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RESIMRCHMEMORANDUM

MEASUREWNTS (3!’AERODYNAMICCMRACTERIS3!ICS

@ A 35° swwmwx NAcii65-009Auwom ,mm mm @HoRD

PLAINFLAP BY TEE NACA WING-FIOWME?lX30D

By Harold1. Johnson

)5uMMARY

As part of a generalinvestigationof the stabilityand control
characteristicsof variouaairfoil-flapcombinationsin the transonic
speedrange,measmwments weremade by”theNACA wtng-flowmethodof
the lift,pitching-qent, and Mnge-rnomentcharacteristicsof a
35° s~ptback NACA65-oo9 airfoilof aspectratio 3.04, tith a fuU.-

span The testscovered.Machnu@ers~-chordunsealedplainflap.

frdn0.55‘to1.10,Reynoldsnmber,sfrom aboutW0,000 to 1,360)000,
anglesef attackfrom -2° to l~”, and flap deflectionsfrom about
‘!200to 20°. Some of the importantresultsare givenbelow.

The variationsof-liftand pitchingmment with eitherangle
of attackor flap deflectionwerenearlyrectilinearat all Mach
numberstestedfor moderatean@es of attacklandflap deflections;’
similarly,flap hingemauemtIncreasedamst rectilinearlywith
flap deflection,The lift curveslopeincreasedslightlyas the
Mach numberwas increasedto0./?0but remainedpracticallyunchanged
as the Mach numberwas increasedfrom 0.80 to 1.10, The aerodynamic
centershiftedrearwardsteadilyfrom 17yercentof the mean
aerodynamh chordbelowa Mach numberof O.~ to 33 percentof the
mean aerodynamicchordtita Mach numberof 1.10. Flap effectiveness
decreasedko percentas the lvfach numberincrease&from O.~5 to 1.00.
The flap-cW?ectivenessmen r~filed constantto a &ch n~ber of 1.10.
The centerof pressuredue to flap deflectionmovedrearwardwith
&creasing Mach numberfrom about65 to 85 percentof the mean
aerodynamicchordoverthe testMach nuniberrdnge. At smallto
moderateanglesof attackthe flap-floatingtendency dq/da was

zero at all Mach numbers;at largeanglesof attackthe f~p had a
strongnegativefloatingtendencythat was ma~ified by increasing
Mach number. The flap-restoringtendency ~/d8 approximately
aoubledin goingfrcmah!ach nmber of 0.55to a Mach numberof l.0~.
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It was foundthat in theMach nuuiberrangefrom 0.65to 0.90wherein
comparabledatawere obtained’ticreaslngtheReynoldsnumberfrcm
roughly600,0+00to 1,200,000causedsmallchmges in the lift-curve
slopeand position.of the aerodynamic,centerput no chaws in the
flap lift,pitching-moment,or hinge-momentcharac~ristics.

.

INIIROIXJCTION

The NACA is conductinga numberof investigationsof the
aerodynamicchmaoteristicsof smallmodelsin the transonicspeed
rangeby thewing-flowmethod. One of-these investigationsis
concernsdwith themeasurementof M stabilityand controlcharacter-
isticsof variousgeneralresemch airfoil-flapconibina.tions.Brief
measurementsof thistype on an unswept,modslhavingthe geomtric
characteristicsof the horizontaltailof a 1?-.51D aifilane havebeeq
reportedin reference1. The presentreportcoversmore complete
measurementsof the chmaotiriettcsof a sweptbackresearchmodel.
These,testsrepresentthe firstof a seriesof meas~tints being
madewith generalresearchznodelsto investigateflap effectivensss
and mthods of balancingcontrolsurfacesat trsmsonicspeeds.

The testsconsistedof masuremeritsof the l.ift, pitchi~ m~nt, .
and hingemomenton a modelof a 35° swept’back$aspectratio= 3, Oh,

$
untaperedNACA 65-009 airfoilwith a full-span’-chordunsealedplain
flap. The testswere run for snglesof attack rom -2° to 15° and
for flap anglesfrom,about -20° to 20° through.aMaoh numberrange
fromO.5~ to 1.10: The Reynoldsnumbersvsmiedf~an aboutW,000 . k
to 1,300,000.In theMach numberrengefran 0.65to0,90,ccirpar’able
datawere obtainedfor Reynoldsnujibersof approximately600,000

.
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mode1

model
, ,.
(total

chordp+allel to witi direction

man aerodynamicchord , “

areaof model (corres~ondsto 1/2 the area of a complete
wing)

!f/2 flap’spemalonghinge line

,!

+ flaprcmhnean-squaiechad”perpendicular

C.f flap chordparallel

s~ airplanewing area

to wind dibction “ .

