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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECEL ICAL NOTE NO. 1278

EXPHERIMENTAL DEITERMINATION OF THE DAMPING IN ROLL
AND ATLERON ROLLING EFFECTIVENESS OF THREE
WINGS HAVING 2°, 420, AND 62° SWEEFBACK

By Charles V. Bennett and Joseph I,. Johnson
SUMMARY

Tests have been made to Astermine the damping in roll and
the aileron rolling cffevtiveness of three wings having'a®, 429,
and 62° sweepback. The wing with 2° sweepback had an aspect
retio of 10 and the wings with 420 and 62° sweepback,, which vere
obtained by roteting the panele of the wing with 2° sweepback
about the 0.50 root-chord point while the length of thée 0.50-chord
- line was held constant, had sspect ratiocs of 5.9 end 2.5, respec—
tively. All winge had tapsr ratios of 0.5.

The results of the investigation showed that the values of
demping in roli decreesed with increasing sweepback. An approximate
estimate of this reduction over the linear range of lift coefficient
can be obtained by multiplving the straight-wing value of demping
in roll by the cosine of %iis sweepback angle., The damping in roll
for all three wings decre:sed with increasing lift coefficient.
Increasing the amount of sweepback reduced the tendency toward
instability in rolling as the maximum 1ift was approached. Increasing
the amount of sweepback increased the aileron deflection required
to preduce a given value of the helix angle generated by the wing tip.

INTRODUCTTION

Experimental and theoretical work has shown that the critical
gpeed of aircraft can be incréased considerably by employing large
amounts of wing sweep. At the present time little experimental or
theoretical date on the rotary demping derivatives of highly swept
wing plan forms exist. Beceause these derivetives are essential in
the theoretical determination of the dynemic stability end control
characteristics of aircraft, an experimental investigation to
determine these derivetives for swept wings is being conducted in
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the Langley 15-foot free—spinning tunnel. In the first part of
this investlgation, measurements are being mede of the damping—in-roll
derivative.

Presented in this paper are the results of the experimental

investigation made to determine the values of damping in roll for
three wings having 20, 420, and 62° sweepback. Also presented

are the results of tests made to determine the rolling effectiveness
of allerons on these wings.

(8]
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SYMBOLS

wing area, square feet

airspeed, feet per second

wing span measured perpendicular to plane of symmetry, feet
wing chord parallel to plane of symmetry, feet

mean aerodynamic chord psrallel to plane of symmetry,.feet

angle of sweepback of the quarter—chord line of the wing,
degrees

taper ratio (Ct/cr)
angle of attack, degrees

total aileron deflection, degrees (sum of deflections of
right and left ailerons, equal up and down)

dynamic pressure, pounds per square foot

perpendicular dlstance from plene of symmetry to
center—of-load distribution on one semispan, feet

aspect ratio (bE/S)

Lift
lift coefficient aS

drag coefficient (%55%)
Q
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Cp pitzhing-moment coefficlent measured about &/h
) Pitching moment
(\ gS¢e
CZ rolling-monent coefficient <%ollingbmomen€>
9

pb/QV helix angle generated by w:ng tin, radians

Cy damping~in-roll parameter ; rate of change

of rolling-moment coefficiont with helix angle
generated by wing tip

QLm slope of 1lif't curve, per degree

Jole change in angle of attack at center—of-load distribution
on one semispan resulting from rolling, degrees

ACL incremental 1lift coefficient resulting fram rolling

Gzaa_ wolling-mcmengc;oeff101ent per degree deflection of one |
alleron E&;‘)

Subscripts:

r root

tip
A sweepback angle, degrees

APPARATUS AND TEST CONDITIONS .

