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TECHNICAL NOTE 4397

STATIC LONGITUDINAL AND LATERAL STABILITY CHARACTERISTICS
AT TOW SPEED OF 60° SWEPTBACK-MIDWING MODELS HAVING
WINGS WITH AN ASPECT RATIO OF 2, 4, OR 6

By Walter D. Wolhart and David F. Thomas, Jr.
SUMMARY.

A systematic investigation was performed in the Langley stabllity
tunnel to determine the static longitudinal and lateral stablility char-
acteristics at low speed of a series of 60° sweptback-midwing models
having wings with an aspect ratio of 2, L, or 6. Although both static
longitudinal and lateral stability data are presented, emphasis has
been placed on the contribution of the various componente and combina-
tions of components to directional stability at high angles of attack.
Also included are some comparisons wlth the directional stability char-
acteristics of similer unswept- and 45° sweptback-wing configurations.

The results show that all 60° sweptback-wing complete model con-
figurations become directionally unstable in the moderate to high angle-
of-attack range. This loss in directionsl stabillity can be attributed
to the large unstable contribution of the wing-fuselage combination and
to the decrease in tail contribution with increasing angle of attack.
The decrease in tail contribution with increasing angle of attack is
attributed to the effective increase in sweep angle of the vertical tail
with incressing angle of attack and to adverse fuselage interference at
the tail. In general, the tail contribution to directional stability
at high angles of attack decreased with increasing wing aspect ratio
either with or without the fuselage.

A comparison of the results for the 60° sweptback-wing models with
results for similar unswept- and 45° sweptback-wing models indicates that
for these configuratlons increasing sweepback increases the likelihood
of directional instability at high angles of attack. Although compsrable
losses in the tail contribution to directional stabllity with increasing
angle of attack were noted for all wing sweep angles, there was a com-
pensating shift in the contribution of the unswept-wing—fuselage com-
bination that was not present for the 45° and 60° sweptback-wing
configurations. :
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INTRODUCTION

Recent advances in understanding thé principles of high-speed flight
have led to significent changes 1n the design of the principal components
of airplanes. Among the more notlceable and important of these changes
have been the trend to low-aspect-ratio swept wings and the general con-
centration of the weight of the airplane along the fuselage. These
changes to the basic geometry of alrplanes have brought about certain
characteristics, both aerodynemic and inertiel, which may result in a
configuration that is susceptible to large ilnadvertent motions. These
motions may result in the attainment of large angles of attack and side-
slip from which ensuing stalls and spins appear to be more likely than
with previous configurations. One of the important aerodynamic deficlen-
cles of some present-dsy airplanes, which contribute to such undesirable
motions, is the loss of directlonal stebility at moderate and high angles
of attack. '

In general, the directional stability as well as the other aero-
dynamic characteristics of midwing or nesr midwing models can be estimated
satisfactorily at low angles of attack by varilous theoretical and empiri-
cal methods such as those presented in reference 1. The results at mod-
erate and high angles of attack, however, are oftentimes unreliable
because of the unpredictable lnterference effects of the warlous com-
ponents. Conslderable informstion is available on the influence of
the wing, fuselage, and tail geometry on the static stability cherac-
teristics of airplanes with either unswept or swept wings. However,
little informstion of a systematic nature is available on the effects
of wing aspect ratio and sweep on the contributlon of the various com-
ponents of the complete model. . _ "

In order to provide such Iinformstion, a series of experimental
investigations have been performed in the Langley stability tunnel using
models having various interchangeable components and having wings of
aspect ratio 2, 4, or 6. The results of these investigations for unswept
and 45° sweptback wings are presented in references 2 and 3, respectively,
and the results for 60° sweptback wings are presented herein. Although
both static longitudinal and lateral stebllity data are presented, empha-
sls has been placed on the directional stability at high angles of attack.