APPARATUS

The airfoilmodelwas mountedon the door of

c=
—

—

to h$ngeline

—

the ammunition
compartint on the upper.surfaceof the rightwkg of a P-Sillairplane
(fig.1). The contourof the doorhad been modifiedto pro~ide
smallervelocitygradientsover the model and to placethe compression
shockon the airpl~ wing at a positionbehindthemod61. Typical
chordwisevariationsof localvelocityin the-regionof themodel,
as detemined frcm static-pressuremeasurementson the surface.of
the doorwith mdel removed,are shomiin figure2’. S% typical
spe.nwisevariationsof localvelocityover themodel,‘asdetermined
from static+pressuremeasuremetis..madewith the rake shownin figure
are givenin figure4. For”purposesof convertingmeasuiwdforces
and momentson the modelintonondimensionalcoefficients,the local
-c PressWes C03WWpOnd@3 to the localMaoh numiberswere
averagedin both a chordwisefid a sptiisb direotionover the model
area. In additionto the foregoing,somemeasurementswere na.ieof
surfacepresmres alongthe spanof the airplanewing at.the model
station. As might’beexQectei,theseme~sur&mnts‘slx%ed.a negU@.ble
variationin velocitynear thewing surfacetith spanwj.se‘distance
alongthe airplanewing withinthe accuracyof the measurements.

3;.

The alrfollmodelwas machinedfrom soliddural to the d&ms$ons ;
shownin figure5. A thinciraularend platehavinga diameterequal
to the modelohordwas fastenedto the root of the model in.order
to simulate

3
lf-spamtest conditim.s.The end platewas solid

exceptfor a ~-inch-diameterhole throughwhtch the flap tangpassed. ,~,.,. -,.
Also, therewere two smallopefingsin the wing surfaceunderneath

..
.

.-
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NACARM No. L7F13 .5

the end plate throughwhich the model tangand flap tangpassgd.
These openingsundoubtedlyalloweasome leakageof flow aroundthe
root of themodelbut the effectsof this leakageare lelievedto
be very small. The flap gap of approximately0.02 inchwas left
unsealeil.

,’
The lift,pitchingmoment,and hingenmmentwere measuredby

a strain-gagebalanceand the flap deflectionwas rmasuredby a
slide-tirepotentiometer.Thesequantitieswere recordedcontinuously
by a recordinggalvanometers.The strain-gagebalancewas equipped
with an air-drivenmotor that oscillatedthe flap continuously
througha deflectionrange of approximately@O” at a neer4 uniform

rate of ljjoscillationsger second. In texmMof relativeflight

8~e& thesefiguresme- that,we flapwas defzected1° while the
model travelled18 chordiengthsfor the lowestflightspeecltested.
From this standpointit ayyeersthe,effeotof aero@amic lag on the
measurementsshouldbe negligible, , ‘

The airfoilangleof attaokms measuredti”threspectto the “
angleof a freelyfloatingrectangularvanewith a wedge-shapecross
sectionthatwas located22$ inchesoutboardof themodel station.

(Referto fig. 1.) In a flightmade ~eforethe sweptbackmodelwas
installed,an identicalfloatingvanewas instaUed at the model
stationso that the airectionof alr flow at themodel locationwas
calibratedas a funotionof the positionof the outboardvane.

In additionto the Foregoinginstrumentation,standard.NACA
recordinginstrumentswere used to aeterminethe airspeed,altitude,
nomal and lateralaccelerationof the airplane,and the free-air
temperature.

TESTS

l?lightswere made with the model set at anglesof -2°)0°, 2°,
5°, ~, ~d 156 relative to the longitudinal exis of the airplane.
Inaddition,aflightwas made to determineonly the lift of the model
when set at 22° from the longitudinalaxis of the airplane, Each
flightconsistedof two runs at differentaltitudesso that a large
Mach numberrange couldbe coveredfor differentReynoldsnumber
rangea...lnthe %igh-divs’trun the airplanewas divedfrom en altitude
of 28,000feet at an indicatedairspeedof 22o milesper hour to .
en airplaneMach nuuberof 0.’73at an altitudeof 1.8,w0feet ~~ ..
whereupona 4g pull-outwas made, DuMig this Mve useable da% .
were o~tained-forMach numbersover the ~odel rgngingfrom 0.65 to:lJO.
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In the ‘level-flight”run the airplanewas sloweddawn ~adually
from 450 milesper hour b 300 milesper hour at 5,000feetaltitude
followhg a dive and pull-outfrcm about12,090feet altitude. From
thisrun datawere obtainedfor modelMach numbersvaryingfrom 0.90
to 0.55. The variationof Reynoldsnwn”erwith’Mach numberfor the
high-diveand level-flightruns is shownin figure6.

ACCURACY

The majorvqriablespresentedherein
withinthe followingabsolutelimits:

..

Mach number . . . . . . . . . . . . . . .
Mgle of .attacktime”.. . . . . s . . .

are‘believedto be accurate

. . . . . . ..* to .01

. . . . . . ,.* *o. f2
F&s@.qdegree*,. , . . . ., .’. .,.”.., . . . . . . . .