The dempling tests and alleron-rolling-effectiveness tests
were made in the Langley 15-foot free—spinning tunnel (reference 1)
on a special stand which was free in roll sbcut the wind axlis.
A photograph of the stand as set up for rotation teets ls shown
as figure 1 and figure 2 is a sketch of the gtand as set up to
measure rolling moments with a celibrated torque rod. These' tests
were made at a dynamic pressure of 2.8 pounds per square foot which
corresponds to test Reynolds numbers of 163,000 for the wing with
20 sweepback and 326,000 for the wing with 620 sweepback, based on
thelr respective mesn serodynamic chords.
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Values of the demping-in-roll parameter C, were obtained for

each wing through a range of angles of attack whl:zch covered a 1ift~
coefficlient renges from emall positive 1ift coeffirients to maximm
1ift coeflficienb. Foi each wing, aileron-rolling-effectiveness
tests were also made to determine the aileron deflecticn reauired
to produce rates of rctation corresponding to values of pb/2V of
0.05 and 0.10 through renges of 1irt coefficients from 0.23 to 1.1k,
0.0% 0 0.95, and O to 0.76 for the wings with 20, 42°, and 62°
sweepback, respectively. In addition, static alleron rolling
noments, covering these lift-coefficient ranges, were determined
for each wing. . :

Force tests to determine the 1lift, drag, and nitching-moment
cheracteristics of the wings were made on the Lengley free~flight~-
tunnel balance (reference 2) at & dynamic pressure of 3.0 pounds
per square foot.

The three straight-te-or wing models (A = 0.5) used in the
tests had 29, 42°, and €2° sweepback of the guarter chord and
aspect ravios of 10, 5.2, and 2.5, respectively. The wings with

420 and 62° sweepback vwere cbtained by rotating the pansls of the
wing with 2° swecpback about the 0.50-rost-chord point while the
length of the 0.50-chord. line was held constant and cutting the
ving tips off parallel to the wind stream. Thus all the wings
had approximately the seme area (2.5 sg ft). Each wing was
equipped with 0.30-chord plain ailerons. Geometric characterigtics
of the wings, including the spanwise locztion of the allerons, are
given in figure 3.

METHOD

The demping in roll of the wings was obtained from steady~-
rotation tests on the roll stand and static rolling-moment tests.
The stand and wing rotation was obtained by deflecting the vane
(@ in Tig. 2). In steady rotation, the forcing moment was
agsumed. to be equal to the damping moment and of oppasite sign.
By recording the rate of rotation for vane settings of 20° P 30° P
-20°, and -300, the damping in roll of the stand and wing ccribina-
tion and of the stand alone wawe determined. The vane settings
used gave values of pb/2V from approximately O Ob to 0.07 for
the wing with 2© sweepback ancl from epproximately 0.07 to 0.2k for
the wings with 420 and 62° sweepback. In order to determine the
demping of the wing alone, the demping of the stand was subtracted
from the damping of the st ud and wing combination for any given
rate of rotation.
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For determining the aileron rolling effectiveness, the allerons
were adjusted to obtain values of pb/2V of 0.05 and 0.10 for each
wing.. The total aileron settings for positive and negative rotatlon
were averaged to give the total effective aileron deflection required
for the desired rate of rotation. At each rate of rotation the
damping moment of the stand was neutralized by setting the fin to
produce an equal and opposite moment

RESULTS AND DISCUSSION
L

The results of all tests are presented in figures b to 7. In
figure 8 the data are summarized end compared with values calculated
by the simplified theory for swept~back wings, which was verified
experimentally in reference 4. Since the sweepback in the present
investigation was obtained by pivoting the semispan of a given wing
about an axis in the plene of symmetry, the theory may be used in
the basic form without the adpect-ratio corrections required for
the experimental data of reference 4.

The resulis of the tests to determine the 1ift, drag, and
pitching moment of the wings are shown in figure 4. These data
indicate that the lift—curve slope decreases with increasing
sweepback angle. The simplified theoretical treatment of
reference 4 showed that QL varied with sweepback as cos A.

o

The experimental and celculs.ed values of CL for the wings
a

tested are presented in figure 8(a) and show good agreement.

