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THETWISTINGEFFECTAl !IRANSONICWEEDS OF SH31ZERAILERONS

ONA 45°WIWIIMX,ASPECT-RNIZO-4,TAPEREDWING ‘

By AlexanderD.HanmmndsndJeanC.Graven,Jr.

SUMMARY

An investigationwasmadeattransonic
speed7- by 10-foottunneltodeterminethe
various-spaninboardspoileraileronsalong

speedf3inthe
effectofthe

I

Langleyhigh-
projectionof

the70-percent:chordline
on thetwistingmomentandotheraerodynmniccharacteristicsof a solid-
steel45°sweptbackwing. Theinvestigationwasextendedthroughthe
transonicspeedrangeby testinginthehigh-velocityfieldovera reflec-
tionplaneonthesidewald.ofthetunnel.

Thetwisting-momentcoefficientaboutthe20-percent-chordline
resultingfromprojectionof an inboardspoileraileronof anyspan
(includingfullspan)dependedonlyontheincrementalliftproducedby
thespoiler.Thechordwiselocationofthecentersofpressureresulting
fromprojectionof an iriboardspoileraileronof anyspanwaslittle
affectedby changeinMachnumbernearzeroangleof attackbutmoved
forwardwithincreaseinMachnumberforanglesof attackaboveabout6°.
Thechordwiselocationofthecentersofpressuremovedtowardthe
trailingedgeofthewingwithincreaseinsngleof attackupto approxi-
mately4°andmovedforwardwithfurtherincreaeh angleof attackat
allMachnumbers.Themagnitudeoftheincrementalliftandtwisting-
momentcoefficientsandoftherolling-momentcoefficientincreasedtith
increaseinspanforspoileraileronshav@ spansq3 to 80percentof
thesemispan.

INTRODUCTION

Theuseof spoiler-t~eaileronsonhighlysweptthinwingslooks
attractivefromboththehinge-momentandwingflexibilitypointsof
view. Considerableworkhasbeendoneindeterminingtheeffectiveness
ofvarioustypesandlocationsof spoilersonbothunsweptandswept
wings(refs.1 to 5). Very13ttleworkhasbeendoneindetermining
theaerodynamicloadsresultingfromspoiler-aileronprojection,particu-

. larlyattransonicspeeds.Thispaperpresentstheresultsof an
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investigation,madeattransonicspeedsintheLangleyhigh-speed7.by
10-foottunnel,todeterminetheaerodynamictwistaboutthe20-percent-
chordhe causedbyprojectionofvarious-spaninbosrdspoilerailerons.
Thewingusedh thisinvestigationhada sweepbackof45°atthequarter-
chordline,an aspectratioof4.0,.4taperratioof0.6,andanNACA ,
65AO06airfoilsectionparallelto thefreeairstresm.Thevarious-span,
inboardspoileraileronsusedwereprojectedto a heightof 10percent
ofthelocalwingchord,alnngthe70-percent-chordline. It shouldbe
notedthatthespoileraileronofthisinvestigationdoesnotnecessarily
representthebestspoilerconfiguration;however,thiswingandspoiler
configurationarerepresentativeof configurationsthatmightbe usedin
high-speedflight.It isfelt,therefore,thattheresultsofthisinves-
tigationgivethegeneraltrendsofthevariationofthetwistingmoment
abouttheelasticaxisresultingfromprojectionofvarious-spaninboard
spoilerailerons.

COEFFICIZ3N’ISANDsYMmIs

liftcoefficient,Twiceliftof semispanmodel
qs

dragcoefficient,Twicedrsgof semispanmodel
qs.

pitching-momentcoefficientreferredto 0.25’E
TwicepitcMngmomentof semispanmodel

qst!

twisting-momentcoefficientaboutthe20-percent-chordline,
T@stingmomentof semispanmodelabout0.20c

qsr

rolling-momentcoefficient,
Rollingmomentofw5_ngwithspoiler- Rollingmomentofplainwing

qsb

yawbg-momentcoefficient,
Yawingmomentofw3ngwithspoiler- Yawingmomentofplainwing

qsb
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effectivedynsmicpressureoverspanofmodel,.@2, lb/sqft