,- to43
Lift coefficient . . . . . . . . . . . ..==-.... . . . . ‘M .03~
Pitching-mamntcoefficient. . . . , . . . . . . . . . . . *O.015
Hinge-momentcoefficif3nt. . . . . . . . i . . . . . . . . iOi015

The accuracyof tb “lastthreeof the foregoingvsriablesis
a functionot thema&ituae of the forcessmdmoments.which in
turnare a functionof the dynamicpressure;the fi.guresgivenabo~
are for the loweat dynsmioTressureused in the tests. At the highqst
dynemicpressuretested,the accuraciesstioul.dW i?our+xlmabetter
than thoselisted. Abouthalf”of the lossin “accuracywas caused
by ~adti smallshffts.in instrumentzerosduringa run.“The other
halfwas causedby.inabilityof the recordinggalvanometersto produce
a uniquedeflectionfrom a givensignalend by smallieadingerror~
incurredduring& evaluationoftie data. ID’the “caseof measuring
slo~esfor dataplottedagainstflap deflection,the.accuracyshould
be betterthen that cotiespondingto the foregoingbecausethe
instrumentzerosremainetiessentiallyconstantduring~ sin~e
flap oscillation.

—

PRESENTATIONOF RESULTS

stti~a NACA
used in presentxlng

. . .

conventionswere usedfor the.tiignsand coefficients
the ilata.The pttchingmomentswere measwred

aboutti axis located 16 percentof the chordaheadof the leading
‘6dge of the’mean aerodyx@icchord. ..

,. ........ ..
-. .“

An exemp~e“ofa“plot of.ty-pic&ori@.n.&ldata obtainedfray @
,-“+’ ---

balanceis showm;infi~e ,7i JX wiU be ~ot.eil.tiat the measurement

ti’’”s’ ‘istm’ag - ~

‘oflift.andpibhing mom?nt,*v01v9a screw

.
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h recordingthe liftand pitchingmomentactuallyamountedto
about0.010and O ●014 second,respecti%ly; the phenomenonwas
probablyassociataiwith the capabilitiesof the balenceor the
recordinggalvanomdmrto respendquicklyto an impressedforceor
moment. W this connection,the balancewas desi~d ta have
a maximumnaturaloscillationperiodunder,0,.020second.-As
indicatedby f@ure 7,&e hysteresiswas takeninto accountby
measuringthe lift and pitchingmomentfor”flap travelin both directions,
and thenestablishingthe correctcurvelaterallyhalfw~ between
the two cwves thusdetermines.This procedureinvolvesthe assumption
simplythat the timelag Zs a constant. Near full flap travelthe
correctcurvewas determinedonlyfrom”me tits far the flap
approachingmaximumdeflectionusingwe time lag det6mninedfro?n
the data neu zeroflap deflection.As a resultof the necessity “
for correctingfor hysteresisit is possiblethat scm=,e:rrorWY
be incurredwhereen abruptch~ge in slope,of.a cur~ ~c~s ● As
will be seenlater,thispossibilitya~pliqd@most exclusively*O -
the datafor veyy largeflap aeflecti.om. Becauqeof the large - “
numberof test pointsaqd curye~involvedin detetifins tm a~foil
characteristicsas a function.of flap deflection,thesecurvesme
presentedwithoutshowingthe actualtest pointsin the intsre8ts”.
of clarity.

~ Figures8 to 13, inclusive,presentthe measmed lift,pitching-
mo?mnt,end hingeaaormntchwacteristicsas a functionof flap
deflection.for the variousangles.of attacktested. Fi@rqs ?4,.
15,and 16 show the lift,pitching-moment,and bin@-mmne@ . .
characteristicsa.sa function.ofangle of attickforzero flaP :,
deflection,1%.e”data in figures14 to. 16 were cross-plot@d from..
figures8 to 13, Figure17 is a summaryplot,ofthe lift.~ffgcti~~s$
of both the airfoila@ the flap as well as the relatirveeffectimness
of the flap,all plottedagaiqstMach nuriber.:Fi&?u+18 i.S“’aS~”
plot showingthe rate of ch~ge of measuredpitchihgwmnentco.e$ficient
with angleof attackend with flap deflectionwrsus Ma@ number.
Also included‘infigure18 is tie locationof the centerof.pressure
due to flap deflectionand the locationof the =rodgnsmic center
relativeto the mean aero@namic chord. Figure19 showsthe vtiiation
with Mach nuxberof the rate of changeof.hin~ moment coefficient
with flap deflection.,All the slopesshqznin)figuree16 to 19 were
takenfor eitherzeroflap deflectionor/andzero angle,.ofattack;.
however,aQ inspectionof the originaldata of figures8 to 13
indicates that theseslopesusuallyapplyto rather~ge rangesof
flap angleor angleof attack. :

.
.

