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SUMMARY

Tests have been conducted to determine the low~speed stability,
damping-in-roll, and stall characteristics of five wings, three
wings with 400 sweepback and having aspect ratios of 5.9, 3, and
2, and two wings with 33° sweenforward and having aspect ratios
of 5.9 and 3. The results showed that the wings of aspect ratio
5.9 were longitudinally unstable at the stall but that reduvcing
the aspect ratio tended to eliminate the instability. Sweepforward
produced a maximum value of negative effective dihedral approxi-
mately one-half of the positive value produced by sweepback. Over
the linear renge of the 1lift curve the swept-forward wings had zero
directional stability, whereas the swept-back winsgs had a marked
increase in directional stability with lift coefficient. The
damping in roll was reduced with reduction in aspect ratio over
the linear renge of the 1ift curve. Above the linear range of the
1lift curve the damping in roll decreased with increasing 1ift
coefficient for the swept-back winge and increased with increasing
1ift coefficient for the swept-forward wings. Autorotation at the
stall was obtained only with the swept-back wing having an aspect
ratio of 2.

INTRODUCTION

An investigation to determine the low-speed stability and
control characteristics of highly swept wing plan forms is being
conducted in the Langley free-flight tunnel and in the Langley
15-foot free-spinning tunnel. Scme results of damping-in-roll
tests, force tests, free-flight tests, and tuft tests of these
wings are presented in references 1 and 2. In the present paper,
results are given of experimental investigations conducted to
detexrmine the low=-speed stability, demping-in-roll, and stall
characteristics of five wings, three wings with 42° sweepback and
having aspect ratios of 5.9, 3, and 2, and two wings with 38° sweep-
forward and having aspect ratios of 5.9 and 3.
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SYMBOLS

aspect ratio

wing area, square feet

dynamic pressure, pounds per square foob
airspeed, feet per second

wing span, feet

mean aerodynamic chord measured in plene parallel to plane
of symetry, feet

taper ratio, tip chord divided by root chord

angle of sweep of the quarter=-chord line of the wing, degrees
(positive, sweepback; negative, sweepforward)

angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees; for force tests, | = B
angle of rall, degrees

rolling moment, fcot-pounds

pitching moment, foot-pounds

yawing moment, foot-pounds

Lift)

149ft cosffdcient \—a
s /

P Drag\
drag coefficien e T
s} qS /

Pitching moment
pltching-moment ccefficient o o
aST

Rolling momeni)

rolling-moment coefficient (
asSb
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Yawing moment
Ch  yawing-moment coefficient (— i’Sb >

(Lateral forci>

C lateral ~force coefficient
b as
BCZ
CzB effective-dihedral parameter 55“ ; rate of change of

rolling-moment coefficient with angle of sideslip, per degree
.. . oCn
qﬂﬁ directional-gtabllity parameter'(§§—> ; rate of change of
yawing-mament coefficient with angle of sideslip, per degree

3C+ :
CYB 1ateral-forqe parameter (55i> ; rate of change of lateral-

force coefficient with angle of sideslip, per degree

gg- helix angle generated by wing tip in roll, radians
3¢,

Czp damping-in-roll parameter :Eg- ; rate of change of rolling-
Eaas
2v,

moment ccefficient with helix angle generated by wing tip
APPARATUS AND TESTS

The geametric charactecristics of the five models used in the
present tests are given in figure 1. Three of the wings had 4o°
sweepback and aspect ratios of 5.9, 3, and 2, and two of the wings
had 38° sweepforward and aspect ratios of 5.9 and 3. These plen
forms were obtained by rotating the basic wing of reference 1
(A =10,A =29 A = 0.5) about the 0.50-root-chord point to the
desired sweep angle of the quarter-chord line. For the wings of
aspect ratio 5.9 the wing tips were modified so that they remained
parallel to the roct chord and so that the taper ratio of the
basic wing was retained. The wings of lower aspect ratio (3 and 2)
were obtained by cutting off the wing in the plane parallel to the
root chord at the required span. This decrease in aspect ratio
resulted in an increase in taper ratio for the wings of aspect ratilo
2 and 3. (See fig. 1.) The airfolil section used was a Rhode St.
Genese 33 section perpendicular to the 0.50-chord line. This section
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was used in accordance with free-flight-tunnel practice of using
airfoil sections that obtaln maximum 1ift coefficients in the
low-scale tests approximately equal to the meximum 1ift ccefficient
of a full-scale wing having a conventional airfoil section.

