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SUMMARY

An investigation was made in the Langley stability tunnel at low
speed to determine the rolling characteristics (ailerons undeflected and
deflected) at combined angles of attack and sideslip for an 0.0825-scale
model of a fighter-type airplane having a h5° sweptback wing. The tests
were made with the original vertical tail and with a vertical tail that
had an exposed area which was about 27 percent larger. In addition, the
static longitudinal and lateral characteristics were determined. The
yawing derivatives were obtained at various angles of attack and sideslip,
and the pitching derivatives were obtained for various angles of attack
and zero angle of sideslip. The directional stability and damping in yaw
of the airplane corresponding to the model of the present investigation
and of several other high-speed airplanes were compared on the basis of
wing, vertical-tail, or fuselage dimensions.

In order to expedite publication, no extensive analysis of the data
has been made.

INTRODUCTION

During recent flight tests of a swept-wing fighter airplane (ref. 1 A
extremely violent, uncontrolled longitudinal and lateral motions occurred
at a Mach number of about 0.7 and an altitude of about 30,000 feet in
rudder-fixed left aileron rolls. In these rolls, initiated by the appli-
cation of two-thirds or more of the total aileron deflection, very large
negative angles of attack and left sideslip were attained which resulted
in high load factors.
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In the Langley stability tunnel it is possible to obtain the rolling
and yawing derivatives of models at combined angles of attack and side-
slip. Thus, in order to provide information relative to the uncontrolled
motions of the fighter airplane of reference 1, an investigation was made
of an 0.0825-scale model of the airplane with the original vertical tail
and with a vertical tail that had an exposed area which was about
27 percent larger. The purpose of this investigation was to determine
the rolling derivatives and the effect of aileron deflection on these
derivatives for various angles of attack and sideslip. In addition, the
static longitudinal and lateral characteristics (ailerons undeflected and
deflected) were determined. The yawing derivatives were also determined
with the ailerons undeflected and deflected for various angles of attack
and sideslip. The pitching derivatives were obtained at various angles
of attack at zero angle of sideslip with the ailerons undeflected and
deflected.

In order to expedite publication, no extensive analysis of the data
has been made.

SYMBOLS

The data presented herein are referred to the stability system of
axes (except as noted). The origin of the axes system was at the center
of gravity of the model, which was coincident with the 0.32 mean aero-
dynamic chord of the wing. The positive directions of the forces,
moments, and angular displacements are shown in figure 1. The symbols
and coefficients are defined as follows:

L 126 o ik

D drag, 1b

) lateral forece, 1b

M pitching moment, ft-1b

i3 rolling moment, ft-1b

N yawing moment, N = N, ft-1b

A aspect ratio (refers to wing unless otherwise indicated

by subseript), b2/s

b span (refers to wing unless otherwise indicated by
subscript), ft
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Ba

area (refers to wing unless otherwise indicated by
BUbsCript), sq £t

maximum fuselage depth, excluding canopy, ft
fuselage length, excluding booms, ft

tail length, measured parallel to fuselage reference line
from center of gravity to ¢/4 of tail, ft

chord measured parallel to plane of symmetry (refers to
wing unless otherwise indicated by subscript), ft

mean aerodynamic chord (refers to wing unless otherwise

jo)

b/2
indicated by subscript), %kjw cldy, ft
0

spanwise distance measured from and perpendicular to plane
of symmetry (refers to wing unless otherwise indicated
by subscript), ft

angle of attack of fuselage reference line, deg

angle of sideslip, deg

angle of yaw, radians

angle of climb, radians

angle of pitch, radians

angle of bank, radians

angle of deflection of left aileron, measured perpendicular
to hinge line, deg

angle of deflection of right aileron, measured perpendicular
to hinge line, deg

free-stream dynamic pressure, pV2/2, lb/sq ft

mass density of air, slugs/cu ft

free-stream velocity, ft/sec
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rolling angular velocity for stability-axes system,

P=p,cos B -q,sinp or %%, radians/sec

rolling angular velocity measured about wind X-axis, radians/sec

pitching angular velocity for stability-axes system,

q=gq, cos B+p, sinp or %%, radians/sec

pitching angular velocity about wind Y-axis (for the present
investigation, q = qa, since B = 0°), radians/sec

yawing angular velocity about vertical axis, g%, radians/sec

time, sec

rolling-angular-velocity parameter, radians

pitching-angular-velocity parameter, radians

yawing-angular-velocity parameter, radians

1ift coefficient, L/qgS

drag coefficient, D/q,S
lateral-force coefficient, Y/q S
rolling-moment coefficient, L'/q,Sb
yawing-moment coefficient, N/q Sb

pitching-moment coefficient, M/qOSE
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Sy, = Xy
2 3 Eé) !
2V
Subscripts: ;
W referred to wind system of axes
Ve exposed vertical tail
h horizontal tail

APPARATUS AND MODEL

The tests of the present investigation were made in the 6-foot-
diameter rolling-flow test section (ref. 2) and in the 6- by 6-foot
curved-flow test section (ref. 3) in the Langley stability tunnel. In
these test sections, rolling, yawing, or pitching flight is simulated o
by rolling or curving the airstream about a stationary model mounted
on a support strut.