. . .. .
..
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~ inspectionof figures8 end 9 reveah that,in generel,the ‘
variationof liftwith flap deflectionis almostre~tiline~ O~r
nearlythe entirerangeof flap deflectiontested(*200)for
anglesof attackup to 5°, regardlessof Mach nudber. Alsol the
slopesof’the curvesthroughzeroflap deflectionfor a givenMach
numberare nearlytie“samefor anglesof attackup to 5°. “At -
himer anglesof attacka definite”changein slopeof the lift
versusflap-cleflectioncurveoccursfor conditionswhere,theflap ~
is blanketidby the forwardportionof the airfoil. This change : -
in slopeis most pronouncedat a Mach numberof 0.95i ‘It may”be
notedtxt no datawere obtainedfor an angleof attackof 15°
in the level-flipjhtruns abovea Maoh numberof 0.75. Thesetests ‘
were purposqlyomittedin orderto retaina reasonablesmength
margina@inst breakingthe airfoilat the root. As it was, lift
forcesup to 62 poundswere obtainedon themodel in a hi@-dive run
at a Mach numberof 1.10. ThW”fact indicatesit is possibleto
obtainliftforcesup to 700 poundsper squarefoot of areaat
20,000feet altitudeon= airfoilof the ~ testedat a’~ch
numberof 1.10.

The pitohing-momentcurves,givenin figures10 and 11, shcqrmuch
the same.trendsas the lift curvesbecauseof the far forwardposi>ion
of the referenceaxis (I6percentM.A”.C. aheadof leadingedge of
M.A.C.). As in the case of the lift curves,the generiilshapesof the
pitching-mcmentcurvesare Iar&elyunaffectedby Mach numberfor low
anglesof attack,sml for high anglesof attackthe most pronounced
nonrectillnearityoccursnear a Mach numberof 0.95. The pitching
momentfallsoff a greateramountthanthe li~t at largeflap deflections;
also,the nonlinearityin the pitching-momentcurms for moderateflap
deflectionswhen the flap is blanketedby the airfoil(largeangles
of at~ck) is more pronounced.Thesecharacteristicsindiqatethe
centerof pressuredue to flap deflectionmovesforwardak large
flapdeflections.

-. ,..

Th& variations of hinpje-mment coefficientwith flap deflection,
shownin f.igrcres12 &d la are also seen to be nearlyrectiline= ‘
particularlyfor anglesof”attaclccloseto zero. As the anglesof
attack.inc.reasethehinge-monmn’$.curvesfor Mach nvm%ersbetween0.95
end 1.10becomesteeperfor a few degreesof fltip‘deflectionnear zero
flap angle. Asidefrom this,it may be notedthe hhge-rnomqntcurves
undergoa grtiualincreaseinover-al.lsteepnessas the Mach number
3s increased.

The variatim of Uft wi
(fig.14) was practicallyrec

ck at zeroflap deflection
e first10°. From

figiire14(a)i% can be s~en thatthe changesIn lift-curveslopein

.

w

—.
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the rectilinearrangewez% %ry smallover the entirerangeof Mach
numbertestd.. Althoughno attemptwas made to estiblishaccurately
the maximumlift coefficient,figurel~~(a)indicatesclearlythat the
msximumlift c~efficientiucreasessharp~vfrom a valueof approxi-
mate~ 0.66 at M =0.9U to valueof aboutO.91st M=l.Oj. Along
with”thislargeinoreasein mccimumlift coefficienttherewas a
correspondinglargeincreasein the stallingangleof attack.

The pztchingmomentinc~ase~ almostrectilinearlywith angle
of attackup to an angleof attackof about10° for all tnstllach
gum.hers(fig.15). Such a tre~is to be expectedbecausethe.
pitchingmment is largelya reflectionoff,thelift,whenthe moment
axis is far,forwsa?dof the aerod-c centeras was the case in
thesetests. Howeverthe slightnonreotiline~ityin the momnt
curvesfor the angle-of-attackrangemom 0° to 10° in ccunbination
with the strai@t CL versusa ourvesindicatesa smallrearwerd
shiftin the aerodynamiccenterwith increasingangleof attack. At
w?’y brge anglee of attackthe pitc~in&mcmentGurvesagainshow
changesreflectingthosefoundfor tie litt variationwith angle
of attack;rectilinearityof the curvesexte@s overa progressively
largerangle-of-attackrangefrom a Mach nunberof 0.95 to a Mach
numberof 1.10. A closefispectionof figurel~(a)showsthat
the over-alls’mepnessof the pi.tch$ngmmmentcurvesincrea~s witlh
Mach numberparticularlyat Mach ~umber,sabove0.90. This, o$ course,
correspondsto a rearwardshiftQf the aerodynamiccenterfor zero
angleof attackwith increasingMach nuuiber. .

In figure16 it is seen that,in @neral, the changein hin&-
mount coefficientwith Gha,n@in angleof attackis practically
zero for the first ‘j”of angle.of attack. At ,hl@ anglesof attack
the hinge-momentcoefficientImcomesstronglynegativeindicatinga
strongtendencyof the flap ta flostwith the relativewind. This
negativefloatingtendencyis ~@f ied by increasingMach nmber
and.extendsdown to loweranglesof attackwith increasingMach
nwiber. ,,

