FILE COPY

I @Z/ﬁWRICTED RM No. A7D11

CLAS3IFICATION CANCELLED
AUTHORITY H.L. DKYDEN CHANGE #1428
DATE 6-5-53 T.C. FKASEK,JK.

MEASUREMENTS OF THE DAMPING IN ROLL OF LARGE-SCALE
SWEPT-FORWARD AND SWEPT-BACK WINGS
By
Lynn W. Hunton and Joseph K. Dew

Ames Aeronautical Ladberatony:

T ON LOAN FROM THE £(;

Moffett Field, Calif. (LES O

NATIONAL ADVISO
LANGLEY AERONALIT CAL (2
LANGLEY FigLp . HAMPTO} Sy

RY
N VIRCIN
N, VIRGINIA

CLASSIFIED DOCUMENT

RETURN YO THE At o )
This document contains classified information .-._.,;\" S.
affecting the National Defense of the United ——

States within the meaning of the Espl
Vo T and o Ty transmissuy SOEHESTS FOR PUBLICAT]

lation of its contents in HOULD BE &
ﬂitho:;sd p:ra:: is proha:‘gl':‘eg ﬁmLOWS £ ADDRESSED

Information so classified may be mma.rted

only to persons in the military and naval

services of the United States, apptopriue

civilian officers and employees of the Fed

Government who have 2 legitimate mleNﬂT‘U‘\lAL ADVIS

\herels, and to Unlted Sates cliisens of oy, H STREET. ORY COMMITTEE FOR AERONAUTICS
N. ' e

loyalty And discretion who of necessity m

informed thereof. A

WASHINGTO N 25 D

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
ul 30, 1947
BLAS

YQ/iEn
\ b .Ag‘r"

RY COMM("HM FOR AERO

ONAUTICS

1 ,mr' =

RESTRICTED /) f‘.‘jn,v?@



NACA RM No. ATD1L RESTRICTED

NATTONAL ADVISORY COMMITTEE FOR AEROHAUTICS

RESEARCH MEMORANDUM

Measurements of the Damping in Roll of Large-Scale

Swept—~Forward and Swept.-Back Wings

By Lynn W. Hunton and Joseph K. Dew

SUMMARY

Wind—tunnel tests of five large-scele tapered wings which
had angles of sweep of 0%, #30°, and #45° have been conducted to
determine the effects of both scale and sweep on the damping—in—
roll parameter Clp’ Rolling moment and pressure distribution

were measured for each plain wing while in steady roll for an
angle-of-atitack range of —1° to 29°, Tue effects of both Reynolds
number and deflection of partisl—span splii flaps were determined
from less comprehensive tests. Several methods of predicting both
the demping~in-roll and autorotational characteristics of the swept
wings have been analyzed, and predicted results have been compared
with the experimental data.

The variation of CZD with sweep at zero 1lift is showm to

follow quite accurately the concepts of simple sweep theory,
provided that corrections for aspect ratio based on the span
perpendicular to the plane of symmetry are considered. It was

i

found that the value of Czp for a swept wing at zero 1lif't can

be predicted within 6 percent by applying a correction for sweep
to the damping derivative estimated from curves derived from
lifting-—-surface theory for an unswept wing with the same aspect
ratio, taper ratio, and section characteristics as those of the
swept wing.

The damping in roll increased moderately with 1lift coefficient
below the stall for all wings except the highly swept--forward wing,
where a 1Ob—percent increase was observed. Pressure—distribution
data accounted for this phenomenon by indicating an increase of
almost 100 percent in the sgection lift—curve slope at outboard
portions of the wing.
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The magnitude of the autorotational moment was found to be
reduced by sweep and augmented by the deflection of partial-span
split flaps. Predicted autorotational characteristics of *he
unswept and swept—forward wings as determined Tfrom Glauert's theory
for autorotation are shown to be in good agreement with the
experimental results; whereas for the swent—back wings tho theory
was found to be inapplicable.