A drawing of the model used in this investigation is presented as
figure 2, and additional information is given in table I. Drawings of
model 2 of reference 4 were obtained and the dimensions were reduced to
a size suitable for the Langley stability tunnel. Two different
fuselage-nose lengths were investigated.

The wing was constructed of laminated mahogany with a dural trailing
edge to prevent warping. A 1/k-inch-thick dural plate extended 4 inches
to either side of the plane of symmetry to insure adequate stiffness of
the wing.

The small vertical tail and the horizontal tail were constructed of
laminated mahogany with a 1/8-inch-thick dural core for stiffness. A
vertical tail that had an area which was about 27 percent larger than the

original tail was constructed of solid spruce with a modified 3%-percent-

thick flat-plate airfoil section. The quarter-chord line of this larger
vertical tail was coincident with that of the small vertical tail.

TESTS

Several types of tests were made at a dynamic pressure of
24.9 1b/sq ft, a Mach number of 0.13, and a Reynolds number of 0.88 x 106.
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The static longitudinal characteristics were determined at B = 0° for
an angle-of-attack range from -30° to BOO, and the static lateral deriva-
tives were determined at B = t3° for an angle-of-attack range from -300°
to 30°. A few tests were made through a sideslip-angle range from 3° to
S s o angles of attack of 0°, -3°, -6°, and -12°.

The rolling derivatives were determined over an angle-of-attack range

b
from -12° to 12° for values of %%% = -0.0708, -0.0462, -0.0269, 0.0072,

0.0313, and 0.0613 at sideslip angles of 0°, -3°, -6°, and -12°.

b
In order to determine the effect of %ﬁr on the static lateral

iy
derivatives, tests were made at B = t6° at values of 257 = 0407085 0,

and 0.0613 for the small vertical-tail configuration only.

The yawing derivatives were determined for an angle-of-attack range
from -12° to 12° for sideslip angles of 0°, -3°, -6°, and -12° at values

of g% = 0, -0.031k4, —0.0665, and -0.0875. The pitching derivatives were

determined for an angle-of-attack range from -12° to 12° for B = O°
only and at values of %% = 0, 0.0097, 0.0206, and 0.0271.

The tests were made with the ailerons undeflected and with the left-
aileron trailing edge up 20° and the right-aileron trailing edge down 20°.
The tests were repeated for the model with the large vertical tail except
that tge rolling and yawing derivatives were only determined at B = 0°
and —6".

CORRECTIONS

The angle of attack and the drag coefficient have been corrected for
the effects of the jet boundaries by the methods of reference 5. The
pitching-moment coefficient for horizontal-tail-on configurations were
corrected by the methods of reference 6. The data have not been corrected
for the effects of blockage or support-strut tares. The yawing and
pitching derivatives have been corrected for the cross-tunnel pressure
gradient that exists in curved flow.

The rolling derivatives C; , Cnp, end Cy  which are given for
P D

angles of sideslip other than zero have not been corrected for the effec-
tive pitching velocity induced by virtue of the airstream being rolled
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about the wind axes in sideslip. At an angle of attack of -12° and an
angle of sideslip of ~Joe <where the value of Clp is smallest), the

correction to Clp would amount to about 9 percent, the corrected value

of Clp being more negative and the effect of sideslip being reduced.
The correction to Cnp amounts to a maximum of 3 percent at a sideslip
angle of -12°, and the correction to CYP is negligible for all condi-

p

for angles of sideslip other than zero, the following equations should
be used:

tions. If it is desired to apply these corrections to C; and C
b

G) > =C, cos B + Cp (§>2sin23
lp corrected lp a\b

C = Cp,., cos B

( np)corrected P

Where Clp and Cnp are the values given in figures 8 and 9 for the

corresponding value of B 1in question and Cmq is obtained from fig-

ure 12. It was not possible to obtain Cmq at sideslip angles other
than zero and, hence, in applying the correction to Clp, it must be

assumed that Cmq does not vary with angle of sideslip, which may or

may not be the case. At zero angle of sideslip there are no corrections,
of ‘course.

