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An investigationby thetransonic-bump
. longitudinalaerodynamiccharacteristicsof

methodofthestatic
a seriesof swept,highly

tap;red,thinwing~hasbeenmadeinthe~gley high-speed-7Lby–lOLfoot
tunnel.TheMachnumberrangeextendedfrom0.60 to z.16 withcorre-

< spendingReynoldsnumbersrangingfromabout0.72x 106to0.97x 106.
Theangle-of-attackrangewas&om -10°to approximately34°.

Ingeneral,theliftanddragcharacteristicsvariedwithchanges
insweepandaspectratioinessentiallythemannerexpectedonthe
basisofpastresearch.Thewingsof smallestsweep(11.300)provided
theleastchangeinlateralcenterofpressurewithliftbutthegreat-
estchangeinlongitudinalcenterofpressurewithlift.Moderately
largechangesinlateralcenterofpressurearenotedwhenthelongi-
tudinalchangesincenterofpressureareat a minimum.A boundarywas
establishedwhichseparatedhighlytaperedwingsshowingincreasing
stabilitywithincreasingliftfromthoseshowingdecreasingstability
withincreasinglift. Theboundarysoestablishedisdefinedbysome-
whatsmallervaluesof sweepangleandaspectratiothanistheboundary
establishedonthe
andMaggininNACA

basisof-asomewhatdifferentcriterionby Shortal-
TechnicalNote1093.

INTRODUCTION ‘1 .
.

“ Inorderto achievemaximumperformance,particularlyat transonic
andsupersonicspeeds,it isimportanttoutilizethethinnestairfoil
sectionsthatcanbe toleratedfromstructuralconsiderations.Highly

b



2 NACARML56124

.

taperedwingsoffercertainstructuraladvantagesoverwingsofless
taperand,therefore,theairfoil-sectionthickmessrationormallycan

—

be reducedastheratiooftipchordto rootchordis”reduced.The “
identificationofplanformswithessentiallylinearwing-alonepitching-
momentcharacteristicsisan importantphaseinairp~e designinthat
itprovidesa convenientbasisforselectingthemostappropriatewing
tobe usedinconjunctionwitha desiredtaillocation.Fromconsidera-
tionsofthewing-aloneresultspresentedinreference1,wingshaving
a zerosweeplinewithintheregionfromaboutO.~ to 1.(Xchordin
generalappearto approachmostcloselya linearvariationofpitching
momentwithliftwhileprovidinga desirablestabilizingtendencydust
beforemaximumlift.

Theinvestigationofreference1 covereda seriesofpointedwings
ofaspectratio~ andthesameseriesofwingswithtipsclippedto give
anaspectratioof3. Thepurposeofthepresentinvestigationwasto
extendtherangeofwingaspectratioover.thatwhichwasgiveninref-
erence1. Threebasicpointedwingswerechosen,eachhavinganaspect
ratioof~ andNACA65MM3airfoilsections.Thesweepanglewasvaried
toprovidezerosweeplinesat 0.50 chord,0.75chord,and1.00chord.
Eachwingwastestedinitsoriginalzero-taper,aspect-ratio+condi.
tionaswellaswiththetipsclippedtoprovideaspectratiosof4 and
3 andtaperratiosofO.11and0.25,respectively.

Theinvestigationutilizedsemispanmodelsmountedona transonic-
bumpintheLangleyhigh-speed7-by 10-foottunnel.

TheMachnumberrangeextendedfrom0.60to 1.16withcorresponding
Reynoldsnumibersrangingfromabout0.72x 106 to 0.97x 106. Theresults
presentedhereinwerederivedfrommeasurementsoflift,drag,pitching
moment,androotbendingmomentdueto lift. —

