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ROLLING MOMENTS DUE TO ROLLING AND YAW FOR FOUR WING MODELS
IN ROTATION

By bfONTGOMEEYKNIGHTand CARLJ. WIINZ-INGEB

SUMMARY

~ie report preeents the Tesuh of a 8eries of autorohz-
t“bn and tOI’QU8te8t8m four different rotating mung sy8-
teme at various rate8 of roUand at 8tweralangle-eof yaw.
Tile inixntigation corenxl an angle-of-attack range up
to 90° and anglee of yaw of 0°, 6“, 10°, and gOO. The
test8 were made in h 6400t, closed-throat atmospht?ric
wind tunnel of the National Adti~ Committee for
Aeronautic. ~ obj%?tof the test8 wa# ptimurily to
determine the efect8 of m-iuus angles of yaw on the rolling
moment8 of the rotati~ Wing8 up to large angle8 of
attack.
It waa fm.tnd that at angle~ of attack abom that of

man-mum .lif&the rolling moment8 on the un-ng8due to
yaw (OT&?.. slip)fiom 6° to 20° were roughly of the 8ame
magnitude a8 time due to rd?ing. mere uM8 a wide
vam”aiionin magnitude of the Tolling moment due to yaw
angle m“th both angle of attack and w“th~v The rates

and ranges of stableautorotationfor themon.op%nemode18
wereccmei.derablyincreaeed by yaw, wherm for an u&ag-
gered biplane they were little a$ected. The immediate
cau8e of the roUing momeni due to yaw is apparently
the building up of lmg.eloads on theforuxzrd wing tip and
the redudion of lode on the mn’ward wing tip.

INTRODUCTION

The rotational motion which is characteristic of the
spin of an aiqdane is due chiefly to certain rding mo-
menta produced by the wings. These momenk arise
as the result of three principal causes:

1. The rotational motion itdf.
2. The angle of yaw or aide sIip.
3. The ailerom.

The rolling moment due to the angular velocity in
roII has tmtd recently been thought of as the primary
cause of the spin. It has been the subject of a number
of wind-tunnel and nmt,hematicaI imrestigations such
as the one given in Reference 1. The mathematical
analyses have been based upon the “strip method” of
determining g the rolbng moments due to rolling for
various wing syskans.
Certain inv=tigations ha-re indicated that an ad-

ditional hwge rolling moment is produced at angles

of attack beyond that of maximum Iift when a wing
is given an angular disfd~ement in ~avr. That this
moment exists -when the W& is stationary is shown
in References 2, 3,4, and 5, and some of “the anomaIous
effects produoed by it in the case of certain airphmes
in staJIed flight are indicated in References 6 and 7.
Chief of the effects due to yaw and to yawing (Refer-
ences 6 and 7) is the apparent rewxsal of aileron
ccmtroI, since at Iarge angles of attack the instru-
mental records show that the ultimate roll is in a
direction opposite to that which the aiIerons would
normaIIy produce. The rolling moment due tu yaw
also persists when the wing is rotatin~ as is shown
in References 8 and 9, which describe wind-tunnel
investigations whwein the models were free to rotate
about a central axis parallel to the wind direction.
This fact is indicated by the increased rates md
angular ranges of stable autcrotation which obtained
when the models were given an angIe of yaw.
The present report does not include a study of

the variation in aikron charaoteriatics with yaw and
rate of rolIj since it was necess~ to J.imit the variables
in order to complete the tests within a reasonable
length of time. This phase of the subject is partkdly
covered in References 10 and 11.
So far as the writers have been abIe b ascertain,

no tests had pretioualy been made in vrbich rolling
moments were measured on a rotating wing at various
angIes of yaw. The object of this wind-tpnnel in-
vestigation, which was conducted at the Langley -
Memorial Aeronautical Laboratory, was to supply
such information. A partiaI esplanation is given of
the relatiwsdy h’i.rge ro~g moments due to yaw oo-
curring at large angles of attack.
The tests were made in the 5-foot atmospheric

wind tunnel @eferenca 12) on modde of four rep-
ramntati~e wing systems: nameIy, an unstaggered
bipkme and three diEerent monoplane wings. The
roUiug moments were measured on a small electric
dynamometer designed espeoislly for the purpose. A
large range of anglas of attaok was covered.

