stabilizerandcontrol,anda fuselage.A photographofthemodel
mountedona stingsupportinthetestsectionofthe12-footpressure
windtunnelispresentedinfigure1.

Thefuselagewasa slenderbodyofrevolutionwitha boometiending
forw~dfrom#e noseconeto supportthecanardsurface.Thebodyof
revolutionhada finenessratioof12.5,baseduponthetotallength Z
(figi2) andwasshapedaccordingto theformulapresentedinfigure2.

Exceptfortheadditionofthecanardsurfaceanditssupporting
bocmqthemodelwasthesameasthatdescribedinreference3. A three-
viewsketchandcertainmodeldimensionsaregiveninfigure2. Other
importantgeometriccharacteristicsof themodelareasfollows:

wing

Aspectratio.. . . . . . . . . . . . . . . . . . . .
Taperratio. . . . . . . . . . . . . . . . . . . . .
Airfoilsection(streamWise).. . . . . . . . . . . .
Total~a, S, squarefeet.. . . . . . . . . ..O .
Meanaerodynamic”chord,5, feet. . . . . . . . . . .
Dihedral,degrees.. . . . . . . . . . . . . . . . .
CWer. . . . . . . . . . . . . . . . . . . . . . . .
‘l?wist,degrees... . . . . . . . . . . . . . . . . .
Incidence,degrees.. . . . . . . . . . . . . . . . .
Distsmce,wing-chordplanetobodyaxis,feet. . . .

. . . . . 2

&lA”oZ-6~
. . . k.014
. . . 1.889
. ..** o
.*O .None
. . . . . 0
. . . . . 0
. . . . . 0

Body

Finenessratio(baseduponlength,2,fig.2). . . . . . ..l2.5
Cross-sectionshape. . . . . . .“.. . . . . . . . . . . Circ~~
Maximum cross-sectionalarea} squarefeet . . . . . . . . . 0.204
Ratioofmaximumcross-sectionalareatowingarea... . . .0.0508

Horizontalcontrolsurface

Aspectratio.. ..4. . . . . . . . . . . . . . . . . . . . . . 2
Taperratio. . . . . . . . . . . . . . . . . . . : . . . . . . 0
Airfoilsection(streamWise)... . . . . . . . . . . .NACA0005-63
Totalarea,squarefeet. . . . . . . . . . . . . . . . . . 0.232
Meanaerodymiaicchord,feet.. . . . . . . . . . . . . . . 0.454
Dist=cefrompivotaxisto thequarter-chordpointofthe
wingmeanaerodynamicchord,feet. . . . . . . . . . . . 3.917

Split-flapchord,feet.. . . . . . . . . . . . . . . . . . 00070
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Thewingwasconstructedby’coveringa steelsparwitha tin-bismuth
alloy.Thebodysparwasalsosteelbutwascoveredwithaluminum.The .
canardsurface,whichwassteel,wasmountedonthenoseextensionboom
onanti-frictionbearingssoastopivotaboutanaxisat 30percentof
itsmeazaerodynamicchord.Thispivotaxiswas2.075 aheadofthe
quarterpointofthewingmeanaero~amicchord.Theratioof the
canard-surfacearea(includingthearea-formedby extendingtheleading
andtrailingedgestotheplaneof symmetry)tothewingareawas0.0578.

.
Themodelwasdesignedsothatitcouldbetestedeitherwiti.the

controlsurfacefixedorwithitfree.torotateinpitchaboutthepivot
axis.Withthecontrolsurfacefree,theangleofattackof thecontrol
surfacewasvariedby thedeflectionof a constant-chord,trailing-edge,

—

splitflap,simulatedin.thetestsby theadditionofwoodenwedgesto
theafterportionofthecontrolontheupper-surfaceandlocatedsothat
thehingelinewouldbe 0.070feetshed-ofthetrailingedge.Thesplit
flapwasrectangularinplanform,as showninfigure2,andhadan
exposedareaof16.5percentofthetotalcontrol-surfacearea. —

Whenthecontrolsurfacewasfreeto trim,thefloatingamglewas
measuredby meansof a selsynindicator.Provisionwasmadeforstat-
icallybalancingthefloatingsurfaceandnosepiece(whichwasfixedto
themovablecontrolsurface)by insertingleadbalancingweights.When
thesurfacewasfreeinpitch,a clearancegapofapproximately0.06inch”
extendedfromthetrailingedgeforwardto themovablenosefairing.In
addition,therewasa gapofapproximately0.05inchbetweenthefixed —
portionofthesupportingboomandthemovablenosepiece.Therewas ._ _ .- ~
alsoairleakagenearthecontrol-surfacetrailingedgeresultingfrom
wideningthespacebetweenthefixedboomandthesurfaceasthe
incidenceincreasedbeyond10°.

