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RESEARCH MEMORANDUM

TRAG MEASUREMENTS CF SYMMETRICAL CIRCULAR-ARC AND NACA 65-009
RECTAGULAR ATRFOILS HAVING AN ASPECT RATIO OF 2.7 AS
DETERMINED BY FLIGHT TESTS AT SUPERSONIC SPEEDS

By Sidney R. Alexander
SUMMARY

Flight tests have been conducted at supersonic speeds to
determine the drag cuaracteristics at zero lift of a wing having a
circular~arc airfoil section with a maximum thickness of G percent
chord. The wing plan form was rectangular and had an aspect ratio
of 2.7. Included for comrarison are results of similar tests
previously conductzd on an NACA 65-009 airfoil. For the Mach number
rangs investigated {0.05 to 1.22), the NACA 65-009 airfoil produced
lowsr values of drag cosfficient than the circular-arc airfoil.

The difference in drag coefficiente of the two airfoils was greatest
at Mach nuibers neer 1.0.

INTRODUCTION

The possibility of practical flight at supersonic speeds has
led to the study of airfoil shapes that differ bagically in profile
from conventional rcund-noge types. Comperisons of the chaeracter-
istics of round-nose and sharp-nose airfoil sections at subsonic
and supersonic spseds, respectively, have been reported in refer-
encesg 1 aand 2. WNo theoretical data and only extremely mecager
experimental data on this general subject, howover, are available
for the transonic speed range {the region of mlxed flow). Tests
have thérefore hsen conducted at the test station of the Langley
Pilotless Aircraft Rosearch Division at Wallops Island, Va., to
dotermine ths zero-lift drag cf a rectangular, 9-percent circular-
arc alrfoil of aspect ratio 2.7 mounted on a rocket-propelied body.
This value of aspect ratio is based on the total wing span and arvea
including tho part enclosed by the body. For comparison, the
results of tests of the rectangular NACA 65-009 airfoil, which
has the same aspect ratio, presented in reference 3 are included.
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BODY AND TESTS

A photogvaﬂh of the test body is shown as figure 1. The body
was approximately 5 fest long and 5 inches in dianeter and was of
wooden constructicns The 9-percent cirpular-arc airfoil; or’ 25.73-1nech
span, was wounted cn the bedy so as to have the quarter-chord point
at the same longitudinal station as the design center of gravity. The
airfoil had neitlier tapsr, twist, nor dlhedral» The leadiing and

trailing edges were younded off to a —L_lnCh radius wahich wag
about 30 percent of the leading-edge radius of the NACA 65-series
airfoil section. Brcept for airfcil section, the test body with the

VirouLar-auc ai:xo;i and this comparable tes?t boay with the

NACA €5-009 airfoil of reference 3 were alixe. A cdiuparison of the
airfoil sections investigated is presented in figure 2. Althcugh tihe
conventionsl se:ction has a rounded nose, the slope of the surface of the
froat part of ine aivfoil is much more gradual and hae rear vart is much
fimer than Tor tne circulaer-are airfoil. Two models of each configuration
were fired under similar atmosphsric conditions. '

All the test bedles were propelled by 3.25-inch-diameter Mk. 7
aircraft rocket motors enclosed witnin the bodies. At a preigaition §
temperature of €99 F, the rocket motor provides about 2200 pouads of
thrust for approximately 0.87 second.

The test bhodies, as well as the test bodies of reference 3,wer

launched at an elevation angle of 75° to the horizontal. Because of

he high elevaticn angle and the short duration of burning of the
rocket motor, the tiajectory of the bodies during their supersonic

coasting f115V+ ’°’LG the propellant was expended) was ayproximately
a straight lins. The fl;ﬂ“u velocity was measured during this coesting
reriod hy means of a W Doppler radar set {AN/TPS~5) located at the
point of launching. The values of temperature and static pressure
noed in calculating diag coefficients and Mach number were obtained

= |
from radiosonde observations made at the time of firing.

RESULTS AND DISCUSSION f

The variation of velocity with flight time for one of the
circular-arc airfoil models, as measured with the radar unit, is
vresented in figure 3. The part of the velocity .curve corresponding
to the time during which coagting flight was attained {after the end
of burning) was graphically differentiated to obtain the deceleration.
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The values thus obtained are presented in figure 4 as a function
of the Fflight velocity for two identical test bodies with circuler-
avc airfoils. Since these mcdels were fired under identical
atmospheric conditions, the difference between the curves can he
partly attributed to the weight difference between the two models.

From the curves of figure i, the total drag has been computed
and is presentel in figure 5 tJot*ed against Mach number. Wi
model weight now token into account, the variation of drag wi
nunber should be bthe same, and cousequent,y one curve was faired
through the resulits of both - tests, the average scatter of the
calculated points from the faired line being approximately +3 percent.
Dvab coefficients calculated from the data cf figure 5 and baged on

n exposed wing area of 200 sguare inches are presented in figure 5{a).
The corresponding curvss for the test body with the NACA £5-009 air-
foil and for an identical test body without wings are iucluded for
comparison. ®igure Sf{a) shows tliat, for lMach numbers beitween 0.85
and 1.22, the Loldy with the NACA 55-009 wing produced lower values
of total dreg coefficient than 4id the body with the circular-arc
wing. Cenﬁra‘l" similer resulte have been obtained recently Ly
the Langley Flight Desearch Division using freely-falling-body
techinique. The greatest difference between the drags of *the two
wings can be seen to occur neer e Mach number of 1.0. Corresponding
curves of wing dreg coefficient, derived by taking the differencs
between the winged ani wingiess bodles of Pigure 5(a), e presented
in figure 5(b). e values of wing drag coefficient determined by
this metnod include wing-fuselage-interference effects. Informavion
cone rnlny the variation of tae drag-coefficient curves of the
NACA €5-009 and the symumetrical circular-arc airfoils beyond the
tested Mach nuiher vange could be ecstablished only by further in-
vestigation at highe» specds.

CCNCLUDING REMARKS

The results of superconic flight tests to determine ths drag
of a rectangular, 9-porcent circular-arc airfoil of aspect ratic 2.7
mounted on a I "Rct-r*ou@lled body are presented. The drag coefficients
of a similar test body with an NACA 65-009 airfoil obhained in thse
Seme manner nave aiso been inclvded for comparison. For Mach nwwibers
be tvcen 0. 85 an* 1.22, the values of drag coefficient of the
NACA 65-009 ailrfoil were lower than those produced by the circular-
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arc airfoil. The difference in drag coefficients of the two
airfoils wes greatest near a Mach number of 1.0.

Langley Memorial Aeronautical Laboratory

1.

(o)

3+

National Advisory Committee for Aeronautics
Langley Fisld, Va.
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Figure 1.- General arrangement of test body with 9-percent circular-
arc airfoil with an aspect ratio of 2.7.
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frgure Z2.-Comparrsor of NACA 65-009 and circalar-arc asrfor/ sectrons

of egual rhickress rarro.
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ﬁyarf 6.- Comparison of drag coelticients al zero Wt for

the fest bodies with circular-arc and NACA 65-009 airiorls
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