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NATIONAL ADVISORY COMMITTEE FOR AEROHaAUTICS

TECHNICAL NOTE No. 10L6

PRELTMINARY WIND-TUHNEL IKVESTISATION AT LOW
SPEED OF STABRILITY AWD CONTROL CHaRACTER-
ISTICS OF SWEPT-BACK WINSGS

By William Letlo and Alex Goodman
SUMiA

Tests were conducted on untapered constant-span
wings of 0%, 309, 159, and 60° sweepback. The purpose
of these tests was to investizate the effect of sweepback
on stability and control characteristics.

The data showed large changes in lonbitudlnal sta
-bility at moderate 1lift coefilulento for the 50 and ooo
~swept-back wings. The . lateral stability, the slope of

the 1ift curve, and the effectiveness of the aileron and
the split flap at small angles of attaclk varied with
anole of sweepback about as mucn as vould be exnected
from simple theoretlcdl considerations. 5poilers were
much less effective than would be indicated by simple
theory. '

411 thie swept wings with [lups neutral reached a
maximun vdlue of wbout 207 effective dihiedral at soue
1lift coefficient. Drooping the wing tips decreased the
slope of rolllnb-ﬂoﬂent curve jplotted sgainst angle of
yaw. Becawse the reduction lncreased with increase in
1ift coefficient, drooping the tips appeured to be a
promising means of reﬂu01qg the unfavorable lateral sta-
bilitzr characteristics of wings with large sweepback.

The ailerons were candble OI termlng out the rolling
momenb caused by only small angles of sldeslip for tne
chly swent-back wings. .The small chenge in pltehing
momeﬂt caused by aileron deflection incicated that wing-
tip elevators having swept-back hinge lines would
relatively 1neffect1ve on highly swept-back wingzgs.

The maximuwn 1ift with flavns neutral remained about
the same for all angles of sweepback. The increment of
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maximun 1lift caused by the split-flap deflection decreased
with angzle of sweepback to dnorox1mately 0 for the
60° swept-back wing. -

INTRODUCTION

¥uch interest has been shown in the possibility of
using wings with large amounts of sweenback for high-
speed missiles and alrcraft. Analyses presented in refer-
ences 1 and 2 show that the 1ift on a swept-back wing
depends primarily on the component of velocity normal to
the wing leading edge. Reference % shows that thils compo-
nent of veloclty also 1s a most 1rportant factor in deter~
mining compressibility effects and points cut that, from
consideration of compressibility, the critical flight Mach
number of a swept-back wing should be higher than that of
an unswept wing. 1In order to minimize the adverse effects
of compressibility at high Wach numbers, the angle of
sweep should be such that the co1aonent of velocity normal
to the leading edge cdoes not exceed that corresvonding to
the critical Mach number of the airfoil sections.

Since very little data uare available on wings having
angles of sweep bredter than 20°, tests of an exnlioratory
natuvre were made of nlnbs thlnb an;;les of sweerack
of 0°, %00, L59, and 60°. These tosts wers madc in the
6- 'byé fecot test bection of the Langley stability tunnel
to investigate at low speeds the stabllity =nd control
charaoteristics of eswept-back wings., The effect of
sweepbaclk on the effectiveness of an aileron, a split
flav, 4nd a snoller was investigated for each sweenback
an;le tested. The effect of a droone@ tip was investi-
*qted for the L5° swept-back wing, and the effect of
increased aspect ratio was investigated for the 0° and
[i5° swept-back wings. ' ‘

Although these tests were made at low airsveeds, the
date are also of .importance in apnlication to transonic
speed because, as pointed out in reference %, if the
wings are designed with prober sweep, the wing will have
the same characteristics as at subcritical speed.
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SYMBOLS

The data are referred to the stability axes, which
are a system of axes having their origin at the quarter
chord of the mean aerodynamic chord and in which the
7-axis is in the plane of symmetry and perpendicular to
the relative wind, the X-axls 1i1s in the olane of symmetry
and perpendicular to the Z-axis, and the Y-axis 1s peéerneéen-
dicular to the vnlane of symmetry. All moments are given
about the quarter chord of the mean aerodynamic chord.