The models used in the present investigation were tested through an
angle-of-attack range from spproximately -4° to 32°. The lateral stabil-
ity derivatives were determined from tests made at angles of sideslip
of 5° end -5°, although a few configurations using the aspect-ratio-4
wing were tested through a large sideslip range from -20° to 20° for
several angles of attack.
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SYMBOLS

The data presented herein are referred to the stability system of
axes with the origin at the projection on the plane of symmetry of the
quarter-chord point of the wing meen aerodynamic chord. Positive direc-
tions of forces, moments, and angular displacements are shown in figure 1.
The coefficlents and symbols are defined as follows:

A aspect ratio, v2/s
b span, ft
C epproximate drag coefficient, oERroximate drag
aSy
CL, 1ift coefficient, =il
Rolling moment
C rolling-moment coefficient
: " ’ Sy
Cn pitching-moment coefficient, Pitching moment
aSwCy
Cn yawing-moment coefficient, Yawing moment
QSyby
Cy side-force coefficient, Side force
a5y
C, = Gy
‘B 3
Cn %o
B OB
s ~ 3
c local chord, ft

ol

b/2
mean aerodynamic chord, % u/‘ c2dy, ft
0
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tall length, distance measured parallel to fuselage reference
line from moment reference to ¢/4 of the tall, ft

free-stream dynamic pressure, %pvz, lb/sq iy

ordinate of clrcular fuselege, in.
area, sq ft
free-stream velocity, ft/sec

longitudinal distance from fuselsge nose measured parallel to
fuselage reference line, in.

spanwise distance measured from and perpendicular to plane of
symnetry, £t S

spanwise dlstance to mean aerodynamic chord, measured from and

b/2
perpendicular to plane of symmetry, % \/ﬁ cy gy, £t
0

angle of attack, deg
angle of sideslip, deg
sweepback angle of wing quarter-chord line, deg

density, slugs/cu ft

Subscripts:

h

horizontel tail
root —
tip

contribution of vertical-tail—horizontal-tail assembly to
various force and moment coefficients

vertical taill . - -
wing
contribution of wing and fuselage

contribution of complete model .
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Model component designations:

W wing alone

F fuselege alone

VE combination of vertical and horizontal tall, always tested as
a unit (tail alone)

WF wing-fuselage combination

WVH wing-tail combination

FVH fuselage-tail combination

WEVH wing-fuselage-tail combinstion (complete model)

The contribution of the vertical-tall——horizontal-tail assembly to
the various force and moment coefficients is obtalned by subtracting the
data of various configurations as follows:

FVH-F fuselage-tail comblination minus fuselage alone
WVE-W wing-tail combination minus wing alone

WEVH-WF complete model minus wlng-fuselage combination
APPARATUS AND MODELS

This investlgation was performed in the 6-foot-diameter test section
of the Langley stability tumnel. The models were mounted on a single
strut support which was in turn fastened to a conventional six-component
electromechanical balance system.

The models used in this Investigetlion were constructed primarily
of laminated mshogany snd consisted of three 60° sweptback wings of
aspect ratios 2, 4, and 6, a fuselage of fineness ratio 7.50, and
60° sweptback verticael and horizontal tails of aspect ratios 0.90
and 1.79, respectively. The wing and tail surfaces had NACA 65A008 air-
foil sections and a taper ratio of 0.6. Geometric charactéristics of
the various components are given in figures 2 and 3 and tables I and II.
Since appreciable bending and twlst might be expected for the wings of
aspect ratio 4 and 6 if constructed only of mshogeny, these wings were
constructed with 1/16-inch-thick Inconel and aluminum-alloy stiffeners
cycle-welded in place near the upper and lower surfaces of the wing.
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In general, the models were designed to permit testing of the indi-
vidual components as well as verilous combilnations of components. The
only exceptions were the vertical and horizontal tails which were not
separable and were always tested as & unit. For the wing-taill configu-
rations the talls were mounted at the appropriate tall length on a small-
diameter steel tube which was in turn fastened to the wing. The 1solated
talls were mounted on the same tube which was fastened to the model sup-
port strut.

