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SUMMARY

Wind-tunneltestshavebeenxmdeto determinethetidependent
effeetsofMachandReynoldsnumbersontheaerodynamiccharacteristics
ofa wtig-fuselagec,ombinationemployinga winghavingtheleadingedge
sweptback63°andhavingcauiberandtwist.Testswerealsomadeof
thefuselageslone.

IncreasingtheMachnuniberfrom0.20to 0.93resultedinan
increaseoflift-curveslopefromabout0.049to 0.055perdegree.
Theabruptforwardmovementoftheaerodynamiccenteratthehigher

‘d liftcoefficients,typicalofhighlysweptwings,decreasedin
severitywithincreasingMachnuniber.

. Theprincipaleffectsof increas@gReynoldsnuiberfrom0.8
millionto 9.0millionata Machnumber”of0.20werea reductionofthe
dragatpositiveliftcoefficientsaboveabout0.2andeliminationof
minorirregularitiesinlongitudinalstabilityup to a liftcoefficient
ofabout0.55.Thesedataindicatethatcertainimportanteffeetsof
bouudsry-layerseparationwhichareevidentfromtestsofhighlyswept-
backw-s atlowReynoldsnumbersmaynotbe presentunderfull-sca3e
conditions.

Characteristicsofthew= clonewerecalculatedby subtracting
theforcesandmomentsofthefuselagealonefromthoseofthewing–
fuselagecombination,andno accountwasmadeeitherofwing-fuselage
interferenceorofthewingareaenclosedby thefuselage.Thecharac-
teristicsthusobtainedexecomparedwiththoseof a wingof identical.
planformbuthavingno cemiberortwist.Theeffectsof canibersad
twistwerea reductionofthedragat liftcoefficientsaboveabout0.1
andan ticreaseofabout33percentb theliftcoefficientatwhich
lossof staticlongitudinalstabilityoccurred,
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Theadvantagesofwingshavinglargeamountsof sweepbackfor
efficientflightat supersonicspeedsup toMachnuribersofa~rox—
imately1.5havebeenpointedoutbyR. T. Jonesinreference1. A
coordinatedprogremwasformulatedforinvestigationinvariousfacili-
tiesoftheAmesAeronauticalLaboratoryofa win&fuselageconibination
designedaccordingtotheindicationsofthatstudy.

Teststo datehaveshownthattherateofdragincreasewithlift
coefficientwasgreaterthantheorypredicted,thediscrepancybeing
attributedtoboundary-layerseparationresultingfromanadversechord-
wisepressuregradtentdueto lift,especiallysevereatthewingtips
wheretheinducedupwashislarge.Camberandtwisthavebeensuggested
(reference1) aspossiblemeansofdecreasingthisadversepressure
~adient.A discussionofthedesignof a wingincorporatingsuch
camberandtwistispresentedinreference2, alongwiththeresultsof
testsofthiswingataMachnuniberof1.53.

ThepresentreportpresentstheresultsoftestsintheAmes
1.2-footpressurewindtunnelofa sting+aountedmodelof a csaiberedand
twistedwinghavingtheleadingedgesweptback63°incombinationwith
a slenderfuselage.Themodelwassimilarto the mqielusedforthe
testsreportedinreference2. Theeffectsoftheindependentvariation
ofMachandReynoldsnumber~onthesubsoniccharacteristicsofthe
wing-fuselage‘combinationandofthefuselagealonearepresented.A
comparisonismadewitha wingof identicalplanform,buthavingno
csmberortwist.DatawereobtainedatthelowestReynoldsnumber
(O.8 million)to aidinevaluatingotherdataonhighlysweptwings
obtainedatcomparableReynoldsnunibers.
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SYMBOLS

Thefollowingcoefficientsandsymbols

speedof sound,feetpersecond

.—

-.