COEFFICIENTSANDSYMBOLS —

CL liftcoefficient,Twicesemispanlift
C@ .—

CD dragcoefficient,Twicesemispandrag
C@

C%ominimumdragcoefficient

cm pitching-momentcoefficientreferredto 0.25E,

Twicesemispanpitchingmoment
qse

.
-.-..,.- .—--—

u-‘“
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bending-momentcoefficientdueto liftaboutlongitudinal

stabilityaxes, Bendingmoment

%

effectivedynamicpressureover

averagechordwiselocaldynamic

~ lb/sqftspanofwing, a ,

pressure,lb/sqft

twiceareaofsemispsnwingmodel,sqft

aspectratio,b2/S

meanaerodynamicchordofwing,basedonrelationship

localwingchord,f%

taperratio .

twicespanof semispanmodel,ft

lateraldistancefrom

airdensity,slugs/cu

free-streamvelocity,

effectiveMachnvnber

planeof symmetry,ft

ft

ft/sec

overspanofwing

averagechordwiselocalMachnwber

localMachnumber

angleofattack,deg

w% sweepanglewithrespectto quarter-chordline,deg

lateraleffectivecenter-of-pressurelocation,5
%

longitudinaleffectivecenter-of-pressurelocation,

(!’.25-a
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MODELANDAPPARATUS -

.

Thesemispanwingmodelsusedintheinvestigationwereconstructed
ofsteeltothedimensionsgiveninfigure1.

-.
Themodelsincludeda

basicseriesofthreewingsallhavingan aspectratioof~,a taper
—

ratioofO, sndNACA65Aw3airfoilsectionsparalleLtothefreestr”eam
.-

withquarter-chordsweepanglesofll.~”,“21.80°,and30.97°correspond-
—

ingto zero-sweeplinesat0.50chord,
-—

O.~ chord,and1.00chord.me
tips ofeachofthebasicwingswereclippedto give~spect‘ratiosOf_.. —

4 and3 andtaperratiosofO.llandO.25,respectively.
.-

A photographofoneofthemodelsmouhtedonthe~umpintheLan@ey .- ~_~
high-speed7-by 10-foottunnelisshownas figure2.~”Thewingswere
mountedonanelectricalstrain-gagebalancewhichwasenclosedinth~

..

b~ andwhichmeasuredthelift,drag,pitchingmoment,androotben~~ ““__=
momentduetolift.A smallgapexistedbetweenthewingrootsection
andbalancecoverplate;however;useofa“sponge-rub~=rsealatthe .
baseofthemodelsminimizedairleakagefromwithinthebalancechamber.

TESTSANDCORRECTIONS i:

ThetestsweremadeintheLangleyhigh-speed?-by 10-foottunnel;
-.d“

anadaptationof theNACAwing-flowtechniquewasusedto obtatitran-
sonicspeeds.Thetechniqueusedinthepresentinvestigationinvolves -
mountingthewingsina high-velocityflowfield(generatedover the

—

curvedsurfaceofa bump,locatedonthet~el floor]andisidentical
—.

tothatusedinreference1.

TypicalcontoursoflocalMachnumberintheviciiityofthemodel
locationonthebump(obtainedfromsurveys’withnomodelimposition),
areshowninfigure3. Machnumbervariationsofabout0.02existed
overthemodelsemispanatthelowestMachnumbersand”about0.04at
thehighestMachnumbers;whereas,thechordwiseMach-numbervariations
weregenerallylessthan0.02.No attempthasbeenmadeto evaluate
theeffectsofthespanwiseandchordwiseMachnumbervariations.The”

—

effectivetestMachnumberwasobtainedfromcontourchartssimilarto
thosepresentedinfigure3 byusingtherelationship_

—
~ b/2

M =—
J

~dy _ “- - ;

‘o

.
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.
Similarly,theeffectivedynsmicpressurehas
tom.chartsby usingtherelationship

r

/2
~=; c% W

o

beenobtainedfromcon-

Forceandmomentdatawereobtatiedforthewing-aloneconfigura-
tionsthrougha Machnumberrangefrom0.60to 1.16,whichcorresponds
toa Reynoldsnumberrsngefromabout0.72x 106 to 0.97x ~6. The
angleofattackvariedfromabout-10°to a maximumofapproximately340.