TESTS AND CORRECTIONS

All the tests were made at a dynamic pressure of 24.9 pounds per
square foot which corresponds to a Mach number of 0.135. The Reynoclds
nunbers based on the mean aerodynamic chord of the verious wings were

1.02 x 106 for the aspect-ratio-2 wing, 0.72 x 106 for the aspect-ratio-k4

wing, and 0.59 x lO6 for the aspect-ratio-6 wing. The basic static longl-
tudinal and lateral stability characteristics were determined for an
angle-of-attack renge from approximately -4° to 32°. The static lateral
stability derivatives were determined from tests made at angles of side-
slip of 5° and -5° and, in addition, several configurations were tested
through & sideslip range from -20° to 20° for several angles of attack.

Approximate Jet-boundary corrections were applied to the data by
the method of reference 4. Pitching-moment coefficients for the configu-
rations with horizontal tail on were corrected for the effect of the Jet
boundaries by the method of reference 5. Tare correctlions have been
applied only to the wing-on basic longitudinsl datas Cp, Cp, and Cﬁ.

The data have not been corrected for the effects of blockage since these
correctlions are considered negligible. No aeroelastic corrections have
been applled to the data; however, calculations to determine the magni-
tude of these corrections indicate that they are negligible for the
dynamic pressure of these tests.

PRESENTATION OF RESULTS

The results of this investlgatlion are presented as force and moment
coefficients and derivatives plotted agelinst angle of attack or sideslip
for the various model configurations. (See figs. 4 to 24.) A summary of
the configurations Investigated and of the figures that present data for
these configurations, together with the purpose of these figures, 1s
given in table III.
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DISCUSSION

In general, the discussion of the results of this investigation will
be confined to the directional stability chasracteristics with emphasis
on the contribution of the various components at high angles of attack.
It should be pointed out that comparing moment coefficients for con-
figurations where wing aspect ratio is the only variable can be somewhat
misleading since the characteristic lengths ¢, and byy on which the

coefficients are based change with changes in wing aspect ratio. This
change in the characteristic length results in a given moment being
transformed into different coefficients for each aspect ratio. Exsmples
of the possible misinterpretation of data may be noted in figures 5

and 1k, wherein data are presented for the wing-off configuretions for
the three different aspect ratios. In order to eliminate this apparent
effect .of wing aspect retio on the tail contribution to directionsl
stabllity C VE’ figure 23 has been prepared in which the tail length

1 is used in ﬁlace of by as the characteristic dimension. The force

coefficients are directly comparable, however, since the wing area
remained constant for all wing aspect ratios.

Static Longitudinal Stability Characteristics

The basic static longitudinal stebility date which show the varia-
tion of Cp, Cﬁ, and Cpn with o for the various components and com-

binations of components are presented in figures 4 and 5 for wing-on
and wing-off configurations, respectively. In general, all wing-on con-
figurations show an increase 1in lift-curve slope and a rapid increase
in drag at the angle of attack at which nonlinearities occur in the
pltching-moment curves. Since the characteristics shown are typical of
sweptback wings which have been rather extensively investigated pre-
viously, there is little need to dlscuss them in detaill here.

It is interesting to note that the unstable contribution of the
fuselage alone to pitching moment is canceled to a large extent by
mutual interference of the wing and fuselage when the fuselage is tested
in combinatlon with any of the wings either with the tail on or the tail
off. (See figs. it and 5.)

The variation of CL and Cm with B at several angles of attack

for the aspect-ratio-4 wing and various components and combinations of
components is presented in figures 6 to 12. The trends shown for the
wing-slone or wing-fuselage combination asre in qualitative agreement
with the results for the high Reynolds number investigation reported in
reference 6. However, the nonlineasrities in the 1ift and pitching-moment
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curves are deleyed to somewhat larger angles of attack and sideslip for
the high Reynolds number.