MODELS AND APPARATUS
The models used consisted of one biplane and three

different monoplane wings. The biplane had zero
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stagger and a gap/chord ratio of 1.0. Both upper
and lower wings had a 5-inch chord and were of
aspect ratio 6. The tips were circular and the
Clark Y profile was used. Figure 1 shows the general
arrangement of this model. One wing of the biplane
was SISOtested as a monoplane wing, and is shown as
such in Figure 2.
The second monoplane-wing model had the N. A.

C. A. 84 profile, but was rectangular in plan form
except for the tips. These were faired, as shown in
the diagram of the wing, F~ure 3. The model &o
had a 5-inch chord and an aspect ratio of 6.
The third monophme-wing model was designated

as the N. A. C. A. 86–M and was tapered in plan

l--
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An arm attached to the cradle at right angles to the
knife edges transmits the tmrques to a ~alance-outsido of
the tunnel (fig. 6), upon which tho rolling moments for
rotations in either direction am measured. The dyn~-
mometir assembly is housed in an aluminum fai.ring,
as shown in Figure 7, which is a view of the instal-
lation in the 5-foot closed-throat atmospheric wind
tunnel.
The wing was mounted on the dymunometer-shrtft

extension arm, as ahown. A simple clamp arrangement
on the model, and the angle-of-attack changing mech-
anism outside the tunnel (fig. 8) permitted the angle
of attack to be vtwied as desired. The rate and direc-
tion of rotation were controlled by a variabIe-speed

(

FIGUREl.–Blplane wingmodel-olark Y

and thickness, having a ratio of tip chord to root
chord of 0.5. The hr. A. C. A. 84 profile was used at
the root section and the NT.A. C. A.–M2 profile at
the tips, which were circular in plan. The model
had an aspect ratio of 6, and is ahown in Figure 4.
All of the models mre made of laminated mahogany.

In the construction of the models the profile ordinates
were held accurata to within +0.003 inch of those
listed in TabLei I, II, and 111.
The autorotation dynamometer consists essentially

of a shaft parallel to the air stream and rotating on
ball bearings. It is driven through reduction gearing
by a small, direct-current-motor mounted in a cradle
on knife+ dges. (seefig. 5.)

—.

-.

motor with a revecsing switch, used in conjunction with a
stroboscopic tachometer and stop watch. The angla of
yaw was adjushd by ckunping the mode~ at the desired
position on its supporting arm, using an inclin~motir
placed on the leading edge to indicata the angle.

TE$TS
Before making the actual autorctation tests on the

various models a few preliminary tesk were made for
calibration puposes. With the dynamometer in place,
but without any model mounted on the extension arm,
verticaI velocity surveys were made at approximately
the location of the model. A Pitokstatic tube, installed
permanently in the tunnel sticiently ftir upstream
from the model to be unaffcctwl by it, was then cali-
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brated against the integrated mean of the frd surrey foot, corresponding to an avemge air speed of 3!?.8
sad used as a dynamic pressure reference. m, P. h. For comparison with rwessure-distribution ‘ ‘ -‘=
Tare rohg-rnoment &sts were then made to deter-

1
i%s~ the dynamic ~ressure was “maintained at 5.01

-.

mine the magnitude of the effects due to the ball-bear-
-.

pounds per square foot for the tests on the N. A. C. A, —-

1

Fmum 3.—MonopI8newtngmcideI-N. A. 0. A.W

these the total rolling moments due to the models were
corrected.
The tests on each ~~ model were made in two parts:
1. St.able autorotation tests.
2. Rolling moment tests.

In general the an@-of-attack rsmge was from O“ to
90°, and angles of yaw were set at 0°, 5°, 10°, and 20°.
Rotatiom of the modeIs were -mried between O and
500 r. p. m. and were taken in both positive and nega-
tive directions. The tests were made on three of the
models at a dynamic pressure of 4.o5 pounds per square

—
Rwi3K Z.—Monoplanewingmodel-OlarkY

ing friction and windage of the model support arm.
‘With the tunnel operating, the arm was driven by the
dynamometer motor at speeds ranging from O to 500
r. p. m., and the rolling moments were measured at
mveral points for rotations in both positive and nega-
tive directions. Cumes were then plotted, and from

b.
:

84 w-& model, since a slight scale effect was found to
esist at the two different pressures.