A three-coqponentstrain-gagebalancemountedon
andenclosedwithinthebodyof themodel
dynamicforcesandmomentsonthemodel.

TESTS

Lift,drag,andpitching-momentdata
withthecanardsurfaceatfouranglesof

wasusedto
theptiggsupport
measuretheaero--

a“

were~btainedforthemodel .
incidence,0°,5°,10°,and

20°,and.withthissurfacefreeto-trimitselftothea&le-ofzero
momentaboutthepivotaxis.Withthecontrolsurfacefree,splitflaps
(simulatedby wedges)at anglesof 0°,-3°, -9°} -14°,ad -Ii30were - ‘“
testedonthecontrolsurface.Thetestsincludedmeasurementof the
characteristicsofthemodelwiththewingon andwiththewingremoved.
Thecharacteristicsof thecompletemodelarepresented,andthe

.
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resultsof thewing-offtestsareincludedaspartof ananalysisofthe
separatecontributionsof thewingandthecanardsurfacetothepitch-
ingmoments.TestsofthemodelweremadethroughouttheMachnuuiber
rangefrom0.25to 0.95ata Reynoldsnumberof 3 million.Testswere
alsomadeat a constantMachnumberof0.25andReynoldsnmnbersof
8,000,000and15,000,000.

CORRECTIONSTODATA
●

Thedatahave~eencorrectedforthejet-boundaryeffectsof the
tunnelwallsresultingfromliftonthemodel.Reference4 wasusedto
calculatethesecorrections,whichwereaddedto theangleof attackand
tothedragcoefficient,as follows:

AX= 0.265CL,degrees

.. - were

ACD = 0.0046CL=
Thetunnel-wal$effectsuponthemodel
estimatedandfoundtobe negligible.

Constrictioneffectsduetothetunnel
methodofreference5. Thefollowingtable

pitching-momentcoefficients

wallswerecomputedby the
presentstheconstriction

correctionsappliedto theMachnumb~randtothedynamicpressurefor
the

the

completecanardmodel:

Corrected
Machntier

0.25
.40
.60
.80
.85
●W
●95

Uncorrected
Machnuniber
,0.250
.400
.599
.7’97
.846
.892
.934

Correctedq
Uncorrectedq

1.0015
1.0018
1.cm23
1.0045
1.0059
1.0091
1.0170

Dragdatawerecorrectedto correspondto a basepressureequalto
staticpressureof thefreestream.
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RESULTSANDDISCUSSION

Thedatapresentedherein.showthelift,drag,emdpitching-moment
characteristicsofa modelofa csnaqlairplanewhicheqrploystwomethods
oflongitudinalcontrol.Onemethod’istomaintaintheincidenceofthe

.
.—.-

horizontalcontrolsurfaceat anemgleindependentoftheaerodynamic
hingemoments(anirreversiblecontrol),provMingforanangle-of-

.

incidenceactuatorcontrolledby thepilot..TheothertYPeof controlIs
...-

by meansofa horfzo@alsurfacefreeto trti,itselfto a positionof zero
hingemomentasthe&irplane
atwhichthecontrol-surface
throughdeflectionofa flap

angleofattackvaries.Theangleof attack ““: :.=
trimsinthiscaseisvariedbythepilot -
onthehorizontalcontrolsurface. .. .-

StaticLongitudinalCharacteristics.

Irreversiblecontrol.-Lift,drag,andyitching+nomentcharacteris-
ticsarepresentedinfigures3 through8 forthemodelwiththehorizon-
talcontrolsurfaceat ftiedangleso: incide-nce.Thepitchihg-moment““
coefficientsarereferredto anaxisat20percentof theW& meanaero-
dynamicchord.Thissxiswasselectedto ill~stratethecharacteristics
fora center-of-gravitylocationcorrespondingtoa staticmarginof 0.05
attheliftcoefficientforbalancewitha control-surfaceincidence
angleof 7°,andata Machnumberof0.25. Thisstaticmarginwaschosen
onthebasisofestimatedlow-speedcontrolandtrimrequirements.

Figure3 showsthelongitudinalcharacteristicsfora Machnuniberof
0.25anda Reynoldsnumber”of8 million.Similardataat-Machnunibersof

—.

-... -~
-_...-.

->
. . ,1.-

_.

.-.

--—

0.8,”0.85,0.90,and0.95anda Reynoldsnumberof 3 millionarepre-
sentedinfigures4 through7. Figure8 showsa comparisonofthe
characteristicsata Machnumberof 0.25forthreeReynoldsnmbers}
3 million,8 million,and15million,fortwoanglesof incidenceofthe
horizontalcontrolsurface.

