UNCLASSIFIED

AD NUMBER
ADABO0755
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 18 JUL 1947.
O her requests shall be referred to Nati onal
Aeronautics and Space Adm nistration,

Washi ngt on, DC. Pre-dates fornmal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

NACA decl assification notice no. 4 dtd Apr-Sep
1950; NASA TR Server website

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



| Reproduced by |
AlR DOCUMENTS DIVISION

"'mh’ [| ri!'llia””i‘i:ﬂ ‘;m :I:;i"ii; 1;.5 '
( e

HEADQUARTERS AIR MATERIEL COMMAND
WRIGHT FIELD, DAYTON, OHIO




e
US GOVERNMENT

IS ABSOLVED

S
- [ 8

,
FROM ANY LIMIGATION WHICH MAY
ENSUE FROM THE CONTRACTORS IN-

FRNGING ON THE FOREIGN PATENT.

RIGHTS WHICH MAY BE INVOLVED.

_ ATERIEL CCMMAND
WRIGHT FIELD, DAYTON, OHIO










Copy No.

-
N
8

CONFIDENTIAL RM No. LEK18a

RESEARCH MEMORANDUM

EFFECTS OF 45° SWEEPBACK ON THE HIGH-SPEED CHARACTERISTICS
OF A WING HAVING A MODIFIED NACA 16-012 AIRFOIL SECTION
By
Luke L. Liccini

Langley Memorial Aeronautical Laboratory
Langley Field, Va.
™ A
= ﬁ'; B OADY

oo Lo J\ ']

JRN TO

>

- im.._____

RC-7>5 ¢ //527
NATIONAL COMMITTEE
FOR AERONAUTICS

WASHINGTON
July 18, 1947

L “}‘.‘v\fﬁ
e o N
4 HT Fru) s

|

CONFIDENTIAL




CONFIDENTIAL




MACA RM No. L6K18a CONFITENTIAL
RATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANIAM

EFFECTS OF 't,o SWEEPBACK ON THE HIGH-SFREED CHARACTERISTICS
OF A WING HAVING A MODIFIED NACA 16-012 AIRFOIL SECTION
D’ Juke L. Liccini

SUMMARY

o / The force characteristice of a wing with 0° sweepback and with
45" gweepback vere investigated in the Langley 8-foot high-speed
tunnel through a Mach number renge of 0.4 to 0.875. The wing used had
a modified NACA 16-012 nirfoil ssction.

The results showsd that, for angles of attack other than 0°,
sweeping back ths wing 45° reducsd ths 11ft cocefficient to appraxi-
mately 50 percent of the lift coefficient for ths unswept-back wing.
This reduction agress with ths theoretical considerastions which indicate
1ift decreasss of about 30 percent due to sweeping back the wing !&5°
and about 20 percent due to the accompenying dscreuss in aspect ratio.
For low lift coefficlento (less than approx: 0.2C) the swspt-back wing
had bstter drag charncteristics than ths unswept-back wing throughout
the speed range; but for high 1ift coefficients the swept-back wing
had better dra; characteristics only at high speeds. Sweepback
delaysd ths onset of gsrious compressibility sffscts to bsyond the
speed range tested. fhe meximum lift-drag ratio for ths unewept-back
ving dscreased ropidly when the force break wae reached, whereas the
maximm lift-dreg ratio for the swept-beck wing remainsd nearly
constant. Since ths critical spsed of the swept-back wing was not
attained, the wing did not vibrate.

INTRODUCTION

The large drag rise and changes in lift of wings which accompany
the compreesibility burble imposs a greet handicep in increasing the
speed of airplenes. The refinement in airfoil sections and the use of
thin airfoils havs given limited increases in the speed at which the
compressibility burbls occurs. The use of swept-back wings at high
opeede as proposed in rsfsrencs 1 suggests even greatsr increases in the
speed at which thsss advsrse compressibility effects occur. The
purposs of ths pressnt investigation is to show the deley of compreesi-
. bility effscte dus to 45° swsepback and to indicate some of the
eignificant advantages thereby gained.




When these tests were made (Auguet 1945) the effscts of
had Just deen recognized. The tests were undertaken at that time
43 a quick over-all check of the predicted beneficial effects of
sweep.,

SYMBOLS

speed of scund in undisturbed stream, feet per eecond

wing area, square inches

drag of model, pounds
1lift of model, pounds

free-stream Mach number (v/a)
free-stream dynamic Pressure, pounds per square foot (épva) .

velocity in undisturbed stream, feot per second

angle of attack, cegrees

angle of sveepback, degrees

mass denoity in undi oturbed stream, slugs per cubic foot
lift coefricient (L/gs)

drag coefficient (p/qs)

APPARATUS AND METHODS

The tests were conducted in the Langley 8-foot high-speed tunnel,
which 18 of the singlo-roturn closed- The Mach number

