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THE EFFECT OF LATERAL AREA ON THE LATERAL STABILITY
AND CONTROL CHARACTERISTICS OF AN ATRPLANE
AS DETERMINED BY TESTS OF A NMODEL IN
THE LANGIEY FREE-FLIGHT TUNNEL

By Hubert M. Drake
SUNVMMARY

The effects of large variations of lateral area on
the latersl stsbility and control characteristics of a
free-flying model when allerons are used as the principal
control have been determined by flight tests in the
Langley free-flight tunnel. The efiects of the lateral-
force parameter Cy_ (rate of change of lateral-force

coefficient with anéle of sideslip) were investigated
for a wide range of values of the directional-stability

parameter C, (rate of change of yawing-moment coeffi-

cient with angle of sideslip) and the rotary-damping-in-
yaw parameter Cp (rate of change of yawing-moment coef-
T

ficient with yawing angular velocity).

Although large valuss of Cy were found to increase
B
the lateral stabllity, a definitely undesirable effect
was obtained with large velues of this parameter when
ailerons were used to raise a low wing or to make a
banked turn. With large amounts of lateral area the
adverse yaw accompanying ailsron rolls created adverse
side forces of sufficient magnitude to interfere with
the sileron control. This action was particularly objec-
tionable for low values of  Cp, &nd C, . It is indi-
oI

cated that decreasing Oy will improve the over-all
lateral flight behavior,
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INTRODUCTION

Theoretical considerations (reference 1) have
indicated that the stability of an sirplane is affected
by the lateral-force parameter Cy (rate of change of

lateral-force coefficient with angle of sideslip). This
varameter has teen given little consideration in the
past but, with the recent trend toward cleaner airplanes
with small lateral area, particularly tailless airplanes,
interest in the effects of lateral area has increased.

In order to determine some of the over-all effects
of changes in lateral area on lateral stability and con-
trol, an ianvestigation with a free-flying dynamic model
has been made in the Langley free-flight tunnel. It
was already known thet increases in lateral area would
increase the ease with which flat turns could be made by
use of the rudder and no attempt was consequently made
to measure this effect; rather, the interest was centered
unon the beshavior of the model in manseuvers either with
allerons alone or rudder coordinated with ailerons.

SYMBOLS AND COEFFICIENTS

The forces and coefficients are measured with refer-
ence to the stability axes. The stability system of axes
is defined as an orthogonal system of axes having their
origin at the center of gravity and in wvhich the Z-axis
is in the plane of symuetry and perpendicular to the
relative wind, the X-axis is in the plane of symmetry and
perpendicular to the Z-axis, and the Y-axis is perpendicular
to the plane of symmetry. A diagram of these axes showing
the positive dirsctions of forces and moments is presented
as figure 1.

CL I89PY eoefflicleont Lift

2 rolling-moment coefficient Rolling moment
1 s

0 yawing~-moment coefficient Yawing moment
b qSb
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Cy

S

e

lateral-force coefficient <%ateraé forc%)
a

wing area, square feet
wing span, feet

1 .
dynamic pressure, pounds per square foot (;@V%)

airspeed, feet per second
mass density of air, slugs per cubic foot

angle of sideslip, degrees

angle of yaw, degrees (for force-test data, V= .}

rolling moment, about X-axis
yawing moment, about Z-axis
pitching moment, about Y-axis

rudder deflection
elevator deflection

angle of attack

time for oscillation to damp to one-half amplitude

period of lateral oscillation, seconds

radius of gyration about X-axils, feet

radius of gyration about Y-axis, feet

helix angle generated by wing tip in roll, radians
rolling angular velocity, radlans per second

yawing angular velocity, radians per second



i NACA ARR No. L5L05
Cy rate of change of rolling-moment coefficient with
8 angle of sideslip, per degree chz/éﬁ)

B directional-stability Dsesrameter, that is, rate of
P change in yawing-moment coefficient with angle
of sideslip, per degree Kécn/éﬁ)

rotary-damping-in-yaw parameter, that is, rate of

r change of yawing-moment coefficient with yawing
G-I R FOPRRE, rbj
angular velocity, per radisn |5C,/0 ~V_j
i
=

lateral-force parasmeter, that is, rate of change
of lateral~force coefficient with angle of side-
slip, per degree ' (3C./dF)

APP ARATUS

The investigation was conducted in the Langley free-
flight tunnel, a complete description of which is given
in reference 2. A photograph of the test section of the
tunnel with the model in flight is given as figure 2.
FPorce tests to determine the static stability character-
igstics of the model were made on the free-flight-tunnel
six-component balance (described in reference %), which
measures moments and forces about the stability axes.