INTRODUCTION

Knowledge of values of the damping-in-roll parameter (3 is
of great importance in dynamics calculations involving rolling
motion of an airplane. Little experimental data on C3 are
available at the present time for either conventional or swept
wings. As a result, estimated damping—in-roll characteristics
have to be relied upon for dynamic stability calculations. The
effects of variations in plan form involving asvect ratio and taper
ratio on Clp Ffor straight wings have in the past been analyzed

theoretically by many authors, Usually they employed the early
concepts of' Glauert, who first used a Fourier series to express the
circulation (reference 1), and Munk, who derived the induction
factor for rolling moment (reference 2). Elementary aerodynamic
considerations indicate that Cln would be greatly affécted by

N tq
sweep., The first-—order effects of sweep on CZP have been

predicted by theory and have been obtained experimentally by brief
investigations made at very low Reynolds number.

In view of the limited amount of experimental and theoretical
analysis at hand for highly swept wings, an investigation of large—
scale swept—forward and swept-back wings was undertaken in the
Ames 40— by 80-foot wind tunnel. Included in this swept-wing
program were: (a) an evaluation and analysis of the static
stability and control characteristics (reference 3); (b) a -comparison
of the span loading for swept wings as calculated by three
theoretical methods with the experimentally measured span load
distribution (reference 4): and (c) an investigation of the
damping—in-roll characteristics reported herein.

The present investigation covered measurements of rolling
moment together with pressure distribution for the swevt wings in
steady roll. The accuracy of various theories are eveluated by
comparing the measured value of Cjy for each swept wing with
those computed by a method of Weissinger (reference 4) and by
simple formulas which correct the Cyo value of the unswept wing
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pb/2v

C'LC

pb?EV

for sweep angle and aspect ratio. Values of Clp for the unswept

wing were estimated by the methods of references 5 and 6.

SYMBOLS

The symbols used in this report are defined as follows:

“1ift coefficient K I‘>

drag coefficient K-—f{>

N
rolling-moment coefficienu/ rollﬁng moment

/

\ g Sb i
/sids force)
side—force coefficient | SiS8 FO¥Ce
Note NS W

rate of change of 1lift coefficient with angle of attack,
per radian

rate of change of rolling-moment coeflinient with angles
of sideslip, per degree

rate of change of side—force cosfficient with angle of
sideslip, per degree

damping—in—roll parameter; rate of change’ of rolling—
moment coefficient with wing—tip helix angle

7 oC 7 \,“
dpb /2v/

o2

gection 1lift coefficient

/ . .
(section llf§>
\
R ge

wing—tip helix angle, radians

span—loading parameter in roll

geometric angle of attack of root chord relative to
tunnel center line, degrees




L NACA RM No. A7D1L

a true angle of attack of root chord relative to air streamn,
degrees -
B angle of sidesllp, degrees
A angle of sweep of quarter—chord line, degrecs
(Sweepback is positive and sweepforward is negative.)
i : : B2
A aspect ratio based on span| =z |
5/
Al aspect ratio based on length of quarter-chord line
LB N
i
\S cos2A /
b wing span measured perpendicular to the plane of
symmetry, feet
c chord length at any section of wing measured parallel
to air stream, feet
Ct wing—tip chord, feet
Cy wing—root chord, feet
E'ec effective edge-velocity correction Tactor for rolling |
' moment i
: - |
e anguler velocity in roll, radians per second
q free—stream dynamic presgsure, pounds per square foot
R Reynolds number
S wing area, square feet
v Free—stream velocity, feet per second

DESCRIPTION OF APPARATUS

The five large—scale tapered swept wings used in the investiga—
tion were the same wings used for the static tests and are fully
described in reference 3. Composed primarily of a set of wing
penels from an existing airplane, the wings wore given the desired
plan form and sweep (0°, 30°, and 45° sweepforward, 30° and L45°

Sy
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sweepback) by the addition of individually febricated tips and center
sections. Plan—form drawings and geometric characteristics of the
five wings are shown in figure 1, The airfoil sections for each of
the swept wings were dictated by the sections of the wing panel

(NACA 0015 at the inboard end of the panel and NACA 23009 at the out— -
board end). The right wing panel, tips, and center sections were
equipped with 130 pressure orifices located at 8 spanwise stations.
For the flap-deflected condition, partial-span split flaps were
attached to the wings at an angle of 60° X, The flaps had a chord

20 percent of the wing chord, were tapered with the wing chord, and
extended over the inboard 62,3 percent of the span for all wings,

The condition of the wing surfaces, which had a normal amount of
roughness caused by access hatches and flush rivets, was equivalent
to that of present-day production airplanes.