The results of the damping-in-roll tests are shown in figure 5.
The data Indicate that sweeping the wing back reduced the damping
in roll and that the demping in roll for a given wing decreased
gradually over the linear portion of the 1lift curve (up to C, = 1.0

for the wing with 2° sweepback and up to Cp = 0.6 for the wings

with 42° and 62° sweepback). Beyond the linear portion of the lift
curves, as the maximum 1ift was approached, the wing with 2° sweepback
showed a rapid reduction in damping in roll and ahove the Tmum

1ift coefficient,a marked instability in demping in roll (posi-

tive Czp . The wings with 42° and 62° sweepback showed an irregular
decrease in CZP beyond the linear portion of the 11ft curve and

retained a small amount of damping up to an angle of attack of 36°.
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A reduction in C;  with sweepback for wings having the
P

sere basic wing pemels would be expected fram a simpllfiied
treatment of the theory of swept-back wings. The demping rolling
" mement produced during rolling results from the asymmetric 1ift
distribution along the span, such that, for any wing

20,  eeg ;9

°1p = 2(2) ) 3(92_?)

g' _ N\
_ o /e CLm %/ "
&)

For the swept-back wings, roference b and the experimental data
of figwre 8(a) show that CLoc, veriss as cos A} by gecmetry b

can e shewn to very as crs A and y is assumed to vary approxi-
mately as cos A so that the ratio y/b remeing approximetely
congtant. Tho eifective incremental engle of attack resulting frem
rolling Aa, in degrees, can be expressed by tie equation

ra =573 5L 20 (2)

2

Since the ratio y/b is assumed to be constant, if pb/2V is
held constant with sweepback, then

toy = (20) o (3)

If these relabtlionships are substltubed in equation (1) » the demping
in roll for the swept-back wing CZP can be expiressed in terms of

the demping in roll of the straight wing (Cz ) as

F/A=0

c = {C os A 4
', (zp)m:o ¢ (4)
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Figure 8(b) presents a comparison of the calculated and
experimental values of C7’13 at a representative lift coefficlent

(0-3) in the lineesr portion of the 1ift curve. Although the
celculated velves for the swepb-back wings predict slightly more
demping then was obtained experimentally, it appears that equation (l'r)
mey be used as an spprorimote estimate of the damping of swept-

back wings whewn sweep is obtained by rotating the wing panels aboub
an axis.in the.plene of syumwetry perpendicuvlar to the chord line.
The experimental value of Czl'3 obtained for the wing with 2°

sweepback 1is in good egreement with the theowstical velue of CZP

obtained from reference 5.

The measured gtatic &lleron rolling moments forr the wings
tested are presented in figurc 6. These data indicate that wilth
increasing sweepback greater ailercn deflections are required to
Produce a given rolling mpoment. The aileron delflection required,
for any sweerbasck, remains essentially constant over the linear
porticn of the 1ift curve. Reference 4 indicated that the aileron
effectiveness of a swept-back wing was reduced ag cos“A. Figure 8(c)
shows that this relationship holds vreasonsbly well for wings with
2° ang 42° sweepback. The data for the wing with 62° sweepback are
also presented in figure 8(c) but since the location of the ailerons
on this wing is not the game as the location of the allerons on the
-Erings with ?.; and 42° sweepback the data are not directly compareble.

See fig. 3.

The results of tests to determine the aileron deflections
required to produce velues of ypb/2V of 0.05 and 0.10 are presented
in figure T with calculated values of the alleron deflections
required. The calculabed aileron rolling effectiveness was obtalned
from the damping-in~iroll data of figure 5 and the static aileron~
rolling-moment date of figure 6. The data of fipure T show that
as the sweepback was lncreased greater aileron deflectlons were
required to produce a given value of pb/2V.

The data of figure T show that for the wing with 2° sweepback
the experimentel aileron rolling effectlveness remained nearly
constant throughout the 1lift range investizabted. The calculated
deta are in fair agreement with the experimental data. Figures 5
end 6 show that for the wing with 2° sweepback the aileron rolling
effectiveness remains conctant because the aileron rolling moment
07'83 decreased in about the same ratlo as the dempling roll CIP

up to meximvm 1ift coefficient. For the wing with 42° sweepback,
the experimental data of figure 7 show that aileron rolling
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effectiveness remained congbant up to a 1ift coefficient of 0.7
end that from & 1ift coefficlent of 0.7 to 0.95 the alleron
éeflection required for & ¢.ven value of p‘b/E'V decreaged. The
calculeted data verify this reduction since the demping In roll
Cq_ decrcased more rapldly than the esileron rolling moments

Cy. - (See figs. 5 end 6.) No apperent systemziic variabion of
aileron required for a given value of pPb/2V is noted for the
wing with 62° sweepback. The celculated ant experimental values,
however, are in qualitative egreement.