The free-oscillation method employed in reference li
was used to determine experimentally the values of the
rotary-damoing-in-yaw parameter Cnr' These values were

derived from damping measurements of the model mounted
on a strut that permitted freedom in yaw.

i three-view sketch of the model used in the tests
is shown as figure 3 and a photograph of the model is
shown as figure li. The test model was so designed that
vertical tails of different size (fig. 3) could be
mounted at various locations slong the fuselage, both
ahesd of and behind the center of gravity. Ten vertical
tails were used during the tests. Eight of these tails,
two each of tails 1 to L (fig. 3), were geometrically
similar. O©Of the other two tails, one was extremely large
(teil 5) and the other was of low aspect ratio (tail 6).
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A photograph of the model with tail 5 in place is pre-
sented as figure 5. The dimensional and mass character- f
istics of the model used in the tests are given in table I. \

TESTS

Test Conditions

The flight tests of the model were made for a wide
range of values of the lateral-force parameter CYB {

over a range of values of the directional-stability
parameter CnB and the rotary-damping-in-yaw parameter Cnr'

|
| Changes in these parameters were obtsined by various
‘ combinations of vertical-surface area and tail lengths
so that the lateral-force parameter could be varied while
‘ the directional-stability and rotary-damping-in-yaw
parame ters were hsld constant. The dihedral was zero
‘ for most of the tests.
The range of test conditions covered in the investl-
. gation is shown in gure € in the form of slope values \

CE
11

tests of the various configurations. For most of the

tests, tne values of CYo’ C and Cnr were varied,

l’li’
respectively, from -0.001lL to =0.0201, from -0.0000l
to 0.00260, and from -0.011 to -0.158. The ratio between

|
\ obtained from the force tests and the free-oscillation
\ -Ch and Cp, was held at a convenient normal value of

| 5

\ about 60:1 for most tests, but no attempt wes made to
maintein an exactly constant value of this ratio. In

\ addition, the model was tested with two configurations

\ having a very high value of Gy, (-0.0600) for two

t_‘.

FaE

large values of Cp end €., . For some tests the
vertical tail was removed and the minimum value of Cp
T

occurred in this condition rather than at the negative
valae -of C,, because, in order to obtain negative Cyp_,
P

a vertical tail had to be a2dded ahead of the centsr
of gravity.

|
Flight tests were arbitrarily made at a 1ift coef- ’
ficient of 0.5 for each of the conditlons reoresented by ‘ 1 \
the test points shown in figure 6. In order to determine |
the effect of 1ift coefficient, some tests were also made \
\

|



6 NACA ARR No. L5105

test arrengement by use of ailerons alone or rudder
coordinated with ailerons for control.

The total aileron deflection used in the tests was
30°. This deflection gave a value of pb/2V of about
9.07 as measured in rolls from level flight with rudder
fixed, For most of the tests the ailerons were rigged
up 10° in order to minimize the adverse aileron yawing.

Flight tests were made at approximately 0° effective
dihedral angle as indicated by force tests. The vertical
teils were added above or below the fuselage in order to

- maintain the effective dihedral angle as nsar 0° as
f possible. One exception was the test with tail 5, which
(
\
f
r

at a 1lift coefficient of 1.0. Flights were made for each
i

gave approximately 2L° effective dihsdral angle.

Throughout the tests, the mass characteristics were
maintained constant at the valuss given in table I.

