-~

203
FACTORS AFFECTING IATERAL STABILITY
By John P. Campbell

Langley Aeronautical ILaboratory
INTRODUCTION

The term "lateral stability" used in this paper is intended to
include all airplane stability other than longitudinal stebility. That
ig, lateral stability includes directional (or weathercock) stability,
rolling stability, bank stability (or dihedral effect) and, in fact,
any form of stability that involves displacement of the plane of
symuetry of the airplane by rolling, yawing, or sideslipping. Sometimes
the term "lateral stability" has been used to mean only the stability
agsociated with rolling moment due to sideslip or dihedral effect but
this usage is not recommended because of the likelihood of confusion
with the more general meaning of the term.

During the past few years many advances have been made toward an
understanding of the complex problem of lateral stability. In the war
years a great amount of experimental data on the subJject was obtained
from studies of military airplane designs. Analysis and correlation of
these data have afforded an insight into the causes of lateral-stability
difficulties and have in some cases permitted empirical methods to be
set up for estimating certain stability characteristics. Basic lateral—
stability research, both experimental and theoretical, was necessarily
‘gomewhat curtailed during the war but since that time this research has
been accelerated to supply the ever—increasing demand for fundamental
knowledge in the field of lateral stability.
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lateral—force coefficient | X2teral for ce>
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EpV S

wing-drag coefficient iQZE&
, EpVQS

mass density, aluge per cublc foot

winé'area, square feet

wing span, feet

ver%ical height of wing above fuselage center line, feet
airspeed, feet per second

gidesglip velocity, feet per second

angle of sideslip

angle of yaw (B = —1V)

angle of attack

rolling angular velocity, radians per second

yawing angular wvelocity, radians per second

rolling—angular—velocity factor or wing-tip helix angle
generated by wing tip in roll, radians -

yawing-angular—velocity factor, radians

rate of change of yawing-moment coefficient with angle of
oC
sideslip, per degree 352

rate of change of rolling-moment coefficient with angle of
oCy
oB

gsideslip, per degree

rate of change of lateral—force coefficient with angle of

9Cy
sideslip, per degree §E—
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CnP rate of change of yawing-moment coefficient with rolling—
_ . oC.
angular—velocity factor, per radian ——%
2
2v.
Cy rate of change of rolling-moment coefficient with rolling—
P BCZ
angular—velocity factor, per radian -
’ 2V,
CYP rate of-change of lateral-force coefficient with rolling—
0
angular-velocity factor, per radian _EX
ST
‘ 2V.
Cnr rate of change of yawing-moment coefficiengcwith yavwing-
angular—velocity factor, per radian ~;%
57
Czr rate of change of rolling-moment coefficient with yawing—
3C, \ -
angular-velocity factor, per radian —~%
CYf rate of change of lateral-force coefficient with yawing—
ac
angular—velocity factor, per radian (:T;g
>
Bp flap deflection, degrees
A angle of sweep of wing leading edge, degrees
2
A aspect ratio 5

LATERAT—STABILITY DERIVATIVES

In a discussion of lateral stability it is necessary to break up
this rather complex subject into its several related parts in order to
get a clear picture of the advances that have recently been made in
this field. One logical breskdown of lateral stebility, illustrated
in figure 1, involves the conventional lateral-stability derivatives
used in dynamic lateral—stability work. (See references 1 to 6.) These
gtability derivatives are abbreviated expressions for the variastions of
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the rolling and yawing moments and lateral force with sideslipping,
~rolling, and yawing velocities. In order to meske these derivatives
nondimensional, the velocities v,. p, and r are replaced by B

(or %), g%, and g%, respectively, as indicated at the bottom of
figure 1. (See reference 1.)

The geometric designs around the derivatives in figure 1 indicate
their relative importance as determined from an analysig of many
theoretical and experimental studies of lateral stebility. The circled
derivatives have been found to be most important in that, if they are
properly adjusted, the other derivatives usually have only minor
effects on stability. In a discussion of lateral stability, these
derivatives may logically be divided into three groups — sideslip,
rolling, and yawing derivatives.