—

areusedinthisreport:
——

wingspanmeasuredperpendicularto planeof symmetry,feet

localchordmeasuredparalleltoplaneof symmetry,feet

()

b/2
f. c=dy

wingman aerodynamicchord
r ‘feet
Jo c dy

dragcoefficient
()
dr’
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()liftcoefficient~

pitching-omentcoefficientabout

(WiI1.g M.A.(2. pitchiu~_-mnt)

thequarter-chord

\

lift-curveslope,

0
Machmmiber ~

a

dynamicpressure

qsc /

perdegree

()& , poundspersq~e foot

()pv-FReynoldsnuniber—
P

wingarea,squarefeet

maximumthicbessofwingsection,feet

free-streamvelocity,feetpersecond

lateraldistance,feet

@e ofattackofrootchordline,degrees

angleoftwistwithreferenceto rootchord
degrees

coefficientofviscosityofair,slugsper

massdensityofair,slugspercribicfoot

pointofthe

(positiveforwashin),

root-second

MODELANDKPPARATCJS

Photographsofthsmodelusedinthisinvestigationareuresented
infigure1, anddimensionseregiveninfigures2-and3. Tl&wingwas
constructedof solidsteel,endthefuselageof steelandaluminum.

Thewinghada leading+dgesweepbackof 630,a ti~hord-to+oot–
chordratioof0.25,endanaspectratioof 3.5.Thestreamwisea~foil
sectionshadtheNACA61AO05thicknessdistributioncombinedwith a=l
mesn+amherlines.Thewing,asdevelopedtheoreticallyfora lift
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coefficientof0.25at a Machrnmiberof1.5,wascaniberedandtwistedto
..

supporta uniformdistributionofliftoveritssurface.Thisdevelop-
mentwasdescribedinreference2. Themodelofreference2 was

— —
e

constructedwithlesstwistthanwasindicatedby theory,thetheoretical
twistbeingreducedby theamountexpectedfromwingdeflectionatthe
designliftcoefficientandatthetestdynsmicpressure.Sincethe
r-e ofaerodynamicforces~counteredinthisseriesoftestswasso
wide,itwas@ossibleto desigrithemodelto compensatefortheeffects
ofaerodynamicloadingonwingtwist.Consequently,themodelwas
designedwiththes- twistvariationundertheno-loadconditionasthe
modelofreference2. Spanwisevariationof ceniberandtwistIs shownin
figure3,endsectioncoordinatesaregivenintableI.

—

Thefuselageshapeusedinthisinvestigationhasbeendetermined
byHaack(reference3)tohaveminimumpressuredragat supersonic
speedsfora givenlengthandvolunw,assumingclosureatthetailas
indicatedbythedashedlhes infigure2. Theafter21percentofthe
modelfuselagelengthwascutofftopermitinstallationonthesting
support.Theresultantfinenessratioofthefuselagewas9.9;whereas
thefinenessratioofthebasicclosedbodywas1.2.5.Theequation
definingthecoordinatesofthefuselageisgiveninfigure2.

Themodelwasequippedwithconstant+hordplainflapsextending
overtheouter50 percentofthespan..Theflapchordwas25percent
ofthewingchordatmidsemispan.Theflaphada radiusnoseandthe ‘+
unsealedgapwasapproximately3/64inch.Thislargegapwasnecessary
topermitthedesiredsngulardeflectionsincetheflaphadconsiderable
spenwisecurvature.Forthetestsreportedherein,theflapwas
unreflected,andwasrestrainednearitsinnerextremity.

.

Themodelwasmountedona sting-typesupport,andtheangleof
attackwascontinuouslycontrollablefroma remotestationduringwind-
tunneloperation.Allforcesandmomentsweremeasuredby meansofa
wire-resistmcestrain-agebalanceenclosedby themodel.

!JmTs

Idft,drag,endpitchimg+omentdatahavebeenobtainedthroughout
an~le+f+ttack rengeforthewing-fuselagecotiination.Thesngle-
of+ttackrangeforthetestswasfrom-8°to +19°,exceptathighMach
numbersandthehighestReynoldsnunberswheretheanglewaslimitedby
vibrationofeitherthemodelor itssupport,orbywind-tunnelpower.
AtReynoldsnunibersof0.8millionand2.0million,datawereobtained
overa rsngeofMachmmibersup to a maximumof0.93.At a Machntier .
of0.20,datawereobtainedovera rangeofReynoldsnunibersfrom0.8

.-
t

millionto~.Omillion.Lift,drag,andpitching+nomentdatahavebeen
obtainedforthefuselagealonethroughoutthesamerangeofsngleof

&@EN@E:~
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attackandMachnumberata Reynoldsnumberof2.0million.

CORRECTIONS

Thedatahavebeencorrectedfortheeffectsoftumnel+allinte~
ference,constrictionduetothetunnelwalls,basepressure,andstatic
taresdueto theweightofthemodel.No correctionhasbeenappliedto
accountfortheeffectofflapdeflectionunderloadupontheforceand
momentcoefficientspresented.At thehighestloadingcondition,this
deflectionwasoftheorderof1°. Theangleofattackofthemodelwas
uasuredvisuallyby =ans ofa cathetometer,henceno correctionswere
necessaryto accountfordeflectionofthesupportequipment.