Jet-boundarycorrectionshavenotbeenevaluated,sincethebound-
aryconditionstobe satisfiedezenotrigorcruslydefined.However,
inasmuchastheeffectiveflowfieldislargeincomparisonwiththe
spanandchordofthewings,thecorrectionsme believedtobe small.
No attempthasbeenmadeto correctthedataforaeroelasticdistortion;
however,a roughestimateofthemmielflexibilityindicatedthataero-
elasticeffectsshouldbe small.

RESULTSANDDISCUSSION

PresentationofResults

Aerod-ic characteristicsoftheseriesof swept,highlytapered,
thinwingshavingaspectratiosof5,4,and

Basicdata:

a againstCL;At/4=11.~o . . . . . .
a ~fist CL;At/4= 21.~0 . . . . . .
a againstCL;At/4= 30.97° . . . . . .
CD againstCL;At/4= 11.po. . . . . .
CD ~ainst CL;Ac/~= 21.&)”. . . . . .
CD againstCL;At/4= 30.970. . . . . .
cm againstCL;At/4= 11.3oo. . . . . .
CmagaimstCL;At/4= 21.&” . . . . . .

cmWa~tCL;&-/4=%.970 . . . . . .
CB ~ainst =1130° . . . . . .cL; 4/4 = ~l”ao
cB ~ainSt cL;4+4 s . . . . . .
CB %a~st CL;&/4 =30.9p . . . . . .
Summaryofaerodynamiccharacteristics. .

3 arepresentedasfo-ilows~

Figure

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

4
5
6
7
8
9

10
11
12
13
14
15

16-21
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A briefdiscussionbasedprimarilyonthesumary
16to 21 ispresentedherein.Theslopespresentedin

NACARML56124

.
dataoffigures
thesummaryfigures

havebeenaveragedovera lift-coefficientrangeoftO.10.Inorder .
tofacilitatepresentationofthedata,staggeredscaleshavebeenused
inMny ofthefiguresandcareshouldbe tskeninidentifyingthezero
axisforeachcurve.

LiftandDragCharacteristics

Examinationoffigure16revealscertaingeneraltrendswithrespect
totheeffectsofwingplanformonlift-curveslopewlicharewell.known.
Thelift-curveslopewasreducedby eithera reductioninaspectratio
oran increaseinsweep.Itwillbe noted,however,thatthechangein
aspectratiofrom5 to 4 wasmuchlesssi~ificantthanthechangefrom
4to 3.

Resultspresentedinfigure16 indicatethatclippingthewingtips
to obtainreductionsinaspectratiohad,ingeneral,littleeffecton
theovera~minimumdragcharacteristicsthroughtherangeofMachnumber.
However,a favorablesweepeffectisnotedinthatdecreasesinthemini-
mumdragthroughthetransonicspeedrangeareobtained.Alsoshownin
figure16aretheeffectsof sweepandasyect-ratioreductionsonthe

fi..

variationofthehag-due-to-liftparsmeterwithMachnumber.Aswould —
iwD ./

be expected,valuesofthedrag-due-to-liftparameter—
dcL2

generally

weresomewhathigherwhentheaspectratiowasreduced.Effectsotsweep,
at leastforthesweeprangeinvestigated,generallyweresmallthrough-
outtheMachnuniberrange.

Comparisonsoflift-dragratiosvaryingwithliftcoefficientare
showninfigure17forMachnumbersofO.w and1.10.No verysignifi-
cantadvantagesarenotedwithregardto sweepforeitherMachnumber;
however,somereductionsareevidencedwhentheaspectratioisreduced.
Ingeneral,thesereductionsinlift-dragratioswithreducedaspect
ratiooccurthroughouttherangeofliftcoefficientforbotha Mach
numberofO.W and1.10.Maximumvaluesoflift-dragratiosfora
Machnumberof 1.10areconsiderablylessthanthoseat subsonicspeeds.

LongitudinalStabilityCharacteristics

Anylargechangeinthelinearityofthepitchingammentcurvesis
undesirableespecially
orderto studyto some
pitching-momentcurves

ifthechangeis inan‘&stabledirection.In
extentthedegreetowhichthislinearityinthe
isaffectedby wingplanform,somecomparisons

.—

—.