Sideslip Derivﬁtives

The sideslip derivatives CnB, CZB, and CYB are probably the

most significant as well as the most familiar derivatives. They can be

_ determined theoretically (references 1, 2, 6? and 7) and are also

easily determined by ordinary wind—tunnel tests (references 8 to 19)

in which the lateral forces and moments are measured with the model in

a yawed (or sideslipped) attitude. From plots of the force—test data,
aCn aC 7 BCY

the slopes SV S and v (where V¥ is the angle of yaw) are

determined and these values are exactly equal to but opposite in sign

to CnB’ CzB, and CYB’ respectively. The yawing moment due to

gidesliyp Cng is the static directional stability or weathercock -

stability factor (references 20 to 3k). The rolling moment due to
sideslip CZB is the well—kmnown effective—dlhedral parameter which

has received an increasing amount of attention in connection with
highly swept wings. (See references 5, 19, 35, 36, and 37.) The
lateral force due to sideslip CYB is the effective lateral-erea
parameter, which is usually negligible if the weathercock stability CnB
is adequate. This derivative will not be discussed further in this
paper but more information on 1t can be obtained in references 1, 2,

6, and 38.

Rolling Derivatives

The rolling derivatives Cnp, Cip, and CYP have been treated
theoretically in references 2, 6, and 39 and are measured by various
experimental methods including continuous rotation tests (reference L40O)
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in which forces and moments are measured on & rolling model and rolling—
flow tests in which the model remsins stationary while the air sfream in
the wind tunnel is rotated (ILangley stability tunnel, reference Ll).
Both the yawing moment due to rolling Cnp and the rolling moment due

to rolling (damping—in-roll factor) Czp are important from considera—

tions of controllability as well as stgbility. The lateral force due
to rolling 'CYP is of measurable magnitude only for swept—wing

airplanes and, since in all cases this derivative has been found to
have an insignificant effect on stability, it will not be discussed
further.

Yawing Derivatives

The yawing derivatives Cnr’ Clr’ and CYf are of secondary

importance compared with the sideslip and rolling derivatives. These
derivatives are treated theoretically in referemces 1, 6, 42, and 43
and have been determined experimentally by several methods including
the whirling-erm method, forced—oscillation or free—oscillation method
(reference 4ht), and the curved—flow method (ILangley stability tumnel,
reference 6), in which a model is held fixed in a curving air stream
produced by curving the flexible side walls of the tunmnel test section.
The yawing moment due to yawing (damping—in-yaw parameter) Cﬂr is the

most important of the yawing derivatives but usually has no pronounced
effects on stability and control if the weathercock stability CnB is

adequate. Since the rolling moment due to yawing Czr and the lateral
force due to yawing CY} are even less important than Cnr, no further

discussion of the yawing derivatives will be given. More information
on these derivatives can be found in the references 1, 6, 43, and Uk,

MOST IMPORTANT IATERAT~STABILITY DERIVATIVES

The four most important derivatives CnB’ CZB, Cnp, and CZP

will now be considered in more detail. The main emphasis will be placed
on the two sideslip derivatives CnB and CzB gince these derivatives

have been the subject of a large part of the lateral—stability research
during the past few years. :

" Yawing Moment Due to Sideslip Cng

The yawing moment due to sideslip CnB is a direct indication of
.the tendency of an airplane to weathercock, that is, to keep alined with
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the relative wind. Since the wing—fuselage combination is usually
unstable in this respect, a vertical tail is used which is large enough
to balance out this instability and to provide a satisfactory amount of
weathercock stability. This concept isg very simple, but in practice
proportioning an airplane to obtain a desired amount of weathercock
stability has proved to be quite difficult because so many factors
affect this stability. The effects of some of the more important
factors will now be treated briefly.

Effect of vertical—tail aspect ratio.— One rather obvious point,
but one which has not been fully appreciated until recent years, is the
effect of the aspect ratio of the vertical tail on weathercock stability.
This effect is illustrated in figure 2. Most airplanes prior to
World War II had low—espect—ratio vertical tails like that shown in
g0lid lines on the sketch., The desire to get increased stability
without an increase in tail area on many of our military airplanes led
to use of vertical tails of higher aspect ratio which, because ‘of their
higher lift—curve slopes, gave more weathercock stability. This effect
is clearly shownain figure 2 by a comparison of the slopes of yawing—

C .

moment curves (BWE or CnB for a model tested with two tails of equal

area but of aspect ratios of 1.0 and 2.3.