The air-stream turbulence
8lightly higher than in free air,
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The dimensions of the model are ehown in figure 1. The wing
has a taper ratic of 5:1 and a modified NACA 16-012 airfoil section
(t1g+ 2)« The aspect ratios of the unswept-back model snd the swept-
back modol are 11.3 and 5.5, respectively. The modele were fitted in
wooden blocks as shown in figures 3 and 4 so that the models could be

mounted in the end clamps of the tunnel balance system with 21% inches
exposed to the air stream (measured from the root to ths tip along
the 50-percent-chord station). The sweepback was obtained by rotating

the model in a horizontal plane about ths 50-percent-chord station
at the root chord.

The data presented herein include Mach numbers up to only 0.875
because the tests of the swept-back wing were conducted at a time
vhen the limitations of the tumnel setup would not permit the tests
to be carried beyond this Mach nurber. The wings were tested through
a rangs of angls of attack from =2° to 6° measured in the direction
of the air flow. The force data were obtained from the recording
scales of the balance system; model vibrations were cbserved visually.

Because of the enlarged root chord with sweepback, the area
enveloped by the tunnel-wall boundary laysr on ths swept-back wing
wags somewhat larger than the corresponding arca envelopsd by the
tunnsl=-wall boundary layer on ths unswept-back wing. Howevar, since
the difference (approx. b percant) in areas, in terms of wing area
involved, is very small, the boundary-layor effects were not taken
into conaideration. The constriction effects at a Mach numbsr

of 0875 are loss than 0.1 percent; therefore, thess effects were
neglected. Because the choking Mach number was well above the
maxipum test Mach nunmber, no measurable choking effects occurred.

Ths variation of model Reynolds number based on the mean

geometric chord of the modsl wing (0.381 f't) is presented in figure 5
as a function of test Mach number.

RESULTS AND DISCUSSION

Lift and Drag Characteriastics

The basic force data are presonted in figure 6 as lift and drag
coefficients plotted againat Mach number. This figure indicates that
sweepback reduces the lift forcs approximately 50 psrcent for a given
angle of attack other than 0°., For exampls, at a Mach number of 0.50
and =n angls of attack of 6° the value of ths lift coefficient for
the unswept-back wing 15 0.615, whereas the value of the lift coef-
ficiont for the swept<back wing 1s 0.311l. As given by the theory of
reference 2, the lift coefficient of the unswept-back wing at a given
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angle of attack for infinite aspect retio would be expected to vary

. a8 cos A. The lift coefficient of the unswept-back wing would thus de
expected to be reduced about 30 perceant by sweeping back the wing 45°.
The accompanying decroase in aspeot ratic accounts approximately for
the remaining 20 percent 1ift deorsase. At high Mach numbers (arcund
M = 0.75), a large part of the variation in lift coefficients for the
swept-back and unswept-~back wings is caused by the compressibility
effects of the unawept-back wing.

The drag force is reduced 50 percent by using a 45° angle of
sweepbuck at o Mach number of 0,50 for an angle of attack of 69;
l(lcmovegs the reduction becomes smaller at the lower angles of attack

fis . .

In order to illustrate the effecta of sweepback, plots showing
the variation of drag coefficient with lift coefficient for several
Mach numbers are shown in figure 7. At low speeds (M = 0.50
and M = 0.75) the effecte of the additional induced drag of the
swept-back wing are illustrated by the more rapid rise in drag
coefficient with increuses in lift coefficient. At high speeds
{above a Mach number of 0.80) the effecis of compressidility are
considerably larger than the effects of the incre-sed induced drag
assoclated with the reduction in uspect ratio. As a reoult, the rate
of drag-coefficient rise with increases in lift coefficient at high
spoeds is less for the swept-back wing than for the unswept-back winge

At censtant 1ift coefficlont, comparison of the swept-back wing
with the unawept-back wing chows little difference in drag
coefficients at low Mach numbers but large differences at Mach mumbers
above the critical Mach number of the unawept<back wing (fig. 8).

For low lift coefficlents (leass than approx. 0.,20) the awept-dack

wving has better dreg charaoteristica throughout the speed renge; dbut
for high lift coefficients ithe swept-back wing has better drag charac~
teristics only at high speeds. The differenco in the drag coefficients
at high apeeds wnd at low lift coefficients may be explained dy the
fact that for the swept-back wing the detrease ol the pressure drag

is greater than tho increase of the induced drag; however, at low
speeds and at high 1ift coefficients tho higher drag of the swept-back
wing 1e cauaed by the fact that the decrease of the pressure drag

is smaller than the increase of the inducod drrg.

