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EFFECTS OF 11-50 SWEEPBACK ON THE HIGH-SPEED CHARACTERISTICS
OF A WING HAVING A MODIFIED NACA 16-012 AIRFOIL SECTION

' By Iuke L. Liccini
SUMMARY

The force characteristics of & wing with o° sweepback and with
h5 sweepback were investigated in the Langley 8-foot high-speed
tunnel through a Mach number rengs of 0.4 to 0.875. The wing used had
a modified NACA 16-012 airfoil section.

The results showed that for angles of attack other than 0
sweeping back the wing h5 reduced the 11ft coefficlent to approxi-
mately 50 percent of the 1lift coefficient for the unswept-back wing.
This reduction agrees with the theoretical considerations which indicate
1ift decreases of about 30 percent due to sweepling back the wing 45°
and about 20 percent due to the accompanying decrease In aspect ratio.
For low lift coefficients (less than approx. 0.20) the swept-back wing
had better drag characteristics than the unswept-back wing throughout
the speed range; but for high 1ift coefficients the swept-back wing
had better drag characteristics only at high speeds. Sweepback
delayed the onset of serious compressibility effects to beyond the
speed rangé tested. The maximum lift-drag ratio for the unswept-back
wing decreassd rapldly when the force break was reached whereaa the
meximum lift-drag ratio for the swept-back wing remained nearly
constant. Since the critical speed of the swept-back wing was not -
attained, the wing did not vibrate. :

INTROIXICTION

The large drag rise and changes in 1ift of wings which accompany
the compressibllity burble impose a great handicap in increasing the
speed of sirplenes. The refinement in ailrfoll sections and the use of
thin airfoila heve glven limited increases In the spsed at which the
compreasibility burble occurs. The use of swept-back wings at high
speeds as proposed in reference 1l suggests even greater increasses in the
speed at which thess adverse compressibility effects occur. The
purpose of the present investlgation is to show the delay of compressi-
bility effects due to 45° sweepback and to indicate some of the
gsignificent adventages thereby gained.
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The data presented herein were taken from testis of radio-mast
antennas; but the antenns is of such a design that it cen be
considered s three~dimensional semispan wing having a modified
NACA 16-012 airfoil section.

When these tests were made (August 1945) the effects of sweep
had Just been recognized. The tests were undertaken at thaet time
as & guick over-all check of the predicted beneficial effects of
BWeeD . .

SMOLS
a speed of sound in undisturbed stream, feet per second
S5 wing ares, square Inches
D drag of model, pounds
L 1ift of model, pounds
M  fres-stream Mach number (V/a) ‘
q free-stream dynamic pressure, pounds per square foot <%pv9)
v velocity in undisturbed stream, feet per second
o angle of attack, degrees
A angle of sweepback, degrees
P mass denelity in undisturbed stream, slugs per cublc foot

Cr, lift coefficient (L/qS)

Cp drag coefficient (D/qS)

APPARATUS AND METHODS

The tests were conducted in the Langley 8-foot high-speed tunnel,

which is of the single-return closed~throat type. The Mach number
at the throat 1s continuously controllable up to tunnel choking
speeds. The alr-stream turbulence in the tunnel 1z small but
slightly higher than in free air. '

-
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The dimensions of the model are shown in figure 1. The wing
has a taper ratio of 5:1 and a modified NACA 16-012 airfoil section
(fig. 2). The sspect ratios of the unswept-back model and the swept-
back model are 11.3 and 5.5, respectively. The models were fitted in
wooden blocks as shown in figures 3 and 4 so that the models could be

mounted in the end clemps of the tunnel balance system wilth ‘2_11 inches

exposed to the air stream (measured from'the root to the tip along

the 50-percent-chord station). ~ The sweepback was obtained by rotating
the model in & horizontal plane about the 50~percent-chord station

at the root chord.

The date. presented herein include Mach numbers up to only 0.875
because the tests of the swept-back wing were conducted at a time
when the limitations of the tunnel setup would not permit the tests
to be carried beyend thls Mach number. The wings were tested through
a reange of engle of attack from -2° to 6° measured in the direction
of the alr flow. The force datae were obialned from the recording
scales of the balance system; model vibrations were observed visuelly.