Lateral Stebility Characteristics

Basic static lateral stabllity chaeracteristics.- The baslc stetic
lateral stability data which show the variation of CYB, CnB’ and CIB

with o for verious components and combinations of components are pre-
sented in figures 13 and 14 for wing-on and wing-off configurations,
respectively. In general, these data show that all complete model con-
figurations become directionally unstable in the moderate to high angle-
of-attack range. This loes in directional stability may be attributed

to an increase in the unstable contribution .of the wing-fuselage com~-
bination and to a decrease in tail contribution with incressing angle of
attack. The initial unstable bresk in the directional stability curves
at an angle of attack of about 8° for configurations involving the
aspect-ratlo-4 and, to some extent, the aspect-ratio-6 wing is attributed
to an abrupt loss in leading-edge suction on the trailing wing panel of
the sideslipped wing. The increase in the unstable contribution of the
fuselage for the aspect-ratio-2 wing-fuselage combination at high angles
of attack 1s believed to bé assoclated with wing-induced sidewash on the
fuselage afterbody (ref. 7). This adverse wing-sidewash effect decreases
with increasing wing aspect ratlo and, in fact, for the aspect-ratio-6
wing-fuselage combination the sidewash has a slight favorable effect.

The data also show that at moderate and high angles of attack the
fuselage, when tested in combination with the aspect-ratlo-6 wing, has
a large effect on the effective dihedrel derlvative CZB. Appearently

the fuselage is altering the span loading on the wing since the fuselage
alone contributes very little to CZB. (See fig. 14.) The fuselage has

very little effect on CZB for configuratiéns employling the aspect-ratio-2

or aspect-ratio-4 wing.

Since these data were obtalned at a relatively low Reynolds number
and since i1t is well known that increases in Reynolds number mey have an
appreclable effect on the static stability characteristics, particulerly
on the wing contribution, some consideration should be given to Reynolds
number effects. No high Reynolds number datae were obtalned-in this
investigation; however, some indication of effects to be expected from
increases in Reynolds number can be obtained from other high Reynolds num-
ber investigations. For example, reference 8 shows that increasing the

Reynolds number from 1.2 x 106 to L.45 x lOé?had no apprecieble effect
on the directional stability characteristics of a complete model con-
figuration having a 45° sweptback wing of agpect ratio 6 but did delay
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the initial break in the CIB curve to a higher angle of attack. In

addition, some recent data obtained from tests on a 45° sweptback-wing
model of aspect ratio 4 and having NACA 65A006 alrfoil indicated that

inereasing the Reynolds number from 0.7 X 106 to 7.1 x lO6 delayed the
initisal break in the Clﬁ curve from about 4° to 10° but had little

effect on either CnB or CIB for angles of attack above about 120,

Therefore, although the low Reynolds number dats presented herein would
probably be in poor quantitative agreement with high Reynolds number datsa
in the low to moderate angle-of-attack range, the trends are believed to
be reliable and at high angles of attack the quantitative agreement would
probably be good.

The variations of Cy, Cp, and Cy with B at several angles of

attack give an indication of the range of sideslip engles for which the
sideslip derivatives determined from B = 5° and -5° are applicable.
(See figs. 15 to 21.) The data are for the various components and com-
binations of components employing the aspect-ratio-b wing. In general,
the curves are falrly linear with sideslip angle for sideslip angles
between 5° and -5° for the angles of attack of approximately 0°, 10°,
and 20°; therefore, the sideslip derivatives obtained from pitch tests
at B = 5° and -5° should be representative.

Tail contribution.- The taill contribution to directional stebillty
CnB vE’ 28 well as to the other sideslip derivatives, was obtained by
2

subtracting the results for tail-off configurations from the results
for tall-on configurations. For example, in equation form:

CnB,VH - Cna,WFVE - CnB,WF

These taill contributions are presented as a function of angle of attack
in figures 22. .