End-plate effect of horizontal tail.— Another factor which has to
be taken into account in estimating vertical—tail effectiveness is the
end-plate effect of the horizontal tail. Recent NACA research on this
subject (references 29 and 31) has helped to put the estimation of this
effect on a retional basis, In figure 3 a part of this research is
gunmerized to show how the vertical-tail effectiveness is increased by
the end—plate effect when the horizontal tail is located near the bottom
or top of the vertical tail. In general, the effects of the fore and
aft position of the horizontal tail and the relative sizes of the
horizontal and vertical tails are swmall when compared with the effect
of the vertical position of the horizontal tail.

Effect of wing position.— The effect of the vertical position of
the wing on the fuselage on weathercock stability is illustrated in
figure 4, which is a plot of the increment in CnB' produced by changing

from a midwing configuration to a high— or low-wing configuration. It
is apparent from these data that a pronounced decrease in stability
occurs as the wing is moved from a low to a high position. The amount
of this reduction in CnB (over 0.001) is more than one—half the

increment in CnB provided by a vertical tall of average size. This

effect of wing position results primarily from the difference in the
sidewagh induced at the vertical tail by the high~wing and low—wing
configurations, More information on this effect is given in references 9
to 13 and reference 30, Some of these references also cover the effects
on CnB of flaps, wing plan form, fuselage shape, and other factors.
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Effect of power.— The effect of power on the weathercock stability
of propeller—driven airplanes (references 32 to 34 and 45 to 53) has
been the subject of extensive study in the last few years because the
tremendous Increase in the power of our military airplanes has greatly
increaged the difficulty of obtaining satisfactory stability under all
operating conditiong. In the case of multiengine airplanes one of the
principal problems has been to design the airplane so that directional
stability and trim characteristics are satisfactory with one or two
engines on the same side inoperative. (See reference 33.)

In the came of high—-powered single—engine airplanes there ig an
asymietry in the power—on condition that is similar to the asymmetry
caused on multiengine airplanes by the failure of one engine. This
agymmetry is illustrated in figure 5 by the yawing-moment curve for the
single-rotation power condition for a typical high—powered gingle—engine
airplane. The effect of power is to increase the glope of the curve
(indicating an increage in weathercock stability) and to displace the
curve so that at zero yaw there is a large negative or left yawing
moment. A 20° right rudder deflection was found necessary in this case
to trim the airplane at zero yaw. With this single-rotation condition
the propeller slipstream is displaced to the right at the vertical tail
go that the tail passes out of the slipstream sooner when the airplane
yaws to the right than when 1t yaws to the left. This effect causes '
the yawing-moment curve to break at about 10° for right yaw and about 25°
for left yaw when the tall loses effectiveness as it passes out of the
slipstream. The alrplane tends to become directionally unstable when
the tail passes out of the slipstream because the instability of the
wing-fuselage—propeller combination is greatly increased by the applica—
tion of power. This increased instability is caused partly by the
lateral force on the propeller itself and partly by the glipstream
effect on the wing—fuselage combination.

The undesirable asymmetry with power on is of course not present
on Jet—propelled airplanes, and ‘it appears that power in this case has
little, 1f any, effect on weathercock stability. ZEfforts at minimizing
the asymmetry on propeller—driven airplanes have been attempted by
several methods, such as offsetting the vertical tail, shifting the
center of gravity to the right of the thrust axis (reference 5i),
skewing the thrust axis (reference 55), or using dual-rotating propellers
(references 32 and 47). A comparison of dual and single rotation is
shown in figure 5. It is apparent that dual rotation entirely eliminates
the asymmetry but that the undesirable tendency toward instability at the
higher angles of yaw is still present. Since this instability, when
accompanied by rudder—force reversal, can lead to the dangerous "rudder—
lock" condition (reference 28), methods have been sought to improve the
weathercock stability at high yaw angles. In order to improve this
condition, many high-powered airplanes have dorsal or ventral fins.
The functioning of these fins is explained in figure 6.

%
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Effect of dorsal and ventral fins.— Figure 6 shows the weathercock
stability of a fuselage with and without dorsal and ventral fins, The
gsolid-line curve shows the normal fuselage instability which decreases
with increasing angle of yaw, The dashed—line curve shows that the fins
do not greatly affect the gtability at small angles of yaw but that they
make the fuselage very stable at high angles of yaw where increased
gtability is needed when the vertical tail loses effectiveness. This
gtebilizing effect of the dorsal and ventral fins has been attributed
to a "gpoiling" of the flow over the after part of the fuselage but a
further analysis based on the experimental data of reference 25
indicates that the effect can be partly accounted for by the increasing
slope of the fin normal—force curve with increasing angle of yaw. Such
an effect is characteristic of surfaces having extremely low aspect
ratio. (See references 56 and 57.)