Because of the enlarged root chord with sweepback, the area
enveloped by the tunnel-wall boundary layer on the swept~back wing
was somewhat lerger than the corresponding sres enveloped by the.
tunnel-wall boundary lasyer on the unswept-back wing. However, since
the difference {approx. & percent) in areas, in terms of wing area
:anolved is very small, the boundary-layer effects were not taken
into consid.era.tion. The constriction effects at a Mach number
of 0.875 are less than 0.1 percent; therefore, these effects were
- neglected. Because the choking Mach mumber was well above the
maximm test Mach number, no measureble choking effects occurred.

The variation of modsl Reynolds number based on the mean
geometric chord.of the model wing (0.381 £t).is presented in f'igure 5
- as a function of test Mach nuwber.

RESULTS AND DISCUSSION

Lift and Drag Characteristics

The basic force date are presented in figure & as lift and drag
coefficients plotted against Mach number. This figure indicates that
sweepback reduces the lift force approximately 50 percent for a glven
angle of attack other than 0°. For example, at a Mach number of 0.50
and sn angle of attack of 6° the value of the 1ift coefficlient for
- the unswept-back wing is 0.615 s Whereas the value of the lift coef=-
ficient for the swept~back wing is 0.311. As given by the theory of
reference 2, the 11ft coefficient of the unswept-back wing at a given

T
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angle of attack for infinite aspect ratio would be expected to vary
a8 008 A. The 1ift coefficient of the unswept-back wing would thus be
expected to be reduced about 30 percent by sweeping back the wing 45°.
The accompanying ‘decrease in aspect ratio accounts approximately for
the remaining 20 percent lift decrease. At high Mach numbers (around
= 0.75), a large part of the variation in 1ift coefficlents for the
sweptiback and unswept-back wings 1s caused by the compressibility
effects of the unawept-back wing.

The drag force is reduced 50 percent by using a 45° angle of
sweepback at a Mach number of 0.50 for am angle of attack of 6°;
Izowevers the reduction becomes smaller at the lower angles of attack

fig. 6 .

In order to illustrate the effecis of sweepback, plots showing
the variation of drag coefficlent with lift coefficlent for several
Mach numbers are shown in figure 7. At low speeds (M = 0.50
and. M = 0.75) the effects of the additional induced draeg of the
swept-back wing are illustrated by the more rapid rise in drag
coeffliclent with increases in 1lift coefficient. At high speeds
(sbove a Mach mumber of 0.80) the effects of compressibility are
considersbly larger than the effects of the ircreased induced drag
assoclated with the reduction In aspect ratio. As a result, the rate
of drag-coefficlent rise with increases in 1ift coefficlent at high
apeeds is less for the swept-back wing than for' the unswept-back winge

At constant lift coefficient, comparison of the swept-back wing
wlth the unswept-back wing shows little difference in drag
coefficients at low Mach numbers but large differences at Mach numbers
above the critical Mach number of the unswept-back wing (fig. 8).

For low lift coefficients (less than approx. 0.20) the swept-back

wing has better drasg characteristics throughout the speed range; but
for high 1lift coefflcients the swept-back wing has better drag cherac~
teristices only at high speeds. . The difference in the drag coefficlents
at high speeds and at low 1ift coefficients may be explalned by the
fact that for the swept-back wing the decrease of the pressure drag

is greater then the ilncrease of the induced drag; however, at low
speeds end at high 1ift coefficients the higher drag of the swept-back
wing 18 caused by the fact that the decrease of the pressure drag

is emaller then the increase of the induced drag.

In the present tests serious compressibility effects were delayed
only a small amount by decreasing the aspect ratic and the thickness
ratio in the air-stream.direction, ag. compared with the delay caused
by sweeping back the wing 45°. Calculations of the increase in
criticel apeed dne to.the reduction in thickness ratio show a dslay
of the seriocus compressibility effects by a Mach number increment
of 0.025. Results of tests in reference 3 indicate that a delay of
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the onset of serious compressibility effects by the reduction in
agpect vatio corresponds to & Mach number increment of 0.02. These
calculations snd results account for & total increment of 0.045

caused by the conmbined effects of the reduction in thickness ratio

and aspect ratlio. The data obtalned, however, indicate a much greater
Mach number increment of delay in the onset of sericus compressibllity
effects. For example, in figure 6 changes in the lift-coefficient
characteristlics of the unswept-back wing occur at Mach numbers of