The data presented in figure 22(b) show that the decrease in the
tail contribution to directionsl stabllity with Increasing esngle of
attack for the complete model can be largely attributed to two factors.
One factor is the decreased contribution of the isoclated vertical tail
which can at least in part be atiributed to the effective incresse in
sweepback of the vertical tail with increasing angle of attack. The
other factor is the adverse fuselage interference or blanketing effect
at the tail.

As might be expected, the separate effects of the wing and fuselage
interference on the tail contribution are modified somewhat for the
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complete model configuration. The results indicate that the interference
at the tail for angles of attack up to about 220 15 slightly lese adverse
for the complete model than would be obtalned by adding the separate
effects of the wing and fuselage. The favorable effect noted when the
wing 1s added to the fuselage 1s attributed to a reductlon in adverse
effects resulting from the downward displacement of the fuselage vortex.

A direct measure of the effect of wing aspect ratio on the:tall con-
tribution to directional stebllity is provided in figure 23 which shows

- by
the variation of =" CnB,VH
between the wing-on and wing-off tail contribution both with and without
the fuselage. In general, these data show that the tail contribution to
directional stability at high angles of attack decreases with increasing
wing aspect ratio either with or without the fuselage. It should be
pointed out however that the effects of changes in wing aspect ratio
on the tail contribution to directionsl stebllity are probably minimized .
for the complete model configurations by the large fuselage effect men-
tioned previously.

with «o. This figure provides a comparison

Effects of Sweepback on Directional Stability

The effects of sweepback on the directional stablility characteris-
tics of configurations with wings of aspect ratio 2, 4, or 6 are indi-
cated by figure 24. (Unswept-wing data were obtained from ref. 2 and
450 sweptback-wing data from ref. 3.) Figure 24(a) shows the effect of
wing sweepback on the wing-fuselage contribution to directional stability
for various wing aspect ratios. The tail contribution to directional
stabllity, when in the presence of the fuselage, has been normalized by
dividing by the value at 0° angle of attack and these results are pre-
sented in figures 24(b) and 24(c) for wing-on and wing-off configurations,
respectively. Since configurations involving the aspect-ratlo-2 wing
exhibited aserodynamic hysteresis In sideslip for angles of attack above
about 20°, 8 dashed line has been used to distinguish this region. (See
ref. 2.)

The date of figure 24 show that for these configurations increasing
wing sweepback increases the likelihood of directional instability at
high angles of attack because of decreased tail contribution and the
large unstable contribution of the wing-fuselage combination. At high
angles of attack, comparable losses in tail contribution are shown for
all sweep angles, but for the unswept configurations there 1s a com-
pensating stable shift in the wing-fuselage contribution. The tail con-
tribution to directional stabllity decreased at high angles of attack
because of large adverse sidewash effects which for the unswept-wing and
450 sweptback-wing models were primasrily due to the wing and which for
the 600 sweptback-wing models were primarily due to the fuselage. The
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relative effects of wing sweepback on the tail contribution to direc-
tional stability are difficult to evaluate from these data since these
effects are no doubt influenced by the fact that for these configura-
tions the taill aspect ratlo decreased with increasing sweepback. (See
refs. 2 and 3.)

CONCLUSIONS

An experimental investigation was made to determine the static
longitudinal and lateral stability characteristics at low speed of
60° sweptback-midwing models having wings with an aspect ratio of 2, L,
or 6. The results of the investigation indicate the followlng
conclusions:

1. A1l 60° sweptback-wing complete model configurations became
directionally unstable in the moderate to high angle-of-attack range,
and this can be attributed to the large unstable contribution of the
wing-fuselage combination and to the decrease in vertical-tail contri-
bution with increasing angle of attack. The decrease in teil contribu-
tion with increasing angle of attack is atiributed to the effective
increase 1n sweep angle of the vertical tail with increasing angle of
attack and to adverse fuselage interference at the tail.

