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RESEsRCH VERFORANDUM

DRAZ MEASURENENTS OF 4 3L° SVEPT~-FORTARD AND SWEFT-BACK
TACA 65-009 AIRFOIL CF ASFECT RATID 2.7 A4S
DRPERMINED BY FLIGET IESTS AT SUFERSONIC SPEEDS

By Sidney R, ..lexander
SR ARY

This recvort oresents results of flight tests conducted at
the Nafs4 Pllotless alrcraft Test Statior at Wallons Island, Va.,:
to detsrmine the zero-1lift érag of az #aCi €5-000 airfoil cof asvect
ratio 2.7 sweuiforward #4°., The datd were obhained by - tracking
rocket~oropellsd winged bodies nmoviany &t supsrsonic sreeds. =
sarvarison is made between the results of similar %ests of an
unswent and a 340 swert-bzck arrangement of & nrevicus rapert,
¥R ¥o. LOE17,ard of this report. The test results ghow thst for
the comparable Mach rumber range irvestigeted (M = 0.2 - 1.320)}
toth the 3L° sveot-forward and swept-back airfoils rroduced lower
values of zero~lift dreg than the unswevt airfoil. At ¥ack numbers
betwoen l.2 and 1.3%, tre drag of the swert-back wing was rLbout
52 mercent and that of the cwe¢+ -forward wing aubout &5 percent
of the drag of the wnswept wing,

INTRODUCTION

Tt is well sstablished thet the serodynemis characteristins
of wings in the ovroximity of soniz velocity could te soneidrrably
imorovad by the ues of vlar forms having suitable svzep arnegle. The
effccts of svmsobacsk have teen ezparimentelly werifisd ty warious
means such as the investigution of refersnce 1 in which th: rasulhs
of suparsoniz flight t:sts of swept-back airfoils havs bren vresented.
Recently, howsever, from wractical oonsiderations sush as imoroved
l:teral stabiliby and stalling ckarscteristics, more than usual
interest has been exhibited rrgarding the use of swert-forwzrd
wings for high-sveed flight. To obtain informution relative to the
drag of swept-forward wings at cupsrsounic specds, tests zre being
condusted at the NAC4i Pilotless ilirar.ft Test Station at
“allops Island, Va., of rockst-vprozzlled bodies carrying wings of
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verious sweep-forward angles snd aspect ratiose This report rresents
the results of drag teste of 2 34° swert~forwerd NACA 65-009 air-
foil of asreet reklo 2.7. Thie aspsct ratic is bustd on the totul
wing soin and arca insluding that portion eneolecsed by the tody.

For comparison, the results of the 'msweph and 3L° swert-back aire
foils of equel gsvect ratio, rresersed in refercnee 1, sre inecludud,

PODY AND TESTS

Fody

# mhotogrunh of the test body equirmed with the 3% sworte
forvard airfoil is presented in figure 1 and the gerer:l bedy
arreagenwnt is shown in figure 2. The uirfoil was mountsd on the
fuselago at ziro angle of stback with the midsemisoan guarter-
chord noint at the seme longitudinal stution as the desisn center
of grevity. The NACA 68-07) airfoil (chord norwil to leading edge)
hzd neither tayer, twist, nor dihedral., The unswept and 34° swept~

zok configurations of reference 1, prezented in fipure %, differed
from the 3L° swent-forward srrangement only in wing nlun form and
loeotion. Two test bodies of such corfiguration were [ired
under similer utmospheric conditions, snd the results svernged in
the evaluation of the data.

£1) the test bodies were rronelled by 3.25«inck diameter
York 7 z2iraraft rockedt mobors encloscd within the bodics., it n
ereimmition temreraturs of €9° F, the rocket motor oravided about
2200 pournds of thrust for spproximately 0.87 second.

Teste

The 3h° swent~forwerd test *ody, ms well 2r the bodigs of
refrrence 1, were launched at an salevation angle of 75° to ihe
horizental, Because of the high slevation augle and the short
burning duration of the rocket moter, the trajectory of the lodics
durirg thelr sumersonins cosmsting flight, .af'ter the rrorellunt was
exnsnded, was anvroximately 4 streight lins. The fllekt veluecity
wes mewsured duriong this coasting period by means of a C. W, Doppler
redar set (AN/TPS-G) located at the zoint of launching.

RESULTS LMD DISCUSSION

The variztion of velocity with time for one of the 2L°
swopheforvard models, s measured with the radar unit, ic rresented
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tn figure L. The negligitl: .mount »f scatter indicaztes consishent
detz. The nortion of the wolscity curwe durice which the hody was
ceasting {after the end of turring) was eranhlcally 3ifferertiated

te obbsin the deceleration. The wraduet of the deceleration and the
kn-wm bodv mess was equeted to ths sum of the drag and the dnown
weight of the body. The wvnlues of the drag thus obtained wre presented
ir figure 5 as a funstion of the flighkt velocity for both models of

the 2L° swopt-forward arrsnrensnt. & sizgle resultert drag curve

was faired through these points. altheurh the scatber of the velocity-
time cur—e has been greaztly magrified by its differcntietion, the

gurve is catisfectorily deternined, the average soahbbter of tbh
exverimentul prirts from the faired curve bsing about I3  percent.

From the drag curve cf figurs 5, the to4al drag coefficient of
the body with the 3.7 guspt~forward nirfoil his been comrabted and
is wrese +9d in figure €{a' nlcotted apsinst Mool number. The wing
ars.: ecaeflficient, deerbd kv Efﬁnh--&TLV t’{1.3 the numerical
difference tetween the witvei bedy and one identisal to it, tut
without wings, is vreszented in fizure 6(Bb'. For zompariseca,
the drag-cozfficient curves for the tcst bodies with the unswept
and 34Y% swept-back airfoils of rz=frrencz 1 are in:ludedi. Tres values
cf wing drag determinsd by the above method includs wing~fuselage
interfironee effects. The drag corfficients were tassd on the constant
gxnossd wing plan-form area of 230 sguare inches. Exuminatior of
thz fizure reveals thet for the ¥ank number renze investicatsd,
the irag of cither swert winz was less than that of ths uvnswept
winrgs. This effect was more pronouaszcd for the cise of Th: swert-
tack wings The dreg of the swivt-hbick wing was about 50 rercent
end thit of the swevrt-forwurd wins sboub 65 wercent of the drag of
the unsve t wing., Asgide from any differeaces in tip drag, part
of ths increcase in the drug of the swe t forw.rd wing over thkat of
the siveot- b ck one cexn be attribubed to differ:nces in flom in the
wirnz-fuselage juncture; this floa telng largsly o funetion of
the sweop adnle and direction.

OOVOLUDITS REVARKS

The resuits of supersonic flight tests to determine the drug
of a 3)° swept-ferward NACA £5-009 sirfoil of asn:ust ratio 2.7
mowmbed on & rocket-nronelled tody have besn nreseated hersin,
The drag coefficients of an unss:-t and a 2h° swept-bzok airfcil of
equal aspzot ratio obtainsd in an idsuzizal fashion have also been
included as & basis for comrariscu. Eetween tazh numbsre of 1.0
and 1,3, the draz of the sweot-back wing was about 50 rercent and
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that of the swepti-forward wing about 65 percent of the drag of the
unewept wing.

Tangley Memorial Asronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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Figure-l.-.The test body with 34° swept-forward wing of aspect

2.7.
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NACA RM No. L6I11 Fig. 3a

Figure 3(a2).- The test body with unswept wing of aspect ratio 2.7
' (reference 1).
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Figure 3(b).- The test body with 34° swept-back wing of aspect
ratio 2.7 (reference 1).
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