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WACA 65-009 AIRFOIL CF ASPECT RATIO 2.7 AS
DETERMINED BY FLIGHT TESTS AT SUPERSONIC SPEEDS

By Sidney R. ilexander
SUMNMARY

This report oresents results of flight tests conducted at
the NACA Pilotless Aircraft Test Station at Wallons Island, Va.,:
to determine the zero-lift drag of an NACA &5-009 airfoil of aspect
ratio 2.7 sweptforward 34°. The data were obtained by tracking
rocket-propelled winged bodies moving at supersonic specds. 4
comparison is made between the results of similar tests of an
unswept and a 3,0 swept-back arrangement of a previous report,
MR No. LEE17,and of this report. The test results show that for
the comparable Mach rumber range investigated (M = 0.9 - 1.30)
both the 3L° swept-forward and swept-back airfoils produced lower
values of zero-lift drag than the unswept airfoil. At Mach numbers
between 1.0 and 1,3, the drag of the swept-back wing was zbout
50 vercent and that of the swept-forward wing about 65 vercent
of the drag of the unswent wing.

INTRCDUCTION

Tt is well established that the aerodynamic characteristics
of wings in the oroximity of sonic velocity could be considerably
improved by the use of vlan forms having suitable sweep angles The
effecets of sweepback have been experimentally verified by various
means such as the investigation of reference 1 in which the results
of supersonic flight tests of swept-back airfoils have been presented.
Recently, however, from oractical considerations such as imoroved
loteral stability and stelling charscteristics, more than usual
interest has been exhibited regarding the use of swept-forward
wings for high-speed flight. To obtain information relative to the
drag of swept-forward winge at supersonic speeds, tests are being
conducted at the NACA Pilotless sircraft Test Station at
Wallops Island, Va,, of rocket-prorelled bodies carrying wings of
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various sweep~-forward angles and aspect ratios. This report presents
the results of drag tests of a 3% swept-forwerd NACA 65-009 air-
foil of asvect retio 2.7. This aspect ratio is based on the total
wing span and area including that portion enclosed Ly the body.

For comparison, the results of the unswept and 34° swent«back air-
foils of equal asvect ratio, oreserted in refercnce 1, are includcd.

BODY AND TESTS

Rody

L photogranh of the teet body equirped with the 34,° ewept-
forward airfoil is presented in figure 1 and the gererzl body
arrangement is shown in figure 2. The uirfoil was mounted on the
fuselage at zsro angle of sttack with the midsemispen quarter-
chord point at the same longitudinal station as the design cente
of gravity., The NACA é£-009 sirfoil (chord normal to leading edge)

had neither taper, twist, nor dihedral., The unswept and 3L° swept- .
back 'orflguratlons of reference 1, precented in figure %, differed
from the 34° swent-forward arrangement only in wing nlan form and
location. Two- test bodies of each configuration were fired
under similer stmospheric conditions, and the results averaged in
the evaluation of the data.

All the test bodies were nropelled by 3.25-inch diameter
Mork 7 aircraft rocket motors enclosed within the bodies. At a
preignition temrerature of €9° F, the rocket motor vrovided about
2200 pounds of thrust for srproximately 0.87 second.

The 3L° swent-forward test body, as well 2s the bodies of
reference 1, were launched 3t an ele va*1nn angle of 75° to the
horizental, -Because of the high elevation u“glc and the short
burning duration of the rocket motor, the trajectory of thre bodies
during their supersonic cossting flight, after the rrorellant was
exnended, was aporoximetely a straight lins. The flight velocity
was measured duran this coasting period by means of a C. W. Doopler
radar set (41/TPS-5) located at the point of launching.

RESULTS AND DISCUSSION

The variation of velccity with time for one of the 34°
swept-forward models, &s measured with the radar unit, is presented
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in figure lie The negligible amount of scrt ter indicates consistent
data. The nortion of the velocity curve during wr ch the body was
coasting {after the end of burning) was @r;rhj lly di fsrortlatcd

te obtain the deceleration. The vroduct of the deceleration and the
known body mess was equated to the sum of the drag and t“. known

weight of the body. The walues of the drag thus obtained are presented
in f*v\rv 5 as a function of the flight velocity for both models of

the }L swept-forward arrangement. A single resultant drag curve

was faired through these pointse 4Although the scatter of the velocity-
time curve has heen greatly megrified by its differentiation, the

curve is satisfactorily determined, the average scatter of the
exverimental pcints from the faired curve being about 13 percent,

From the drag curve of figure 5, the total drag coefficient of
the body with the 2L° swent-forward airfoil has been computed and

is nreserted in figure &(a) plotted arainst Mack number. The wing
drag coefficient, derived by graphically tak the numerical
Ai*ff*encp between the winged bedy and one identical to it, but
withcut wings, is presented in figure 6(b)s For comparison,

the drag- oefPl ient curwes for the test bodies with the unswept

iie
and 3),° swept-back airfoils of reference 1 are inc 1uqed. Thz values
of wing drag determined by the above method include wing-fuselage
interference effects. The drag coofficients were bas: d on the constant
; v plan-form area of 200 sguare inches Examination of
¢veals that for the WMach number range invcstjgated,
either swept wing was less than that of the unswept
Ffect was more pronounced for the case of the swept-
back wing. The drag of the vwaﬂ+-back wing was about 50 percent
and that of the swept-forward wing ut 65 vercent of the drag of
the unswent wing Aside from amy dvpfrrﬁnC’s in tip drag, part |
of the increase the drag of the swept-forward wing over that of
the swmp+ back o can be attributed to differsnces in flow in the
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wing-fuselage juncture; this flow being largely = function of
the cwevp angle and direction.

COFCLUDIYG REMARKS

The results of supersonic flight tests to determine the drag
of & 3L° swent-forward NACA 65-009 airfoil of asnecet ratio 2T
mounted on & rocket-nromelled hody have been nresented herein.

The drag coefficients of sn unswent and a 3L° swepteback airfoil of
equal aspect ratio obtained in an identical fashion have also been
included as a basis for comparison. Between Mach numbers of 1.0
and 1.3, the drag of the swept-back wing was about 50 percent and
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that of the swept-forward wing about 65 percent of the drag of the
unswept wing.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 1.- The test body with 349 swept-forward wing of aspect

albito N 2.
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frgure £ .- General arrangement of Fest body. Wing area (erposed), 200 sg.im. ; wing aspect ratio , 2.7 ; fin
area (4 fins exposed), 136.5 5qg. in. ; design weight (burnt out) , 7100 /bs.
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Figure 3(a).- 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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figure 4 .- Velocify -time curve. Jest body with 34° sweptforward wings of

aspect ratio 2.7.
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Frgure 6 ~Drag coefficrent curves of an NACA 65-009
airforl of aspect. ratio 2.7 mounted on a rest body.
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