2. 1In general, the tall contribution to directionsl stebility at
high angles of attack decreased with increasing wing aspect ratio either
with or without the fuselage.

3. Comparison of results for the 60° sweptback-wing models with
results for similer unswept-wing and 45° sweptback-wing models indicates
that for these configurations increasing sweepback inereases the likeli-
hood of directional instability at high angles of attack. Although com-
parable losses in the tall contribution to directlonsl stebllity were
noted for all wing sweep angles, there was a compensating stable shift
in the contribution of the unswept-wing—fuselage combination that was
not present for the 45° and 60° sweptback-wing models.

Langley Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 21, 1958.
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TABLE I.~- GEOMETRIC CHARACTERISTICS OF MODELS

Fuselage:
Length, f£ . . . « ¢ v ¢ ¢ ¢t ¢« t v v v v v v v v e e e e e 3.5
Fineness r&t10 . . . ¢ ¢« ¢ ¢ ¢ ¢ v 4t et i i e e v e e a e . TS50
Wings:
Aspect ratio . . 2 4 6
Quarter-chord sweep -
angle, deg . . « « « .+ . . 4 . . 60 60 60
Dihedral angle, deg 0 0 0
Twist, deg . « « . . « . . 0 0 0
Airfoil section” . . . . . . NACA 65A008 NACA 65A008 NACA 65A008
Ares, sg £t . . . . . . . . . 2.250° 2.250 2.250
Span, ft . . . . ... 2322 3.000 3.675
Mean aerodynemic chord ft . . . .1.08 0.766 0.625
Root chord, £t . . . . . . . . . . 1.326 0.938 0.765
Taper ratio . . v s v v e e ... 0.6 0.6 0.6
Vertical tail:
Aspect ratio . . . . e e e e e e e e e e e e e 0.9
Quarter-chord sweep angle, deg e e e e e e e e e e 60
Airfoil section . . . e e e e e e e e e e NACA 65A008
Area, 8@ £ . & « ¢ 4 4 4 4 4 et 4 e e i e e e e e e . . . 0.338
Span, ft . . . . N ¢ 5.0
Mean aerodynsmic chord PO P ¢ 4 & =1
ROOL Chord, £ . « « « « « = ¢« ¢ & o & o« o o o v o o o « o « . 0.767
Taper ratio . . . O o Y <)
Ratio of tall area to wing area . . .« s . . . . 0.150
Tail length, distance measured parallel to fuselage
reference line from moment reference to &/l of
tail, £t . v ¢ 4 v v v e e e e e e e e e e e e e e e e ... 10392
Horizontal tail:
Aspect ratio . . . © e & 4 e e s e s s e s e s . LTI
Quarter-chord sweep angle, deg e e e e e e e e e e e e e e 60
Incidence, deg . . . . e e e e et e e s e e e e e 0
Alrfoil section . + + « « + « 4« 4« + « + + « « « « + . . NACA 65A008
Area, sq ft . . . . P o N 5570)
Mean aerodynamic chord ft e O % 2
ROOt CHOT@, Fb « « « « + « + + « & « o o o s o o o o o o o o« 0.627
Taper ratio e e e o I <Y
Ratio of tail area to wing area . . e e s s e e e .« 0.200

Tail length, distance measured parallel to fuselage
reference line from moment reference to ¢/4 of
tall, £t . ¢ ¢ ¢ v ¢t 4 e e e e e e e e e e e e e e eo. . 1392
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TABLE II.- COORDINATES OF THE