The suqmarycurvesof lift effective~ssfor the high @ive
rune (fig.,17) show that the lift curve,slope dC-L/dais essentially
invariantwithMach numberup to a Mach numberof at least1.05.
The data from the level-f~ightruns indicatesomerise in lift
curveslopeas theMaoh n~~r increasedto O.~ but very little
furtherrise in.lift cwww slop above M = O.@. In general,the
valuesfor U&t curveslopeshownby figure17 agreewell with values
found.for similarting plan forms ta~tedat low Mach nwabersin
V@OUS witi ~unnsl.s,The foregoingresultsitiicab -t ~
increasein lift curveslopedue to l&andtl-Glauerteffeet is small
in the presenttests. The,relativeeffectivenessof the flap
&z/d8 is seento have,a re~ativel~low value (O.32) at the low st
Mach numbertestedand this .1OWval~ is furtherreducedby nearly

‘m-h”w’nayh-”‘Mm’:’hef
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lifteffectivenessdcL/d8 is reducedby
initialIow value (0.0L65)at M = 0,55.
sealingthe flap gapwill affectthe flap

NACARM No. L7F13

about40 percentfrom an
It is not yet kxmwnhow
liftcharacteristics.In

r

connectionwith flap effectivenessit should%e rememberedthat In
the presentteststhe flap anglesweremeasured.in aplane
IWPEWW.CWW to-thehingellne,whereasthe anglesof attackwere
measuredin a planep~allel to the wind direction;thisconvention
partlyacoountsfor the low valvesof flap effectimnessmeasured
for the swptback model as cmuparedwith correspondingvaluesfor an ~
unsweptairfoil. The valuesof lift curveslopeshownin figure17
are unconnectedfor the effectsof modelflexibility.

A groundcalibrationwas made to determinethe stiffnessof
the model and thelocatiohof its zerotwistline. This calibration
showedthat the lirM alongwhichlift loadscausedno change”in
engleof attackdim either,to twistor to lateraldeflectionwas
locatedan appreciabledistanceahead.of the nwasuredaerodynamic

#

centerso thatliftforcescausedthe outboardportionof the airfoil
model to twistin the’direction,tha.treducedthe lift load thereon.
This phenomena resultedin a decreaseof.liftcurveslopethat
(bpendedon air deneityas well as Mach rnmiber.It is estimated
that the valueof Uft curveslopepresentedfor the high dim runs
is reducedby 1.5 percentand thatfor the level-flightrune is
reducedby 3.4 percentat a Mach numberof 0.$5 as a resultof
modelflexibility.

Regardingthe.Reynoldsnumbereffectsindicatedbyfigure17,
.

it aypeersthat the lift curveslopeexperiencesa smalldecrease
with increasti.~Reynoldsnumber, For exemple,at a Mach numberof 0.85, *
increasingtheReynoldenumberfrom 650,000to 1,270,000decreased
the lift ourveslopeabout4 yercent.-As pointedout previously,
however,model~lexibilitywas responsiblefol”about2 percentof
this totaldifferencein lift curveslopeat M = 0.85 so that only
the remaining2-percentchangyin ltft curveslopeis attributable
to Reynoldsnumbereffects. It is noteworthythatwithinthe
accuracyof themeasurementstherewas no effectof Reynoldsnwnber
on the flap effectivenessdCL/db over t.hOReynoldsnumberr
tested, In the caseof relatiw effectivenessof the flap 7da db,
it appearsthe effectof Reynoldsnumberdecreaseswith increasing
Mach number.

The summ.ryof pi,tching.momentcharacteristics(fig,18) shows
thatbeginningat a Mach numberof 0.90,the rate of changeof
pitching-momentcoefficientwith angleof attaclc(d.CM/ti)increases
steadilyto a Mach numberof 1.05;the resultingaerodynamiccenter
movesrearwardsteadilyfrom 17 percentof the mean aerodynamic
chordat a Mach numberof O.$X)to 33 percentof themean aerodynamic
chordat a Mach numberof J.lo, The smallrandomvariationsof

.

b
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. mrodynsmic ce&er looatia shownat Mach numbersbelow 0.90 are
believedto be ‘dueputly b experimentalerror. Iu connection
with the seeminglyfar forwardpositionof the aerodynamiccenter
at the lowerspeedsas indicatedby thesetasts,an at%mpt was
made to dste- and.yticallythe effecton aerodynamiccenter
locationof the verticalvelocitygradientabovethe wing door.
It was found that the measuredaerodynamiccentersare probablyon
the orderof L percentmean aerodymmnicchordfextherforward
than theywouldbe if the modelwere tested33_La unifomn?1OW field
~disregarding secord.ary effects). Leakage of air through the
relatively lerge flap gap may have contributedto the forward
positionof the aerodynamiccenterat low speeds. W centerof,
pressureduftta flap deflection,disre~ding tie apparentrandom
scatter,movesrearwardgrad- from 65.percentman aergdynemic .
chordat,‘“M= 0.55 to & +~rcent mg+ aerbdynsmicchordat
M = 1.05.

