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NACA R4 Yo. L7C03
RATTONAL ATVISORY COMAITTEE FOR AERONAUFICS

RESPARCH M&1CRANDUM

~ TRAG CHARACTERISYICS OF RECTANGULAR ATD SWEPT-BACK
NACA 65-009 AIRFOILS FAVING VARIOUS ASPRCT

RATTOS AS DNTERMINGD BY FLIGHT TESI‘S

AT SUPZRECHIC EPEEDS

By Warron A. Tucker and Robert L. !!elabn

SUMMARY

" TMcets hove been mado at the Pilctlese Alrcraft Rcsoarch Teet
Btation at Wallops Tslend, Va., tc determino the offect of sweep-
back angle and aspect ratio on the drag at supereonic speeds of 3 !
wings of NACA 65-00G alrfcil escticn. A previous paper has 5 ¥ A
prepented the recults obhtained fer winss having aepect ratics of 1.5 e 5

The preeent SR |

and 2.7 mad sweopbtack angles of 00, 34°, L5, ana 52°,
peper extenda these resulte to includc ampont ratioa of 3.8 and 5.0, i

For the renge of Mach numbers investigated (M = 1.0 to 1.3),
it was fownd that the drag coefficient decreeeed as the sweepbeck
angle increased, the rato of decrease being eamewhat [rester for

the larpger aapect retlos. _
In gemer:l, for Mach nurbers ~reater than a value ecmeswhat lees

than thet at vhich the Mach lino llee along tho leading edge, the
to. Thie

drag coefficlent decrsassd with e decrecase in acpect ratio.
effoct of aspoct ratis vas move in cvidence at the lover angles of

swarp; at a aveepback angle of 45° the chanse in drag cocefficient
was vory small between aspect ratios of 1.5 and 5.0.

The repults are compured w.th thecoreticel calculations and
with other cxperimontal deta.

INTRCDUCTION

To obtain inforxation on the drag of wings at superscnic bpesds
g sories of tests is being conducted at the Pilotlese Aircraft’
Regearch Test Station et Wallops Island, Va., of & series of idemtical
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converted to corresponding velues of totel drag ccefficlent bescd
on the exposcd wing plan-form aree, which was 200 square inchee

for all models. The aspect ratioe were based on the total epan and
area, which included the shaded porticn chown blanketed by the body
in fipuwe 1. The values of temperature and etatic preeswre used in
calcwlating the dreg coeificients end Mach nuwberc were obtained
from radioconde observetions made at the time cf firing. The teste
covered a Mach number range from ebout 1.00 to about 1.35.

RESULTS AND DISCUSSION

The ‘reeults of the investigation, togethcr with comparable
rosults of refercncc 1, are given in figure 8 as curvee of totel
drag coefficicnt and wing drag coeificient againat Mach number.
The cwrves of wing drag coelfficlent were derived by teling the
aiffercnce retween the total dras coefficlent curvea of the winged
confipguwretions and that of the sharp-roscd wingless body of reference 3
(this body, which 1s skown in tig. 5, 1s identical to the bodies used
in the mwesent investigation). The wing dreg coefficlonts thus
include eny poacible efircte of interference between wing and fuselage.

The greetest iraccwracies in the present date occwr below
Mech muters of ebout 1.0. First, the slope of the velocity-time
cwve ie sulficiently smeller in thie reglon to incur a larger
percentage erryr in computing eccclerations. Second, the rate of
change oi dreg with Moch number in the remge below M = 1.0 le such
that a small error in Mach number in this 1egion can cauvse a con-
siderable error in the curve. A study of the availlable direg data for
wvhich reder records were obtained for two identicel modcls at M <1
indicates that not a great deal of reliencc should be placcd on the
drag data of the ireacnt peper at Mach muabers belew 1.0. It le common
to have differences in drag cocfficient of %#10 percent in thie region.
In the higher Mach mmber renge, tho accuracy is within ¥3 perccnt.
There is pramiee of obtaining more accurate low Mach muiber data from
Tuture teste through refinemente In instrimentation.

The accuracy in velocity megrurement has been cstimeted to be
well within ¥1 percent, the largect error in thie meaeurement being
that which arlses frcom the very small cwrvatwe of the flight path.
The tcmperature and pressure measuremente obteined by tho use of
radioceondc obscrvations hold the accuracy of Mach muaber to tl1 percent.