——.,

When making the stable autorotation tests, the
model vias allowed to rotate freely by merely disen-

.—

gaging the reduction gming in the dpunometer. The
..—

rates of rotation in both directions at various angles of -.

t

‘Q
8
k-i

attack were measured by counting the re~olutions for
a period of time. In ~ddition ~he angles of att acli
betw’een which the model would start rotating of itself,
and aIso those at which it did not quite rotate when
given t-tstart by hand, were observed.
The rolling-moment tests were made with the dyna-

mometer gearing in mesh, so that the speed of rotation
was controlled by the motor. Static moments were
fit measured with the tunnel operating, and then
not operating, for the model both in the normaI
position of flight and then inverted. Moments due to

—–:
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the rotation were obtained for both directions at
va~ious rates and angIes of attack. Rotation of the
model was measured by counting the revolutions for
a period of time for low rates of rotaticm and by use
of the stroboscopic tachometer for the higher rates.
As the result of check tests, the probable accuracy

obtained in the investigation was estimated as follows:
(a) Qle-of-attack setting-+ 0.2°.
(b) Angle-of-yaw set-+ 0.2°.
(c) RoUing-moment balance+ 0.5 gram.
(d) R. p. m. measurements-+ 1.0 per cent.
(e) Dynamic pressure-+ 0.75 per cent.
(f) Data as tabulated-+ 3.0 per cent.

m -
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of the wing in the plane of rotation to the wiml velocity.
This coefficient, which is nondimensiomd, may be de-
fined as follows:

where
p = anguhr velocity (radians per second).
b =span of wing.
V =wind velocity.
q~= dMerence between angle of attack at tho “–

wing tip and that at ‘tid span.
The rolling-moment coefficicmt, Ch, was

applying to a wing when in rotation, rather
&ed as
than the

—

SectionA-A: NA.C.A. 84 pmfiie

‘4’””= ~@’” “--
A 6

I,, -

.4~. 796”;
.— =. -----

A
EK?UKE4.–Monoplanewingmodel-N. L O.A. %-M

The rates of stable autorotation were not corrected
for the friction of the ball bearings, but this error is
probably not greater than – 2 per cent.

RESULTS

The results are presented as absolute coefficients in
both tabular and graphical form. Tables IV to VII,
inclusive, List the results of the stable-autorotation
tests for the four wing models at various angles of
attack and yaw, and Tables VIII to XXI give the
remits of the rolling-moment tests. l’igures 9 to 35
give the restits in the form of curves.
pb~v actually represents the ratio of the linear tip speed

usual rolling-moment coefficient which is ordinarily
used for a nonrotating wing, It should be noted,
however, that CAis identical with CL at zero rate~of
rotation. The former may be defined as:

where
Ch= absolute coefficient of rolling moment,
A =.measured rolling moment about dynamometer

8ti,

S’ = area of the wing,
b = span of the wing,
q = dynamic pressure,

all in a consistent system of unite.

.
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DISCUSSION the angle-of-a ~tack axis was always normal tu the
A general analysis of the ding mornehts due to wind direction in these tests. (See Table XXVII for

ding and yaw will first be made, using as a basis the standard equivalents,)
N. A. C. A. 84 monoplane wing, for which not only The characteristic curves of ding-moment co-
autorotation but also pressure-distribution data are

‘b foravailable. A comparison will then be made of the
effioient, CA, due to roiling (yaw =0°) versus ~

auto~otation test results on all four wing models. the hT. A. C. A. 84 wing, m obtained on the dyna-

WHJRE6,—Torqnebdrma fnstnllation

In the tests the axis of yaw was in a plane parallel
to the wind direction and normal to the plane of the
wing chords. This is not the conventional axis of
yaw. However, the design of the dynamometer ap-
paratus as used in these tests permitted yawing the
W@ only about-this axis. It is also to be noted that

mome~er, are shown in I?igure 9. The dashed pt}r-

tions of the cumes represent estinmted fairings where
it was ~possible h obtain test data, owing to insta-
bility of the wing and dynamometer combination.

Small moments ooourring at ~$=0 are due to nsym-
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the models or of the air flow in the tunnel. I
Roll&g moments for rotations in both directions are
plotted. Clockwise is positive and counter clockwise
is negati~e direction of rotation.
The significance of these curves will be described

briefly. Moments plotted in the first and third
quadrants are those which aid, and in the second-and
fourth those which oppose, rotation. The chrmge k
the shape of the curves between a =12° and a =18°

and the wing would come to rest. If, on the other
hand, the disturbance increased the angular velocity,

—.

a moment aiding the rotation would be built up,
-- .

reaching a maximum at about ~7=0.26, and then

~ 035. &e the TOWdecreas&~ to zero at ~ ~= .

momcat is once more ZWO, and s~ce fie slope Of tie
curve is now negative, oi opposite to the slope at the

,1

,i

. .