.
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oftheeffectsofwingplanformontheoverallshapeofthepitching-
mcmentcurvesareshowninfigure18. Thesecurves,forthreerepresenta-
tiveMachnumbers,havebeenliftedfromthebasicdata(figs.4 to 15)
andexepresentedherefora moredirectcomparisonoftheeffectsof
sweepandaspect-ratioreductions.At Machnumbersof0.80andO.90

( /4aspect-ratioreductionsofthemorehighlysweptwingsAc = 21.808and

%/4 ‘ 30.97°)weremre significantthanaspect-ratioreductionsofthe

((‘i~s ‘ithleastsweepAc 4 = 11.300),especiallyinthemoderaterange
ofliftcoefficientwhere heunstablechangesinpitching-mcmentcurves
weregenerallyreduced. (Forthecaseofwingsoflowsweep4/4 = U.300),
no significantchangesinthelinearityofthepitching-momentcurves
werenotedwhentheaspectratiowasreduced;however,a reductionin
static~~n % occurredat IOW-Mfi coefficients,Wch -s alsonoted

%
forthehighersweepcaaes.

(

Itw 11be notedthatthewingswithless
sweepparticularly&/4 \= 11.300exhibitquiteabruptstablechanges
inlongitudinalstabilityina moderatelift-coefficientrsmge,which
areofsignificancesinceundesirabletrimchangesandmaneuvering
characteristicswouldlikelybe associatedwitha configurationhaving
thistypeofpitching-momentbehavior..Thepitching-mment-curvenon-
linearitynotedforMachnumbersof0.80andO.x forthesweeprange
investigatedgenerallydidnotoccurathigherspeeds,andtheaspect-
ratioreductionswereoflittleimportanceasMachnumberincreased
to 1.10.

Inordertoprovidesomegeneralizationoftheeffectsofgeometric
variablesonthelinearityofthepitchingaomentcurvesofhighlytapered
wings(h= O to0.30),thepresentresultsandthoseofreferences1
and2 havebeeninterpretedintermsoftherelationofthewingsto a
boundarywhichseparatesplanformsthatbecomeincreasinglystableas
liftisincreasedfromthosethatbecomedecreasinglystableas liftis
increased.Theresultingcorrelation(fig.19)isgivenintermsof
aspectratioandquarter-chordsweepangleinthemsmneradoptedby
ShortalandMagginintheirwell-knowncorrelationgiveninreference3.
Thecriterionusedinestablishingthepresentboundary,however,differs
fromthatusedbyShortalandMagginwhoseparatedtheplanformson
thebasisofstabilizingordestabilizingtendenciesofthepitching-
momentcurvesinthevicinityofmaximumlift.Thepresentcriterion
considersdeviationsofthepitching-momentcurveat anypositivelift
coefficientbelowmaximmmliftfromitsslopeat zerolift(fig.1~).

Ifatanyliftcoefficientwithinthespecifiedrangetheslope~
dCL

islessnegativethanat zerolif%,theplanformis indicatedby a solid
~ atpositiveliftisalwaysmorenegativethan ._symbol;whereas,if
&L

at zerolift,theplanformis indicatedby an opensymbol.Theboundary
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separatingthesestabilitycharacteristicst%erebyclef-tiespb forms
havingessentiallylinearpitching-momentcharacteristics.Sucha
boun&J providesa convenientbasisforthe-selection”ofplanforms ““
mostreadilyadaptabletoairplaneswithhighorlowtaillocationsor
totaillessairplsmes.Theboundaryobtainedisconsi&redapplicable;
however,onlytotap& ratiosintherangeconsideredherein- that””is,
betweentaperratiosofO and0.30. Notethatplanformsonthestable
sideofthepresentboundaryaredefinedbymorerestri-ctedrangesof
sweepangleandaspectratiothanaretheplanformsonthestableeide
oftheShortal-Magginboundary.

