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NATTIONAL ADVISORY COMMITTAZE FOR AIRONAUTICS

RESEARCH MEIHORANDUH

DKAG MEASUREMENTS AT TRANSONIC SPIEDS OF
NACa 6E-009 AIGFOILS KOUNTED ON A FREELY
FALLING BODY TC DETZRMINE THE EFFECTS
OF SWEEPB4CK AND ASFECT EATIO

By Charles W, Mathews and Jim Kogers Thompson
SUMMARY.

Drag measurements at transonic spseds on rsctangular
airfells and on airfecils swept back 45° are reported.
These airfeils, which wers moruntsd on cylindrical test
bodies,are part of a series being testad in free drops
from high altltude to determine the effect of variatlon
of basic airfoll paramsters oun ailrfoil drag characteristics
at transenic speeds. Thess rectangular and swept-back
alrfolls had the same span, airfoil secticn (NACA 65<009),
and chord perpendicular tec the leading adgs. The tests
were made to cempars the drag of rectangular and swept-
back alrfeoils at a highar aspsct ratio than had bsen used
in & similar comparison reportsd previously.

The results showed that the drag of the swept-back
airfoll was less than 0.15 that of the rectangular airfoil
at a Mach number of 1.00 and less than 0.30 that of the
rectangular airfoil at a Mach number of 1.17.

A comparlison of these swept-back sirfoils with
similar airfeoils of lower aspect ratlo previcusly testsd
by the same method indicated that in the invsstigated
speed rangs reductlon in aspect ratio results in Increased
drag., In the highest part ~f the investigated speesd range,
however, the drag coefficient of the high-aspect-ratio
swept-back alrfoils shrwed a tendency to appreoach that of
the lower-aspect-ratioc swept-back airfoils. A similar
comp.. Lson for the rectengular alrfeils showsed
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that delay in the drag rise and a reducticn in drag at =
supercritical speeds can ba realized through reductien .
in aspect ratin, Thesge rosults confirm these raported = _
in WJAGCa aACR No. L&J1E.

TNTRODULCTION -

A serious limitation on practical rflight in the
transonlic-speed rangs results from the large abrupt
increases in dreg of conventloral alrplane configurations - o
as sonic speed 1s approacred, Because of the impore~
tance of this problem, & series of tests 1s belng conducted
at the Tancley Memorial ALeronautical Latoratcry of the
WACA to determine aerodynamle shapes and configurations |
that have a minimum of dras at transcnic speeds. In these
tests, data are telemetered from special test confipurations
durlings free fell from hirh sltituds. Previous tests in
which this method was employed were reported in references 1l
and 2. The object of the nresent tests was to compare
the drag of rectangular and swept-=back airfolls at a higher i
aspect ratlo than had been used in a simllar comparison _ o
reported *‘n reference 2,

-

Fer the tssts repcrtsd herein drag m2asuremants
wars made on rectangular airfeils and on alrfells having
450 sweepback. Thase airfeils incerpcratsd NalA 65-009
sections of equal clicrd perrendicular te the leading edge
and differsd from ths alrfoils of rafersnce 2 only by an
incrsase 'in span. The subscript 1 has baed dsleted frem
the deslenation of NaCA 6-sarles atrfells wlth thickness
ratics loss tkan 0.12 ~f the cherd. The alrfolil designated
65~-009 1in the prussnt papsr, therefere, is the alrfeil
sectlicn designatsd 657~-009 in refersnce 2.

The rasults c¢f the tests on these airfells are pre-
ssnted as curvss showling the variation of drag ceaffi-
clsnt with Mach number in the transcnié-spesd range.
Comparable curves ars also presentdd frn the airfeils of
refarence 2. - =



http://www.abbottaerospace.com/technical-library

NACA RM No. L6K08c . (e 3

APPARATUS AND METHEOD

Test configurations.~ The general arrangement of the
two test configurations 1s shown in figure 1, and details
and dimensions are shown in figure 2., The airfolls were
mounted on bodies identical with those of reference 2,

These bodies were cylinders of 105~1nch dlameter and wsre

fitted with a pointed nose and a small tall fairing.
The airfolls were located near the rear of the cylin-
drlcal part of the body and entered the body through

rectangular slots 9% inches long and 1 inch wide. The

glrfolls were staggered so that front and rear airfoll sets
could be mounted on separate spring balances, This
arrangement has the addltional advantage of reducing the
interfersence effects of the rear alrfolil on the front
alrfoil,

Both the rectangular alrfoils and the alrfoils having
j5° sweepback had NACA 65-009 sections of 8-inch chord
psrpendicular to the lesading edge and equal spans of
25 inches outboard of the body as compared with 15 inches
for the otherwise identicgal airfolls of reference 2.

The nominal aspect ratio b2/S for the present
swept-back airfoils was 5. as compared with 3,6 for the
swept-back airfolls previously tested, where b is the
over-gll span of each alrfoll set and S 1s the plan area
of each airfoil set including that within the body.
Correspcnding nominal aspect ratios for the rectangular
alrfoils were 7.6 and 5.1, respectively.