The demping-in-roll and tuft tests were made in the Langley
15-foot free-spinning tunnel (reference 3) on a special stend which
could be free in roll about the wind axis for damping tests or
could be locked in roll for tuft tests. Figure 2 is a photograph
of the stand as set up for rotation tests and figure 3 is a detalled
sketch of the stand setup. The damping-in-roll and tuft tests
were made at a dynamlc pressure of 2.8 pounds per square foot, which
corresponded to test Reynolds numbers of 209,000 and 243,000 based
on mean aercdynamic chords of 0.68 feet and 0.79 feet for the wings
of aspect ratios 5.9 and 2, respectively.

Force tests to determine the static aerodynamic characteristics
of the wings were made on the Langley free-flight-tunnel six-
component balance (reference 4), which rotates in yaw with the
model so that all forces and momente are measured wlth respect to
the stability axes. (See fig. 4.) These tests were made over the
lift-coefficient range for angles of yaw of 0° and 15° at a dynamic
pressure of 3.0 pounds per square foot, which corresponds to test
Reynolds numbers of 219,000 and 253,000 for tho wings having aspect
ratios of 5.9 and 2, respectively. The lateral stability charac-
teristics were obteined from the runs at angles of yaw of 150,

Values of the damping-in-roll parameter Czp and tuft-test

studies were obtained for each wing through an angle=-of -attack range
which covered a lift-coefficient range from small positive 1ift
coefficients through maximun lift coefficient.

The method of refercnce 1 was used to determine the demping
in roll of the wings. This method consisted of steady-rotation
tosts on the roll stand (see figs. 2 and 3) and static rolling-
moment tests. The stand and wing rotation was obtained by deflecting
the vane ( (:) ghowvn in fig. 3). In steady rotation, the forcing
moment was assumed to be equal to the demping mement and of opposite
sign. The damping in roll of the stand and wing ccmbination and
of the stand alone were determined by recording the rate of rotation
for several vane settings, both positive and negative. In order to
doterminc the damping of the wing alone, the damping of the stand
was subtracted from the damping of the stand and wing combination
for any given rate of rotation.
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RESULTS AND DISCUSSION

Force Tests

Figures 5 and 6 present the results of the force tests made
to determine the 1ift, drag, and pitching-moment characteristics
of the wings. The data of figure 5 indicate that reducing the aspect
ratio of the swept-forward or swept-back wings resulted in a
reduction in lift-curve slope in the range from low 1ift coefficients
to moderate 1ift coefficients as is the case for uswept wings.
These data also indicate that the swepnt-back wings reached greater
maximum 1ifts than the swept-~forward wings.

The pitching-moment deta of figure 5 indicate that the swept-
back and swept-forward wings having an aspect ratio of 5.9 are
unstable at the stall. The large unstable pitching moments of
these wings are caused by the loss in 1ift at the wing tips and
roct sections of the swept-back and swept-forward wings, respectively.
These data also indicate that reducing the aspect ratio of eilther
the swept-forward or swept-back wings tends toward stability at the
stall. This trend is in agreement with the results presented in
reference 5.

The lateral stability cheracteristics are presented in figure 6
in the form of plots of the lateral-force parameter CYB’ the effec~-

tive-dihedral parameter Clﬁ’ and the dlrectional-~-stability

parameter CnB against engle of attack and 1lift coefficient. The

following discussion of these data is concerned with the linear part
of tho 1lift curves unless otherwise noted. The data of figure 6
indicate that the trensition from 42° sweopback to 387 sweepforward
had a marked effect on Cig and Cnﬁ but little effect on CYB'

Over the lincar range of the 1ift curve the swept-forward wings had
zero directional stability (CnB = 0), whoreas the swept-back wings

had a definite increase in directional etability with 1ift coefficient
above a 1ift coefficient of 0.3.