CIRCULAR-CROSS~SECTION FUSELAGE

| .
T 1
T 4______________J
X—»
x, in. r, in.
0 . 0
2.00 .64
.00 1.20
6.00 1.68
8.00 2.09
10.00 2.h2
12.00 2.67
14 .00 2.85
16.00 2.96
18.00 3.00
20.00 2.99
22.00 2.97
2 .00 2.9%
26.00 2.87
28.00 2.79
30.00 2.70
32.00 2.60
34.00 2.47
36.00 2.3%
38.00 2.18
40.00 2.01
42.00 1.82
il 00 1.61
.00 1.50
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TARLE ITT.- FIGURE INDEX FOR FPLOTTED DATA
Data Configuration Figure ! Purpose of figure to show -
. B Effect of variocus model
CL, Cp, Cp Dplotted {W, WF, WVH, WFVE components singly snd in
inst a combination on the basic
g F, VH, FVH. ] longitudinal deta.
WEVH 6 Effect of sideslip on longi-
tudinal stebillty charac-
WF T teristics of various com-
ponents singly and in
WVH 8 combination. Ay = k.
and lotted
Cr, Cp P - 9
against 8
FVH 10
F 11
VE 12
Effect of various model
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Figure 1.- System of axes used. Arrows indicate positive direction of
forces, moments, and angular displacements.
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Figure 2.- General arrangement of complete models. All dimensions are
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Flgure 3.- Geometric charecteristics of wings. All dimensions are in
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Figure 7.- Variation of Cp, and Cm with B for the wing-fuselage
combination. Ay = L.
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Figure 8.- Variation of C;, and C, with B for the wing-tail combi-
nation. Ay = k.



uuuuuuuuuuuuuuuuuuu

ol NACA TN 4397
ac, aeg
o) 0
o /03
& 206
3
2
Y — > A il
Cm ./
I~ _ e i
0' d): 0
10 - I | [
8 jv’< . ?—S P~ S
0 S AV >\
— ¢
G 6 — T
= | | y
4 .
2
oL T T T T T T

20 -16 -2 -8 -4 o 4 8 2 16 20
Angle of sideslp, B, deg
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Figure 10.- Variation of C;, and C, with B for the fuselage-tail
combination. Coefficients based on aspect-ratio-h wing.
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Figure 1l.- Variation of C;, and Cp with B for the fuselage slone.
Coefficients based on aspect-ratlo-i4 wing.
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Figure 12.- Variation of Cp and C, with B for the teil alone.
Coefficients based on aspect-ratio-4 wing.
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Figure 13.- Static lateral stability cheracteristics of the wing alone and in various com-

binations with the fuselage end tails.
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Figure 15.- Veriation of Cy, Cp, and C; with B for the complete
model. A, = 4,
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Figure 16.- Variation of Cy, C,, and C; with B for the wing-
fuselage combination. A, = L.
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Figure 17.- Variation of Cy, C,, and C; Wwith B for the wing-tail
combination. Ay = L.
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Figure 18.- Variation of Cy, Chs @nd C; with B for the wing alone.
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Figure 19.- Variation of Cy, C,, and C; with B for the fuselage-
tail combination. Coefficlents based on aspect-ratio-4 wing.
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Figure 20.- Verlation of Cy, C,, and C; with B for the fuselage
alone. Coefficients based on aspect-ratio-L wing.
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Figure 21.- Variation of Cy, C,, and C; with B for the tail alone.
Coefficients based on aspect-ratio-4 wing.



TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

NACA TN 4397
o VH
O FVH-F
O WiH-W
& WFVH-WF
008
A
004 7,2 =5
Pl
Byw O reiams
-004 NS
-008 j
004
6 7 AT
A% PR oo 1o
: s o=
~004 - , £ :
J‘.f' ] . X (
-008" L
004
Ay =6
0 At
C‘ £\
-008 % |
o 4 8 2 16 20 24 28 32

Angle ot atrack, CC, deg

a) Varlation of C with «.
(a) Ys vE

37

Figure 22.- Effect of the various -components on the tail contribution

to the statlic leteral stability derivetives.
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Figure 23.- Effect of wing aspect ratio on the variation of %‘i Cnﬁ VE
2
with «.
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