Owingto thehighanglesofattackrequiredto sta~ thewing,and _
totheexcessivepitchingmomentsonthestrain-gagebalanceatthe6e
highanglesof attack,thecharacteristicsofthemodelat anglesof
attackapproachingthestallwerenotinvestigatedindetail.Testsat ‘
lowdynsmicpressureandlowMachnumber(fig.8(a))indicatedthatthe ‘
wingwasnotstalledatanangleof attackof22°.At an angleof

—

incidenceofthehorizontal.controlsurfaceof 20°,thecontrolsurface
attainedanglesofattackof 34°atMachnumbersof 0.25and0.80.Even
atthisangle,thesurfacehadnotreacheditsmeximumliftcoefficient
ata Machnumberof0.25.As theMachnumberwasincreasedto 0.80,how- ““
ever,thecanardsurfacelostitseffectivenessatthehigheranglesof
attack. (Seefig.4.) With20°incidence,thecontrolsurface

.

—

..-—

-——,,.

—.—
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● indicatedno increaseof liftwithincreaseofmodelangleof attack
above6° atMachnumbersof 0.8or above.

.—-.

Free-floating“controlsurface.-Thelift,drag,andpitching-moment
characteristics07themodelwiththecanardsurfacefreeto rotatein
pitchaboutitspivotaxisarepresentedin figures9 through15. The
pitching-momentcoefficientsarereferredto an axisat 32percentof
thewingmeanaerodynamicchord,whichcorrespondsto a center-of-gravity
positionfortich thestaticmarginatlowspeedwnuldbeapprotiately
equaltothatselectedforthemodelwiththecontrolsurfacefixed.
Whenthecontrolsurfacewasfree,itsangleof attackwasvariedby
meansof a constant-chordsplitflap,simulatedinthetestsby the
additionofrectangularwoodenwedgesto theuppersurfaceadjacentto
thetrailingedge. me flap@es wereoo,-3°,-90,-140,and-18°..

Figure9 showsthelongitudinalcharacteristicsat a Reynoldsnumber
of8 millionanda Machnmiberof 0.25;figures10through15,present
thecharacteristicsata Reynoldsnuniberof 3 millionandMachnuuibers

. of 0.4,0.6,0.8,0.85,0.9,and0.95. Smalldeflectionsofthesplit
flapseffectivelyvariedthepitchingmomentunderallthetestcondi-
tions,butforthelargerdeflectionstherewasa partiallossin. effectivenesswithincreasingMachnumber.

Control-SurfaceEffectiveness

Irreversiblecontrol.-Figure16 shows$at severalMachnumbers,
thevariationswithcontrol-surfaceincidenceof theliftcoefficient
forlongitudinalbalanceforthemodelwitha fixedcontrolsurfaceand
a centerof gravityat 0.205. As theMachnumberincreasedinthe
r~”e from0.8to0.95,theincidencerequiredforbalanceat anygiven
liftcoefficientincreased.Thisincreasein incidencewasdueprimarily
to an increaseinthestaticstabilityratherthanto a changein
control-surfaceeffectiveness.At an incidenceof approximately10°,a
maximumliftcoefficientforbalancewasreachedanda furtherincrease

. in incidenceresultedina lowerliftcoefficientforbalance.This
maximumliftcoefficientdecreasedwithincreasingMachnuniber.

. Thevariationsofpitching-momentcoefficientwithcontrol-surface
incidenceatconstantvaluesofmodelangleof attackarepresentedin
figure17fora Machnumberof0.25at a Reynoldsnuiberof8 million,
andinfigure18 forMachntiersfrom0.8to 0.95ata Reynoldsnumber
of 3 million.Themomentcoefficientsinthesefiguresarebasedupona
referenceaxisatthequarterpointof thewingmeanaerodynamicchord
selectedtoprovidea comqonreferenceforcoxup&ringmomentcharacter-
istics.ofthetwomodelconfigurations,thatis,withthecontrolsur-
facefixedandwiththesurfacefree. Thesedatashowthatthechange
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ofpitching-momentcoefficientwithcontrolincidence.becsmeincreasingly
nonlinearbothwithincreasingMachnumberandwithincreasingmodel
angleofattack.ForsmalJ.variationsof incidencefromzero,therate
ofchangeofpitchingmomentwithincidencewassubstantial.lygreaterat
thehigheranglesof,attack.Themajorpartofthechargeswithlift.
coefficientoftheslopeofthepitching-momentcurves(figE.3
through7)at smallanglesofcontrolincidenceisassociatedwiththis
changewithmodelangleof attackof thecontrol-surfaceeffectiveness
psmmeterdCm/diT.