twiceareaof semispanmodel,0.12~sqft

J

b/2
meanaerodynamicchordofwing,0.l@5 ft onmodel,~

so C%

localwingchord,ft

twicespanof semispanmodel,0.7071ft

spanwisedistancefromplaneof symmetry,ft

massdensityof air,slugs/cuft

averagefree-streamairvelocity,fps

effectiveMachnumberoverspanofmodel

averagechordwiselocalMachnumber

localMachnumber

Reynoldsnumberofmodelbasedon F

angleof attack,deg

incrementcausedby spoiler-aileron

aspectratio,b2/S,4.0onmodel

projection

Theforcesandmomentson thewingarepresentedrelativetothe
sxesshowninfigure1. Wingtwistingmomentsweremeasuredaboutan
axiswhichcorrespondsto the20-percent-chordline.AU otherforces
andmomentsandtheanglesof attackweremeasuredrelativetothewind
axes(fig.1)whichintersectattheplaneof symmetryandthechord
planeofthewhg atthe25-percent-mean-aerodynamic-chordstationas ‘
showninfigure2.

MODELANDAPPARATUS

Thesemispanwingusedinthisinvestigationhad45°of sweepback
ofthequsz’ter-chordline,an aspectratioof 4.o,a taperratioof0.6,
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andanNACA65AO06airfoil
wingwasmadeof steeland
infigure2.

sectionparalleltothefreestresm.“The
wasconstructedtotheplan-formd&nensions

Thespoilersweremadeofbrassandweresolderedalongthe70-percent-
chordline. Thespoilershada projectionof 10percentofthelocalwing
chordandvariousspansfrom0.20b/2to 1.00b/2(fig.3).

Thedatawereobtainedinthe~ey high-speed7-by 10-foottunnel
withthemodelmountedonthetunnelsidewallina mannersimiliarto
thatofthemodelshowninfigure4. Themodelwasmountedto snelec-
tricalstrain-gagebalancethrougha slotinthereflection-planeturn-
table;thisslotwassealedwitha sponge-~ber-wipersealgluedtothe
turntableto reducetheleakagearoundthewingbutt. Theforcesand
momentswererecordedby meansof a recordfnggalvanometers.

mm

ThetestsweremadeintheLangleyhigh-speed7-by 10-foottunnel.
TypicalcontoursshowingtheMachnmber distributionovertheside-waU
reflectionplaneinthevicinityofthemodelarepresentedinfigure>.
EffectivetestMachnuniberswereobtainedfromcontourchartssimiliar

J

b/2
tothoseinfigure5 by therelationshipM = ~

so
CMady.

Forthesetestsa Machnunber~adientgenerallylessthan0.02was
obtainedbelowa Machnumberof 0.95,andthegradientincreasedto 0.05
atthehighertestMachnumbers.

Forcesndnmmentmeasurementsweremadeforthemodelthroughan
angle-of-attackrangeof -5°to 10omeasuredina planeperpendicular
to a normalaxisthroughthequarter-chordpointofthemeanaerodynamic
chord.Thesemeasurementswereobtainedfroma Machnumberof0.61
to 1.09. ThevariationofReynoldsnumberwithMachnumberispresented
infigure6.

Inviewofthesmallsizeofthewingrelativeto thetunneltest
section,jet-boundaryandblockagecorrectionswerebelievedtobe insig-
nificantandwerenotappliedto thedata.No reflection-planecorrec-
tionswereappliedtothedataofthisinvestigation.
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RESULTSANDDISCUSSION

Thevariationsoftheincrementallift,drag,pitching-moment,and
twisting-momentcoefficientswithspoilerspanforvariominbosrdspoiler
aileronsme presentedinfigures7 to 10,respectively.Thevariation
oftherol-g-momentandyawing-momentcoefficientswithspoilerspm
we presentedinfiguresU andE, respectively.

.

Thedataof figures7 to I-2indicatethatfortheMachnumberand
angle-of-attackrangeinvestigated,an increasein spoilerspanresults
inan increaseinthemagnitudeoftheincrementallift,drag,and
twisting-momentcoefficientsandintherollinn-momentcoefficientfor
spoilerspansupto 0.&)b/2.SpoilershavingspansgreaterthanO.&)b/2
gavevaluesofthesecoefficientsabotithesameor slightlylessthan
thoseforthe0.&lb/2spanspoilers.An increasein spoilerspanup to
0.20b/2resultsinan increasinglymorenegatiwincrementalpitching-
momentcoefficientQ furtherincreaseinspoilerspsngenerallyresulted
inan increasinglymorepositive~ (fig.9). Themagnitudeofthe
yawing-momentcoefficientincreasedwithincreaseinspoilerspanfor
ECUspoilerspansinvestigated.