,,

.

I

FIGuEB7.—WIIMand dgnamometscaet~ h whd tunnel

vicinity of m&imum Iift.
Let us now consider the curve for a =16:. If the

wing is started rotating in the positive direction, a
moment opposbg the rottition is set up. This moment

@
until it becomes zem at ~ ~=0.19. At ~ petit ‘he

wing would rotate of its ovm accord if it were not for
the unstable condition represented by the positke
slope of the curve as it crosses the axis. In other
words, if the wing were left to itself at this point, a
small disturbance tending to reduce the angdar, w-
locity would result in setting up a retarding moment.,

fit intersection with the axis, a stable condition
resdb, so that the W@ mill now rotate iontinuoualy,

-=—

regardless of small momentary disturbances. The
..
,.-=

first condition may be termed “unstable autorotation” ‘ . . . .
and the second “stable autorotation.”
It is evident that if the model ~~e mouRted so ss tO

rotate freeIy when disturbed from rest., its rotation
vrdd build up tmtiI the stable-autorot.afion point for
the particular angle of attack was reached. (’His
point will be attained, however, only if the disturbance
is of s’ticient magnitude to carry the rotation beyond
eny unstable-autorotation points iirst encountered.)”
The results of such a stable-autorotation test on the
N. A. C. A. 84 wing are gbren in FWe 10, in which ‘-

-—
---——
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pb .~—vMplotted versus angle of attack, a. To obtain the

data for this curve, the dynamometer gearing was
thrown out of mesh so that the model could turn freely
with the shaft, which is mounted on ball bearings, as
explained previously. The re-m.real of the direction
of the curve near a.= 15° can be explained by reference
again to the curve for a= 16° in Figure 9. Here it will
be seen that the model must be forced to rotate up to I
the point of unstable autorotation, beyond which it
will rotata of its own accord. This point, together

Figure 11, d.ich has the same ordinates as tho Qguro
for zero yaw (Fig. 9). The convention adopted in

‘b the rollingthis figure is that for positive values of ~T7

mommits due to the yaw and the roll arc in tho samo
sense, and for negative values they oppose each other.
J?or the tw”ts in yaw the wing was given only positive
yaw, i. e,, the right wing tip was back, but rotations
were fiaken in both positive and ncgativo directions.
The general effect of yaw is to raise the ourves as a

group. It will also be seen that Iargo moments now

i.

-.
.“...,,. ,?...+. ... . ..- ..,==..... .
,U.

-..
- ----i-- -.

FIGURE8.-Mwhanfsm inwtd forchangingangloofattack

with the stable-autorotation points, as obtainod from pb
the moment curves of Figure 9, is plotted in Figure 10.

exist at TV==O. The changes in rolling moment duo

The slight ditl%rences between these points and the
curve are due to the small tare moments produced by
friction in the ball bearings and the windage of the arm
supporting the model. The point on the axis at
a =-210 was obtained by decreasing the angle until the
wing would no longer rotate when disturbed slightly ,
from rest.
Let us now consider the rolling moment due to yaw. i

The total rolling moments due to both rolling and yaw
for the N. A. C. A. 84 wing (yaw= 10°) are plotbd in ,

pbb yaw with changes in =T are of interest, and thwe

are shown in Figure 12 for five selected angles of attack.
These curves were obtained merely by taking the differ-
ences between the corresponding curves of rolling
moment due to rolling (fig. 9) and rolling mmncnt due
to rolling and yaw (@. 11). They indicate tha~ the
maximum moments due to yaw occur at the angles of
attack “of stable autorotation and in tho vicinity of

~b@ =0. The -wriation with ~v2V is much greater
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lhGGRE15.—RoIlLngmomentcceftlcientvs..$for ClarkY bIphe Wm model. Yaw-r.
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F[GCEE27.—RolUngmomentdue to yaw va. angleofattack forChk y blpke wfngmodeL yaw.r, IF, W. .q.-a