Rolling Moment Due to Sideslip

The rolling moment due to sideslip ClB is known as the effective—

dihedral derivative because the principal effect of varying the
geometric dihedral angle of the wing 1s to change this derivative.
(See references 35 and 36.) As pointed out in the introduction, Cip

is sometimes called "lateral stability" because it is the derivative
which tends to return the airplane to a wing—level attitude when it
banks and starts sideslipping. Interest in this derivative has recently
been greatly increased because of its extreme variation with sweepback
and aspect ratio, as illustrated in figure 7.

Effect of wing plan form on Czﬁ.— The . effect of wing plan form

on the variation of ClB with 1ift coefficient C; 1s shown in

figure 7. The solid—line curves are from experimental data from
reference 6 and the dashed—line curves are theoretical values obtained
from the same reference. The value of ’CZB for unswept wings of

normal aspect ratio 5.2 increases slightly with increasing 1ift- coeffi-
cient and the theoretical variation is in good agreement with the
experimental data. In the case of the sweptback wings, at low 1lift
coefficients —ClB increases rapidly with 1ift coefficient as indicated

by theory but at some moderate lift coefficient —CzB reaches a maximum

value and then drops off as the meximum 1ift is approached. This
"drop—off," which is not predicted by the theory, is attributed to a
partial separation of flow over the wing which cannot be taken into
account by any of the theoretical methods now being used. The 1ift
coefficient at which the experimental results drop off and no longer
agree with the theory is influenced by many factors such as wing plan
form, airfoil section, Reynolds number, and wing roughness. The drop-
off occurs earliest with the more highly swept wings and with wings

~
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having airfoils with a sharp leading edge. Increasing the Reynolds
munrber usually makes the experimental results agree with the theory
up to a higher 1ift coefficient but if the wing surface is rough the
drop-off occurs at a fairly low 1lift coefficient regardless of the
Reynolds number. The use of high-lift devices such as flaps and slots
usually increases the maximum value of* CZB for a given wing. (See

reference 19.)
The data of figure 7 show that the use of sweepforward tends to
reverse the variation of "Clﬁ with 1ift coefficient. For the

particular wing shown, the effect of the sweepforward at low 1lift
coefficients is to eliminate the variation of —CZB with 1lift coeffi-

cient associated with the unswept wing.

Effect of wing position on CZB.— The vertical position of the

wing on the fuselage has a pronounced effect on the value of CZB for

a complete airplane, This effect has been treated theoretically in
reference 7 and has been investigated experimentally in several NACA
research studies (references 9 to 13). The results of some of this
experimental work are summarized in figure 8 which is a plot of the
increment in GZB produced by changing from a midwing position to a

high— or low-wing position. These data show that lowering the wing
causes a large reduction in effective dihedral (—Czﬁ> and that

raiging the wing causes & corresponding increase in effective dihedral.
The scale at the right side of the plot indicates that changing from a
low-wing to a high-wing position corresponds approximately to increasing
the geometric dihedral angle of the wing by 9° or 109, QA-change of 1°

in geometric dihedral angle corresponds to a change in CZB of about

0.0002, The data presented in figure 8 are for unswept wings but the
same general trends would probably be obtained with swept wings.

Effect of power on CZB.— For high—powered propeller—diriven

airplanes, the application of power usually causes a reduction in CZB

which is most pronounced in the flap—-down condition. (See references 37,
h?, and 51.) This effect is illustrated in figure 9 in which rolling-—
moment data are pregented for a high—powered single—engine airplane
with power off and with single— and dual-rotating propellers operating.
In the power—off condition a large amount of effective dihedral is
indicated by the steep slope of the rolling—moment curve. For the
gingle-rotation condition the application of power causes a large
reduction in effective dihedral and also causes a negative rolling
moment at zero yaw. The reduction in effective dihedral is caused by
the fact that in a yawed or sideslipped attitude a greater portion of
the propeller slipstream passes over the trailing wing than over the
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leading wing. Since the dynamic pressure in the slipstream is much
greater than that outside the slipstream, the trailing wing then
produces & greater increment of 1lift due to power than is produced

by the leading wing. A rolling moment therefore results which tends
to raige the trailing wing. This effect is called a negative dihedral
effect because it is the same as that exhibited by a wing having
negative geomstric dihedral. The out—of-trim rolling moment at zero
yaw is caused by the propeller torque which is, of course, to the left
for right—hand propeller operation.