Measurements .~ Measurement of the desired gquantities
was -accomplished as in the previous tests (reference 2)
through use of the NACA radio-telemetering system and
" radar and phototheodolite equipment, The following
quantities wers recorded gt two separate ground statlons
by the telemetering system:

(1) The force exerted on the body by each set of
alrfoils as measured by a spring balance

(2) The total retardation of the body and airfoills
as measured by a sensitlve accelerometer alined with the
longitudinal axis of the body
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(3) The local static pressure at a station on the
body l% chords ahead of the front ailrfoll as measured

by four orifices connected to an aneroid pressure cell
(see fig. 2).

A time history of the position of the body during
its fgll was recorded with reaspect to ground axes by the
radar and phototheodolite equipment, and a survey of
atmospheric conditions applying to each test was obtained
from synchronized records of atmospheric pressure, tem-
perature, and geometric altitude taken during the descent
of the alrplane from which the bodles were dropped.

Reduction of data.- As in thé previous tests the
velocity V of the body during its fall was obtained
both by differentiation of the flight path as determined
from radar and phototheodolite records and by integra-~
tion of the vector sums of gravlitstional acceleration
and the directed retardation as measured by the scceler-
ometer, The drag D of each set of alrfolls was obtained
from the relation

D=R+ Wtae'

where
R measured reaction between airfoil and body, pounds
W, welght of alrfoil assembly, pounds

a reading of accelerometer (retardation), g

e

The atmospheric pressure p, . the temperaturs T,
and the airfoil frontal area F were combinsd with the
simulteneous values of velocity and airfoil drag to
obtain Mach number M and the ratio D/Fp. A curve of
this parameter D/Fp against Mach number affords a
simple and convenient means for expressing drag Iin the
transonic-speed range as a functf_n of Mach number,
altitude, and size.

Values of conventlonal drag ooefficient based on
frontal area Cp  wers obtalned from the relation

' _ D/F
GDF = D/Fp

F
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where the ratie of specific hesats ¥ was taken as 1l.4.
Drag ccefficisnt CD based on plan area was obtained by

multiplylng values of CD by the ratio of frontal area

to plan arsa. aAreas used did not include those within
the bedy.

RESULTS ASD DISCUSSION

Time historiss of the pertinent quantitiss cbtalned
from each test are given 1n flgures 3 and 4. 4 chack on
the over-all accuracy c¢f the vslocity and retardaticn
measurements 1is provided in these flgures by a ccmparison
of the velocity obtained frem flight-path data (test
prints and solid fairing) with the velocity obtained from
accslaraticn data (dashed fairing)., Th2s maximum discrsp-
ancy 1n valecity obtalned by thass two 1indepsndent
methods may be sesn te¢ bs abeut 10 mlles per hcur. If the
scurce of this arror is whelly In the measuremsnt of
ratardaticn, the correspcnding mean acceloromster error
would be ef the eorder of 0.0lg, which is within the
gexp2cted limit of accuracy ~f this instrument. The
velocities ussd to compute the Mach number were those
taken from the fairing cf ths flight-path data. The
acceleration data, howsver, ware used as a gulds for this
failring, partlcularly in the fairing of the last fow
sgconds of the data shewn in flgurs 3, whsre photographs
ussd feor corrscting small arrors in peinting of the photo-
theodolite wera not cbtainsd.

Figures 3 and 4 also afferd a Cﬂmparisoh bstwosn
the variaticns of atmesphsrlce pressure and leocal statle

prassurs l% chords ahead of ths front airfoill. Except

in the immedlate vieinity cf Mach number 1.00, whsre
abrupt changss in local static pressure are qulte defi-
nitsly indicated, ths two prsssure msasuraments agree
within ths prebable limit cf accuracy cf ths telemetsring
systam. Bucauss of this limltation on accuraey, furthsr
tasts must bs made bafors the validlty of the smallsr.
diffsrencis can be d=finitzly establlished. Tho diffasr-
snces between the subsrunlc valuss of atmespheric and
lncal static prsssurs in flgurs 3, howsvar, suggest the
nressnce of a blocking seffect caused by ths airfolls,
although the magnitude of this error 1s larger than weuld
nermally bs encountersd at low subscnic spoeeds.
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- The results of the tests ars summarized in figure 5,
where curves are presentad that show the varlatlons of
D/Fp and Op with flight Mach number for the rectan-
gular and for the swept~back airfoils. The results for
the front and rear alrfolls are presented separately
becauss interference effects between bedy and alrfolls
and between alrfolls may cause the small discrepancles.
Bscausse of the pessibllity of interferesnce sffects, dats
for the front alrfoils sheuld be the more reliable, par-
ticularly at suparsonic speeds.