Cy, ~1ift coefficlent (j§>
. q

CLm maximum 1ift -coefficient
ax

Cx longitudlnal-force coefficient <é%>
Cy r lateral-force coefficient <££>
qs
. Npr s L'
Cy rolling-moment coefficient
q8hb
Cpy pitching-moment coefficient <.M;>
) gsc,
C éwin ;woment coefficlient Nv
n y g-m¢ b
L lift
X longitudinal force
Y lateral force
L' rolling moment sabout X-axis
M pitching moment about Y-axis

N yawing moment about Z-axis
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dynamic pressure (%pv%)

mass density of ailr

. free-stream velocity

wing area

ctiord of wing, measured parallel to axls of
symmetry o

mean geometric chord of wing, measured parallel
/" Mo/2
2

S |

Uo

span of wing, measured oerpendicular to axis of
symmetry

to axls of symmetry ¢ db

distance from leading edge of root chord to the
quarter chord of the mean geometric chord

//é fb/a cxrd:\
vo " //

distance of the quarter-chord peint of any chord-
wise section from the leading edge of root
section

slope of the curve oft 1ift. coefficlent plotted
against anglé of attack

slope of the curve of rolling-moment coefficient
prlotted against angle of yaw

slope of the curve of yawing-rnioment coefficient
plotted against angle of yaw

slope of the curve of rolling-moment coefficient
plotted against alleron angle

angle of attack, measured in plane of symmetry,
degrees o '
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W angle of yaw, ponsitive when right wing is back,
degrees

A angle of sweepback, degrees

64 aileron deflection, measured in a plane perpen-

dicular to leading edge, degrees

R flap deflection, measured in a nlane perpendicular
to leading edge, degrees

A aspect ratin (b2/S)

Ee effective edge-velocity correction factor fcr
1ift (reference l)

E'g effective edge-velocity correction factor for
rolling moment (reference l)

‘ aspect-ratio correction factor for lift
¢!

4 A )
HgA 2 0

eA + 2)!‘\_

Fiv=

T
ot

n' aspect-ratio correction factor for rolling moment

ia% N
(E'GA i L:)o \

A v>
)
\E'eh L h=0

where subscript O refers to unswent wings having the
same wing-panel shape as the swept-back wings, and the
subscript A = 0 refers to the wing tested with zero
sweepback, :

APPARATUS AND MODELS

The present tests were conducted in the 6- by 6-foot
test section of the Langley stability tunnel.
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The model consisted of two rectanzular wings of the
HACA 23012 airfoil section. Tre wings were first cut to
sbtuin an ansle of 60° sweenbuck and then were fastened
tozether with steel brackets. The model was cut suc-
cessively to obtain angles »f sweepback of 157, 209,
and 0°. For &ll the wings tested the chordwise dimension
of the wing measured perpendicular to the leading edge
was 10 inches. Most of the tests were made on wings
having a svan of 50 inches. & few tests of the 0° and ;50
swept-back wings were made with spians of 1.0.92 and
5 inches, resvectively, each model having an uspect
ratio of .13, The asnect ratin of the wings varied wlth
each angle of sweepback. (See fig. 1.)

The right wing of each model was equipped with a
nlain 0.20c¢ chord aileron, wiitlch huad a span eyual to one-
half the semisnan of the winzg, with a change 1n angle
of sweepback the alleron and wing were cut in such a way
that the span of the aileron remainea ejual to one-half
the semispan of the wingzg. The hin;je line of the alleron
was parallel to the leading edge of the wing. The gap
between the aileron and winz; was sealed with plastecine.

The split flan tested on the model was made of

1 . .
Ig-lncn sheet steel. The flap had & chord egual to 0.20c
and « span equal to one-halfl the span of the wing. The
flap extended across the center section of the model, with

the flap hinge line parallel to the leading edge.

. 1 . X ,
Spoilers, also made of I;—lnch‘sneet steel, were
o :
tested on the rmodel. The spniler was.mounted Torward of
the aileron at the 0.70c vosition on the rigzht wing and
extended from the inbtoard end »f the aileron to the wing
tiv.

For most of the tests the tins of the wings were
tips of revolution, but droovned tins were also tested on
the 1,5° swepnt-back wing. Drooped tips Increased the span
of the wing to 5% inches. (See figs. 1 and 2(a).)

The model was mounted on the three-strut support and
because the angle-of-attuck sting for angles of sweepbuck
of 300, [:59, and 60° was lonz, a cross bar was regulred
to furnish additional rigidity to the model. (See
fizs. 2(a) and 2(b).)
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A£11 the tests were run at a dynamic pressure of
39 7 pouhds per sjuare foot. ths value corresponds to
a iach number of about 0.165. The Reynslds number varied
from about 990,000 to about 1,950,000 because the chord
of the wing, measured pardllel to the axls of symmetry,
was a function of sweep.