Inordertodeterminewhetherthecontrol-surfacecharacteristics
wereinfluencedby thepresenceofthewing,themodelns testedwithout
thewing. Theincrementalpitching-momentcoefficientsduetoa varia-
tion$nthecontrol-surfaceincidenceareshownin figures19and20for
themodelwiththewingon andwiththewingoff. Thesedatashowthat
theincreaseintheeffectivenessofthecontrolsurfaceat thehigher
modelanglesofattackalsooccurredwhenthewingwasoff. At thJe
lowervaluesofcontrol-s”wfaceincidencewiththewingoff,thevaria-
tiofiof incrementalpitching-momentcoefficientwithcontrol-surface
incidencedidnot‘tiffehsignificantlyfromthatofthecompletemodel.
At thehigheranglesofincidenceofthecontrolsurface,themodel
withoutthewinghadgenerallyhigherincrementalpitching-moment
coefficientsthanthecompletemodel.Themajorityofthe.nonlinearities
inthecurvesofpitching-momentcoefficientas functionsof liftqoef-
fici.entforthecompletemodel(figs.3 through7) apparentlyoriginated
inthevariouseffectsofangleofattackand.angleofincidenceon the
centerof-pressureofthecanardsurfaceandfuselagecombination.
Longitudinalmovementofthiscenterofpressureappearsto resultfrom”-
theeffectsofchangesinthe flowonthefuselageandboomdueto lift
onthecontrolsurface,frodeffectsof thefuselageupontheflowat the
controlsurface,orfroma combinationofthesetwoeffects.

Freecontrolsurfaceendfla~.-Theeffectsofdeflectionof the
trailing-edgeflapupontheliftcoef~icientforlongitudinal.balanceare
presentedinfigure21 forthemodelwiththecanardsurfacefree.The
balancedliftcoefficientis shownatv=iousMachnumbersas a function
offlapdeflectionforsm airplanecenter-of-gravitylocationof0.32~.
Thevariationsofliftcoefficientwithflapangleindicatedstatic
longitudinalstabilityatallthetestMachnumbersthroughoutthe
rsmgesofliftcoefficientsofthetest,but,fora givenliftcoeffi-
cient,theflapdeflectionrequiredforlongitudinalbalancetncreased
considerablywithanincreaseinMachnumber.Partofthisincreasecan
be attributedtotheincreaseinhodelstaticstabilitywithincreasing
Machnumber,and@rt isdueto a lossof flapeffectivenesswith
increasingMachnumber.

Figures22 and23 showthevariationwithsplit-flapdeflectionof ‘
thecanardcontrol-surfaceangleofattack.Fig’qre22presentsa

.-

—

.
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comparisonofdataforseveralmodelanglesofattackat a Machnuniber
Of 0.25. ComparisonsatMachnumbersfrom0.4to 0.95arepresentedin
figure23 formodelanglesofattackof 0°,&o,8°,and12°. Thesplit
flapbecamelesseffectiveatlargedeflectionsas theMachnumber
increasedabove0.60. Thepitching-momentcoefficients(referredto the
quarter-chordpoint)as functionsofangleofattackofthecontrolsur-
facearepresentedinfigures24 and25 forseveralMachnumbersand
modelanglesofattack.Withinthecontrol-surface-mglerangescovered
inthetests,thevariationofpitching-momentcoefficientwithcontrol-
surfaceangleof attackwasrelativelyinsensitiveto chsngesintheMach
number.

As inthecaseofthemodelwiththecontrolsurfacefixed,the
modelwiththecontrolfreeindicatednonlinearvariationsofpitching-
momentcoefficientwithliftcoefficientforthelargerdeflectionsof
thesplitflap.Thenonlinearitieswerelessseverethanforthemodel
withthecontrolsurfacefixed,however,anddecreasedsomewhatwith
increasingMachnuniber.Theoriginof someofthesenonlinearitiesis

. indicatedbydata,obtainedintestswiththewingoff.