Tunnel+alLInterference

Correctionstothedatadueto inducedtunnd+mllinterference.
havebeenevaluatedbythemethodofGlauert(referencek). Sincethe
ratioofmodelspanto tunneldiameterwas small,thetotalcorrections
weresmallyandno account
followingcorrectionswere

wastakenofthesweepbackofthewing. The
added:

k=o.26 cL

ACL= o.ook6cL2

No correctionwasappliedtothepitchingmoment.

ConstrictionEffects

Theconstrictioneffectsofthetunnelwalls

●

havebeenevaluatedby
themthod ofreference5. Thismethodhasnotbeenmodifiedto account
fortheeffectsof sweepback.Themagnitudeofthecorrectionsapplied
to theMachnumberandtothedynamicpressureis illustratedbythe
followtigtable:

Uncorrected q,corrected
Corrected Machnumber q,uncorrected
Mach Wingsad FuselageWingand Fuselage
nunber fuselage alone fuselage alone

0.930 0.919 0.921 1.03.2 1.012
.920 .933, ;& 1.010 1.010
.890 1.007 1.007
.&o :% ●847 1.005 1.005
.830 .798 .798 1.003 1.003
.700 .698 .699 1.002 1.002
.6Q0 .599 .599 1.002 1.002
.400 ●399 .400 1.001 1.001
.200 .200 .200 1.001 1.001
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Base%essureCorrections‘

Thepressureonthebaseofthemodelfuselagewas
aneffortto correctforsupportinterference,thedrag
correctedto correspondto a basepressureequaltothe

NACARMA5?D25

measuredand,in
datawere
staticpressure

ofthefreestream.-Theeffectof-longitudi&lpressuregradienton
dragwascalculatedandfoundtobe negligible.

Tares

Sincethebalancewaswithinthemodel,therewereno taresdueto
directairforcesonthemodel-supportequipment.Correctionsweremade
forthechangein statictaresduetotheweightofthemold andthe
variationofmodelattitudethroughoutthean~e+f-attackremge.

.

FRECZSION

Theseveralsourcesoferroraffectingtheaccuracyoftheresults
presentedhereinarelistedbelow,alongwithenestimateoftheirmagni-
tude●

Theprincipalsourceoferrorinthedataarisesfromthefactthat
theprecentageaccuracyofa givenwire-resistancestraingagevexies
llnearlywiththeabsolutemagnitudeoftheforceimposed,andthatthe
greatestpercentageerroroccurswiththesmallestappliedforce.The
capacitiesofthegagesusedweregovernedby thelargevariationof

“ forcesencountered,enditwasnotpracticableto changegagesduring
theteststo improvetheaccuracyofthebalance.ThefolJmwingtable
givesanestimateoftheprecisionoftheforcesndmomentcoefficients
asdeterminedfromstrain-agecalibrationsforthelimitingvaluesof
MachnuniberandReynoldsnumber:

Fuselage
uing-fuselageconibinationalone
O.Woe 2.oxlo69.Oxloa 2.oxlo~

M (per- (Pe- (per- (per-
cent) cent) cent)A cent)

%
O*2O 9 4 1

I
7

.93 2 1 1

CJ,

.20 1 1 0
I

4
.93 0 0 3

cm
.20 3 1 0

1
1

b ●93 o 0 0

—

—

v-
.

,
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Calibrationofthestrain-agebalanceindicatedthatinteractions
dueto deformationofgagemeniberswerenegligible.Correctionswere
madeforzeroshiftofthestrainindicatinginstruments.

Anotherpossiblesourceoferrorintheresultswasfrictioninthe
balace. Theeffectoffrictionwaslargestonthedragnasurementsof
thefuselagealonewherethedragforceimposedby theweightofthe
fuselagewaslargecomparedtotheaerodynamicdragofthefuselage.
Reasonablygoodindicationthattheeffectof frictionalforcesonthe
othercomponentswassmallisthefactthat,ingeneral,experimental
scatterlieswithinthelimitsoferrorgivenintheprecedingtable.