The rolling-wing support stand shown in figure 2 was essentially
an elevated steel platform on which was mounted a 1000-horsepower
variable—speed induction drive motor, a geared reduction vwnit, and a
13-inch—diamster steel torque tube mounted in two self—alining
bearings. The axis of rotation was at all times coincident with the
center line of the tunnel, Each of the swept-wing center sections
was slotted to fit over the end of the cantilevered torque tube,
which provided a means of attachment and ad justment of the angle of
attack from ~1° to 299,

Instrumentation for the tests consisted of equipment for measuring

and recording continuously the rolling torgue, wing position in the test

section, and pressure distribution. A resistance~type torsion strain
g2ge equipped with monel slip rings and carbon silver brushes (shown
in figure 2(2)) was used in conjunction with a recording oscillograph
to measure the rolling resistance of the wing. A time impulse at
intervals of 1 second and the position of the wing at intervels of
one—quarter cycle were recorded on the torque record, thus providing
a check on the accuracy of an aircraft tachometer which was used to
establish the rolling velocity. For the pressure measurements,
recording manometers were installed in the wing center section, Power
for operation and time impulse for synchronization with the torque
record were supplied through a second set of slip rings also shown

in figure 2(a). The two manometers contained o total of 90 pressure-
recording cells, each of which was connected to a pair of pressure
orifices located oppositely on the upper and lower surface in order
to record directly the local differential pressure.

1A11 chords and spans used in this report were measured parallel and
perpendicular, respectively, to the plane of symmetry. Flap angles
were measured in a plane perpendiculor to the flap hinge line.
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TESTS AND REDUCTION OF DATA

For the determination of the domping characteristics of the
wings, the torque voriation was recorded contlnuously throughout a
complete cycle in steady roll for each test condition. The data
for a given condition were then reduced to the desired damping
moment by integrating this torque variation for one cycle to obtain
an average rolling moment due to roll.

As outlined in table I, tests were made at a dynumic pressure
of 20 pounds per square foot (R = 5.6 x 10% to 8.95 x 10° for the
various wings based on the M.A.C.) for eight 4iff erent angles of
attack varying from —1° to 29° for each swept wing without flaps
(hereafter referred to as o plain wing). Rolling—torque and
pressure—~distribution data were obtalned at each attitude for
wing—tip helix angles ranging from O to #0,11 radlan., In addition,
domping-moment tests at the high—speed attitude of each wing were
made at dynamic pressures of 60 and 120 pounds per square foot
(R = 9.3 % 10% and 12.5 x 10%, respectively, for the unswept wing).

The tests of the wings with 60° partial-span split flaps
(hereafter referred to. ds flapped wings) were run at a dynamic-
pressure of 20 pounds per square foot. Rolling-moment data were
obtained at only the higher angles of atitack (9° to 29°) for
pb/2V  values ranging from O to 0.11 radian.

In order to present consistent rolling-moment data, the

moments have been computed cbout an axis located similarly in each

swept wing. All the data have been corrected and presented with

reference to an axis of roll parallel to the air stream and located

such that the quarter M.,A.C. point of each wing panel was in pure

rold) (s e., no sideslip velocity). The necessity for a correction

arises from the fact that only at an angle of attack of 0° was the

‘ chord plane of each wing coincident with the actual axis of roll,

\ The method of attechment of the wing to the torque tube required
that the angle of attack be chenged by pltching the wing about a

‘ point which varied for the severanl wings from 8 feet aft to 4 feet
ahead of the quarter M.A.C. point, It is apporent that for these
wings in steady roll at any angle of attack other than 0° a certain

i amount of sideslip velocity was introduced at the quarter M.A.C,

point. A correction based on the rolling moment due to side~—

slip of each wing, equal to the incremsnt of damping—in-roll

parameter ACZn shown in table II, has been added algebraically

to each measured rolling-moment cosfficient. The values of
dihedral effect CzB for -each wing for these sideslip corrections
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were obtained from force tests reported in reference 3. A correction
resulting from the slde~force paremeter CYB was computed in a
similar manner; it was found to be insignificant and therefore has
been neglected.