ThevariationoftheaerodynamiccenterwithMachnumberasaffected
by sweepandaspectratioisshowninfigure20. Theeffectofaspect-
ratioreductionisto shifttheaerodynamiccenterforwarda rathercon-
stantmountthroughouttheMachnumberrangewithoutrn”ucheffecton
theoverallvariationwithMachnumberfora givenswe6pangle.The
sweepeffectnotedisgenerallyconsistentwithpastre”sultsinasmuch~
asthemaximumrearwardshiftoftheaerodynamiccenterfromsubsonicto
supersonicspeedsissomewhatreducedas swe”epangleincreases.

In orderto illustratesometrendsinchangeswithliftcoefficient-
ofthelocationsoftheeffectivelongitudinalandlatffalcentersof
pressure,dataforMachnumbersof0.9 and1.10arepresentedinfigure”21.“-
Thecentersofpressurewillbe referredtotiseffectivecentersofpres-
sure,inasmuchasthelateraleffectivecenterofpressurewasobtained
by divisionoftherootbendingmomentdueto liftby theliftandthe
longitudinaleffectivecenterofpressurewasobtained~bydivisionof “’ ‘-
thepitchingmomentby thelif%.Thechangesinbothlongitudinaland_. ‘.”
lateraleffectivecenter-of-pressurelocationwithlifi-coefficient -
(forallsweepanglesinvestigated)at a Machnumberof1.10arecon-
siderablysmallerthanchangesata MachnumberofO.~. Thewingplan
formwhichprovidestheleastchangewithliftcoefficientinlongitude.-““
naleffectivecenter-of-pressurelocationexperiencesconsiderableinward
shiftswithliftcoefficientinthelateraleffectivecenterofpressure
foreitherMachnuniber(fig.21(c)).Aspointedoutinreference1,such
inwardshiftsareassociatedwithtipseparation.Clippingthetips
generallyrelievesto someextentthisinwu~movementofthelateral
effectivecenterofpressurewithliftcoefficientforbothMachnumbers,
butitalsoresultsinsomewhatincreasedoverallvariationofthelongi-
tudhaleffectivecenter-of-pressurelocationwithlift”coefficient.
Thewingplanformwhichprovidestheleast@zngeinthelateraleffec~
tivecenter-of-pressurelocationwithliftcoefficientalsoexperiences

,—

.

.

.-

..—
—

—
.

d

——

—

thegreatestthane inthelongitudinaleffectivecenter-of-pr&su&e
Tlocation(fig.21a)). Thiseffectwasalsonotedfortheinvestigation

ofthehighlytaperedwingsrepo~edinreference1. Moderatelylarge”
—

changesinthelateralcenterofpressureare--notedwhen.thelongituditil ._ -.~
changesincenterofpressureareat a minl~.

.
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CONCLUSIONS

Resultsofan investigation,by thetransonic-- method,ofthe *
staticlongitudinalaerodynamiccharacteristicsofa seriesofhighly
taperedthinwingswithvaryingdegreesof sweepanddifferentaspect
ratios,obtainedby clippingthetipsofthebasicpointedwings,indi-
catethefollowingconclusions:

1.tigeneral,theliftanddragcharacteristicsvariedwithchanges
insweepangleandaspectratioinessentiallythemannerexpectedonthe
basisofpreviousresearch.

2. The wings of smallest sweep(ll.~”)providedthesmallestchanges
inlateralcenterofpressurewithincreasinglift,butthegreatest
changesinlongitudinalcenterofpressurewithincreasinglift.Moder-
atelylargechangesinlateralcenterofpressurearenotedwhenthe
longitudinalchangesin centerofpressureareata minimum.

3. A boundarywasestablishedwhichseparateshighlytaperedwings
showingincreasingstabilitywithincreasingliftfromthoseshowing

. decreasingstabilitywithincreasingli$t.Theboundarysoestablished
isdefinedby somewhatsmallervaluesof sweepangleandaspectratio
thanistheboundaryestablishedonthebasisofa somewhatdifferent

. criterionby ShortalandMaggininNACATechnicalNote1093.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcmnuitteeforAeronautics,

LangleyField,Vs.,August31,1956.
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