This out—of~trim rolling moment is not obtained with the dual-—
rotating propeller because the propeller torques balance out. There
is, however, an even more pronounced reduction in effective dihedral
than in the case of single rotation. This reduction in effective
dihedral with power corresponds to putting about 18° negative dihedral
in the wing of this airplane. It should be pointed out, however, that
this extreme effect is shown for the flap-down, power—on condition
(usually called the "wave—off" condition) and that much smaller effects
are usually obtained in the flap-up conditions. One proposed method
for reducing the effect of power on the effective dihedral is the use of
a linked differential flap system. (See reference 37.) In the case
of Jet—propelled airplanes the effect of power on CZB is probably

negligible in 8ll cases.

Yawing Moment Due to Rolling

The yawing moment due to rolling Cnp has some effect on latersal

stability but its most imporfant effect is usually on lateral maneuver—

ability. It is the derivative which, together with the aileron—yawing—

moment factor Cﬂ& , Jlargely determines the sideslipping tendencies in
a

an aileron roll. For unswept wings this derivative ls usually negative
as showvn in figure 10 which means that in a right roll it causes a left
or adverse yawing moment which tends to yaw the alrplane out of the turn.

The theoretical and experimental results in figure 10 which were
taken from reference 6 show that the value of Cnp increases with 1lift
coefficient up to the stall which means that the adverse yawing tendency
should be greatest at high 1ift coefficients.

For the sweptback wing (fig. 10), the theory indicates greater
negative values of Cnp than for the unswept wing. The experimentsal

data, however, do not agree with the theory in this case. These data
show even larger negative values of Cnp at low 1ift coefficients than

are indicated by theory, but at a moderate 1ift coefficient (about 0.5
in this cage) the data show a sharp change which results in very large
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positive or favorable values of Cnp at the higher 1ift coefficients.
As in the case of the abrupt drop—off in the value of CZB of the
gweptback wings, this sharp change in Cnp is attributed to a partial

gseparation of flow over the wing which is not taken into account by
this theory (reference 6). An approximate indication of the 1ift
coefficient at which this change takes place, however, can be obtained
dCDw
CL— l.l m—

by means of the simple expression Cnp = - g da from

reference 1.

Rolling Moment Due to Rolling

The rolling moment due to rolling C; 1s called the damping—in—
D

roll derivative because it is the factor which is a measure of the
resistance of an airplane to pure rolling motions. Considerable
theoretical and experimental work (references 2, 6, 39, 40, 41, 57, 58,
and 59) has been done on this derivative because of its importance in
both lateral stability and maneuverability. Some of the principal

points regarding this derivative are illustrated in figure 11 which is =a
plot of the experimentally determined variation of CZP with 1ift coeffi~

cient for swept and unswept wings., The symbols at zero 1ift coefficient
indicate the theoretical values of Czp for the swept and unswept wings.

Theory indicates no variation in 01p with 1ift coefficient,

The curve shown on figure 11 for the unswept wing is for a wing of
aspect ratio 5.2 but it shows characteristics that are typical of unswept
wings of all aspect ratios. The experimental value of 'CZP is in agree—

ment with the theory and remains essentially constant from zero 1lift to
the stall but at the stall it abruptly decreases to zero and to positive
values which indicates that the wing is unstable in roll beyond the stall
and will autorotate or continue to roll once it has started. Various
stall—~control devices such as leading-edge slots have been used to
eliminate the sutorotation tendency of unswept wings at the stall

because in some cases this. tendency causes airplanes to become uncon—
trollable and to go into spins. Increasing the aspect ratio of unswept
wings increases the damping in roll but does not materially alter the
characteristics at the stall.

The data of figure 11 show that changing from an unswept to a swept
wing causes a pronounced change in the damping—in—roll characteristics.
The solid-line curve is for a 450 gweptforward wing and the dashed—line
curve for a 45° sweptback wing. Both wings have an aspect ratio of 2.6.