Por each of the swept-back wings, sts were muade
at 0° and 15° yaw. For cach of these vaw ancles the
uncorrected angle of attack was varied from -89 to 26° —
in 2° increments. For each angle of sweepback, tests
were also made at 0° and 10° anhle of attack for varying
vaw anzles. The angles of yvaw for these tests were 09,
10, 120, 55, £109, $159, t20°, and t25°.

The aileron tests were made with angles of 0° and
t159 geflection for each sweepback angle. The split flap
tested was set at a deflection of H0°. 'In each case the
angles of cdeflection were measured in a plane perpendicular
to the leading edge of the wing.

Although the spoiler height in inches was constant
for most of the tests, the spoiler height in fraction of
chord wag not constant. For 0° sweep the spoiler deflec-
tion was 0.10c, for the 20° swept-back wing the spoiler
deflection was 0.087c, for the ;52 swept-back wing the
snoiler deflections tested were 0.035c¢ and 0.071lc, and
for the 607 swept-back wing the Upu7lo deflection was
0.025¢c.

CORRECT IONS

A static calibration of the mooel setup was made and
the angular deflections of the model due to pitching loads
were cetermined. The data were corrected for the chunges
in angle of attack .caused by pitching moments. [o tares
were taken for the support struts, angle-of-attack sting,
and cross bar,

v 3ince noc systematic tunneél corrections for swent-
back winge have been iInvestigated, anproximate corréc-
tions for tunnel-wall effect were applied to the drag and
rolling-moment coefficients and to the angle ol attuck.
The following approximate corrections were applled:
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AGL = KCZt
where
By the boundary correction factor obtained from
reference 5
S wing area
C tunnel cross-sectional area, 36 syuare feet
CLt uncorrected 1ift coefficient
Czt uncorrected rolling-moment coefflclient
K a correction factor from reference 6 corrected

for application to these tests by taking into

account the chan.es »f model and tunnel slze
The followiug table gives values of the correction
factors used for each of the swent-back wings:

A 3 i'e
(cdeg) A (sy Tt) Ow =
0 L.17 2.52 0.147 0.02
2.05 2.5 L154 .02
20 T ﬁeee L1504 .02
ﬁ5 2 .56 L.t .15l .03
[.13 5.66 163 .03
L5- (droooed th) L02 5,81 163 .03
60- 2.52 | 6.9 o 1504 .03

Yo corrections were applied to the data to take into
account the tunnel-wall effect on the model at large yaw
angles when the wing tips were very close.to the tunnel
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wall, The curves on the figures are siown dashed for
that range of yaw angle for which the data probubly were
most seriously affected by wall interlerence.

DISCUSSTION

. The basic data obtained from these tests are presented
in figures %2 to 25 and an index of these figures 1s given

in table I. Some results are summarized and compared with
theoretical results in figures %6 to L3, 4 comparison of the
data of figures 3 to %5 incicates iany Jifferences between the
characteristics of a wing with no sweepback and wings with
large amounts of sweepback. These differences are
particularly noticeable for the variation of 1lift, nitching
monment, and rolling moment with angle of attack.

Plain wings.- The decrease in thie slope of the 1lift
curve with sweepback and aspect ratio is shown In
figure %6 with an estimated curve.

. The maximum 1ift coefficient of the wings without
flapns was approximately incependent »f the ,angle of
sweepback, but the angle of attack at maximum 1lift varied
nearly inversely as the cosine of the angle of sweepback.

The shape of the curves of 1lift and pltcliing moment
of the highly swept-back wings as a functlon of wngle of
attack are decldedly nonlinear (figs, 3(a), 10(a),
and 17(a)). The wing with 50° sweepback at about Cp,=0.3
and the wing with L5° sweepback at avout Cp = 0.75 show
an increase in the slope of the 1ift curve and a diving
tendency, indlcated by the sudden change in slope of the
pitching-moment curve.  These characteristics indicate
an .Increase in:.load at the tins, possibly accounanied by
a rearward shifi of the center of »ressure: at each section.
Tuft observatlion at this attitude indicates the air flow
to be rough and: nearly »arallel to the wing leading edge
near the root and center parts of the wing. at higher
zngles of sattack the expected tip-stalling tendeney of
swept-back. wings was encountered; this tendency is indi-
cated by the rounding of the 1ift curve, by the unstable
slope of the nitching-moment curve, and by large increases
in drag. The longitudlnal-force coefficient near Cr.. .

is at least 5 times as great for the wing with H0° sweevp-
back as for the unswent wing (fizs. Z(b) and 27(%)). The



s

10 TACA TH lo. 10L5

increased chord of the drooned tips on the wing with
i5° sweepback hac no appreciable effect on the unstuble
pitching-moment slope caused by tin stalling (fig. 11(a)).