Forthecompletemodelata Machnmiberof 0.25,thedataof figure
- 24 indicatedthat,atthehighercontrol-surfaceanglesof attack,the

rateof changeofpitching-momentcoefficie-ntwithcontrol-surfaceangle
of attackincreasedasthemodelangleof attackwasincreased.
Figure26presentsthesametypeofdata,pitching-momentcoefficientas
a fictionof aT$forthemodelwiththewingoff. Comparedwiththe
dataforthecompletemodel,thevariationofpitching-momentcoefficient
withcontrolangleof attackwasnearlyMnear forthecanard-fuselage
combination,anddoesnotshowas largea changein slopeathighmodel
anglesof attack.Thisindicatesthatpa@ ofthenonlinearityinthe
momentdataandpartofthemovementoftheaerodynamiccenterof the
completemodelresultedfromflowchamgesintheregionof thewingdue
tothepresenceofthecanardcontrolsurface.Therewasa slight
increasein dC /

%5
withthewingpffatthehighercontrol-surface

●
angles,apparenly ue totheeffectofcontrol-surfaceUft uponthe
flownearthefuselage.

.
Theeffectofmodelangleofattackupontheangleof attackat.

whichthecontrolsurfacetrimmedis shownforvsriousanglesof the
splitflapinfigure27 fora Machnuiberof 0.25andfortheflap
unreflectedatvsrioushigherMachnumbersin figure28. In general,
increasingthemodelangleof attackresultedina decreaseinthe
floatingangle,indicatinga generalupflowintheregionofthecanard
surface.Thisupflowwasapparentlynotinducedby thewing,sincethe
variationsinfloatinganglewithangleof attackwereaboutthesame
withthewi~ on andwiththewingoff.
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Theprecedingdiscussionofthenonl.inearitiesinthepitching-
momentdataforthemodelwiththecontrolsurfacefreewasbased
principallyupondataobtainedata Machnumberof0.25.Datafor
higherMachnunibersshowessentiallythesamecharacteristics,although
thenonlinearitiesgenerallydiminishedwithincreasingMachnuniber.
(Seefigs.9through15.)

StabilityandEffectivenessDerivatives

Thelift-curveslopesand aerodynamic-centerlocationsat zerolift
arepresentedas functionsofMachnuniberin figure29,forthemodel
withthecontrolsurfacefixed,withthecontrolsurfacefree,and,from
reference3,forthemodelwithouta controlsurface.Thecanardsur-
facehadonlya small.effectuponthellft-curveslope.Theaerodyntic
centerofthewing-bodycombinationwaslittleaffectedby theaddition
of thefree-floatingcanardsurface.Theaerodynamiccenterofthemodel
withthefixedcanardcontrolsurfacewasabout10percentofthemean
aerodynamicchordaheadoftheaerodynamiccenterofthemodelwithout

.

thecanardsurface.Therapidrearwardmovementoftheaerodynamic
centersforthethreeconfigurationsastheMachnumberincreasedabove
0.9wasdueprimarilytothemomentcharacteristicsofthewing.

.

Theeffectivenessoftheirreversiblecontrolsurfaceindicatedby
therateof changeofpitching-momentcoefficientwithangleof incidence
(measuredat zeroincidence)forseveralmodelanglesofattackispre-
sentedasa functionofMachnumberinfigure30. ThecurvesatMach
rnmibersbetween0.25and0.8areinterpolated.

Figure31shows,forseveralmodelanglesofattack,thevariation
withMachnuniberofthe”effectivenessofthesplitflap,measuredasthe
slopeparameter~/d5 nearzeroflapdeflection.Thisparameteris
therateofchange_ofcontrol-surfaceangle.ofattackwithflapdeflec-

—

tionwhenthecontrolsurfacetrimsitselfat zeromomentaboutanaxis
at SOpercentof itsmeanaerodynamicchord.Figure31alsopresentsas
a functionofMachnumbertheeffectivenessofthefreecontrolsurface>
measuredastheslopeparameterd~~ nearzerocontrol-surfaceangle - ,_
ofattack.

EvaluationoftheSplitFlapEffectiveness

Becausethesplitflapwassomewhatlesseffectivethanhadbeen
expected,resultsofothertestsof constant-chordtrailing-edgeflapson
smfacesof triangularplanformhavebeencomparedwiththecanardtest
results.Thiscomparisonwasintendedto indicatewhetherthepoor
effectivenesswa8 duetothe umberofthecanardsurface,
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theeffectsof thesplitflapdifferedsignificantlyfromthe
of a plainflap,andwhetherotherfactorsinthecanardtests,
airleakageattheinnerendsof theflap,decreasedthe

effectiveness. In figure32thevariationsof &le of attackof the
floatingsurfacewithdeflectionofthesplitflaparecomparedwith
estimatedvariationsof,floatinganglesoftriangularwingshavinga
splitflap(reference6)anda plainflap(reference2),assumingthe
wingstobe freetopivotaboutsn axisat 30percentofthemeanaero-
dynamicchord.Thesplitflapwasrectangularinplanform,butthe
plain-flapplanformwastrapezoidal+andextendedtothewingtips.
Correctionsto thedatahavebeenmadeto accountforthesmalldiffer-
encesin.therelativeflapareasforthedifferentmodels.