The data of figurc 6 show that the swopt-forward wings have
nogative effective dihedral (positive CZB)’ which beccmes slightly

more negative with increasing 1ift coefficicnt, and the swept-back
wings have positive effective dihcdral (negativo CZB), which

increcases with 1ift coefficient. These data also indicate that sweep-
forward gives smaller negative values of offective dihedral at any
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1ift coefficient end smaller negative poak values than the
positive values of effective dihedral obtained with sweepback. The
maximum value of CZB for thc swept-forward wings is approximately

one-half of the maximum value of CZB for the swept-back wings.

Over the greater part of the 1lift curve reducing the aspect ratio
results in a more negative value of -CzB for the swept-back wings

and a smaller value of CZB for the swept-forward wings at any

1ift coefficient. The difference in the magnitude of the effective
dihedral with sweepback and sweepforward snd the effects of aspect
retio on the magnitude of the effective dihedral are explained in
part in reference 6. Data from vefeorence & show that reducing the
aspect ratio of an unswept wing heving an aspect ratio of 6 increases
the effective dihedral in a positive direction. When the data of
reference 6 are used with the date for ewept wings to obtain
incremental values of CZB’ the change in ClB per degree of

sweep appears to be approximately the same for sweepback and sweep-
forward .

Damping-in-Roll Tegts

The results of the demping-in-roll tests are presented in
figure 7. These data show that the damping-in-roll paremcter CZP

decreases at an increasing rate with 1ift coefficient for the swept-
back wings and increases at an increasing rete with 1ift coefficient
for the swept-forwerd wings up to a 1lift coefficient of 0.2. These
data also show that up to a lift coefficient of 0.9, a reduction in
aspect ratio results in a reduction in CZD. Over the linear range

of each 11ft curve the magnitude of the chenge in CZP is approxi-

mately proportional to the change in lift-curve slope. (Reference 1
shows that CZﬂ is a direct function of lift-curve slope and

spanwise center of pressure). The slight varietion in ClP over

the linear range of the lift curve is probably the result of small
spenwise shifts in center of pressure.

Autorotetion at the stall was obtained only with the swept-
back wing having an aspect ratio of 2. The trend toward instability
in roll (autorotation) of the swept-back wings with a reduction in
aspect ratio is attributed to the more abrupt stall as the aspect
ratio is vreduced. (See fig. 5.)
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Because of the higher damping in roll of swept-forward wings,
the present tests indicate that at moderate and high lift coefficients
more effective allerons would be required on swept—forward wings
than would be required on swept-back wings to produce a given helix
angle Eg. This problem may not be serious because it is expected

-

that the flow changes that make the damping in roll greater will
also increase the aileron effectiveness.

Tuft Tests

The results of tuft tests on the swept-back wings are presented
in figure 8. These data indica%e that reducing the aspect ratio
of the swept-back wing from 5.9 to 3 and 2 did not alter the general
flow pattern through the lift range beluw the stall. The reduction
in aspsct ratic resulted, however, in a more abrupt stall and in
flow separation at the leading edge of the outboard region of each
panel at the stall. In general the data of figure 8 show that for
the swept wings at the low lift ccefficients (up to a value of CL

of 0.5) the air flow over the upper surface of the wings is in the
direction of the wind stream as over a conventional straight wing.
At moderate 1lift coefficients (0.5 to 0.8) the air flow shows the
tendency to move toward the wing tips along the trailing edge of

the wing. As the 1lift coefficient is increased further, this out-—
flow becomes more pronounced and affects chordwise stations
progressively farther ahead of the trailing edge. At maximum 1lift
and somewhat beyond maximum 1ift, all the flow is outward except at
the root section, and only slight flow separation is indicated along
the wing-tip leading edge.