Flight Retings

represented by the parameter values in figure 6. Graduated
ratings on stabllity, control, and general flight char-
acteristics were assigned esch test condition from pilot's
observations of the model in flight, The stability snd
control ratings used were as follows: :

1 The model was flown at each of the test conditions
{
i
|

ey
jSa)
34
-~

9

Stability or control

|
Good :
Fair 3
Poor !
Very poor |
Divergent l

)

e

HoQw»

|
/ |
} Plus or minus ratings were sssigned to indicate slight
but perceptible changes in the rating. WNotion-picture
records of some flights were made to permit more careful
study of the flight behavior and thereby to aid observers
in making more accurate flight ratings.
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The stability rating of & free-flying model in a
stable condition is generally determined in the free-
flight tunnel from the steadiness of flight in the rather
gusty air of the tunnel. A very stable model returns to
108 original flight path more rapidly after receiving a-
gust disturbance and generally does not tend to move as
far from its original flight path as one with less stability
Greater stability is thus indicated by greater steadiness.
Por unstable conditions, however, the stability is judged
from the rate at which the model deviates from straight
and level flight and from the frequency of control appli-
cation required to maintain steady flight.

The control rating is determined from the ease with
which straight and level flight is maintained and from
the response of the medel to contrcl applications designed
to perform maneuvers. Any unnatural lag or motion in the
wrong direction is Judged as poor control.

The general flight ratings ars based con the over-all
flying characteristics of the model. The ratings indicate
the eass with which the model can be flown, both for straight
and level flight end for nerformance of the mild maneuvers
possible in the Langley free-flight tunnel. Any abnormal
characteristics of the model are generally judged as poor
general flight behavior, inasmuch as they are disconcerting
to the free-flight-tunnel pilots.

RESULTS ANIID DISCUSSION

The results of the investigation are summarized in
figure 7, which presents pilot's ratings for the stability,
control, and general flight characteristics. The sta-
bility and control ratings are substituted for the test
point valuss of figure 6 and are therefore representative
of various configurations. Tt should be remembered that
these results were obtained at a dihedral angle of O~
(Cy. = 0), except for tail 5, and are strictly true only

for this dihedral angle; however, the qualitative effects
of Cy are bslieved to be unaffected by dikedral. The

generai effects of dihedral have been reported in refer-
ences 5 and 6.
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Effect of CY@ on Stability

The steblility ratings of figure 7 show that increasing
C~r while maintaining Cp and GCp constant slightly
r

increased the stability. The results of stability calcu-
lations, made by the method of reference 7, are presented
in figure 8. The lateral-force parameter is given as a

function of the period of the lateral oscillation (P) and
as a function of the time required for the oscilletion to
damp to one-half amplitude (Tl >). The results shown in

figure & show the same trend noted in the results of
figure 7. The increase in stability with increased CYQ

is greatest for the smallest values of Cr and Cnpe
The calculatlions also show that (v  has gery little
&

effect on the period of the laterel oscillation.

Effect of CVB on Control by Use of Allerons

The results of figure 7 show that increasing Cvy

generally decreased the ease with which the model could
be controlled with ailerons alone or rudder coordinsted
with aillerons. 'The deterirration in contrel was much
greater for the low velues of CnE and On,, than for

the large values of these cderivatives. The reduction in
control with increased Cy, 1s explained as follows:

¥hen the model received a éust disturbence in yaw causing
it to sideslin, the pilot gave corrective aileron control
to bring the model back on course. As a result of this
control application, the model rollsd but the large side
force opnosed the lateral component of 1ift that tended
to bring the model back to its original location in the
tunnel, The return to the original flight path was thus
abnormally slow. As CYB and, hence, the opoosing side

force was increased, the gileron control became less
effective in restoring the model to its original lateral
rositicn 1n the tunnel. Tor another case, if the model
was in straight level flight and the pilot anplied aileron
control to perform a meneuver, the adverse yawing caused
by the aileron deflection and rolling introduced
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2 g3ide force in such a direction as to oppose the side
force produced by the angle of bank. This effect caused
the model to hesitate or move first in the wrong direc-
tion and was therefore considered undesirable.

Effect of CYB on General Flight Characreristics

The pilot's ratings for general flight character-
istics are presented in figure 7 together with those for
stability and control. These ratings are shown by the
separated regions of figure T(b) and indicate that the
pilot preferred the ease of control obtained with low
values of CYB to the slight increase in stability

resulting from increased CYB. Qbviously, the ideal

configuration would be one that was both very stable and
easily controlled. If low stablility characteristics
necessitated a compromise, the pilot's rating indicated

a preference for ease of control rather than a slight
increase in stability. The tests showed that the quanti-
tative effect of varying Oy, was dependent upon the

accompanying values of C end Cp .
»

g

Large values of Cnﬁ and Cnr" At extremely large

values of Cp and Cnr’ such as are shown in the flying-

bomb region in figure 6, all flights were given an excel-
lent rating by the pilot despite the fact that two of the
configurations tested had extremely large values of Cy .

