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NATIONAL ADVISORY COMMITTES FOR AIRONaUTICS

RESEARCH HEIIORARDUR

DHAG MEZASUREMZINTS AT TRANSONIC SPIEDS OF
NACA 65-009 AIRFOILS MOUNTED ON A FREELY
FALLING BODY TO DETERMIEE THE EFFZCTS
OF SWESPBACK AND ASPHZCT RATIO

By Charles W. Mathews and Jim Rogers Thompson
- SUMMARY

Drag msasurements at transonic spseds on rsctangular
airfeils and on alvfrils swept back 45°¢ are rerported.
These airfeils, which were mrunted on cylindrical test
bodies,are part of a series being testsd in free drops
from hlvh altitude to determine the effect of variation
of basic airfoil paramsters on airfoil drag characteristics
at transenic speeds. Thess rectangular and swept-back
airfoils had the same span, airfoil section (NACA 65-009),
and chord perpendicular te the leading sdgs The tests
were made to cempare the drag cof rectangular and swept-
back airfeoils at a higher aspect ratio than had bsen used
in a similar cemparison reportsd previously.

The results showed that the drag of the swept-back
airfoil 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 comparison of these swept-back airfoils with
similar airfeils of lower aspect ratio previcusly tested
by the same method indicated that in the invsstigated
speed range reduction in aspect ratio results in incresased
drag. In the highest part »~f the investigated speed range,
howevsr, the drag cecefficient of the high-aspect-ratio
swept-back airfrils showed a tendency to appreoach that of
the lower-aspect-ratio swept-back airfoils. A similar
comp.. tson for the rectangular airfeills showed

-
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.supercritical spseds can be
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and a reductien in drag at

rsalized threough reductien
in aspect ratio., Thsse resultas cenfirm those raported
in ¥ACa aCR No. L5718.

IRTRODUCTION

4 serious limitation on practical flight in the

- transonic-speed range results from the large abrupt

increases in drag of conventional airplane configurations

as sonlc speed is approached. Because of the impora

tance of this problem, a series of tests is being conducted
at the Lancley Memworial fieronautical Laroratory of the

WACA to determine aerodynamic shapes and configurations

that have a minimum of drac at transonic speeds. In these
tests, data are telemetered from special test configurations
during free fell from nirh altitude. Previous tests in
which this method was employed weve reperted in references 1
and 2. The object of the present tests was to compare

the drag of rectangular and swept-bacl airfoils at a higher
aspect ratio than had been used in a similar comparison
reported ‘n reference 2,

Fer the tssts repcrtsd herein drag msasurements
wars made on rectangular airfrils and on airfeils having
450 swesepback. Thase airfeils incerperated NAOA 65-009
sections cof equal cherd parnendicular te the leading cdgs
and differsd from ths airfeils of refersnce 2 only by an
Incresase in span. The subscript 1 has been daleted frem
the designation of NaCA S~series airfeils with thickness
raticg less than 0.12 ~f the chord. The airfoil designated
65-009 in the prsssnt papsr, therefere, is the airfoil
secticn designated 657-C09 in refsrance 2.

The results of the tests on these airfeils are pre=
sented as curves showing the variation of drag cecesffi-
ciznt with Mach number in the transonic-speed rangs.
Comparable curves ars alse prossnted fer the alrfeils cf
reference 2.
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NACA RM No. L6K0O8c  CONFIDENTIAL 3
APPARATUS AND METHOD

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

These bodies were cylinders of lOB—inch diameter and were
, AV ,

L
fitted with a pointed nose and a small tail fairing.
The airfoils were located near the rear of the cylin-
drical part of the body and entered the body through

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

airfoils were staggered so that front and . rear airfoll sets
could be mounted on separate spring balances, This '
arrangement has the additional advantage of reducing the .
interference effects of the rear airfoil on the front
"airfoil.

Both the rectangular airfolls and the airfoils having
;50 sweepback had NACA 65-009 sections of 8-inch chord
perpendicular to the leading edge and equal spans of
25 inches outboard of the body as compared with 15 inches
for the otherwise identical airfoils of reference 2,

The nominal aspect ratio b2/S for the present
swept-back airfoils was 5.)i as compared with 3,6 for the
swept-back airfoils previously tested, where b is the
over-all span of each airfoll set and S is the plan area
of each airfoil set including that within the body.
Corresponding nominal aspect ratios for the rectangular
airfoils were 7.6 and 5.1, respectively.,

Measurements .~ lMeasurement of the desired quantities
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 were recorded at two separate ground stations
by the telemetering system:

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

{(2) The total retardation of the body and airfoils

as measured by a sensitive accelerometer alined with the
longitudinal exis of the body ’

CONFIDENTIAL



Iy : - CONFIDEKNTIAL NACA RM Ne, L6KO08c

(3) The local static pressure at a station on the

body 1% chords ahead of the front airfoil 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 respect 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 airplane from which the bodies were dropped.