.

.

.

.

At lowMachnuniber(lessthan0.3),thecharacteristicsof theflap
onthecanardsurfaceat a Reynoldsnumberof1.9million(baseduponthe
meanaerodynamicchordofthesurface)arecomparedwiththecWacteris-
ticsofthesplitflapon a wingata Reynoldsnumberof 1.8million,and
withthecharacteristicsoftheplainflapat a Reynoldsmxiberof
15million.Inthesamefigurethedataforthecanardsurfaceare
compsredwiththeplain-flapdataatMachnumbersof 0.9and0.95.At
theseMachnumberstheReynoldsnumberof thewingwiththeplainflap
was5.3million,andthecanardsurfacewasat a Reynoldsnuniberof
0.72million.

Thedatapresentedinfigure32indicateaboutthesameeffectiveness
fortheplainflapon awing asforthesplitflapon a wing,and,atall
oftheMachnumbersshown,theplainflaphadconsider~lygreater
effectivenessthm theflaponthecanardsurface.SincetheReynolds
numberofthepresenttestsof thecanardsurfaceat lowMachnumberwas
approximatelythessmeas thatofthewingwitha splitflap,thelow
measuredeffectivenessof theflaponthecansrdsurfacewasapparently
notdueto thesmallnessoftheReynoldsnumber.Someofthelossin
effectivenessof theflaponthecanardcanbe attributedto theair
leakageattheinnerendsoftheflapwherea clearancegapremained
betweenthemovablesurfaceandthefuselage”boom.

APPLICATIONOFTEEDATA

Theresultsofthetestsdescribedinthisreporthavebeenusedto
calculatesomeofthecharacteristicsof a hypotheticalairplaneemploy-
inga canardsurfacefreetotrimattheangleof zeroaerodynamicmoment
aboutitshingeaxisandan airplanewiththecanardsurfacecontrolledby
thepilotindependentlyof theaerodynamichingemoment.Thelatter,or
irreversible,type.of controlwouldordinarilybe conibinedwitha means
of artificiallyintroducingthedesiredstick-forcecharacteristics.
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.

Theangleof attackofthefreehorizontalsurfacewasassumedtobe
controlledby meansofa pilot-actuatedservotabwhichwouldhavethe —

ssmeeffectonthecanardsurfaceas thesplitflapusedinthemodel -.–—

tests.Thecanardairplanesarecomparedwithanairplanecomposedof ....
a trlsmgularwingandfuselageandemployinga constant-chord,plain,

,.-,.,-:
trailing-edgeflaptoprovidelongitudinalcontrol.(SeeTeference20.),.,-=_....;
Thecenter-of-gravitylocationassumedfortheai”~l~ewitha free-
floatingcanardsurfaceandforthetaillessairpbe was32percentof
themeanaerodynamicchord,and,fortheairplanewithan irreversible —.

control,thecenterof gravitywasassumedtobe at 0.205. Awiw load-
ing of ~O”-poundspers~uarefoot

Low-Speed

Infigure33,theanglesof

wasassumed. ...—_

Characteristics
—

attackandcontrol-surfacedeflection.
forlongitudinalbalance-inlevelflightare-presentedas functionsof
forwardvelocityatconditionscorrespondingto theapproachandland-
ing. Becauseofthewingliftcharacteristics,thesinglesof attackof
alltheairplanesarelargeatlowspeed.As a resultofthelossin
liftonthetaillessairplaneastheelevenisdeflectedupwardtopro-
videbalance,thisairplanerequiresthelargestangleofattackat any
givenspeed.‘

Forthecenter-of-gravitylocationsselected,thepredicted
incidenceoftheirreversiblecanardsurfaceandthedeflectionsofthe
elevenrequiredforbalanceofthetaillessairplanevsryby lessthan
6°withinthespeedrangeshown.Thevariationwithforwardspeedof.
theangleoftheservotabonthefloatingcanardsurfacewasmorethan
threettiesthevariationoftheelevenanglewithinthesamespeed
range,andabouttwicethevariationof incidencefortheirreversible
control.