The problem of tunnel-wall corrections was investigated to
determine the effect of boundary interference on the static charac—
teristics of the swept wings. The analysis indicated that the
average tunnel-wall correction was nearly the same for any of the
wings considered. Hence, approximate corrections based on the
unswept plan form at the horizontal position in the test section .
have been applied to the angle of attack for each swept wing.

A second tunnel-wall correction which involved the boundary
influence on the damping in roll was investigated. This analysis
was complicated by the fact that the closed throat modified
rectangular test section (outline of boundary may be noted in back—
ground of figure 2(c)) varied in width—to-height ratio with the
rotational position of the wing. As an approximation, interference
effects were determined for two positions of the wing (horizontal
and vertical) with a resultant boundary width-to-height ratio of
2l and 1:2, respectively. t was assumed in both cases that the
test section was rectangular and that the static induction effects
of the wing at rest would closely approximate those of the wing in
steady roll. In general, the method employsd was that of infinite
image systems where each image consisted of an infinite vortex
sheet the intensity of which varied spenwise approximately as the
antisymetric wing—loading increment generated by the rolling wing.
Computations of the induced effects on the downwash at four sections
of the wing semispan showed that for the wing-horizontal configura—
tion the boundary influence varied from a downwash at the downgoing
tip of the wing to an upwash at the upgoing tip. Spanwise integra—
tion of the variation of induced angle of attack indicated that the
measured damping moments were 2 psrcont low when the wing was near
the horizontal position. For the case of the wing in the vertical
position, where the induction effects varied from an upwash at the
downgoing wing tip to a downwash at the upgoing tip, the damping
measurements were 9 percent high. Since the value of this
correction apparently oscillated between a supporting and a
resisting moment, its effect can be minimized by determining the
average rolling moment over a complete rolling cycle. This
procedure would then involve & maximum over-all tunnel-wall
influence of approximately 3 percent. The data reported herein
were obtained by such averaging and the wall-interference correction
has been neglected.
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Tests of the torque tube in roll with the wing -removed showed
no measurable friction. The two self-alining bearings were subject
to only 5 percent of thelr rated load carrying capacity when under
the maximum test load condition.

RESULTS AND DISCUSSION

Damping-moment data for the five swept wings, both plain and
flapped, are presented in figures 3 and L, respectively, as varia—
tions of (3 with pb/2V. Values of Czp, as determined from the

slopes of the curves of figure 3 at pb/2V = 0, are given in figure 5
as a function of a. Also shown in figure 5 are the corresponding
1ift curves taken from reference 3, The variations of Clp -with Cy,

shown in figure 6 were cross—vlotted from these data. In figure 7
these results have been summarized in the form of Clp at zero MiTh

as a function of sweep. For the flapped wings e similar method was

used to derive corresponding data shown in figure 8 in the form of

the variation of Cy, with Cp. In figure 9 is shown the variation
4

of Clp with R for the various plain wings at zero lift. These

curves were derived from plots similer to figure 6 for various values
of dynamic pressure. Results oi the pressure--distribution measure-—
ments in steady roll are shown in figures 10 and 11, True polar
diagrems (reference 3) for each plain wing are preuenued in figure 12
for use in predicting probable regions of rolling instability. With
the exception of figure 9, all the date presented in the foregoing

figures were obtainsd at a dynamic vressure of 20 pounds per square
foot.

The following discussion of the results of this investi
has been divided into three parts: (1) the effects of sweep on €
atizero:lift, (2) ithe effects of 1ift on Gy, &nd (3}
autorotational characteristics. In addition to the discussion of
the experimental data, a brief anclysis of theoretical methods of
predicting the damplng characteristics of swept wings is presented
in parts (1) and (3). Some discussion of theory is given in
part (2) in order to explain trends in the experimental results,
Pressure—distribution data have been introduced in the analysis
only for the purpose of interpreting portions of the measured damping—
moment data.
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Effects of Sweep at Zero Lift

Comparison of experimeht with theory.~ Results of this

invegtigation, summarized in figuré 7, clearly indicate the reduc—
tion in CZP at zero lift coefficient caused by sweeping the wing

panels of a given plan form either forward or backward. This decrease
results from the reduction in lift—curve slope attendant with sweep.
Glavert first showed in reference 7 that the damping of a wing in
roll is a function of Cry + Cp. For the normal range of angle

of attack the wing drag coefficient is negligible as compared with
the lift—curve slope CLg, thereby leaving the damping dependent.