Thevariationoftheincrementaltwistbg-momentcoefficientwith
incrementalliftcoefficientarepresentedinfigure13 forvarious-span
inbosrds~ilerailerons.Theincrementaltwistingmomentspresented
anddiscussedhereinrepresentthechangeintwistingmomentaboutan
axiscorrespondingtothe20-percent-chordlineresultingfromdeflection
ofthe.various-spaninboardaileronson a rigidwing. It canbe seen
fromfigure13thatthereisa newly linearvariationoftheincremental
twisting-momentcoefficientAC% withincrementalliftcoefficient~

forallspoilerspansata givenangleof attackandMachnunberinthe
angleof attackandMachnumberrangesinvestigated.~is indicatesthat
thecentersofpressureoftheadiMtionslloadresultimgfromprojection
ofthevarious-spaninboardspoileraileronslieat a constantdistance
fromthe20-percent-chordlineandthatthetwistingmomentaboutthis
axisisdependentonlyontheincrementallift.Forallpracticalpurp-
oses, therefore,thelociofthecentersofpressuresoftheadditional
loadforthevarious-spantiboardspoileraileronsmaybe consideredto
liealonga constant-percent-chordline. Thechordlinethatis coinci-
dentwiththelociofthecentersofpressurevarieswithbothangleof
attackandMachnuniber.

Sincethevariationof ~ with ML isnealy Uqem, tieP~~-
a L&teter . givestheperpendiculardistanceinpercentof ~ between

the
a%

20-percent-chordlines.udthelociofthecentersofpressureofthe

~“
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additionalloadresultingfromprojectionofthevarious-spaninbosrd

a%spoilerailerons.Thevariationofthepsrameter withangleof
a~

attackforvsriousMachnmbersandwithMachnuriberforvsriousangles
of attackispresentedinfigure14: lhomfigure14 itcanbe seenthat
thelociofthecentersofpressuresmovetowardthetrailingedgewith
increaseinangleof attackup to approxhately4° andmoveforwardwith
furtherincreaseinangleof attackforallMachnumbers.Nearzeroangle
of attackthereislittlechangeinthechordwiselocationofthecenters
ofpressurewithchangeinMachnumber;however,atanglesof attackof
6° andabovethereis,h general,a forwerdmovementofthelociofthe
centersofpressureofthevariousinboardspoileraileronswithincrease
inMachnumber(fig.14).

CONCLUSIONS

An investigationwasmadeh theLangleyhigh-speed7- by 10-foot
tunnelto determinetheeffectonthetwistingmomentandotheraero-
_C characteristicsofvarious-spaninboudspoileraileronson a
solid-steel,45°sweptback,aspect-ratio-4,taper-ratio-O.6wing. The
followingconclusionsmaybe drawnfromthedata:

1.At a givenangleof attack=dhlachnumber,thetwistingmoment
resultingfromprojectionof an inboardspoileraileronof anyspanabout
the20-percent-chordMne oranyothersxisapproximatelyparallelto
the20-percent-chordWe dependedonlyontheincrementalliftproduced
by thespoiler.

2.Thelocioftiecentersofpressureoftheadditionalload
resultingflromprojectionof an inbosxdspoileraileronof anyspanmoved
towardthetrailingedgeofthewingwithincreaseinangleof attackup
to approximately4° sndmovedforwsrdwithfurtherincreaseinangleof
attackforall.Machnumbersinvestigated.

3. At nesrzeroangleof attacktherewaslittlechangeinthechord-
tiselocationofthecentersofpressureofthe-tional load,resulting
fromprojectionof an inboardspoileraileronof anyspan,withchange
inMachnmnber.

4. IntheMachnumberandangle-of-attackrangesinvestigated,an
increaseinspoilerspanresultedinan increaseinthemagnitudeofthe
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incrementalliftandtwisting-momentcoefficientsandintherolli.ng-
momentcoefficientforinbosrdspoileraileronshavingspsnsup to ~ per-
centsemispan.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.October19,1953.
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Figure 2.- Plan farm and dimensions of the aspect-ratio-4, taper-ratio-O .6,
h~”sweptback wing. All. dimensions In inches unless otherwise noted.
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Figure 12.- The variation of the yawing-moment coefficient with Bpoiler

epam at varioua Mach numbers for several angles of attack.
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