Data from tests at about the sare Reynolds nuuber
and Mach number (J.1) in the Langley 300 MPH 7- by 10-Toot
tunnel of a sewmispan wodel of a 607 swept-back, tapered
wing have shown qualitatlvely thegse same 1ift and pitchin,
moment characteristics. The wings with 0° and 207 sweep-
buck did not show the unusual efiects cncountered with
wings of [:5° and A0° sweepback. The 200 swept-back wing,
however, did have a diving tendency Just before the stall
(fiz. 20(a)). -The value of Cp, at which irregularities
occur is & linear function of sweenback, as are the values
of Cy, at which tip stalling 1s 1ndlcated by the abrunt
n9<1tﬂve change in the slope »f ths pltcining-moment curve

(fig. L3).

The adverse effects on longitudinal stability of
rlain wings caused by large amounts of sweepbuack are
shown by the curves of aercodynamic centser as a functLon
of 1lift coefficient (fig. 37). The curves for the L5°
and 600 swept-back w1ngs indicate that further investi-
gation is necessary in order to find ways of reducing
the large neutral-point shifts shown by these data.

The 1ift of the unswept wings qecreaoed markedly
when yawed, but as the angle »f sweepbsa was Increased
the 1ift remained more nedfly constant as the wing was
yawed. TFor the 602 swept-back wing the 1ift was nearly
{incependent of angle of yaw (fig. 5(a)).

The rolling moment ol the swepnt-back wings when
vawed increased nearly lilnesarly with 1ift coefficient in
the direction to raliss¢ the forward wing until tne critical
1ift coefficients were reached. The forward wing appar-
ently stalled first when yawed at high 1ift coefficients,
as indicated by the decrease in the rolling moment that

tended to raise the forward wing. (For exarmnle, fig. 3(c).

The rate of change of rolling- mwmuqt coefficient
with angle of yaw Cyy was SWdll and nearly the same at
zero 1ift coefficient for all wings tested (fig. 38). The

rpp

value of Clw’ however, increased at a different rate with

1ift coefficient for each wing tested. All the swent-back
‘wings with rlaps neutral reachpd a maxirnm value of  Cyp.

of about 0.00!., which value in terms of a conventional

)
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unswent wing of aspect ratio & corresnonds to about 20°
effective dihedral. The ruates of change of CL$ with

1ift coefficient measured zt small 1ift coefficlents
(from the curves of fig. 2( ). are plotted against angle of
sweevbaclk in fizure 39 with an estimated curve.

The value of bczﬁ/éCL for the unswept wing (0.001)
nrobably can be attributed to the effects of the nearly
rlunt tip shapes (reference 7). Of the totual value ol

éCLw/éCL for the swept-back wings, possibly

A éCLw/§CL)4=>O:OOl may be attributed to the effects of

tin shape.

The drooped tips tested on the ;509 swept-back wing
scted somewhat as a low-aspect-ratin surface with negative
dihedral and thereby reduced the values of CZ& by about

0.0006 at 'Cy = 0.1 and by about 0.001L at Cp = 0.7
(for drooved tip 2). (See fig. 12(c).) The uniavorable
lateral-stability characteristics of wings with large
sweepback can be reduced by the use of a drooped tip
becausé the drooped tip decreased CZW in proportion to

an increase in Cr,.