Reduction of data«- As in the 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 gravitational acceleration
and the directed retardation as measured by the acceler-
ometer, The drag D of each set of airfoils was obtained

| from the relation

D=R4+ wtae

where

R measured reaction between airfoil and body, pounds

W, weight of airfoil assembly, pounds

a reading of accelerometer (retardation), g

€

The atmospheric pressure p, . the temperature T,
and the airfoil frontal area ¥ viere combinéd with the
simultaneous values of velocity and ailrfoll 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 in the
transonic-speed range as a function of Hach number,

altitude, and size,

Values of convehtionai‘drag coefficient based on
frontal area CD' were obtained from the relation

Y we
5 M
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where the ratie of specific haats ¥ was taken as 1.4.

Drag ccefficient Cp bassd on plan area was obtained by

multiplying values ef Cp by the' ratioc of frontal arsa
D T

to plan area., Areas used did net include those within

the body.

-RESTULTS A8D DISCUSSIOHN

Time histerizss of the pertinent quantities cbtained
from each test are given in figures 3 and 4. 4 chsck on
the over-all accuracy of the velocity and retardaticn
measurements is previded in these figures by a cemparison
of the vslocity obtained from flight-path data (test
prints and sclid falring) with the velocity obtained from
accsleraticn data (dashed fairing). Ths maximum discrsep-
ancy in vslecity cobtained by thsss twe independent
metheds may be sesn te be abecut 10 miles per heur. If the
scurce of this error is whelly in the msasurement of
retardaticn, the corresponding mean acceleromster srror
would be eof ths crder of 0.0lg, which is within the
gxpszcted limit of accuracy of this instrument. The
velocities used teo compute the Mach number wsre those
taken from the fairing cf the flight-path data. The
acceleraticn data, however, ware used as a gulde for this
fairing, particularly in ths fairing of the last faw
seconds of the data shewn in figure 3, whers photographs
ussd for corrscting small srrors in peinting ¢f the photo-
theodelits werzs not cobtainsd.

Figurss 3 and 4 also afford a cemparison bastwsen
the variatiocns of atmespheric pressure and local static
prassurs 1% chords ahzad of ths front airfeoil. Except
in the immgdiate vicinity cf Mach number 1.00, whers
abrupt changss in lccal static pressures are aquite defi-
nitsly indicated, ths twe prsssure measurzments agrese
within the prebable limit of accuracy cf the tslemstering
system. Becauss of this limitation en accuracy, further
tssts must be mads befors the validity of the smallsr
diffsrencss can be definitsly establishsd. The differ-
ences between the subsrnic valucs of atmesphsriec and
local static pressurs in figure 3, howevar, suggest the
presence of a blocking sffect causzd by ths airfoils,
although the magnitude of this error is larger than wculd
nermally bs encountered at low subscnic spesds.

CONFIDENTIAL
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Ths results of the tests ars summarized in figure 5,
where curves are presentsd that show the variations of
D/Fp and Cp with flight Mach number for the rectan-
gular and for the swept-back airfoils. The results for
the front and rsar airfcils are presented separately
because interference effects between bedy and airfoils
and between airfoils may cause the small discrepancies.
Bscause of the pcssibility of interference sffescts, data
for the front airfoils shculd be the more r2liable, par-
ticularly at supszrsonic spsesdse.

The accuracy of the values of D/Fp shown in figure 5
varies throughout the drcp from about 10,02 at M = 0.85
to about *0.006 at M = 1.,20. This variation is due to
the increase in atmospheric pressure during the fall of
the test bodiss and to the fact that the airfeoill drag was

etermined with constant accuracy (£3 1b). Corresponding
values for the accuracy of Cp are -about *0.0035 at
M = 0,85 and about *0,0005 at M = 1.20. The accuracy
with which flight Mach number was determined was about
10,01, but since the velocity was determinsd with respect
to ground reference the effect of wind has been neglected.
This effect may cause the Mach number determination to be
slightly mere 1lnaccurate than is indicated by the fore-
going value at the lowest Mach number for which results
are presentsd. Such error rapidly becomes negligible with
increase in Mach number bescause the flight path of ths
test body quickly departs from heorizontal durlng its fall,
and, in general, wind vslocities are less at the lowsr
altitudss.