Figure T ghows thebt the ailerons could not produce a velue
of pPb/2V of 0.05 neer meximum Lift coefficient for the wings
with 42° and €2° sweepback because the aileron rolling marents
approach zerc as meximum 1ift coefficients axre reached while
the winge retein a small amount of dsmping. (See figs. 5 and 6.)

In figmes 8( d) the measured and calculated aileron deflections
required to prodvce pb/EV of 0.05 are plotted amainst sweepback
angle. The calculations were besed on tlie following relatlionghip:

cos A

c

1 c

_ob_ D _1 &Jﬁ_}m

B\ AV CZ5a '. av C7'5\| cos2A
8/ A=0

cxY

%ay = (aa)!\-—-o co:;. A (5)

The experimentel deta of Ficure 8(d) are in good egreerment with
the calculated values for the wings with 2° end 12° gweepback.
Data for the wing with 6E° sweepback ero wesented in figure 8(d),
but the data on this wing are not directly caarareble with data
for the wings with 29 and 42° sweepback beceuse the ailerons have
different locabtlons.

CONCLUSIONS

The results of tests of three wings heving 2°, 42°, and 62°
sweepback, with the 42° and 62° sweep obtained by rotating the
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wing panels of the unswept wing about an axls in the plane of
gymmetry perpendicular to the cherd line while the length of the
0+.50~chord line was held constant, may be swmerized as fellows:

‘1. Increasing sweepback reduced the demping in roll. An
gprroximete esbimete of the demping in roll of the swept-back
wings over the linear venge of lift coefficlent was obtained
by multiplying the straight-wing valus of damping, in roll by the
cosino of the sweepback angls.

2. The demping in roll for all three wings decreased with
Increasing 1ift coefficient.

3+ Increasing the emount of sweepback reduced the tendency
for insteblility in rolling as maximwm lift wes approached.

4. Increaping the emount of sweepbeck cavsed en increase in
the alleron doflection required to produce a given valuve of helix
anglc 1b/2V.

5. The aileron rolling effectiveness for the wing with 2°
sveebback rcmeined approximately constant up to the meximum 1ift
coeflicient because the ailleron rolling mcments decreased approxi-
mately in the same ratio as the demping in roll. For the wing
with 42° syeepback the aileren rolling effectivencss remsined
constant up to a 1ilt coeificient of 0.7, but from a 1ift cocefficient
of 0.7 %o 0.95 the aileron deflection required to produce a given
value of pb/2V . decreased eceuse the demping in roll decreased
Taster than the aileron »clling moments. No apparent systomatic
veriation with 1ift coeffilcient of the alleron required fmr a
gilven value of pb/EV was noted for the wing with 62° sweepback.

6. The rolling effectiveness of the aileron of the swept-back
wings was predicted with feir accuracy from static aileron-rolling-
momsnt teste and wing-demping tests.

Lengley Menmorial Asronauticel Laboratory
Nationel Advisory Comittee for Aeronautics
Langley Field, Va., May 31, 1946
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WIND -
Y

1 Vane (to produce rolling moment) 6 Pointer (to indioate torque~rod de-
2 Counterweight flection in static tests)
3 Torque rod (can be mounted in this ke 'Roll axis

head to measure rolling moment) 8 Model support (can be free in roll
4 Scale (for reading torque~rod de- or restrained by torqgue rod)

flection in static tests) 9 Mounting head (adjustable to desired
5 Supporting arm (mounted to tunnel angle of attack)

wall) 10 Yaw axis

Figure 2.~ Roll bracket used to determine damping in roll
and rolling moments.
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reference 3.)
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