principally on CLQ. From simple sweep theory and experiment it
has been shown that CLOL for swept wings varies approximately as

cos A for constant aspect ratio. Thus, the damping in roll for
swept wings would then be expected to vary similarly. ©Since in

the present tests some veriation in aspect ratio resulted from
sweeping the fixed wing panels, a corrsction for aspect ratio
variation was applied. is was done in order to show a comparison
between the swept-wing test data and the damping characteristics

of the swept wings as projected by simple sweep theory from the
meea.sured value of Clp for the unswept wing. These corrections

for sweep and aspect ratio were applied in the following menner:

AN

(@13\ = ﬁhn\‘ X COBA X /Jgiﬁﬁé;

Wity S S Y [k

\A+k/A =0

where the subscript A refers to the swept wings and the subscript
A= 0 refers to the wing tested with zero sweep. The term

Aﬁ is a rolling-moment induction factor (reference 2) derived
from lifting-line theory with the aspect ratio A based on the
over—all geometric span., The projected values of damping at sweep
given in figure 7 conform well with the mesasured values of Cjy_,
with a maximum deviabion of L percent for the L45° swept— P
forward wing.

Two further comparisons,both of which involve a variation of
the aspect—ratio correction, are shown in figure 7 in the form of
additional projections of the damping at sweep based on the unswept—
wing data. For the first comparison a modified rolling-moment
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induvuction factor

was employed, where E'e is an
AE', + k& c
c

effective edge—~velocity correction based on lifting—surface theory.
(See reference 5.) Because of the moderate variation in aspect ratio
of the test wings, the effect of this edge correction was small for
all the wings except the highly swept—forward wing, where the
aforementioned deviation of 4 percent incremsed to 1l psrcent, For
At i b
—  wWas used as the aspect—rati
A' + & '
correction, where A' 1s the aspect ratio based on the length of
the quarter—chord line rather than on the true geometric span, As
can be noted in figure T this procedure resulted in poor agreement
with the experimental values of Cy and does not support the theory
posed in earlier swept—wing work to the effect that the quarter—
chord line rather than the true span possibly should be used for
determining the effective aspect ratio of a swept wing.

the other comparison a term

Predicted damping characteristics.—
new wing design are rarely possible, est
characteristics have to be relicd upo for

Since rolling tests of &
imated rotary-domping
or dynamic—stability
calculations, While feirly accurate th ds of predicting the
value of C3p for conventional unswe p ngs are available; no
such analyses for swept wings exist at the prbsent time in published
form. Two different methods gpmwear to offer the most suitable means
of predicting the damping in roll for swept wings which are as
follows: (1) estimate Clp for on 5quivulent unswept wing and

correct this value by sweep Pror,, and (2) compute the demping
directly for the swept wing by employing & theoretical method
of determining span loading, such as proposed by Weissinger. (See

reference 4.)

A comparison of the two methods is made in figure 7. For the
first procedure, three different values of Cip for the test

unswept wing are shown. Two of these values were determined from
curves in.references 5 and 6 while the third value was computed
by the Weissinger meghod The closest cgreement with the experi—
mental measurement of Cz (l-percent deviation) was given by

the estimate from Lfc¢né—surlﬁoe theory. This value was obtained
by a slight extrd“olhtlon of data from reference 5, which were
increased by 6 percent as recommended in references 8 and 9 to
correct for the effect of square tips. In the case of the valuoci’Czp
computed for the unswept wing by Welssinger's method, which was

T percent low, it was found that consideration of either T or 15
gpanwise Stutloqu in the theoretical computations made no
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perceptible difference in the final answer. Since, as noted
previously, the application of sweep theory enabled prediction of
the effects of sweep within 4 percent, it follows that the damping
in roll for a swept wing can be predicted within 5 percent by
applying sweep theory to a llttlng-surface~tncor estimate of O
for the unswept wing. : ’ P

In the second case, where the damping of a swept wing was
computed directly by use of Weissinger's method, the results
disagreed with experiment to such an extent tl at the method appears
unreliable, The deviation of the computed C3 from the measured
value varied from 11 percent high for the 450 swept—back wing to
7 percent low for the 0° swept wing, while the computed results for
the other three wings showed good agrseﬂa*t with the experimental
data. Here again consideration of 1% spanwise stations in the
computations as compared with 7 stations showed no significant
difference in the results for any of the wings.