Theangleofattackofthenmdelwasobservedvisuallyby neausof
a catheto~ter.
angleofattack

Fromnumeroustestreadingsitwasdete~e~ thatthe
couldbe setrepeated3.ywithin~.15°.

RESUZTSANDDISCUSSION

EffectsofMachNuniber

Generalaerod~ iccharacteristics.-Generelaerodynamiccharac–
teristicsofthewing-fuselageconibinationarepresentedin,figu.res&
and5 forMachnumbersfrom0.20to0.93andReynoldsnrmhersof0.8
millionand2.0million,respectively.Thedragvariationwithlift
(figs.4(a)snd5(a))showsno pronouncedeffectofldachntier.The
angleofattackforndnimumdragwasabout0°throughouttheMach
numberrange.Thevaluesofdragcoefficientwereabnormallylowatlow
liftcoefficientsforO.@ Machnuniberat0.8millionReynoldsnumber
andfor0.20,Ok-O,and0.70Machnunberat2.0millionReynoldsnuniber.
Thesesmallmagnitudesareattributedto malfunctionofthestrain-age
balanceratherthanto a characteristicofthemodel.

No pronouncedeffectofMachnuniberisnotedinthevariationof
liftcoefficientwithangleofattack(figs.h(b)and5(b)} Theangle
ofattackforzeroliftwasabout0.5°at a Machnunberof0.20and

, increasedgraduallyto about1.OOat a Machnumberof0.93.A slight
decreaseinlift-curveslopeisnotedat a liftcoefficientofabout0.2,
withsubsequentrecoveryto a valueevengreaterthanthatat zerolift.
Neithertheseverityofthisreductionof,slopenortheliftcoefficient
atwhichitoccurredwasaffectedbyMachnumber.A corresponding
forwardmovementoftheaerodynamiccenterisdiscerniblefromthe
pitching+nomentdata(figs.k(c)and5(c))overtherangeofliftcoef-
ficientsaffected,withsubsequentrearwardmovermntto a location
generallybehindthatat zerolift.Therewascompletelossof static
longitudinalstabilityatthehigherliftcoefficients.(Thelift
coefficientatwhichinstabilityoccurredhadno consistentvariation
withMachnuniber,butwasbetween0.5end0.6formostofthetestMach
numbers.)Thistrendisty_picalofthestallingcharacteristics
pec~iartowingswithlargeamountsof sweep(references6,7,and8).
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Thereductionoflift-curveslopeaudstaticlongitudinalstability
v

whichoccurredneara liftcoefficientof0.2ismoreapparentthanhas
beenobsenedinotherinvestigations.It isfeltthatthisdeviation D
wasdueto separationandconsequentlossofliftatthewingtips,
which,beingwellbackofthemo~nt reference,wouldhavecauseda
reductioninstaticlongitudinalstability.It isfurtherbelievedthat
therearwardmovemsntoftheaerodynamiccenter(subsequenttothe
forwardmovementneara liftcoefficientof0.2)resultedfroma chord–
wiseredistributionofload,dueto separation,whereinthesection
centersofpressuremovedaft. Thisphenomenonwasnotedinreference7.
Thelift-curveslopeincreasedthroughouttherangeofliftcoefficients
inwhichthisrearwardaerodynamic-centermovementoccurred,asevi-
dencedby figuresk(b)and!j(b).Theabruptforwardmovemntofthe
aerodynamiccenter,beginningat a liftcoefficientofabout0.5to0.6,
probablyresultedfroxuwingstallbeginningatthetipsandprogressing
inward.IncreasingtheMachnuniberreducedtheseverityofthisabrupt
forwardmove~nt. Thepitching+mnentcoefficientat zeroliftwas
approximately+.006 andchaugedverylittlethroughouttheMachnwiber
rangeinvestigated.

MinimumdraIzcoefficient.-TheeffectofMachnumberonminimum
dragcoefficientisshowninfigure6 fora Reynoldsnuniberof2.0
million.Theminimumdragcoefficientincreasedfromabout0.007to
0.008fora rengeofMachntiersfromO.20to 0.93.At zeroangleof
attack(theangleofattackforminimumdrag)theoutboardsectionsof
thewingwereatnegativeangles,whichprobablyresultedina greater
increaseofdragwithMachnumberthanwouldbe thecaseifallsections
wereat zeroangleofattack.

