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SUMMARY

>

A wind-tunnel investigation was made at low speed in the ILangley
stability tunnel to determine the effects of sideslip on the static lon-
gitudinal trim characteristics of three fighter-type airplane models.
Static lateral stability data for the models are also presented but are
not discussed. The models consisted of a 45° swept-wing model with a
horizontal tail which was geometrically similar to the wing and was
mounted in a position slightly below the wing, a clipped-delta-wing model
with a horizontal tail which also was geometrically similar to the wing
but was mounted in a moderately high position with respect to the wing,
and a 60° delta-wing model which did not have a horizontal tail.

The results of the investigation have indicated that the clipped-
delta-wing model had the greatest variation of pitching-moment coefficient
with angle of sideslip and this variation occurred throughout the 1if+t-
coefficient range and was greatest at high positive 1ift coefficients. At
a 1ift coefficient of zero, for example, the ‘change in nose-down pitching-
moment coefficient in going from an angle of sideslip of O° to -20° was
equivalent to that produced by @bout 4° incidence of the horizontal tail.

INTRODUCTION

During certain maneuvers, several fighter-type airplanes have encount-
ered uncontrollable motions which resulted in the attainment of large side-
slip angles. (See ref. 1, for example.) As a result of these occurrences,
knowledge of the effect of sideslip on the static longitudinal stability
is of interest. Some information on this subject has been presented in

references 2 and 3.
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The present low-speed investigation was made as an extension of the
work of references 4 and 5 and an unpublished investigation made in the
Iangley stebility tunnel in order to show the effects of sideslip on the
static longitudinal trim and static lateral stability characteristics of
three flghter-type airplane models for an angle-of-attack range of -28°
to 28° and sideslip angles to -30°. The models consisted of a h5
sweptback4w1ng model (model A), a clipped-delta-wing model (model B),
and a 60° delta-wing model (model C). Models A and B had horizontal
tails similar in plan form to their wings whereas model C did not have
a horizontal tail., Since, for these models, the static longitudinal
characteristics were previously investigated only at 0° sideslip and,
in general, the static lateral stability characteristics were dbtained
for sideslip angles of #5° in reference 4 (model A), in reference 5
(model C), and in an unpublished investigation (model B), prime consid-
eration has been given to the longltudinal characteristics of the models.
The brief discussion of the lateral characteristics is confined to the
linearity of the curves at high angles of attack and sideslip.

SYMBOLS

The data presented herein are referred to the stability system of
axes shown in figure 1. The moments were measured about the center-of-
gravity positions indicated in figure 2. The symbols and coefficients
used herein are defined as follows:

F, 1lift, 1b
Fp drag, 1b
Fy side force, 1b
My rolling moment, ft-1b
My pitching moment, ft-1b
Mg, yawing moment, ft-1b
: A ‘ aspect ratio, b2/S
b span, ft
S area, sq ft
c local chord parallel to plane of symmetry, ft

ol

5 b/2 _
mean aerodynamic chord, g--/ﬁ c2¢y, ft
“0
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Cn

Subscripts:
W

H

tail length from center of gravity to E/h of tail measured
parallel to fuselage reference plane, £t )

spanwise distance measured from and perpendicular to plane
of symmetry, ft

vertical distance of wing above or below fuselage reference
line, £t

2
dynamic pressure, Eg—, Ib/sq Tt

mass density of air, slugs/cu ft
airspeed, ft/sec

angle of attack of fuselage reference line, deg
angle of sideslip, deg

horizontal-~tail incidence angle, deg

1ift coefficient, I

By
Fp

aSy; :

Fy

drag coefficient;

side-force coefficient,

M
rolling-moment coefficient, X
Aoy
My
pitching-moment coefficient, —
aSye
Mg,

yawing-moment coefficient,

Sy

wing
horizontal tail

vertical tail
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Model-~Component Designations

For convenience the model configurations are defined by a gr‘ouping
of the following symbols which denote model components:

F fuselage

W wing

v vertical tail

H horizontal tail

APPARATUS AND MODELS

The 6- by 6-foot test section (ref. 6) of the Langley stability
tunnel was used for the present investigation. The models were mounted
on a single support strut which was rigidly attached to a six-component
balance system.

A three-view drawing of each of the models is presented in figure 2
and additional model details are presented in table I. Photographs of
model B in the 6- by 6-foot test 'section of the Iangley stability tunnel
are presented as figure 3. Model A was previously used for the inves-
tigation of reference 4 and model C was previously used for the inves-
tigation of reference 5. With a few exceptions, the air inlets and exit
for model B were open. Models A and C were solid throughout. A1l models
were constructed of laminated mahogany with aluminum-alloy trailing edges
on the wings and tails to prevent warpage.