The curves of D/Fp 1in figure 5 shew that for the rec-
tangular airfcil the drag per square foot of frental 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 number of 1.17. For the
swept-back airfoil the drag per squars foot of frontal area
increased from 0.02 of atmeospheric pressure at a flight
Mach number of 0.85 to 0.26 of atmosphsric pressure at a
Mach number of 1,25 without evidencing the abrupt drag rise
characterlistic of the rectangular airfoil. Thes drag per
square foot of frontal area for the swept-back airfoll was
less than 0,15 that for the rsctangular airfoil at a
Mach number of 1.00 and less than 0.30 that of the rectane-
gular airfoil at a Mach numbsr of 1l.17. Ths measured
difference in total drag of the two bodiess agrses with the

CONFIDENTIAL



Haca R¥ Ro. LO6KO8: CONFIDENTIAL. 7

measured differsnce in airfeil drag within the limits 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 shcws the effect of aspect ratic on the
drag characteristics of rectangular and swept-vack air-
foils. The variations of D/Fp with Mach number for
the pressnt rsctangular airfeils and for the rectangular
airfoils of reference 2 are given in figure 6(a). These
curves show that increass of the nominal aspect ratio
from S.1 te 7.6 reduced the Mach number at which the drag
rise started by abeut 0.02 and incrsased the values
of D/Fp abrve the drag riss by about 0.03. This effect
of aspect ratiec verifies the results of refersnce 3, which
indicate that a delay in the drag rise and a reduction in
drag at supercritical spzeds can be realizsd for rectangular
wings thrrugh decrsase in aspsct ratio,

Similar variations »f D/Fp with Mach number for
the present swept-back airfeils and for the swept-back
airfoils of reference 2 are given in figure 6(b). Thsse
curves shorw that incrsase 1n aspect ratio of the swept-
back airfeoils frem 2.6 to 5.4 resulted in a decrease in
D/Fp 1in the investigated speed range. . This cendition
may indicate flew disturbances at the rcot or tip of the
airfoils whers the ideal threse-dimensional flow conditions
arcund a swept-back airfoll of infinite span do not sxist.
The drag resulting from disturbances at the recot or tip
would be a greater part of ths tetal drag for the low-
aspect-ratio airfeil. It may be netzd frem the curves
in figure 6(bv), howsver, that ths values of D/Fp for
the high-aspsct-ratio airfrils shew a tendsncy to appreach
these of the low-aspect-ratioc airfcils at ths highsst Mach
number investigated. '

CONCLUDING RaZMARKS

Drag measurements at transonic speeds attained in free
fall from high altitude have been made on rectangular airfoils
and on airfoils swept back 4509, These airfoils had NACA 65-00¢

sections, a 60i—inqb span, and an &-inch chord gerpendicular

to the leading edge. They werse mounted on a loi—inch—

‘CONFIDENTIAL



8 CONPIDENTIAL NACA RM No. L6KO08c

diameter cylindrical body. The results of the tests
showed that the drag ver square foot of frontal area for
the swept-back airfcil was less thar C¢.15 That for the
rectangular sirfoil at a Mach number of 1,00 and less
than 0.50 chat of the rectangulsr alrfoil at a Hach
nunb2r of 117

A comparison of these results with the results of
the previcus tests on hO&—inch—Span NACA 65-009 airfoils
having 8-inch chord shows that

(1) For thz airfoils swept back |59 increase in
aspect ratio from 3.6 to 5.l produced an appreciable
reduction in drag between Mach numbers of 0,95 and 1.2
but only a slight reduction at the highest lach number
(L.25) reached in the tests,

(2) For the rectangular airfoils an inrcrease in
aspect ratio from 5.1 to 7.6 reduced the Mach number
at which the drag riss started by about 0,02 and resulted
in somewhat higher drag throughout the speed range investi-
gated,

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,

REFERENCES

l. Bailey, P, J., Jr,, Mathews, Charles, W., and Thompson,
Jim Rogers: Drag Measurements at Transonic Speeds
on a Freely Falling Body. NACA ACR No. L5E03, 1945.

2. Mathews, Charles W., and Thompsocn, Jim Rogers: Com-
parative Drag Measurements at Transonic Speeds of
Rectangular and Swept-Back NACA 65,-00G Airfoils
Mounted on a Freely Falling Bedy. NACA ACR
No. L5G30, 1945, ~

3. Stack, John, and Lindsey, W, F,: Characteristics of

Low-Aspect-Ratio Wings at Supercritical Mach
Numbers, NACA ACR No. L5J16, 19L5.

CONFIDENTIAL



NACA RM No. L6KO08c Fig. la,b

CONFIDENTIAL

K ke : NACA LMAL

(a) Rectangular airfoil,

R B S £ ke ¢

(b) Swept-back airfoil.
Figure l.- General views of airfoil test bodies.
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