2

For conditions in this region, the large amount of
directional stability limited to small values the side-
slipping due to adverse aileron yaw. As a result, the side
force created by the large values of Cy, wes not large

enouzh to affect the sileron control appreciably.

Moderate values of CnB and Cnr.— *hen Cns and Cnr

were reduced to values corresponding to those of the
ordinary conventional asirplane, large variations of Cy

appreciably affected the control of the model. For values
af Cn corresponding to a conventional airplane with a

rather large tail Kcnﬁ = 0.00ZOO}, increasing CYp from
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swall to large values caused & corresponding reduction in
general flight ratings from excellent to good. With

% mn — * o
smaller values of unﬁ and Cnr KCnB = 0.00luO) in the

conventional-airplane range the change in flight character-
istics with large increases in Cy, was more nronounced

£
(excellent to fair).

Small values of CnB and Cnr.- Flights made in the
tailless-airplane region an =70,000y" to o.oooSo) were
satisfactory only for the smallest values of Oy .

Increasing ¢ 3 to larger values in this region resulted
in very poor fiight behavior.

Flights made at the lowest value of C,
(C
\ e
controllable (control rating, A-) were given a general
flight rating of only fair. This rating was given because,
although the model was stable in this configuration, it
had a long-period large-amplitude yawing oscillation that
was objectionable to the pilot. The medel flew very
steadily, however, because of the long period of the
oscillation. This flight behavior has been previously
reported for other tailless designs (model and full scale)
and was similarly objectionable both to free-flight-tunnel
and airplane pilots. Increasing Cn(3 to & value of 0.00080

= 0.000lu) in the tailless region, although very

reduced the yawing oscillation to a great extent and
resulted in satisfactory flights.

The mocel was directionally divergent in flights
made with a negative value of CnB for values of Oy

equal to -0.0030 and =0.0105 and thus could not be

given a control rating, but was however given a general

flight rating of very poor. The directional divergence

at both values of CY was vary slow and the pilot felt

that the divergence could have been prevented with
independent rudder control had this control been available.
In any case, the condition would have been given a general
flight rating of very poor because of the unnatural control
required.
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Effect of 1ift coefficient.- Flights made at a 1lift
coefficient of 1.0 showed a negligible change in flight
behavior from corresponding flights made at a 1ift coef-
ficient of 0.5 and consequently no data are presented for
these tests.

CONCLUDING REMARES

Tn tests, made in the Langley free-flight tunnel,
in which ailerons were used as the principal control, it
was found that, although large values of the lateral-force
parameter CYB (rate of change of lateral-force coeffi-

cient with angle of sideslip) increased the lateral sta-
bility, a definitely undesirable effect was obtained when
ailerons were used to raise a low wing or to make a

banked turn. This effect was particularly objectionable
for small values of the directional-stability parameter Cp

(rate of change of yawing-moment coefficient with angle
of sideslip) and the rotary-damping-in-yaw parame ter Cnr

(rate of chenge of yawing-moment coefficient with yawing
angular velocity). For such conditions the adverse yaw
accompanying aileron deflection created adverse side
forces sufficient to interfere with the aileron control.
The over-all flight behavior of the model was considered
best with swall values of CYp.

For any value of Cy the over-all flight character-

neg
Increasing CnB and Cp, was most effective at the smallest

istics were improved by increasing C and Cnr'

values of CYB.

Iittle change in the flight characteristics was
caused by a change in 1ift coefficient from 0.5 to 1.0.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.,
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E TABLE I

MASS AND DIMENSIONAL CHARACTERISTICS OF THE MODEL
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Figure 2.-

Test section of Langley free-flight tunnel

with model in flight. CYﬁ = -0.0160; Cnﬁ = 0.00080;

Cp, = -0.064; Cp = 0.5.
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