The side force and yawing moments change raplcly ana
irregularly when the wing is yawed at 1ift coefflclients
greater than the critical values when the diving moment
oceurs. At small 1ift coefficients the directionmal~sta-
bility - an is small but favorable, except for the
£0° swept-back wing at negative Cp,. and increases as
some vower greater than the first power of thé absolute
value of the 11ift coefficient; this increase indicates
that the -yawing moment 1s.caused mainly by the differences
in drag of thé two sides of the wing when yawed. The '
drooped tips lncreased the directional stability of the
wing with [;50 sweepback at small 1ift coefficients but
had no appreciable effect at large 1lift coefficlents
(fig. 12(c)). o '

Ailerons.- The effectiveness of a half-span 0.20c
aileron on each of the varlous wings tested isindicated
in fisure ;0 by the slopes measured between $15° aileron
deflection for Cp, = 0.2. Similar variatlons can be
expected up to a 1lift coefficient of 0.5. The marked
decrease in aileron effectiveness with sweepback combined
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with the marked increase in Czw
hizhly swept-back wings the ailerons cannot trim out the
rolling morent caused by large uanzles of yaw. For examole,
these data indicate that 209 total aileron angle would be
canable of trimming only 2°, 67, 9°, =nd 32° angle of yaw
for the 60°, L5°, 30°, and 0° swept-back wings, respec-
tively, at the 1ift coefficlents corresnonding to maximum
be with flaps neutral (fig. 38€). The curves of

figures 5(c), 15(c), 22{c), and 29(c) show that as the
angle of sweepback is increased, the aileron on the rear-
ward wing when yawed becomes progressively less effective
in nroducing rolling moment and the zileron on the forward
wing becomes more effective. For the LSO and 60° swept->
back wings the aileron on tiie rearward wing when yawed
becomes relatively ineffective. Upward deflection of the
aileron on either wing appreciably reduces the slope Cry, -
! t

indicates that with

Because C and C decrease with 1increases in
La l@a

sweep the camping in roll could also be expected to
decrease. The ailerons therefore may be capable of vpro-
ducing satisfactory rates of roll on highly swept-back
wings.,

The small change in pitching moment caused by aileron
deflection indicates that wing-tip elevators having swept-
back hinge lines would be relatively ineffective on highly
swept-back wings.

Spoilers.- The effectiveness, in producing rolling
moment, of nearly half-span spoilers located at 0.7c on
the upper surface of the wing is summarized in figure L1.
For the wing with an angle of sweepback of 600, the
0.025¢ spoiler produced rolling moment in the wrong
direction. The 1ineffectiveness of the spoiler on the
swept-back wings in procducing rolling moment is probably
assoclated with a very thick boundary laver near the tip
of the highly swept-back wings compared with that of the
unswept wing.

The spoiler produced characteristics similar to
those of the aileron with regzurd to the variation of
effectiveness with yaw; that is, the spoiler on the highly
swept-back wings was totally ineffective on the rearward
wing but more effective than at zero yaw when on the for-
ward wing.
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The rather luarge and favorable yawing wmoments pro-
ducecd by spoiler def'lection suggest the use of a spoiler
a3 & directional control device. Rolling moments can be
oroduced by spoller action indirectly by causing favorable
sideslip ‘ '

Split flaps.- The effectiveness of half-span
0.20¢" snIIt I'laps deflected 60° in changing the 1lift at
0% angle of attack and in producing an increment in
maximun 11ft 1is indicated in fig ure j2. The estimated
curves (dashed curves of fig. L2) show that the flap is
producing about &ll the increment in Cp, at 0° angle of
attack that can be expected. ' The flap produced no incre-
ment in Cr,., for the wing with 60° sweepback. In fact,

the flap may even nroduce a decrease in Clymax not indi-

cuted by the .datu nbtailned. HNaximum 1ift of the 60° swept-
back wing without flan was not obtailned because of limita-
tions of the apparatus. The value of (7, &t moderate
angles of attack was, however, anpreclably increased by
deflection of the split flaps. '

For the swevt-back wings, deflection of the flap did
not appreciably cnange the value of - clu at small values
of Cr, but at high values of Cr the value of Cyy Wwas
changed consicderably. 4t large valiues of (1, the one
value obtained with flap deflected and the wing at approxi-
mately 119 angle.of attack Indicated values of Cly

of 0.00l6 for the 30° and 0 .u055 for the 45° and the
60° swept back wings.(f ig. 38 .

| On the vinrs with 209, 59, and 60° sweepback the.
split flap tested was nearly self trimming in pitch. The
slopes .of the piltching-moment curve throughout the 1ift
range were not dpnr801ab1y altered by deflectLon of the
spllt flap.