I I I I I I I I !! II I

1
. --—x s’ Yuw

1 k d 1 4 I , —0 /0= “ –

-1

d

FIGWEE2&-EWIingmomentdue to yaw va angleofattack forClark Y monoplanawhgmodeL Yaw-F, IV, W. g=o

CA

P # .9” /.. m 20” 24 283’2-.x7@” 44” 4%?- 5P5W6W
d

FI13GRE2(1.-RoIILngmomentdna to yaw va.angleofattaok forN. A. C. A. SE-Mmonophne. Yaw=b”,W, !ZF. ~#-11

1--,,
.08 1 Ill# s, I I I

# (Y !-J .--!- AL4.C.4 . 84
I Y ,, I ~. O A!A.CA. 86-A4

t I 1 I I I I A. I,- ! I
.

.06 . I I I I
IN I-4 I -H

—-4 Clark Yman@ti
1/.4 w — -Cl Glork Y biHme I.

0

i .

d

Fmurm 20.-RoIIhg momentdne to yawva. angleofattack forhr wingmodala. Yaw-W. 2+



316 REPORT NATIONAL ADVISORY COMMITTED FOR AERONAUTICS
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between a= 16° and iY=30a than above the latter
angle. It is of importance to note that positive

pb
momenti for positive vahes of *7 aid rotation, while

pbzpositive moments for negative valuw of fi, oppose it.

The curves of stable autorotation for 10° yaw for
rotations in both directions are included in Figure 10.

The marked difleremces in dues of ~~ and m rsmges

agree with similar teats of this type described in Refer-
ences 7 and 8, mentioned previously. For positive

bvahws of &w rate and range of autorotation is consider-

ably increased, while for negative values it is reduced.
A knowledge of the manner in which the span load

distribution changes to produce a ding moment when
a wing is yawed may be expected to be of value in d+
te rmining the reason for the existence of this pecuhr
moment at large angles of attack. A limited amount
of such information is avaiIeble for the N. A. C. A. 84
monopkne wing as the rasdt of recent pressure-distri-
bution tmfs. In certain of th~e tests the haIf-span
wing model used was given an angle of sweep back and
also sweep forward. The pressurs-diatibution redts
were analyzed on the basis of yaw by considering that
yaw is equivalent to sweep forward on one half of the
span aud sweep back on the other half. The full-span
rohg moments due to 10° and 20° yaw obtained
in this manner from the half-span wing resuh%
are plotted in Figure 13* together with the moments
obtained on the full-span wing mounted on the dyna-
mometer. ‘iThiIe the agreement is only fair, the trend
is the same in each case and furnishes a jps.tification
for using the sweep-back and sweep- fomard results for
the purpose of this analysis.
The span-load distribution, as thus determined, is

plotted in Figure 11 for a few seIected angks. The
cause of the rolling moment is at once apprmc+ for it
is evident that as the mgle of attack inoreas~ the
loads increase on the forward wing, particularly at the
tip, whiIe the reverse is true for the rearward wing.
This has also been found to be the case as a result of
pressure-distribution tests made on a full-span wing
model at various sngks of yaw. (Reference 5.)
IA us now turn to a consideration of the results of

tests on the other three wing systems: namely, the
Clark Y unatsggered bipkme, the Clark Y monopkme,
and the N. A. C. A. 86-M monoplane. The character-
istic curves of rolling-moment codhient~ Ci, v-emus
&~V are given for yaw =0°, 5°, 10°, and 20° in Figures

15 to 26.
The values of Ci at ~fi O are plotted versus a for

each wing at 5°, 10°, and 20° yaw in Figures 27, 28,
and 29. The curves of this type for all four wing

models at 20° yaw are asaembkd for comparison in
Figure 30. It should be remembered, however, that
the dect of the difTeren&shaped tips is also included
in this comparison, although the effects may be small.
The maxima for all four curves occur between a =20°
and 26°. The negative momenta for the Clark Y
mod& are probably due to the negative dihedmd effect
of the tips. (See &s. 1 and 2.) The Clark Y and
N. A. C. A. S4 monoplane wings show similar resulti
up tQ the vicinity of their maxima, beyond which the
moments for the N. A. C. A. 84 wing are greatw. The
CIark Y biplane wing moments are much less than
those for the Clark Y monoplane wing between a =6°
and a =25°, and greater beyond this angle up to
a =36°, above which they are almost identical for the
limits of the testi3. In fact, it appears thnt the vahws
for aII the wings maybe expected to be practically the
same above a =3t3°. The value of the maximum
moments decreases in the following order: N. A. C. A.
84 monophine, CIark Y monoplane, Clark Y biphuw,
and N. A. C. A. 86-M monoplane. The peculiar
additional bend in the NT.A. C. A. 86-M curve at about
a = 14° should be noted.
The stable-autorotation characteristics of each