Lift-curveslope.- TheeffectofMachnmber onlift-curveslope
atReynoldsnunibersof0.8millionand2.0millionispresentedin
fi~e 7. Lift-curveslopeincreasedfromapproximatel-yO.052to0.058
forthetestMachnuniberrsngeata Reynoldsnuniberof0.8millionand
fromapproximately0.049to0.055ata Reynoldsnuniberof2.0million.
In allcases,llft+mrveslopewasmeasuredbetweenliftcoefficientsof
-0.1andO.1.

.

.L

Lift-draaratio.-TheeffectofMachnuniberonlift-dragratiois
presentedinfigures8 and9,whichshowthevariation”oflift-drag
ratiowithliftcoefficientforvariousMachnunibers.Theseparationat
thewingtips,theeffectsofwhichhavebeennotedintheliftand
momentdataata liftcoefficientofabout0.20,is seentomanifest
itselfasanabruptterminationoftheriseoflift-dragratiowithlift
coefficient,whichoccurredatthissameliftcoefficient(about0.2).
Thesharpreductiminlift-dragratioisa resultoftherapidincrease
ofdragwhichoccurredastheliftcoefficientwasincreasedabove0.20 4
or0.25.A generaldecreaseinmaximumlift+ag ratiowithincreasing
Machnuniberisseeninfigure10. Thelift+ag ratiospresentedareof
limitedquantitativevaluehowever,becauseofthelowdegreeof r

accuracyofthedragdataat smallanglesofattack.
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Thecurvespresentedfor0.4MachnumberatReynoldsnumbersof
0.8milJ.ionand2.0milLion(figs.8 and9)donotcorrespondtothe
dataoffigures,kand5. Theerroneouslylowdragsobtainedatthese
testconditions,attributedtomalfunctionofthebalance,resultedin
correspondingvaluesoflift+ragratiowhichwereunreasonablyhighj
consequently,thedatawereretaken.Itwaslaterdiscoveredthatone
flapwasdeflectedslightlyduringthererunsandthedataindicated
zeroliftat zeroangleof attack.Thelift+lragratiospresentedare
fromresultsofthereruns.Theerroneousflapanglewasverysmallend
itisreasonedthatthisdeflectionwouldnotaffectthegeneralvexi-
ationoflift+ag ratiowithliftcoefficient,slthoughtheangleof
attackfora givenlift+ragratiowouldbe affected.

Aerodynemiccenter.-Thevariationofaerodynamic-centerposition
withMachnuniberispresentedinfigure11. Aerodynamic<enter
locationswereobtainedfromthelinearportionsofthemomentcurves
throughzerolift;consequently,theyeresignificantonlyforthat
limitedrauge.A smallrearwardmovementwasnotedfromapproximately
41to 45percentoftheman aerodynamicchordastheMach,ntier
increasedfromO.20to0.93atReynoldsnunibersof0.8and2.0million.

EffectsofReynoldsNuniber

Generalaerodynamiccharacteristfcs.-Generalaeromic charac-
teristicsofthewing-fuselageconibinationarepresentedinfigureU?
forseveralReynoldsnumbersfrom0.8millionto 9.omillionfora Mach
numberof0.20. IncreasingtheReynoldsnuniberreducedthedragat
positiveliftcoefficientsaboveabout0.2(fig.12(a)).Theliftdata
(fig.1.2(b)) indicatethatatthehigherReynoldsnmiberstheslight
reductionofIift-cmrveslopedueto separationatthetipswasreduced
inmagnitudeanddelayedto a higherliftcoefficient.At a Reynolds
numberof9.0millionthisreductionbeganata liftcoefficientof
about0.35.However,thepitchingmomntsat a Reynoldsnuniberof9.0
million(fig.12(c))showverylittlemovementoftheaerodynamiccenter
froma liftcoefficientof-0.1to a liftcoefficientof0.55,the
highestvalueobtainedatthisReynoldsmmiber.Thesedataindicate
thatcertainimportanteffectsofboundary-layerseparationwhichwe
evidentfromtestsofhighlyswept~ackwingsatlowReynoldsmaynotbe
presentunderfull-scaleconditions.

Minimumdragcoefficient.–Thevariationofminimumdragcoef-
ficientwithReynoldsnumberfora Machnuniberof0.2msybe seenin
figure6. A gradualincreaseisnotedfromapproximately0.007ata
Reynoldsnumberof2.0millionto0.010at’9.Omillion.