Estimated characteristics.~ The sinple concepts
suggested in reference 1 have been used to estimate
certain characteristics of the :swept-hack wings from the
measvred characterisrics of the unswepnt wing. These
concents involve the assumption that changes in sweep-
back angle, obtained by plvoting the semispan of a given
wing about an axts in the plane -of 'symmetry, affect the
loading over each semispan only insofar as sweep affects
the coumponents of velocity norual to the leading edge and
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the anzles of attack of these velocity components with
respect to the planes of the wing semispans. When the
wings are swept back in the manner indicated (that is,

the areas of the wing nanels and the span measured parallel
to the leading edge are maintained constant), the following
Characteristics are indicated:

C = (ur \ cos A
Lu Uu/lﬂx_'o
’ - ‘ el
. Clg, (cléa)&:O cos? A

and for a given split flup or spoiler deflection

=g
(@}
(g
|
AN
=
(@]
el
N’
-
!
@]
O
1¥:]
P
o

&
©
o~
[

(:cz>ﬁ_ cose A
A=0 .

The areas of the wings uscd in the »nresent investi-
gation were increased by extending the wing tips in order
to meintain constent span as the angle of sweepback was
increased. TIn order to apnly thie concepts of reference 1
consistently, therefore, it seems reasonable to correct
the data for the unswept wing tested to the aspect ratio
of unswent wings having the same wling-panel plan form as
the swept-back wings, as well as to correct for the
effects of' sweev on wings of constant wing-panel plan
form. - on this busis, the following equations may be
written (the pnlanes in which the variables are measured
being taken into account)s

(@]
-
|

@ = (QLQ 420 n eos A

A

: N | e . . ‘d ’,L
(Cléa)f‘ng ﬂ, o . )

i
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and Ior a given split flan or snoiler deflection

o

I
—~
>
(@]
- N ;
k=g
=
o
o]
7
N
—

4in which the factors m andé mn' are defined as follows:

A
‘K.4 + 2 '
_ "€ - =/0
n = —
. A
Heh + 2 )y _
A N\
j B A + L)
: © /G
Y‘ ——
- A N
"1' 'r\ !

In the foregoing factors the subscrint O refers to
unswent wings having the same wing-panel shave uz the
swept-back wings, and the subscript A = 0 refcrs to the
winz tested with zero sweevback. The factors ke
and T'e are the effective edge-velocity correction
fauctors for angle-of-attack loading and for rolling moment,
respeatively. (See reference li.) ‘

The estimated characteristics are indicated by the
dashed curves of figures 36, L0, L1, znd.li2. TInsrectlon

~f figures 36, 1,0, and L2 shows that the experimental
data for the slope of the 1lift curve Cr,, the alleron

effectiveness Clﬁa’ and the snlit flap effectiveness
(ﬁCL)a:O were slightly lower thnan the estimated curves.

This variation indicates that theuvalbcity-cononnsnt
concept underestimates the effects of sweeDd nn -these
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characteristics. The increment of rolling moment caused
by spoiler deflection (fig. Ll) decreased much faster
with sweep than the estimated curve. This variation is
probably attributable to the fact that the boundary layer
is carried toward the tip as the sweepback 1s incresased
and also to the decrease in effective spoiler deflection
with sweepback.

By means of the previously discussed concepts, Bet:z
(reference 1) derived an expression for the rolling-moment
coefficient caused by sideslip as affected by sweep. 1In
Betz's analysis, however, the type of sweep considered
was one in which the leading edge »f the swept wing vas
maintained in & horizontal plane regardless of the angle
of attack of the wing. This type of sweep represents a
condition in which the angle between the planes of the
left and right semispan wings (dihecdral angle) varies
with angle of attack and cdoes not anply therefore to the
configurations of the wings considered in the present
investigation (that is, wings swepnt in a manner such that
the angle between the planes of the rignt and left semispan
winzs is maintained at 180° or zero dihedral, regardless
of the angle of attack). An equation, based on the same
simplified assumptions made by Betz {(reference 1), huas
been derived to apply to the wings (swept in the manner
Just discussed) of the vresent investigution. This equa-
tion, which zives values of CLW equal to one-half those

obtained by Retz, 1s as fellows:

The dashed curve of ‘Tlgure 29 was obtained by addlnb
to the value of éCL!/éCL caused by sweep, as determined
by the relationship ‘ust gilven, the experimental value
of <®sz/bCL)A:O. The agreement between the experimental

and estimated curves 1is good but may te fortultous because
of the assumptions made in the der1vatlon of the theo-
retlcal relatlonshlp