From an over-all analysis of the results shown in figure 7,
it may be concluded that the optimum method,Trom the sJanchWﬁf of
both reliability and least amount of computaclon, of predicting the
damping in roll for a given swepi~forward or swepi-back wing is as
follows: (1) satimate the Czp for an unswept wing with the same

TS
aspect ratio, taper ratio, and section characteristics as the swept
wing using curves computed from lifting—surface theory (reference o
and (2) correct this value of CZ“ for the effect of the reduction
in lift—curve slope due to sweep.

Reynolds number effect.— The influence of a variation in

Reynolds number on Cj_ for each of the swept wings at zero 1ift

is shown in figure 9. P Sweep apparently has little if any effect on
the variation in damping with Reynolds number, since the variation
was uniform for all the wings except the U45° swept—forward wing.
Tests ‘at Reynolds numbers ranging from 5,600,000 to 20,400,000

(based on the M.A.C,) showed for Cip values of each wing an

increase which varied from 8 percent for the unswept wing to

28 percent for the 45° swepi-forward wing. Approximately 5 percent
of this increase is attributable to first—order compressibility
effects. Such a large increment in Cj3, due to Reynolds number
a8 was measured for the highly swepi-f orw rd wing cennot be
readlily explained. A possibility exists that, owing to the rather
large damping—in-roll torque (up to 50,000 lb—ft), there was some
twisting of the wing panels. However, if deflection accounts for
some of the increase, then the damping of the h5° swept—back wing
should have decreased, since the same panels were employed in both
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plan forms.

It should be noted that the experimental results used for the
comparison in figure T were measured at a constant Leot dynamic
pressure and therefore represent data obtainsed at various Reynolds
numbers based on the M,A.C. At the present time there is doubt
as to what dimension should be used in computing the Reynolds number
for swept wings. From.the concepts of simple sweep theory it appears
that a dimension perpendicular to the quarter-chord line should be
used to define R, in which case the test results of figure T would
represent data at an approximately constant K. However, even if
values of Cj3,, at a constant Reynolds number based on the M.A.C.

are used in the comparison of figure 7, the main conclusions still
apply. Such a comparison at a Reynolds number of 10,000,000 indicates
that predicted values of CZU for the swept wings calculated by the

method previously recommended are within 6 percent of the measurcd
values of damping shown in figure 9 for this constant R,

Ef

r‘g
d‘
5]
e)
e
b=
e
y
ot

Plain wings.— The variations of Cjy, with angle of attack and
1ift coefficient are shown in figures 5 and 6, respectively, for
cach of the five wings. The damping increased moderately in the
usual 1lift range below the stall for all the wings except the 45°
swept—forwerd wing. For this wing a 10l-percent increase in
damping was observed between the Cy limits of 0 and 1.05. An
accurate check of these characteristics was obtained from a spanwise
integration of the ' antisymmelric wing loadings as determined from
pressure-distribution measurements These data for each wing at
three angles of atﬁack are presented first in figure 10 as the
spanwise wing-loading increment generated in steady roll, and in
figure 11 as section lift-coefficient characteristics.,

Some increase in damping (approximately 2 percent for the
unswept wing over the linear portion of the 1ift curve) can be
attributed to the rotation of the resultant force vector at each
section - due to the change in angle of attack along the wing. In
the case of the 45° gwept—forward plan form the combined effect of
the nonlinear lift-curve slope (note in fig. 5(a)) and the rocking

the resultant force vector accounts for approximately 30 percent
of the increase in damping, The remainder is attributed to the fact
that, as may be noted in figure 1ll(a), the wing-section lift-curve
slopes are not vonstant with angle of attack, but rise sharply
(approximately 100-percent increase) at the outboard wing sections,
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probably ow1ng principally to the drainage of the boundary layer
away from the tips toward the center section. '

Flapped wingg,~ A limited amount of damping—in—roll data was
obtained for each wing with partial-span split flaps deflected 60°,
The resulte given in figure & were determined principally to define
the region of autorotation and are therefore inadequate to show
clearly the variation in damping over the complete range of angle
of attack. However, the results do indicate that the value of ,clp
near maximum 1lift with flaps deflected is approximately the same
as the maximum value of damping measured for the plain wing.