RESULTS

Presentation of Data

The variation of Cp, Cr, and Cp with o at B =09 1is pre-

sented in figure 3 for several arrangements of the model. In figure 4 the
variation of the derivatives CYB, CnB, and C, with o 1is presented

for the model (with ailerons undeflected and deflected) with the small
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and large vertical tail, and the effect of p_ b/2V on the variation of

(ACY ) ¢ (ACn ) , and (ACZ ) with o for the model with the small
Blp B/p B/p

vertical tail is presented in figure 5. In figures 6 and 7 the variation
of Cy, Cp, Cn, and C; with B and o 1is shown for the model with

the small and large vertical tails (ailerons deflected and undeflected),
respectively.

In figures 8 and 9 the variation of Cy , Cnp, and C; with a
P b

and B is presented for the model with the small and large vertical
tail, respectively. The derivatives Clp and Cnp may be corrected

for the effects of induced pitching velocity as indicated in the section
entitled "Corrections." The variation of the yawing derivatives Cy ,
T

Czr, and Cnr with o and B is presented in figures 10 and 11 for

the model with the small and large vertical tail, respectively. The
variation of the pitching derivatives Cy , Cp , and Cp with a
a a q

(at B = 0° only) for the model with either the small or the large ver-
tical tail is presented in figure 12.

General Remarks

In order to expedite publication of the results of this investigation,
no extensive analysis has been made; however, there are a few results that
may be of particular significance with respect to the uncontrolled motions
of the fighter airplane mentioned in reference 1. These points are men-
tioned herein in order that they will not be overlooked in an examination
of the figures.

A region of about neutral static longitudinal stability existed at
negative angles of attack from about -9° to -20°, which was slightly
greater than the region of neutral stability that existed at positive
angles of attack from 9° to 15° (fig. 3). The directional stability
(fig. 4) of the model with the small vertical tail decreased with an
increase in angle of attack until at about o = i CnB became zero.

With the large vertical tail, CnB = 0 was not obtained until a = 25°

was reached. The sideslip derivatives were relatively unaffected by
aileron deflection and rolling velocity (figs. 4 to 7). Appreciable
variations occurred in the pitching moment with sideslip when the ailer-
ons were deflected although little change occurred when the ailerons were
undeflected (figs. 6 and 7). The rolling derivatives were not greatly
affected by aileron deflection or sideslip angle although an appreciable




10 NACA RM L55F21

positive shift in Cnp occurred at negative angles of attack as the

sideslip angle was changed from 0° to -11.8° (fig. 8). The most apparent
effect of sideslip on the yawing derivatives was an increase of about
40 percent in Cnr at zero angle of attack which decreased with either

a positive or negative change in angle of attack (fig. 10). Aileron
deflection appeared to be of secondary importance with regard to the
yawing derivatives. When the ailerons were deflected (fig. 12) there
was less of an increase in the damping in pitch Cmq at positive angles

of attack.

The derivatives CnB and Cnr are of primary importance with

respect to the directional stability and lateral damping of airplanes.
For the present airplane and several other high-speed airplanes (see
drawings in fig. 13), these derivatives are compared on three different
bases in figure 14. In the upper part of the figure the derivatives are
plotted against angle of attack. The middle part of the figure presents
the derivatives nondimensionalized to show the amount of directional
stability and damping in yaw per unit of tail effectiveness. The units
of tail effectiveness are considered to be Svele for C, and SVeZe2

for Cnr’ inasmuch as the contribution of the vertical tail to these
derivatives is proportional 6 to these factors. The factor CnB(SE/éV ly )
e e

is essentially the lift-curve slope of the vertical tail with all inter-
ference and sidewash effects included. The lower part of the figure
gives the directional stability and damping in yaw nondimensionalized to
show the directional stability and damping in yaw per unit of fuselage
directional instability. The units of fuselage directional instability
are considered to be DFelF, inasmuch as the contribution of the fuselage

to the directional-stability derivative is proportional to this factor.
The derivatives of the airplanes, other than that of the present investi-
gation, were obtained from reference 7 and unpublished data.

An examination of -figure 14 shows that, on all bases considered, the
directional stability of the airplane with the small vertical tail is low
compared to the rest of the airplanes and the directional stability of
airplane A is large.