21k

The fact that the swept w1ngs have a smaller value of Cz than the

unswept wing at zero lift is partly because of the sweepback but mostly
because the swept wings are of much lower aspect ratio. (See

reference 6.) The experimental data are in agreement with the theory
at zero 1ift. The derivative CZP for the sweptforward wing increases

rapidly with 1ift coefficient, however, and at the stall it decreases
sharply and becomes positive or unstable as in the case of the unswept
wing. The rapid increase of CZp with 1ift coefficient is not

accounted for by present theories but it can be éxplained by the
change in span load distribution which tekes place on the sweptforward

wing.
In the case of the sweptback wing, a slight increase occurs in CZ

with 1ncreasing 1ift coefficient up to some moderately high 1ift coeffr—
cient and then the Cz changes abruptly. This change, however, is

more gradual than in the cage of the unswept or aweptforward wings and
the value of CZP remaing negative or stable even beyond the stall.

For swept wings having a very large amount of sweep or a very small
aspect ratio, CZp does become unstable at the stall or at even lower

1ift coefficients. The fact that the sweptback wings of moderate sweep

and aspect ratio maintain damping in roll at the stall is very important
,Tor it means that any roll-offs at the stall should be less violent than
on most unswept wings,

EFFECT OF IMPORTANT STABILITY DERIVATIVES ON FLYING CHARACTERISTICS

The effects of the two most important stability derivatives — the
directional or weathercock stability derivative CnB and the effective-~

dihedral derivative CZB — have been the subjJect of extensive studies,

both experimental (references 60 to 68) and theoretical (references 69
to 71). The results of these studies have generally been in good agree—
ment and consequently only a typical set of results will be discussed,
The results of an investigation in the Langley free—flight tunnel of

the effects of CnB and CZB (reference 65) are presented in figure 12,

In this investigation a model was flown with a large number of combi-—
nations of vertical~tail area and geometric dihedral which provided the
changes in CnB and ClB. The results are plotted in the form of a

gtebility chart with CnB as the ordinate and —CIB as the abscissa

and with the flight behavior obtained with the different combinations
of CnB and CZB indicated by the crosshatched regions on the chart,
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These results are for a lift coefficient of 1.0 and for ailerons-alone

control (rudder fixed) and only represent a small part of the results
of the comprehensive investigation reported in reference 65. :

The stability chart of figure 12 can be explained more clearly by
congidering the flight behavior of the model with-the three combina—
tions of Cpg amd Cqp marked @, (@, and (3), each within a

different region on the chart. DPoint (:) represents a satisfactory
cormbination because with this condition the model was easy to fly and
responded satisfactorily to the controls with little adverse yawing.

Point (:), which has a lower value of CnB but the same value of —CZB,

was not considered entirely satisfactory because with the decreased
weathercock stability excessive adverse yawing occurred during aileron
rolls. This point was considered satisfactory when rudder was coordi-
nated with the ailerons to eliminate this adverse yawing. DPoint (:},
which has low CnB and high —ClB, represents an unflyasble condition

~with ailerons alone. In this cage, the low weathercock stability
permitted excessive adverse yawing which, in combination with the
large value of effective dihedral or rolling moment due to sideslip,
caused reversal of aileron effectiveness. That is, when right aileron
control was given, the model started to roll to the right but it also
gtarted to yaw to the left (or sideslip to the_right) and the large
value of rolling moment due to sideslip CZB then caused large adverse

rolling moments which overpowered the ailerons and caused the model to
roll to the left instead of to the right., Here again, when the rudder
was coordinated with the ailerons, flights could be made but even in
this case the flying characteristics were not considered satisfactory
because of a weak weathercocking tendency and a lightly damped Dutch
roll oscillation., This oscillation 1s discussed in detail in the next
paper ""Dynamic Stability,” by Sternfield.

CONCLUDING REMARKS

During the war years and since the war, a great amount of experi—
mental and theoretical research in the field of lateral gtability was
carried out and many advances were made toward a better understanding
of the problems involved. Mich of the information, however, is still
not in a form to be used directly in airplane design, and in many
cages, further correlation and analysis are required to realize the
full potential usefulness of the results.
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Some experimental work has been-done to determine the effects of
Reynolds number, and theoretical work, to determine the effects of Mach
number (references 72 to 75) on the various stability derivatives.

Mach more research appears to be necessary, however, to determine fully
these effects. Further studies should also be made of the effects on
lateral stability and control of other factors such as aeroelasticity,

wing airfoil section and surface roughness, .and wing—fuselage—tail
interference,
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