Lift-curveslope.-Variationoflift-curveslopewithReynolds
nuniberisshowninfigure7 fora Machnunberof0.2. Thelift-curve
slopedecreasedgraduallyfrom0.051at a Reynoldsnuniberof0.8million
to0.046at9.0million.
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u
Lift-dragratlo.-TheeffectofReynoldsmmiberonlift+ag ratio

ispresentedinfigure1.3whichshowsthevariationoflift-dragratio
withliftcoefficientata Machnumberof0.20. It shou+dbenotedthat
atthshigherReynoldsnmibers(5.0,7.0,and9.0million)thesteep
dropinlift+ag ratiowasdelayedto slightlyhigherliftcoefficients,
andthat,asa result,thelift-dragratioswereneartheirmaximum
valuesovera greaterrangeofliftcoefficients.

Attemptsweremadeto obtainan insightonthetipseparationata
liftcoefficientof0.2by employingsurfaceroughness.Full-span
roughnessstripsof2+rcent-chordwidthwerealternatelyplacedatthe
leadfngedgeofthewingandcenteredonthe>percent-chordline.The
roughnesswasachlevedbysprinklingCarborundumparticles(gritNo.1~)
on anadhesiveagentbrushedoverthedesiredareasofthewing. The
particlescoveredapproximately80percentoftheareaofthestrips.
!l!heeffectsoftlibsestripsareshowninfigure14. !l?hemaximumlifb-
dragratiowasreduced,probablylargelyas a resultoftheincreased
frictiondragdueto theincreaseintheextentoftheturbulent
boundarylayeras a resultof fixingtramition.However,theallevi-
ationoftheprematurearrestoftheriseoflift-dragratiowithlift
coefficientby useoftheroughnessattheleadingedgewouldseemto
indicatethattheboundarylayerseparatingatthetipwaslsminar.

Variationofmaximumlift-dragratiowithReynoldsnumberis
presentedinfigure10. A decreaseoccurredfroIuapproximately15.8at
2.0mil.lionlleynoldsnuniberto approximately14.5at 6.5millionwitha
subsequentincreaseto 15.2at9.0million.

Aerodynamicc center.-Thevariationof aerodynamic-enterlocation
withR~~oldsnuniberispresentedinfigure11. A slightandnearly
linearforwardmovementoftheaerodynamiccenterisnotedfrom41
percentofthemeanaerodynamicchordat 0.8millionReynoldsnuniberto
39percentat9.0million.

AerodynamicCharacteristicsoftheFuselage

Aerodynamiccharacteristicsofthefuselagearepresentedinfigure
15 forseveralMachnumibersforaReymlds nuxriberof2.0million.
Xvidenceoftheeffectoffrictioninthebalenceisnotedinthediscon-
tinuouscharacterofthedragdatanearzeroangleofattackforthelower
valuesoflkchnuniber.Friction,whichactedinoppositedirectionsfor
positiveandnegativeanglesofattack,accountsfortheasymmtryofthe
curvesofdrag+mefficientvariationwithangleofattack.

Effectsof Camberad Twist

General aerdmamio c characterstics.- Chsxacteristicsofthewing
alonearecomparedinfigure16withthoseof

llX@*=~ —..+

a wingof identicalplan–

.

●

✎

. ..
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form,buthavingno cadber
thatthewingofreference

u.

ortwist(reference9). Itmustbe noted
9 wastestedas a semispanmodelmounted-from

thetunnelw~ andthattl%gapattherootchord-andtheexistenceof
a boundarylayer onthe-tunnelwallwouldhavetheeffectofreducing
theeffectiveaspectratio.Thatthiseffectwassmallisevidencedby
thecloseagreementbetweentheresultsofthetestsofthesemispm
model(reference9) andtheresultsoftestsof a completemodelofa
similarwing(reference8). Furthermore,thecaiberedandtwistedwing
ofthisinvestigationhadstresmwisesectionsof5~rcent+hordthickness
as comparedwith&percent+hordthicknessforthesectionsoftheplane
wingdiscussedinreference9. Wing+lonecharacteristicsforthe
camberedandtwistedwingwerecalculatedby subtractingthedata
obta@edfromtestsofthefuselagefromthoseobtainedfromtestsof
thewing-fuselagecotiination.No accountwastakenofwing-fuselage
interference.