CONCLUSIONS

Results of tests in the Langley stability tunnel of
untapered constant-span wings huving angles of sweepback
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- | Y 0O s . -
of 09, 209, 50, and 60° indicated the following eflects
of sweenback on stabllity ani conurol characteristicss

1. Large chanzes in longitudinal stability cccurred
moderately large 1ift coeflicients for the wings with

t
52 and A0 sweepback.

g

2. The rate o change of rolling-ro.ent coelficient
with anzle of yaw increased with 1liit coefiliclient andc
nearly as the tangent of the zngle of sweepback. all tne
swept-back wings with [lans nentral reached a maximum
value of rate of change of rolling-moment coefficlient
with angle of vaw of about C.0CL. with flzps deflected
rate of change of rolling-moment cosfficient with angle
of waw increased to about 0.0055 «t some 1ift coeflicient,

3. Drooninsg the wing tips decreased the rate of
change of 1ollin ~moment coefficient with anzgle of yaw,
and the reduction increased with increase in 1ift coef-
ficient. Drooninz the tins anpeared to be a promising
means of recducing the unfavorable lateral-stability char-
acteristics of wings with large sweepback.

L. Ailer-n ef”ectiveness as measured by the slorpe
of the curve of rolling-moment coefficient plotted against
aileron an;le decrcased with angle of sweepback about as
much as would be exnected from simnle theoretlcal con-
siderations. This fact combined witli the large increase
in l4tersal stability with sweepback indicated that, with
‘highly swept-uacx Niq s, the ailleron cannot trim out tne
rolling moment caused b] large anblbs of vyaw.

5. The small chnange in nitching moment caused by
leron deflection indicated that wing-tip elevators
iy

ai
having swepnt-back hinge lines would be relatively ineffec-
tive on highly swepnt-baclt wings.

6. The maximum 1ift coefficient of the wings without
flaps was apnroxinately independent of the angle of sweep-
bacl, but the arle of attack at maximum 1ift varied
nearly inversely as the cosine of the angle of sweepback.
The snlit-:lap effectiveness at 0° angle of attack
decrecsed with sweenback. Thne increment of maximwn 1ift
cnefficlent with flaps deflected decrezsed with increase
in sweephack and the maximuwn 1ift coefficient for the
60° swept-back wing may be laess than that with flap
neutral,.

'_Q
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€. Spoiler effectiveness in nroducing rolling moments
decreased with sweepback much faster than would be indi-
cated by the cimple theory. The large and favorable
yawing moments produced by the spoiler indicated that
spoilers may be of some use in directional control.

Langley Memorial Aecronautical Laboratory
National Advisory Committee for aeronautics
. ]l A Tig . T i y 6 10) ”'/j
Langley Pield, Va., 'larci: 26, 1947
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TABLE I - INDEX OF FIGURES
Angle of Aspect
Figure sweeﬁbacx, razio Model configuration Dazgagizgted
| (ceg)
\
f 60 2.52 Plain wing a
b 60 2.52 Wing + aileron a
5 60 2.52 Wing + aileron Vs
6 60 2.52 wWing + spoiler a
7 60 2.52 Wing + spoiler | v
& 60 2.52 | Wwing + split flap a
9 60 2.52 | wing + split flap Vs
‘10 15 .13 Plain wing a
11 LS ,.02 liWing + drooped tips a
\§l2 L5 .02 !Wwing + drooped tips W
1 L5 2.56 Plain wing a
1 1.5 2.56 Wing + aileron a
15 L5 3.56 Wiing + aileron Y
16 L5 2.56 wing + spoiler a
17 L5 2,56 vilng + spoiler v
18 L5 2,56 | wing + split flap G
19 L5 %2.,56 | ving + split flap W
£ 20 30 £.36 Plain wing Q
21 z20 L.26 Wing + aileron a
22 30 .26 Wing + aileron Y
2 20 L .26 Wing + spoiler a
2 30 L.36 ving + spoiler U
25 20 l..36 | Wing + split flap a
< 26 20 L.36 | wing + split flap Vs
27 0 5.0% Plain wing a
24 0 5.0% Wing + aileron a
29 0 5.03 Wing + aileron v
320 0 5.0% Wing + spoller a
21 0 5.03% Wing + svoiller i
32 0 5.03 Wing + split flap a
3 0 3.05 Wing + split flap W
S oY 0 .13 Plain wing a
35 0 L .13 Plain wing W

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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