the order of C.75 to 0.80 , whereas no significant changes in the
lift-coefficlent characteristics of the swept~back wing are found

at the meximum test Mach number (M = 0.875). Even larger increments
of Mach number beyond the points of abrupt drag-coefficient rise are
indicated to be a result of sweepback, particularly at high angles

of attack. These resulits thus show that the effects of sweepback
provide a consldersbly larger delay in the onset of serious compressi-~
bility effects than are asccounted for by the reduction in airfoil-
section thickness ratic and by the reduction 1n aspect ratio

from llv3 to 5.5-

The theoretical anslysis of reference 1 for infinite aspect
ratio can be ussed to show that the critical HMach number increases
inversely as the cosine of the sweepback angle, which fact iIndlcates
that the onset of compressibility effects would be delayed to
Mach numbers of the order of 1.l for the swept-back model. Since
“the experimentel results for the swept-baeck wing do not reach the
critical speed range, agreoment of the experimental results with
the theoretical calculations 1s not shown, Full reelizatlion of the
calculated delay would not be expected, however, because the theory
does not include effects caused by the flow at the wing root and at

the wing tips.

Lift-Irag=-Ratlo Characlheristics

Figure 9 shows the variation with Mach number of maximum 1ift-
drag ratio and of lift coefficient corresponding to maximum 1ift-
drag ratlio. As was expected, the maximum 1ift-dreg ratio for the
unswept-back wing decreases rapidly when the force breek is reached,
whereas the maximum lift-drag retio for the swept-back wing remsins
elmost constent. At a Mach number of 0.875 the swept-back wing, thus,
has a value of maximum lift~-drag ratio approximately two and ome-half
times the corresponding value for the unswept-back wing. The values
of Cp, for maximum lift-drag ratio below the criticael Mach number
are about 0.25 for the aswept-back wing and about 0.4L for the
vnswept-back wing. For the swept-back wing, the curve of
for the maximum lift-drag ratio against Mach number shows only slight
variationse. For the unswept-back wing, the curve of ¢ for

maximum lift-drag ratio against Mach number indicates large variations.
R



6 . S NACA RM No. L6K18a

Vibvration

Beyond the critical speed, vibrations occurred during the test
of the vnswept-back model and were caused by the umsteady flow
conditions assgoclated with sitrong formation of compression shock.
As would be exzpected, when the critical speed of the swept-back
wing was delsyed to speeds beyond the test range, no vibration occurred
throughout the test range for the swept-back model.

CONCTUSIONS

The resultsoof high-epeed force tests of a wing with o® sweep-
back end with 45 sweepback indicated the following comclusions:

1. The 1ift coefficient of the 45° swept-back wing for angles
of attack other than 0° was reduced to approximstely 50 percent of
the 1ift coefficlent of the unsvept-back wing throughout the speed
range tested. This reduction agrees with theoretical predictions
which indicate 1ift decreases of about 30 percent due to swsepback
and about 20. percent due to the accompenyinz dscrease in aspect ratio.

2. For low 1lift coefficients (lees than approx. 0.20) the
swept-back wing had better drag characteristics throughout the
speed range; but for high 1ift coefficlente the awept-back wing
had better drag charascteristics only at high speeds.

3. A large delay in the onset of adverse compressibility
effects wag indicated. Analysis of the data indicated that the
greater part of the delay was due to sweepback and that the )
delaying effecta of the simultanecus changee in aspect ratioc and
section thickness ratio were relatively small.

k. The maximum lift-drag ratio for the umewept-back wing
decreased rapidly when the force break wass reached, whereas the
maximum 1lift-drag ratio for the swept-back wing rsmained neerly
constent.. .,
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5. Because of the delay in the onset of coumpressibllity
effects, elimination of the vlibration characteristice on the swept-
back wing wes obiteined for the speed range investigated.

Langley Memorial Aeronautical Laboratory
National Advlisory Committee for Aeronautics
Tangley Fleld, Va.
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Figure 3.- Swept-back model.

&

LMAL 4508l

NACA

BETHOT "ON WY VOVN

g "31T



NACA RM No. L6K18a ) Fig.

Figure 4.- Unswept-back model. L e
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Fig. 8 NACA RM No. L6K18a
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