A comparisonismadeinfigure16 of theaerodynamiccharacter-
isticsofthetwowingsat severalMachnumbersforReynoldsnunibersof
approximately2 million.Theprincipaleffectof cariberandtwistupon
thedragcharacteristicswasa reductionofdragatpositiveliftcoef-
ficientsabovea liftcoefficientofabout0.1,indicatingan increasein
maximumlift-dragratio.Theliftdata(fig.16(b))indicatea slightly
morepronouncedreductionoflift+mrveslopedueto separationatthe
tipsat a liftcoefficientofabout0.2forthecamberedandtwistedwiw.
Thisreductfonoflift<urveslopeforthecsaibered
occurredata slightlyhigherliftcoefficientthan
reference9. Thisdelaywasprobablytheresultof
attackofthetipsduetowingtwist.Theangleof
wasabout0.5°forthecamberedandtwistedwingas
theplanewing.

andtwistedwing -
fortheplanewingof
thereducedaugleof
attackforzerolift
comparedwith0° for

Fi~e 16(c) showsanincreasein staticlongitudinalstabilitydue
to camberandtwist.Theforwardmovementoftheaerodynamiccenterat
a liftcoefficientofapproximately0.2,dueto separationat thetips,
was,ingeneral,slightlymorepronouncedforthec@ered andtwisted
wing,andoccurredat a higherliftcoefficient.Thefinaldeterioration
of stabilityofthecaniberedaudtwisted
ficientabout0.15higher(approximately
wing. Thecamberedandtwistedwinghad
liftofapproximately+.01;whereasthe
pitchingmomentat zerolift.

wingoccurredata liftcoef–
33percent)thanfortheplane
a momentcoefficientat zero
planewingofreference9 hadno

CONCLUDINGREMARKS

Theresultsoftestsofthec~ered andtwistedwimgwiththe
leadingedgesweptback63°incotiinationwitha slenderfuselageindi-
catethefollowing:
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EffeetsofMachNuniber
w

TherewaslittledifferencetiMachmmibereffectsonthewing-
fuselageconibfaationforReynoldsnunibersof0.8millionand2.0million.
VariationofMachnuniberfromO.20to 0.93at a Reynoldsnunberof2.O
millionaffectedtheaerodynamiccharacteristicsasfollows:

1. Theabruytforwardrncrvementoftheaerodynamiccenterbegindng
ata liftcoefficientof about0.5to0.6wasreducedin severity.

Theaerodynamiccenterat zeroliftmovedrearwardfromabout
41pe~~entofthemequaerodmic chordto about45percent.

38 Thelift-curveslopeincreasedfromabout0.049to 0.055per
degree.

EffectsofReynoldsNuniber

IncreasingReynoldsnumberfrom0.8millionto9.0millionata
Machnuniberof’O.20affectedtheaerodynamiccharacteristicsofthe
wing-fuselagecombinationas follows:

1. Minorirregularitiesin staticlongitudinalstabilitywere
virtuallyeliminatedup to a liftcoefficientof about0.55.

2. Thedragwasreducedatpositiveliftcoefficientsabovea lift
coefficientofabout0.2. .

b

.

3* Thelift-curveslopedecreasedfrom0.051to0.0h6perdegree. .-

4. Theaerodpic+enter positionat zeroliftwaslittle
affectedby changesinReynoldsnuuiber,movingfrom41percentto 39
percentofthemeanaerodynamicchord.

5. Thedatafromthesetestsindicatethatcertainimportant
effectsofboundary-layerseparationwhichareevidentfromtestsof
highlyswept+ackwingsatluwReynoldsnunibersmaynotbe present
underfull-scaleconditions.

I%ffectsofCaniberandTwist

Thefollowingeffectsofcsmberandtwistwereindicatedbya
comparisonoftheresultsforthecamiberedandtwistedwingwiththose
fora wingof identicalplanformhavingno caniberortwist:

1. Thedragcoefficientswerereducedatpositiveliftcoeffi-
cientsab’oveabout0.1.

?_

.-
*
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2. Theabruptforwardmovementoftheaerodynamiccenterwas
delayedto a lif%coefficientabout0.15higher,en increaseofapproxi-
mately33percent.

.
3. Theangleofattackforzeroliftwasabout0.5°as compsredto

0° forthewingwithno camberortwist.

AmesAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Calif.
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(a) Rearview.

(b) Plu view.
F~gurel.- Modelofthecemberedmd twistedwingwiththelea- edge

sweptbaok63°incombinatimwitha fuselage.,
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Figure 2.- Dimensions of wing and fuselage.
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