.’
Thes~ of pitching-momentchs&ct&istice shown’in figure18.

also indicates some definiteeffectof Re~olds numberon the pitching
momsntdue to &&e of attackat low Mach numbers”.T@ pitching
mommt duk to flap defIeCtion,on the otherhand,is practlcal~
unsffecte-dby the chsh~ in ReynoldsnumberW.lowingfor experimental
error in tlie.ds,tafor the lower speedstested.. . ,.,, . . .,..,

The rate,of~c@iga of ,a-mo~nt coefficiOntwith $lap -
&f Lection,shown”in figure 19; increases “mgatimly ~~ ~reas~ “,
Mach number. St’ is 6e~n that ~ control-centeringtendency,dCH/db
has a logicalbw-spGed valueof -0.0087per dame at M = 0.55
that-doubles“ifi@in~ to”M +,1.05; Becauseof“theex~ellentagreeqqnt
b%tweentie data“ftiotithe I@miim aid level-flightruns, it is. ,
app~r+ Mat,,the.,~,~ ch~ge in Reynoldsnmnberhad no effoct on ““
the“flap‘bin@-rno@nt’&h&acteiisticsup“tothe hi@est Machnumber
for which coqajable data w&e obtaind ‘(M= O.gO)..’ ........ ...,...,.“.. .

On the basis’~of’’’”$~foregoingdata;it is concludedthat,for the
Mach nmber r& from O“.65”to 0.90,a.changein Remolds nuniber
from roughly600,000to 1,200,000causespossiblya few percent .
c- in * aizyoillift curveslopeand aerodynamic-center
locationand no ~rceptible char&ei“nthe flap-lift,pitohtig-
moment,or h- -mcmmt characteristicsfor the model insted. These
results~e of greatin~rest in view of the resultsol)tainedby j~
Ackeretsm.dby Liepme.nnas”reportidin references2 and 3, respecti~ly.
Both Ackeketand Lie- found that in a Reynoldsnumberrange
simil.srto that covqped~, the wing-flowteststhe msmnerof ‘shock
formationahd att&dqnt pressuredistributionfor two-dimensional
b?ansonicflow.w6ke hi@?.ydependenton the Reynolds.nuniberas it
affected“thecondition0$ the bchzn~” -r. “’From thesefautsit

., ..
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might be supposedthat,the

m“ NA~~No. L71?13

stabilitvand contwolwrsmeters of a
“

finita-spanairfoil(morpespeciallythe flap paramtirs) would also
be affectidconsiderablyat the higheranglesof attackby changein
ReynoldsnumberwithiritheRemolds ,numberand Mach numberranges
covered’tiythe preeinttests. Such a suppositionwas not borneout
by the pregenttests,how6ver.

!,I

,’ MN?LICATIONOF RESULTSTO ASSUMEDTRANSONICAIRPLANE.:,.
s

In orderto gainan Idea of the stabilityand controlcharacter-
isticsof”afull-scaletransonicflytig-wingairplane,themodeldata
were appliedto ok ‘asmmedflylng-wJng@@.ane geometrically
similarto the modeland possessingthe dmracteristicslisted
below* Model datafrom the level-flightrunswere used up to a
Maoh nmuberof 0.90 andmodel datafrcynthe ~i@:dive runswere
uses from M = 0.95 to M = 1.1O, ,inclusiv6,

Wing#XWaj S~WJ?~feet.. . . ”,. . . . ..... . . . ., ...200
Grossweight,pounds. .’. , . . . , . , .,”.. . . .>. .m. . .17,000
Wingloading,poundsper foot2 . . . . ... . . ..’...... ..75
Spanjfeet . . . . . . . . . . .. i . . . . . . . . . . . . .24,64
Meen aerodynamicchord,feet . . . ..... . . , ..... . . . . . . 8.24
Elevatorspanalo~ghinge ~, feet . . . . , . . . . . .“. . . 29.62
Elevatorroot-mmn-squ~e cho~dperpendicularto hinge-~ feet.10673 ,
Total sticktravel,inches. .,,. . ... i . . , ..:,...’. , ; . . . 18
Up-elevatortravel,degrees . . .., . .., , . . . + . . . . . . . 30
Down-elevatortravel,degyees . .,. .,.. , . . % , . . . . . . . 10
Center-of-gravityposition,percentM.A,.C... .-, .‘t,, .., . . . , 1$,. ,,,.

)X w&& assumedthatall the emodynamicparameterswere rectilineti
and had the valuesindicatedby the modeldatafor a = O end 5 = O
overthe angle-of-attachand flap-deflpqtionran~s requiredto
malntsdnlQvelfl:ightat’allspeedsuy to a Mach numberof 1.10, The-’
effectof flap deflectionon the totalliftwas ta,kenintoaccount.
Am altitudeof 30,000feetwas,~ssumed. . . “

Resultsof the calcu..atio~s”for longitudinalchexacteristics
in steadylevelfli~htWe show in fi~ 20. The top.curvepresents
the airpla~ lift wefficipnt.””fiqtiredto matntainlevelflight-
The seconaplotgives the cor@syonding.an@.esof attackand flap
deflections.’requiredfor trim. Nqgl.e@ingthe dempin~momentdus
to pitchingvelocity:wbich”is#mall””forem airplaneof thistype,
thesecurvesalso give the elevate.rangle-per g and.the angleof
attack per g in steadycurvilinearfJ.i@tso longas ths airfoil
@ii flap-lift~ pit@ing-momentcharac~ristics~~in rectiline~.
The thirdplot showsthe qttckforoe~equiredtomaintainlevel

.