The damping in yaw of all airplanes, except airplane A, is about the
same at low angles of attack when it is nondimensionalized relative to
the fuselage size. The damping in yaw per unit of tail effectiveness
(middle part of fig. 14) varied widely for the different airplanes, which
indicates a considerable difference in the efficiency of the vertical tail
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area employed in producing damping in yaw. The effectiveness of the
vertical tail in producing damping in yaw is affected by many things; a
few are: wing position, the canopy, fuselage-wing interference, and
vertical-tail size. High-aspect-ratio tails and tails near large fuse-
lages are very effective in producing damping in yaw.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 1k, 1955.
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TABLE I.- DIMENSIONS OF MODEL

Sweep angle of quarter chord line, deg 5

Mirfiod i veeetdion . . . . .

Tail length from center of gravity to &/4 of tail, ft . .. .. ..

Wing:
Aspect ratio . s DA L S SR 3.56
Span, ft . ; AR WG| 5 s B 0N
Areppianett. . . . . A LRI vl . & 2.567
Mean aerodynamic chord ft . s ueiitte™ el LR 0.9%5
Taper ratio . S e e e s 030
Sweep angle of quarter chord llne, deg - e S 45
NACA airfoil section parallel to plane of symmetry A - 64(06 AOOT
Dihedral angle, deg AT e | s 0]
Twist, deg . A AP R R e S (0]
Incidence, deg . o B i el e il rel M Vel il (]
Ailerons:
Inboard-end location, percent semispan . 5 . 52
Outboard-end location, percent semispan . e R -0
Chord, percent wing chord . . . . . SOh ais sl 25
DPEDWISE ZADPS « o « o« o o o o o o » > - : Sealed
Chordwise gaps . . 5 5 A Open
Horizontal Tail:
Aspect ratio . S x b 3.56
Span, ft . I e 1.548
Area, sqa ft . . . . : RS AR T 0.676
Mean aerodynamic chord ft " o bl (RN 0.479
Taper ratio A S 0.30
Sweep angle of quarter chord line, deg SRge Ll o e, 5 s R R TR 45
NACA airfoil section parallel to plane of symmetry S e e . 64A003.5
Dihedral angle, deg s R of Sl s Al 0
Pyist, deg . s dsl sl o hellial il (0]
Incidence, deg . . SO s s AR S s 0
Tail length from center of gravity to c/h of Hafd FREN i o fe 1.148
Vertical Tail:
Small:
Aspect ratio . . . 1.28
Span from reference llne, ft - PRI 0.647
Area to reference line, sq ft S s L 0.328
Exposed area, sq ft . RPN i 0.249
Mean aerodynamic chord, ft . : 5 0.542
Maper ratio . . . « . . o w et 0.369
Sweep angle of quarter-chord line, deg o 0 ) oI 45
NACA airfoil section parallel to fuselage reference line o e e e il BEAGOENES
Tail length from center of gravity to c/h Of oad 1 Ml Sl SR D 1.163
Large:
Aspect retio . « . . o B iR T e = e 5 1.58
Span from reference line, ft o 3 ‘ 5 A s 0.797
Area to reference line, sq ft a2 e e 0.403
Exposed area, sq ft . . 5 5 S R sl (6 5 L
Mean aerodynamic chord, ft . G ey Bl ik e SN 0.561
Taper ratio STt s ET e e G I R SR RE 0.270
S b AL o G 45

3 5 percent thick
(modified flat plate)
1.20%

13
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Figure 1.- Systems of stability and wind axes. Arrows indicate positive
directions of forces, moments, and angular displacements. Symbols with
subscript w indicate wind axes.
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Figure 2.- Three-view drawing of 0.0825-scale model of

fighter-type airplane.

a 45° swept-wing
A1l dimensions are in inches.
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Figure 9.- Variation of CYP, Cnp, and Czp with a and B for 0.0825-scale model of a 450
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swept-wing airplane with extended-nose fuselage and large vertical tail.
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Figure 10.- Variation of CYr’ Czr, and Cnr with « and B for 0.0825-scale model of a 45°
swept-wing airplane with extended-nose fuselage and small vertical tail.
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Figure 11.- Variation of CYr’ Czr, and Cnr with a and B for 0.0825-scale model of a 45°

swept-wing airplane with extended-nose fuselage and large vertical tail.
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Figure 12.- Variation of CLq, CDq, and Cmq with angle of attack for

0.0825-scale model of a 45° swept-wing airplane with extended-nose
fuselage. B = 0°.
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Figure 13.- Airplanes used in figure 14. All are drawn to approximately same scale.
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Figure 1kh.- Variation for several airplanes of the derivatives CnB and Cpp with a, when
based on the wing, vertical-tail, and fuselage dimensions.
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