The accuracy of the values of D/Fp shown in figure 5
varles throughout the drop from ebout 0,02 at M = 0.85
to about *0.006 at ¥ = 1.20. This variation is due to
the increase in atmospheric pressure during the fall of
the test bodles and to the fact that the airfoil drag was
determined with constant accuracy (3 1b). Corresponding
values for the accuracy of Cp are about *0.0035 at
M = 0.85 an@ about 10,0005 at M = 1.20. The accuracy
with which flight Mach number was determined was about

10,01, but since the velocity was determinad with respect
to ground raference the effect of wind has been neglected.
Thils effect may cause the Mach number determination to be
8lightly more lnaccurate than is indicated by the fors-
going value at the lowest Mach number for which rssults
are presented. Such error rapidly becomes neglligible with
increase in Mach number because the flight path of ths
test body qulckly departs from horizontal during its fall,
and, in gensral, wind vzlocitles are less at ths lowsr
altitudss.

The curves of D/Fp 1in figure 5 show that for the rec=-
tangular airfcill the drag per square foot of frontal area ™
increased abruptly from 0.04 of atmospheric pressure at
a flight Mach number of 0.85 to 0.42 of atmospheric pres-
sure at a Mach number of 1.00 and Then increased at a
slower rate to 0.61 at a Mach numbsr of 1l.17. For the
swept-back ailrfoll the drag per square foot of frontal area
increased from 0.02 of atmospheric pressure at a flight
Mach number of 0.85 to 0.26 of atmospharic préssure at a
Mach number of 1.25 without evidencing ths abrupt drag rlse
characteristic of the rectangular girfoil. Ths drag per
square foot of frontal area for the swept-bBack airfolil was
less than 0,15 that for the rectangular airfoll at a
Mach number of 1.00 and less than 0.30 that of the rectune
gular airfoll at a Mach number of 1l.17. Ths measured
difference in total drag of the two bodles agrses wlth the
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measured dlfference in sirfeoll drag within the limlts of
accuracy of the accsleromster (0,09 in D/Fp at a Mach
numb?r_of 0.85 and *0.025 in D/Fp at a Mach number of
1.20).

Figure 6 shews the effect of aspect ratiec on the
drag characteristics of rsctangular and swept-back air-
foils. The variations of D/Fp with Mach number for
the present rsctangular airfolls and fer the rectangular
airfoils of reference 2 are given in figure 6(a). These
curves show that inerease of the nomlnal aspect ratlo
from 5.1 to 7.6 reduced the Mach number at which ths drag
rise started by abecut 0.02 and increased the values
of D/Fp above the drag rise by about 0.03. This sffect
of aspect ratio verifies the resulits ~f refersnce 3, which
indicate that a delay in the drag riss and a raduction in
drag at supercritical spsads can be realizsd for rectangular
wilngs thrrugh decrcase in aspsct ratlo.

Similar variations of D/Fp with Mach number for
the present swept-back airfeils and for the swept-back
airfoils of reference 2 are given in figurs 6(b). These
curves show that lncreass Iin aspect ratio of the swept-
back airfeolls frem 2.6 to 5.4 resultad in a decreass in
D/Fp 1in the investigated speed range. This condition
may Indlcate flow dlsturbances at the rcot or tip of the
airfoils where the idsal thrse-dimenslonal flow conditions
arrund a swept-back alrfoll of Iinfinlte span do not exist.
The drag resulting from dlsturbances at the rcot or tip
would bs a greater part »f the total drag for the low-
aspect-ratio airfril. It may be notsd from the curves
in figure 6(b), hcwsver, that the valuss of D/Fp for
the high-aspsct-ratio alrfrnlls shew a tsndsncy to appreach
thoss of the low-asgpsct-ratie airfcils at the highest Mach
number investigatsd. : oot )

CONCLUDING RaSMARKS

Drag measurements at transonic speeds attained in free
fall frem high altitude have been made on rectangular airfolls
and on airfoils swept back 45°. ' Thess alrfoils had NACA 65-00¢

sections, a 60%‘1n9h-593nx and an 8-inch chord gerpendicular
to the leading edgs. They were mounted on a loz-inch-
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dlameter cylindrical body. The results of the tests
showed that the drag per square foot of frontal area for
the swept-back airfoll was less than 0.15 that for the
rectangular airfoll at a Mach number of 1,00 and less
than 0.30 that of the rectangular ailrfoll at a Mach
number of 1.1l7. :

A comparison of these results with the reesults of
the previous tests on hog-inch—span NACA 65-009 airfolls
having 8-inch chord shows that

(1) For the airfoils swept back li5° increase in
aspect ratioc from 3.6 to 5.4 produced an spprecisble
reduction in drag between Mach numbers of 0.95 and 1.2
but only a slight reduction at the highest Mach number
(Le25) reached in the tests,

(2) For the rectangular airfoils an increase in
aspect ratio from 5.1 to 7.6 reduced the Mach number
at which the drag rise started by sbout 0,02 and resulted
in somewhat higher drag throughout the speed ranges investi-
gated, _ ] '

Langley Memorial Aeronautical Laboratory
National Advisory Commitiee for Aeronautics
Langley Field, Va.
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(b) Swept-back airfoil.

Figure 1.~ General views of airfoil test bodies.
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Fig. 2
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