.

.

9
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flight. Unlikethe elevatoreaglecurve,the stick-force,curve
cannotbe ccnstrued.to ~v.e the stick’.forceper ‘~ In ‘curvilinee+
flightbecausethe modeldata indicatethenonrectiline~negative
floatin~tendencybeginsto tifectapprec-iablythe stick-force
characteristicsat an@es of attackabovethoserequiredfor level
flight. In the calculationsshownthe parameter ~H/dJX was assumed
to be zero..

. . .

On the basis.of fi&re 20 it .appeersthat such a treneonic“
airplanewill experiencethe familiardivingtendencyat highMach
numibersthat~esultsfrom the largeresrwarashiftiri‘aerodynamic
center(increasein stattcI&@) due to compressibility.phen6mena.
However, through *he use of 39 of sweepbai!k the tendency is delayed
at leastuntila Mach numberof 0.90 is reached. It is into~sting
to note the tremendousstickforcesthatwouldhe requiredto fly
suchan airplaneto a Mach nmber of 1.10. These stickforces
mightbe reducedby me.qY,different~th~ds,. Some of thesemethpds
includethe eliminationof the lesseffecttkeportionsof the
elevators,the use of a control%ooster,and the use”of aorodyn@c
bal~ce on the flap. ...

From me foregoimgestimationsit appearsthat,providedsom
methcdis used to copewith the treme~ous stickforcesthatwill ‘be
involved,thereshouldbe littledi.fficultyfrom the stsmdpointof
longitudinaltrim s@ stabilitycharacteristicsin flyin~a 35°
sweptbaclsflying-winga$rplaneto,a Mach nudberof at least1.10..
,

,.. ,,,
u CONCLUSIONS“

.“,

-.-:Wt&g-fl&testsbetwe& Mach numbersof 0.55 and1.10 of a 35°
eweptback65-009airfoilmcdel of aspectratio 3.04 with a ~-chord

full-spanunsealedplainflap indicatedthe followingconclusions:

1. The variationsof lift and pitchingmomeatwith eithersngle
of attackor flap deflectionand the variationof hingemount with
flap deflectionwere approximatelyrectilinearat all Mach nwnlers
testedfor moderatean@-esof attackand flap deflections.

2. The lift curveslopeinorease~slightlywith increasing

.

Mach number up to a Mach
therewas no appreciable

3. The meximumlift
maximumlift ccmff icient
of 0.9’5.

numberof O.80; abovea Mach numberof 0.80
chsngein lift curveslope.

coefficientand the angle~of attackfor
increasedmarkedlyabovea Mach numhr

Ezsa!im
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4. The aerodynamic center was tit approximately17 percent of the
aerodynamic cho’rd l)elow a Mach n~ber of 0.90; increasing the
number to 1.10 cauwd a gradualrearwardmovementof the aero-

“ dynamic centerto 33 percent of the mean aerodynamic chord.

5. Flap effectiveness” dCL/db was reduced hO peroentby
increasing theMach,number from 0.55 to 1.00; Wtween M ~ 1.00
and M =1.10 the flap offectitienes~ remained constant.

6. Flap relati{eeffectivenessdq/@15‘%creasedby about..
50 percentbetween M aO.~5, and M =1.00; furtherIncreasein
speedto M = 1.10 causeda vwry:i31@htrecoveryin relative
effectiveness.

7.”Thecenterof pressm due to flap deflectionmovedrosxward
graduallyfrom 65-petite.nt mean aerodyym-d,cchord at M = 0.55 to
85-percentmee,naerody~c chcmiat M = 1.05,

8. T’he flap-floatingtendency dCH/da was zerofon smallangles
of attack’rega~less of Mach ntiber;at largean@es of attackthe.,
flap had a large negative floatirqj tendency thatwaa magnified by
Wn?easlngMach number.

9. The flap-restoringtendency dCH/db ch-d from -0.O@
to ‘0.017per degreewhen theMach nmnberincreasedfrom 0,55 to l.O’j.

10. Increasingthe Reynoldsnumberfrom roughly600,000to 1,200,000
In theMach numberrangefrom 0:65 to 0:90 causedpossiblya few’”
percentdecreasein the lift curveslope,a slightforwatishiftin’
aerodymlmic-centerlocation,and no changein the”flap-lift,pitching-
momentjor hinge-momentcharacteristics.

.

8“

..

=ey~moriti’Aeromutical Laboratory
~ationalAdvisoryCommitteefor Aeronautics

LangleyField,Va. ... ,
.. . :.

,. j .“
.. ., .

.
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Fig. 5 NACA RM No. L7F13
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NACA RM No. L7F13 Fig. 6

.