Alsoshowninfigure33arethecalculatedvaiationswithforward
speedoftheincrementof dragcoefficientthatresultfromthevarious
meansofprovidinglongitudinalbalance.Forthetai~essairplane,
thisincrementistheIncreaseIndragdueto thedeflectionofthe ~
trailing-edgeflaponthewing. Fo,rthec-d airplanes,thisdrag
incrementisthedifferenceinthedragcoefficientoftheairplanein
thetrimmedconditionandthedragcoefficientatthes-e liftcoef-
ficientbutwtthoutthecanardsurfaceandboom. Figure33 showsthat
thelargestincrementin&ag coefficient(about0.02)wouldresultfrom
deflectingthetrailing-edgefls@tobalancethetaillessairplaneat -
lowspeed.Theincremental.dragdataforthecanardairplanewiththe
free-floatingcontrolsurfaceshowthatthedragoftheairplaneinthe-
balancedconditionisnotsignificantlygreaterthanthatoftheair-
planewithoutthetrimandbalancingdevices:_.Res~tsof calculations_

.
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forthecanard-typeairplanewiththecontrolsurfacerestrainedin
. pitchshowatthelowerspeedsan incrementofdragdueto thecontrol

surfaceequalto abouthalfthatforthetaillessairplane,and,at
speedsbe”tween260and300milesperhour,practicallynodragincre-
mentduetothe-additionof thecontrolsurface.

MachNuniberEffects

Figures34, 35,and36presentthepredictedangulardeflections
ofthecontrolsurfacesas functionsofMachntier forthethree
triangular-wingairplanesinlevelandacceleratedflightat en
altitudeof 30,000feet.Thesamewingloadingsandcen~r-of-gravity
locationshavebeenassmedas inthbcalculationsofthelow-speed
characteristics.

.

Withthecanardsurfacefree,largedeflectionsoftheservotab
are.neededtobalsmcethe‘airplaneatlowMachnunibers.Thevariation
of controlanglewithMachnumberup toa Machnuiberof 0.80indicates
staticlongitudinalstability.As theMachnuaiberisincreasedabove
0.80,thevariationof control-suf=eanglewithspeedindicatesthat
theairplanewouldbegenerallyneutrallystableup toa Machnumber
of 0.90andunstable”athigherMachnumbers.Theinstabilityis
gener~ moresevereatthehighernormalaccelerations.Thevaria-
tionof controlpositionwithnormalaccelerationindicatesstick-fixed
stabilityat aid.Machnunibersundertheconditionsinvestigated.The
calculationsat thelowerMachnumberswerelimitedtonormalaccelera-
tionfactorslessthan3.0by themaximumanglesofattackandlift
coefficientsforwhichdatawereobtainedinthemodeltests.

Thecharacteristicsofthemodeltiththeirreversiblecanard
controlwerenotinvestigatedinthewind-tunneltestsatMachnuuibers
between0.25and0.80,thereforethecalculationsforthisconfiguration
arelimitedtotheMachnumberrangefromO.8to 0.95(fig.35). The
predictedvariationswithMachnmiberofcontrol-surfaceangleof

. incidenceforlongitudinalbalancearesbdlartothevariationsofthe
servo-tabanglespresentedinfigure34,exceptthattheangle-of-
incidencevariationsaresmaller[andof oppositesign).Also,the

. longitudinalinstabilityindicatedby thevariationof controlangle
-withMachnumberathighMachnumberisrelativelyindependentofnormal
acceleration.

Figure35showsthatfornormal.accelerationfactorsup to 3.0the
variationof controlanglewithnormslaccelerationfactorcorrespondsto
stick-fixedstability.Themaximumcontrol-surfaceincidencerequired
fortheassumedairplaneat a norm&Laccelerationfactorof 3.0isless
than10°. Theeffectof‘afurtherincreaseintheincidenceisindicated

—
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by thevariationoftrimliftcoefficientwithcontrol-surfaceincidence
showninfigure16. Increasingtheincidenceabove100 firstproducesa
slightlyhighernormal-accelerationfactoruntila maximumvalueis
reached;furtherincreasesinincidencethenresultintrimatlower
normalaccelerations.Whilethecalculationshavenotbeenextendedto
encompassthiscondition,itisobviousthattheassumedairplsnewould
be unstableinmaneuversatnormalaccelerationfactorsaboveabout3.5
atMachnunibersfrom0.80to 0.95.

ThevariationswithMachnmiberof theelevendeflectionrequired
forbalanceoftheassumedtaillessairplaneareshowninfigure36.
Thedataforthesecalculationswereobtainedfromreference2. The
variationof elevenanglewithMachnumberup to 0.85indicatesstatic
longitudinalstabilityat constantnormal-accelerationfactors.At
higherMachnumbers,thevariationsdiffersomewhat,dependinguponthe
normalacceleration.Witha normal-accelerationfactornearunity,the
variationindicatesfirstalmostneutralstaticlongitudinalstability,
andtheninstabilityastheMachnumberincreasesup to 0.95.Forthe
highernormal-accelerationfactors,thevariationsindicatethatthe
airplanewouldbe staticallyunstablewithina smallMachnumberrange,
andthenstableagainatthehighestMachnumbers.