Autorotational Characteristics

Tests at angles of attack above the normal operating range were
included in the present investigation for the purpose of determining
the tendencies toward autorotation and regions of autorotation for
each of the five wings, both plain and flapped. The results, shown
in figures 3 and 4 for the plain and flapped wings, respectively,
have been presented only in the form of the rolling—-moment coeffi--
cient Cj; as a function of the wing-tip helix angle pb/2V. No

attempt has been made to evaluate Ciy in the unstable region in

view of the fact that, when & wing apbroaches an unstable condition,
C, ceases to be a linpar function of pb/2V and the value of Clp

then has little significance.

A general comperison of the results indicates that sweep
reduces and flaps increase the magnitude of the autorotational
moment. For either the highly swept—forward or highly swept-back

plain wing the moiimum angle of attack attainable with the apparatus
(290) was not sufficient to permit autorotation. However, installa—
tlon of 60° split flaps on these two highly swevpt wings caused
instability for the 45° swept—back wing but caused the L5° swept~
forward wing to become a little more stable.

From the data 1t can be observed that for the unswept and swept—
forward wings autorotation occurred at an angle of abtock beyond the
stall peak. This phenomenon is explainable by Glavert's genersl
theory for the autorotation of & wing (reference T), in which the
region of rotary instability is determined by the criterion

C + C <0
Lm D
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where the angle of attack o is in radians, This theory is based
on the supposition that the section characteristlcs are constant
across the span. Since Cp is always positive, autorotation will
occur when the negative slope of CLa beyond the stalling angle is

sufficiently great to outweigh the value of Cp. Therefore, from

a true polar diagrem for the wing the probable limits of angle of
attack for autorotation can be determined graphically. Any point

on the polar curve at which the slope is perpendicular to a radial
line through the origin of the coordinate axes would, from Glauert's
criterion, indicate an attitude of the wing where either autorotation
sets in or stability returns.

In figure 12,true polar diagrams for euch plain wing
(reference 3) are presented together with the angle of attack for
rotary instability as predicted and as measured experimentclly. In
this comparison it will be noted that the theoretical predictions
agreed well with the test data, as far as it went, for the unswept
and swept—forward plan forms, whils little conformity resulted with
the swept-back plan forms. This is understandable bécause, as noted
previously, the theory is based on the cssumption that the section
characteristics are constant along the span; this assumption is
especially important for the outboard sections, which exert the
greatest influence on the damping characteristics. Such a condition
of uniformity is not realized across the span for the swepi-back
plan forms, since the efficiency of the outer sections of the swept—
back wing is impaired by the gpanwise drainage of the boundary layer
toward the tips. In figures 3(d) and 12 the dato show that the
300 gwept—back wing autorotated at an angle of attack of 190, which
is below the stall peak, This result is confirmed by the span—
loading—increment variation determined from the measured pressure
data which is shown in figure 10(b) for this attitude.

From these results it may be concluded that Glauert's auto—
rotation theory provides a fairly reliable indication of the auto-
rotational characteristics for unswept and swept-forward wings
of the type investigated but is unreliable for wings, such as those
with sweepback, which possess early tip-stalling characteristics.

CONCLUSIONS
From wind—tunnel tests to determine the damping-in-—roll

characteristics of large—scale tapefed wings having angles of sweep
of 0°, £30°, and *45° the following conclusions may be drawn:
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1, The damping-—inwroll parameter Clp for swept wings at

sero 1ift decreased proportionally o the cosine of the angle of
sweep for constant aspect ratio based on the conventional span,

2, The value of Oy for swept—forward or awept—back wings

at zero lift can be predicted within 6 percent by estimating the
Clp for an equivalent unswept wing by lifting-surface theory and

correcting this value for the effects of sweep by simple sweep
theory. :

3. Results of Weisainger's theoretical span-loading computa~
tions for the CZP of ench wing were inconsistent with the

experimental data.