In the prosent tests serious compressibility effects were delayed
only a small amount by decreasing the aspect ratio and the thickness
ratio in the air-gtream direction, uc compared with the delay caused
by sweeping back the wing 45°. Calculaiions of the increase in
criticel speed due to the reduction in thickness ratio show a delay
of the serious compressidbility effects by a Mach nunber increment

of 0,025+ Results of tests in roference 3 indicate that a delay of

CONFIIENTIAL
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the onset of serious compressidility effects by the reduction in
aspect ratio corresponds to a Mach number increment of 0.02. These
calculations and results account for a total increment of 0.045
caused by the combined effocts ol the reduction in thicknees ratio
and aspect ratio. The data obtained, however, indicate a much greater
Mach number increment of dslay in the onset of sericus compressibility
effecta. For example, in figure 6 changes in the lift-coefficlent
characteristics of the unawept-buck wing occur at Mach numbers of

the order of 0.75 to 0.80, whereas no aignificent changos in the
lift-coefficient characteristics of the swept-back wing are found

at the maximum test Mach number (M = 0.875). Even larger increments
of Mach number beyond the peinta cof abrupt drag-coefficient riee are
indicated to be a rssult of sweenback, particularly at high ungles

of attack. These results thus show that the sffscts of sweepback
provide a censiderably larger delay in the caset of serious ccmpreesi-
bility effects than are accounted for by the reduction in airfoil-
section thicknees ratio and by the reducticn in aspect ratio

from 11.3 10 5.5,

The theoretical analyasia of reference 1 for infinite ecapect
ratio can be ussd to shcw that the critical Mach number increases
inversely as the cosine of the sweepback angle, which fect indicates
that the cneet of compressibility effecta would be delayed to
Mach numbers of the order of 1.1 for the swept-back mocel. Since

the experimental results for the swspt-back wing do not rsach the
critical spsed range, agreoment of the sxpsrimental results with
the theoretical culculations is not shown. Full realiration of the
calculated delay would not be expected, howevor, because the theory
does not include effects caused by the flow at the wing root and at

the m tlpa.

Lift-Drag-Ratio Characteristica

Figure 9 shows the variation with Mach number of maximum lift-
drag ratio and of 1lift ccefficient corresponding to maximum 1ift-
drag ratio. As was expected, the maximum lift-drsg raiio for the
unswept-back wing decreases rapidly when ths force brsak is reached,
wherees the maximum lift-drag ratio for the swept-back wing remains
almost constant. At a Mach numbsr of 0.875 the swspt-back wing, thus,
hao a value of maximum lift-drag ratio apnroximately two and one-half
times the correspcnding value for ths unawept-back wing. The values
of C;, for maximum lift-drag ratio below ths critical Mich number
are about 0.25 for the uwept-back wing and about 0.kl fcr the
unswept-back wing. For the swepi-back wing, ths curve ol
for the meximum lift-drag ratio agiinst Mach number shuws only slight
variations. For the unswept-back wing, the curve of C, for
maximun lift-drag ratio against Mach nunmber indicates largs variations.

CONFIDENTIAL
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Vidration

Beyond the critiocal speed, vibrations occurred during the test
of the wnswept-back model and were caused by the uneteady flow
conditions aseociated with strong foruation of compression shock.
As would be expected, when the critical speed of the swept-back
wing vas delayed to epeeds beyond the teet ranyge, no vibration ocourred
throughout the test range for the ewept-back model.

CONCTUSIONS

The results oor high-speed force teots of & wing with o° sweep-
back and with 45° sweepback indicated the following conclusions:

1. The lift ccefficient of the L5° swept-back wing for angles
of attack other than 0° wae reduced to approximately SO percent of
the lift coefficient of the unswept-back wing throughout the speed
range tested. Thie reduction agreee with theoretical predictions
which indicate lift decreases of ebout 30 percent due to sweepback
and about 20 percent due to the accompanyin: decrease in aspect retio.

2. For low lift coefficient: (lees than approx. 0.20) the
swvept-back wing had better dragz characteristics throughout the
speod range; but for high 1ift coefficients the swept-back wing
had better drey characteristica only at high epeeds.

3. A large delay in the onset of adverse compressibility
offects was indicated. Analysic of the data indicated that the
greater pert of the ddlay was due to sweepback and that the
delaying effecta of the simultaneous changes in aepsct ratio and
eection thiclmess ratio werc relatively small.

L. The maximum lift-dreg ratio for the unawept-back wing
decreased rapidly when the force break waa reached, whereas the
paximm lift-drag ratio for the ewept-back wing remained nearly
conatant.
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of the delay in the onset of compressibility
of the vibraticn characteristics on the swopt-
teined for the speed range investigated.

y Memorial Aeronautical Laboratory
Maticnal Advisory Committee for Aercnsutics

Tangley Field, Va.
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Figure 4.- Unswept-back model. CONFIDENTIAL
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