The data of figure 9 indicate that for the swept-forvard wings
reduction in aspect ratio has very little effect on the general
flow pattern throughout the lift range. At low 1lift coefficients
(up to Cp = 0.6) the air-flow pattern appears similar to the flow
pattern over a conventional straight wing except thet a slight
tendency to flow in toward the root section is noted along the
trailing edge. As the 1ift coefficient increases, the inflow along
the trailing edge becomes more pronounced and affects chordwise
stations farther ahead of the trailing edge of the wing. At the
same time the root section shows signs of separation of the flow
at the trailing edge, which separation spreads forward and outward
with increasing 1ift coefficient up to the stall.
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CONCLUSTIONS

The results of tests conducted in the Langley free-flight
tunnsl and Langley 15-foot free—spinning tunnel to determine
the low—speed stability, damping-in-roll, and stall characteristics
of five highly swept wings can be summarized as follows:

1. The sweot wings of relatively high aspect retio (5.9)
were longitudinally unstable at the stall (nose-up pitching moments).
Reducing the aspect ratio of the swept—back or swept—forward wings
tended to eliminate this instability.

2. Sweepforward produced e maximum value of negative effective
dihedral approximately one-half of the meximum value of positive
effective dihedral produced by sweepback. Over the linear range
of the 1lift curve the swept-forward wings had zero directional
stability, whereas the swept-back wings had a marked increase in
directional stability with 1lift coefficient above a 1ift coefficient
OF RO

3. The damping in roll was reduced with reduction in aspect
ratlo over the linear range of the 1lift curve. Above the linear
range of the lift curve the damping in roll decreased with increasing
1ift coefficient for the swept-back wings and increased with increasing
1ift coefficient for the swept—forward wings. Autorotation at the
stall was obtained only with the swept-back wing having an aspect
ratio of 2. ‘

Langley Memorial Aeronautical. Leboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 13, 1G46.
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Fig. 1
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Figure 2.- Roll stand with model of swept-back wing attached, mounted
in Langley 15-foot free-spinning tunnel,
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Vane (to produce rolling moment) 6 Pointer (to indicate torque-rod de-
Counterweight flection in static tests)
Torque rod (can be mounted in this 7 Roll axis
head to measure rolling moment) 8 Model support (can be free in roll
Scale (for reading torque-rod de- or restrained by torque rod)
flection in static tests) 9 Mounting head (adjustable to desired
Supporting arm (mounted to tunnel angle of attack)
wall) 10 Yaw axis

Figure 3.-

Roll bracket used to determine damping in roll.
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Wirnd direction
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Wind direction
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Figured— The stabilify system of axes. Arrows indicafe
positive directions of rmoments and forces. This
system of axes /s defined as an orthogonal system
having 1%5 origin at the center of gravity and in
which the Z-axis 15 1n the plone of symmelry ond
perpendiculor fo the relative wind, 7he X-axis 13 in
Ihe plane of symmelry and perpendicular fo the
Z-axis, and the Y-axis (s perpendicular o the
plone of symmetry.
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@eg) CL @eg)
0 0.28 A 20 1.01
4 0.8 22 1.03
8  0.68 24 1.04

12 0.82 26 1.05

16 0.96 28 1.08

18 1.00 34 0.88

(a) A=5.9; A=42°

b

A= 0.5.

Figure 8.- Tuft studies of swept-back wings tested.
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o
a =6 Cp =0.58 a=14% Cp = 0.89 a=2% € =1.0

a=8% ¢ =0.68 a=16° € = 0.96 a=24% ¢ =0.96

(b) A=3; A =429 1 =0.707.

Figure 8.- Continued.
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a=8% C=0.57 a =18 Cp = 0.90
(e) A=2; A=42% %= D788

Figure 8.- Concluded.

Fig. 8c
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Figure 9.-

Tuft studies of swept-forward wings tested.
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