Theincrementaldragcoefficientsattributabletotheadditionof
thehorizontalcontrolsurface(andsupportt~boom)attheanglesof
incidencetobalancethecanardairplanesinlevelflightareshownas
functionsofMachnumberinfigure37. Thesamefigureshowsthe
increaseindragcoefficientduetothedeflectionoftheelevenonthe
taillessairplane.Thedataindicatethatinbalancingthetailless
airplane,therewouldbe a significsmtincreaseindr%lcoefficientat
thelowerMachnumbers.Calculationsforthecsmardairplanewiththe
free-floatingcontrolsurfaceindicatedno largeincreaseindragatany

. Machnumber,andatallMachnunhersconsideredthedragincrementswere
lowerthanthoseoftheothertwoconfigurations.Fortheairplanewith
theirreversiblecanardcontrol,calculationsshowedthatthedrag
incrementsduetothecanardsurfa$ewereverysmallata Machnumberof
0.80,butexceededtheincrementsforthetaillessairplaneintheMach
nuniberrangefrom0.85to 0.93.At thehighestMachnumberofthetests
(0.95),however,thedataindicatethattheincrementaldragcoefficient
ofthiscanardwasslightlylessthanthatforthetaillessairplane.

CONCLUSIONS

Testsof a canardmodelwitha triangularwinganda triangular
horizontalcontrolsurfacehaveindicatedthefollowingconclusions:

w
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1. Withan irreversiblecontrolandtheassumedcenter-of-gravity
location,thevariationofcontrol-surfaceangleof incidencewithlift
coefficientforbalanceat a Machnuniberof 0.25indicatedstick-fixed
stabilitybut,forMachnumbersof 0.8andhigher,thisvsriation
indicatedincreasinginstabilityastheangleof incidenceexceeded10°. -

2. Forsmallabglesofincidence,theeffectivenessoftheirre-
versiblecontrolincreasedwithangleof attackofthemodelinthe
rangebetween0° and12°. ~s characteristicdidnotdependuponthe
presenceofthewingonthemodel.

3. Whenthecontrolsurfacewasfreetopivotonm axisat
30percentof itsmesmaerodynamicchord,a rectangularsplitflapon
thecontrolsurfaceeffectivelyvariedtheangleof attackof thecontrol
surfaceat allmodelanglesof attackandallMachnunbersof thetest
but,forthelsrgerflapdeflections,theeffective~ssdecreasedsome-
whatwithincreasingMachnuniber.

4. Withthecontrolsurfacefreeandtheassumedcenter-of-gravity
location,variationswithsplit-flapangleoftheliftcoefficientfor
balanceindicatedstick-fixedstabilityat allthetestMachnmibers

. emdanglesof attack,butthewt coefficientforbalsmcewithany
givenflapangledecreasedconsiderablywithincreasingMachnumiber.

Calculatedcharacteristicsoftwohypotheticaltriangular-winged
canardairplanes,oneeuployinga free-floatingcanardcontrolsurface
witha servotabhavingthessmeaerodynamiccharacteristicsasthe

—

splitflaponthemodel,andtheotheremployingsm irreversiblehori-
zontalsurfac”econtrol,indicatedthefollowing:

1. At lowMachnumbers,bothairplaneswouldhavestick-fixed
stabilityinlevelf~ght at sealevel.

2. Inlevelflightat 30,000
withMachnumberindicatedneutral.
numbersnesr0.85,tidinstability

v
3* Thevariationsof control

feet,thevariationsof controlangle
staticlongitudinalstabilityatMach
above0.90Machnumber.

anglewithnormalaccelerationcorre-
spondedto stick-fixedstabilityunde~theconditionsinvestigated,but

. withtheirreversiblecontrol,a furtherincreaseof theangleof
incidenceof thehorizontalcontrolsurfaceto anglesexceeding10°
wouldleadto instability.

4. Addingthefree-floatingcanardsurfaceto thewing-body
combinationentailedno significantdregincreaseto obtainlongitudinal
balance.Calculationsfora taillessairplaneindicatedthatthedrag
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.
coefficientwouldincreaseatlowspeedby about0.02astheelevens
weredeflectedforbalance.At thesamespeed,thedregincrement
attributableto theadditionof an irreversiblecanardcontrolto

--

balancetheairplanewasabouthalfthatofthetaillessairplane. —.-

AmesAeronauticalLaboratory,
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MoffettField,Calif.
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Figurel.-Thecanardmodelh thelf?-footpressurewindtunnel.
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