The data of thn rrecent paper to a certaln extent agree with
the calculations of reference k. For exemple, it is pointed out in
roference U that for Mach mubers approaching thet at which the
Mach line lies along the leading edge, & wing of low aspect ratio
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should have a lowsr wave drag than one of high aspect ratio, and
that for a Mach number comsiderably below this value the effect

of aspect ratio should reverse. This means that for a aveepback
angle of 34° and a Mach numher of about 1.2, the drag coefficient
would to expectcd to decrease with decresasing aspect ratlo, and that
for scme Mach number appreciably less than 1.2 the effect of aspect
ratio cn drag coefficient should reverso. The date of figure 8

for 34° sweopback tend to follow this theoretically calculated
behavicr, a partisl reversal occurring at a Mach number of about 1.0%
{the date ure not entiroly consistent with rcgard to reversal). The
curves for the wings of 45° swcepback lie too close to one another
to permit making any definite stalements.

The dats of figure 8 (cresesplotted in fig. 9, which ales rresents
data {rom cther sources to be dlmcussed later) show that the decrease
in drap ccefficient with incrensing mwespback noted in reference 1
for aspect retics of 1.5 and 2.7 also holds for an aspact ratio of 3.8.

~ The decresse In drag coefficient for a glven incrense in swecpback

angle seems to be scmewhat greater for the higher asmect ratios.

The data alsoc indicate, as did those of reference 1, that the effect
of decreasing the smspect ratio at constant sveophack is generally to
decreasc the dray coefficient, and thst tho ma;nitude of this effect
at a given Mach number diminishes with increasin: sveepback angle
{at a sweepback angle of 45°, only nerliginle charges in drag coef-
ficlent result when the aspect ratio is changed from 5.0 to 1.5).

In figwre 9, a compariscn is made of the exnerimental resulis
presented herein, and the theoretical calculations of the weve drag
Tor an isclated 9-percent thick biconvex parabolic-=arc airfoll based
on the results of reference  for 34° and 45 swecpback. Also
included are horetofore unpublished theoretical rcsuwlts by the senlor
author of reference & for a wing, of 0° sweep, based on the linearized
theory used in reference L. The ccmperison botween the theoreticel
end experimentsl draz coefficlentn of the wnswept wings is not
particularly valid since the theoretical requirement that the btow
vave be attached to the airfoil is not ful{illed hy the NACA 65-009 amire
foil. However. the ccmpariscn 1s made Tor completeness. A comparison
is also made with scme reeults cbteined by the freely-fallinz=body
technique {referencs 5). The agreement between thesretical and
experimental values 1s felrly good considerin; thet the tiheory did
not take into account boundery-layer effects and interference effects.
In additicn, the theoretical results esre for a sherp-nored parabolice
arc profile. The lack of close agreement between the results of this
peper and the results of reference 5 is probably due in part to the
difference in interference measwred by the two methods of testing.

e

B
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CONCLUDING REMARKS

Flight tosts to determine the effect of aspect ratio and sweep*
back on the dreg of wings of NACA 65-009 alrfoll gection werc made
at the Pilotlese Adrcraft Reseerch Test Statlion st Wellops Il=nd, Va.
Yor the range of Mack numberg, espect ratioe, and sweepbsck angles

investigated, the folloving etaterents can te made:?

The drag coefficient decreaecd as the angle of sweepback increased.
The rate of docresee was alightly grester for the higher aepect rstios.
In general, for Mach numbere grester than the value at vhich tho Mach
line llee 8 little ahead of the lesdin3 edge, the drag coefficient
decreaced with a decreen®d in aspect retio. This offect of ecpect rstio
&iminiehed ss the eweepback angle wvas increesed, wntil st en angle

of h5° there were only neglizible changes in drsg coefficient for
agpect retlos between 1.5 snd 504

of a previcus similar

Theee resulis eubstantiate the findings
gher sopect ratios.

investimaticn, end extend the findings to hi

oy Memoriel Aeronauticel Laboretory
Netional Advisory Comnittes tor Aeronautics

Langley Field, Va.
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T'he test body with unswept wing of aspect ratio 3.8,
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Figure 3.- The test body with 34° sweptbac

k wing of aspect rati
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igure 4.- The test body with 45~ sweptback wing
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Tests on rocket-propelled bodies carrying wings of aspect ratios between 3.8 and 5.0

at various swept-back angles show that drag coefficient decreased as swept-back angle
increased and that this decrease becomes more pronounced with larger aspect ratios. For
¥ach numbers greater than value at which Mach 1line lies ahead of leading edge, drag coef-
ficient decreased with decrease in aspect ratio. Aspect ratio effect diminished with
increased swept-back angle. At L5 degrees only negligible drag coefficient changes
resulted between aspect ratios of 1.5 and 5.0. Data substantiate theoretical calculations.
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