wing at 0°, 5°, 10°, and 20° yaw are given in Figures
31 to 34. ~ of the monoplane-wing radts are
affected in the same general manner when the mgle
of yaw is increased, there being a general increase in
both the rates ahd ranges of aut.orotation. The vari-

pbation of the maximum value9 of ~Vwith angle of yaw

are plotted for the three monopkine wings in Figure 35.
A yaw of 20° practically doubles the maximum value
of pb~ at zeroyaw for the N. A. C. A. 84 and Clark Y

monoplanes, whereas for the N. A. C. A. 86-M wing
tie increase is only about one-third. The biplane
stabk-autorotation rates are not greatly changed by
yaw, as maybe seen in Figure 31.
Jn order that a wing have dynamic latersl stability,

it is e.saentisJ, among other things, that a righting
(rolling) moment due to @de slip @aw) be accom-
panied by a darnping moment due to roll. BeIow tie
stall the damping moments are usually ample for
stability in comparison with the righting moments.
h general above the stall, however, the damping
moment changes sign and becomes an accelerating
moment, and the righting moment due to side slip
assumes Iarge proportions. A possibility of improv-
ing this situation would be to seek for some means of
reducing the rolling moments due to rolling and yaw.
A study of the curves in Figures 9, 15, 19, and 23
indicates that the maximum rolhg moments due ta
rolling can be reduced a considerable extent by using
am unstaggered biplane wing or by tapering a mono-
plene wing in plan and thickness.
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SevereJ additional subjects for future investigation
suggest themselves as a readt of this work. One of
importance iE the further study of biplane wings to
determine the effects of stagger and gap on the rolling
moments due to roll.hg and to yaw. In the same
connection an investigation of more highly tapered
wings than are now in use wouId also appear to fur-
nish some useful information regarding the monoplane
characteristics.

CONCLUSIONS

1. At angles of attack above that of maximum lift
the rolling moments on wings due to yaw (or side
slip) from 5° to 20° are of the same order of magnitude
as those duo to rolling.
2. There is a wide variation in the magnitude of

the rolling moment duo to yaw angle with both angle
of attack and rate of.roll.
3. The rates and ranges of stable autorotation for

the monoplane wings are considerably increased by
yaw, whereas for an unstaggered biphme they are
Iittle tiectid. .
4-.–The immediate cause of. the rofig moment due

to yaw angle is, apparently, the buiIding up of Iarge
tip loads on the forward wing and the reduction of
tip loads on the rearward wing.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVISORY COMti~EID FOB AERONAUTICS,
LANGLEY FIELD,VA.,August 19, 1990. .
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TABLE IV.-STABLE-AUTOROTATION TESTS,
BIPLANE WING, CLARK Y
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TABLE 1X.—ROLLING-MOMENT TESTS, BIPLANE
WING, CLARK Y
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TABLE X.—ROLLING-MOMENT TESTS, BIPLANE
WING, CLARK Y

TABLE X11.—ROLLING-MOMENT TESTS, MONO-
PLANE WING, CLARK Y
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TABLE X111.—ROLLING-MOMENT TESTS, MONO-
PLANE WING, CLARK Y
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PLANE WING, CLARK Y
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TABLE XV.-ROLLINGMOMENT TESTS, MONO-
PLANE ‘WING, CLARK Y

[Yaw-m’]

TABLE XVI.—ROLLINGMOMENT TESTS, MONO-
PLANE WING, N. A. C. A. 84
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TABLE XVII.—ROLLINGbfOMENT TESTS, MONO-
PLANE WING, N. A. C. A. S4
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TABLE X1X.—ROLLING-MOMENT TESTS, MONO-
PLANE WING, N. A. C. A. 86-M I

TABLE XX.—ROLLINGMOMENT TESTS, MONO-
PLANE WING, N, A. C. A. 86-M
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TABLE XXI.-ROLL1NGMOMENT TESTS, bfONO-
PLANE WING, N. A. C. A. S0-31
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