4. TFor an increase in Reynolds number of approximately
10,000,000 the Clp at zero 1ift increased gradually and uniformly

for all sweep angles except in the case of the 45° swept-forward
wing, where a relatively lerge increase of 28 percent occurred.

5. Below the stall, Clp increaced moderately with 1ift
cosfficient for each of the wings except in the case of 45° swept—
forward wing which exhibited a 1OL—percent Increase. Pressure—
distribution measurements showed that over un outboard portion of
this wing the section lift—curve slope almost doubled throuzhout
the lift range, and this change accounted for a major portion of
the abnormal variation in damping.

6. Deflection of partial-span split flaps had no appreciable
effect on the value of Clp for the wings near maximum 1lift.

7. The magnitude of the autorotational moment was reduced
by sweep and augmented by the deflection of pertial—spon split
flaps.

8. Glavert's theory for autorotation is fairly reliable for

predicting regions of rotary instability for unswept and swepi-
forward wings of the type investigated but is not applicable to
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wings, such as those with sweepback, which possess early tip-
stalling characteristics.
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TABLE I
INDEX TO THE BASIC--DATA FIGURES
Filgure number
/ ©yC .
Wing a ay C, V8 A ‘> 1
: 1b/sq £t (] \Pb/2V
condition |(1b/sq £t) (deg) £b /2V Mo i
—45° plain 20 -1, 1.5, 4, 9, 1k, 3(a) 10(a) 9
: 19, 24, 29
plain 60 ) 9
plain 120 -1 9
flapped 20 14, 19, 24, 29 4(a)
—30° plain 20 B O i - T 4 3(b) 10(a) 9
19, 24, 29
plain 60 —1 9
plain 120 -1 9
flapped 20 1k, 19, 24, 29 L (a)
0° plain 20 TN - 3(c) 10 (b) 9
19, 2k
plain 60 -1 9
plain 120 —1 g
flapped 20 14, 16, 24 4 (b)
300 plain 20 -1, 1.5 W, 9, 1k 3(a) 10(b) 9
19, 24, 29
plain 60 -1 9
plain 120 —1 9
flapped 20 9, 1k, 19, 2k L{c)
45° plain 20 P S o T 3(e) 10(b) 9
19, 24, 29
plain 60 -1 9
plain 125 ~1 9
flapped 20 9, 1k, 19 b (c)
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TABLE IT

DAMPING—-IN-ROLL CORRECTION DUE TO SIDESLIP

ACy
Qy Wing 5%
(deg)| condition |-U5OA|_300A] 00 A {3004 450 A
0 plain 0 0 0 0 |0
9 plain —. 005 |00k 0 0 |-.002
flapped —.012 |-,009 0 0 |-.003
1L plain -.012 | -,008 .002 0 |~.00k
flapped -, 022 |—,014 0 0 |—.006
19 plain -, 021 |[-.,0092 . 003 0 |—-.005
flapped -, 029 | —.019 0 00
2k plain -,026 | —,005 0 0 [-.004
flapped -.032 |0 0 0 |0
29 plain -.023 |0 0 @O
flapped 0 0 0 0 |0




Notes

1, Sweep angles given are referred to quarter
chord line of airfeoil sections.

2. Fore and aft location of root chord is
referred to li.A.C./4.

Sweep = 0°

Area = 201.8 sq ft
Aspect ratio = 4.62
Taper ratio = .55

|

r47 G288t —————— =

S = 300
s e weep = 30

Area = 335.5 sq ft
Asrect ratio = 3.12
Taper retio = .38

Area = 268.4 sq ft

Aspect ratio = 4,84 \
Teper ratio = ,44

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Sweep = =30°
Area = 282,3 sq ft
Aspect ratio = 4.69
Taper retio = .40

Figure 1l.- Geometric

Sweep = 45°

Area = 309,.,6 sq ft
Aspect ratio = 3.64
Taper ratio = .42

TTALV 'ON IN¥ VOVN

1 "81a
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NACA
A-10386-1
8-20-46

(a) Three-quarter rear view of 450 gwept-forward wing.

Figure 2a to c.- Views of the swept wings mounted on the rolling wing stand in the Ames 40- by
80-foot wind tunnel.

TTALVY 'ON WY VOVN
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(b) Front view of 45° swept-back wing with split flaps deflected 80°,

Figure 2.~ Continued.
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