.

figure8.-Variationof Reynoldlsaumber with Mnoh number for tests of 36° A , 66+09
airfoil model uith ~ohord plain flap bywing-flou m oldie number baeed on

airfoilohordparallelhodireot%onorflow. -~



Fig. 7 NACA RM No. L7F13

Figure 7.- Typical data obtainedfrom the strain gage balanoe.
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Fig. 8b NACA RM No. L7F13
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NACA RM NO. L7F13 Fig. 8C
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Fig. 8d NACA RM ~0. L7F13
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Fig. 8f . NACA RM No. L7F13
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Fig. 8h
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Figure 8.- Continu@.
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Fig. 8j NACA RM NO. L7F13
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NACA RM NO. L7F13 Fig. 9a
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.

.
(a) M=o.55.

Figure 9.- Variationof lift ooefflohnttith flap defleot%onfrom level flight
rims. NAM 65-009airfoil, A = &04~ A= 350, C@ = 0.25, gap unsealed.



Fig. 9b NACA RM No. L7F13
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NACA RM No. L7F13 Fig. 9C
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Fig. 9d NACA RM No. L7F13
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(d) M = 0.80.

lHgure 9,- Continued.
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Fig. 9f NACA RM No. L7F13
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NACA RM No. L’71?13 Fig. 10a,b

Figure 10. - Variationof pitohingmoment ooeffioientwith flap deflation from
high dive runs. N&CL 6&O09 ccirfoil,A = 3.04, A- 39, Of/o ~ 0,25*

gap unsealed. ?Iomentooeffioientgiven about axis looated 16 peroen% MC
ahead of leading edge ofMLC.



Fig. 10c,d NACA RM No. L7F13
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NACA RM No. L7F13 Fig. 10e,f

.



Fig. 10g,h NACA RM No. L7F13
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Fig. 10i,j
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Fig. 1la,b NACA RM No. L7F13

ltigura11.- Variationof pitohlngmoment ooeffioientwith flap defleot%onfrom
level flight runs. NAN 65+09 airfoil, A = 3.04, ~= 350, Ofjo = 0.25,
gap unsealed. Moment ooeffioienkgiven about axis looated 16 peroentMAC
ahead of leadingedge of MAC.
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Fig. Ilc,d
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Fig. Ile,f NACA RM No. L7F13
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NACA RM No. L7F13 Fig. 12a

(a) M = 0.65

Figure 12.- Veriation of tinge ~oment coefficientwith flap deflectionfrom high
dive runs. ?/AcA65-03$1airfoil, A = 3.o.4,A= 350,cflc= 0.25,@F
unsealed.Noteshiftinzeroordiwtefordi?ferentanglesofattack.
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NACA RM No. L7F13

.

.

.

.

.



●

.

.

.

NACA RM NO. L7F13
Fig. 12c



Fig. 12d NACA RM No. L7F13
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NACA RM No. L7F13 Fig. L2e
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Fig. 12f NACA RM No. L7F13
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NACA RM No. L7F13 Fig. 12g
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Fig. 12h
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NACA RM No. L7F13 Fig. 12i
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Fig. 12j NACA RM No. L7F13
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NACA RM No. L7F13 Fig. 13a

,...
.

(a) M= O.65.

Figure 13.: Variationof hiI@ moment ooeffioientwith flap def’leotionfrom
.

flight runs. KACA 6E-009airfoil, A a 3.04, A = s60, 0~0 -0 .2s,

unsealed. Note shift in zero ordinate for differentangles of attaok.
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Fig. 13b NACA RM No. L7F13
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Fig. 13d NACA RM No. L7F13

.

.

.

.



NACA RM No. L7F13 Fig. 13e
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NACA RIvI No. L7F13 Fig. 15a

(a) High dtve runs.

Figure 15.- Variationof pitohtigmometi ooeffioientwith angle of attaoka

NACA 6S-009a%rfoil, A- 3.04, A* 35°, of e w 0.25. gap resealed,4se=OO. Wment ooefflo~etigiven about axis ooatied16 peromt MAC
aheadof leading edge of MAC. Note shiffiin zero ordinatei?ordifferent
Maoh numbers.
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NACA RM No. L7F13 Fig. 16a

(a) High dive rune.

I!%gure16.- Variationof htnge moment aoeffioientwith =gle of attaok. HAOA
65-009 tiifoil, ~ = s.04, -L = 360, v o =0.25, gap m-led,

L
~e = 00.

Note shift in cero ordinate for different oh number8.



Fig. 16b NACA RM No. L7FI.3
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Fig. 17
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Fig. 18 NACA RM No. L7F13

l?lgure18.- Variationof airfoil and flap pitohingmoment ohamoteristios
with Maoh number. NACA 6S-009 airfoil, A 8 3.04, A= W, Ofp = 0.25,
d zQo,~. OO. Pitohingmomantsmeaauredabti axis loonted 16 percent
MAC f’cnwardof leadingedge of MAC.
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Fig. .20 NACA RM No. L7F13

Figure 20.- Longitudinaltrim characteristicsof assumed 35° sweptback
flying uing airplanein level flight ,at30,000 feet altitudebaeed
on model data. W s 15,000 lbs, S w 200 sq. ft. Center of gravity
at 14percentmean aerodynamicchord,