TESTS

The tests consisted of six-component measurements of the aercdynamic
forces and moments through an angle-of-attack range of -28° to 28° at
sideslip angles of Q°, -6°, -120, -200, and -30o for the complete models
(complete model C did not have a horizontal tail) and at sideslip angles
of 09, -12°, -20°, and -30° for models A and B with their horizontal tails
removed. For complete model A, data were also obtained at B = -25° over
an angle-of-attack range of f12°. Data were obtained at angles of attack
of -89, -120, and -16° through a sideslip range from 4° up to -30° for
each model (horizontal tail on and off for models A and B})).

Inasmuch as the effect of sideslip on the longitudinal characteristics
of model B was rather large, even at Cp = O, some additional data were

obtained on this model. At angle of attack of 0°, data were obtained, over

L F
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a sideslip range of 4° to -300, with the original fuselage, horizontal
tail on (iy = 0°) and off, and with the faired fuselage shown in figures 2
and 3, horizontal tail on (iy = 0°, -4°) and off. Data were also obtained
over the same sideslip range for complete model B with the Taired fuselage
and with the leading-edge slats fully extended. With (it = 0°) and with-
out the horizontal tail, model B was also tested with the faired fuselage
over an angle-of-attack range of #12° at B = 0° and -6°. The wing alone
was mounted in a low position with respect to the model center of gravity
and was tested through the sideslip range at o = 0°. TIn mounting the
wing for these tests, relatively thick brackets were required and, conse-
quently, the drag coefficients presented herein are probably not truly
representative of the drag of the wing alone; this is especially true at
large sideslip angles where the drag of the brackets approaches that of a
flat plate normal to the wind.

A1l tests were made at a dynamic'pressure of 2k.9 lb/sq £t and a Mach
number of 0.13. The test Reynolds numbers were 0.876 X 106, 1.013 x 106,

and 1.650 X 106 based on the mean aerodynamic chord of models A, B, and C,
respectively.

CORRECTIONS

Approximate jet boundary corrections (ref. T) were applied to the
angle of attack and drag coefficient. Horizontal tail-on pitching-moment
coefficients were correctéd for the effects of the Jet boundaries by the
methods of reference 8. The data were not corrected for the effects of
the support strut or blockage; on the basis of past experience, they would
be negligible.

RESULTS AND DISCUSSION

Presentation of Results

Aerodynamic characteristics are shown by the variation of the coeffi-
cients Cr, Cﬁ, Cm» Cy, Cp, and C; with angle of attack for several

angles of sideslip presented in figures 4, 5, and 6 for models A, B, and C,

respectively. In figure 7 is presented, for each model, the variation
of Cp with Cr, Tor several angles of sideslip and in figure 8 is pre-

sented, for several 1ift coefficients, the variation of Chp with B for
models A and B with their horizontal tails on (it = 0°) and off and for
complete model C which did not have a horizontal tail. The variation of
the coefficients with angle of sideslip for angles of attack of about -80,

ot
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-129, and -16° is presented in figures 9, 10, and 11 for each model.
(These data are in agreement with those obtained through the angle-
of-attack range at a constant sideslip angle.) In figure 12 is shown
the variation of the coefficients at o = 0° for model B with (iy = 0°)
and without the horizontal tail and for the wing alone of model B. The
effect, for model B, of fuselage fairing, leading-edge slat deflection,
and horizontal-tail incidence on the variation, at o = 0°, of the coef-
ficients with angle of sideslip is presented in figure 13.

Static Longitudinal Stability

Briefly, in regard to the basic data of figures 4 to 6, the 1lift coef-
ficient for all models decreases with an increase in the angle of sideslip.
Model C, which is more symmetrical with respect to the fuselage reference
plane, has lift and pitching-moment curves that are almost antisymmetrical
at corresponding positive and negative angles of attack. The lack of anti-
symmetry in these curves for models A and B is the result of the relative
position of the wing and horizontal tail on the fuselage. Information on
the effects of the wing and the horizontal-tail position on the static

longitudinal stebility is presented in references 2 and 9.

The static longitudinal stability of the models is generally affected
by changes in sideslip angle only at high 1lift coefficients and at large
sideslip angles (figs. T(a), T(b), and T(c)). The pitch-up tendency that
occurs for complete model A at about Cp, = 0.56 (B = 0°) is relatively
unaffected by changes in sideslip angle up to about -200; at larger angles
of sideslip, it appears that the model may have greater stability in this
lift-coefficient region although the data are rather sparse for a definite
conclusion. At about a corresponding negative 1ift coefficient, the pitch-
down tendency at B = 0° 1is reduced only slightly by a change in the angle
of sideslip. Pitch-up also occurs for complete model B (fig. T(b)) but at
a higher 1ift coefficient (about Cr, = 0.75) than that occurring for model A.
This pitch-up is relatively unaffected by changes in the angle of sideslip
and there is no tendency for pitch-up in the negative lift-coefficient
range. At B = 0° +there are no tendencies for pitch-up or pitch-down for
model C but when B = -50o is reached these tendencies do appear at 1lift
coefficients of about 0.65 and -0.48. In general, regardless of the side-
slip angle, the largest variation of static longitudinal stability with
1ift coefficient occurs for model A, whereas the least variation occurs for
model C.

Variation of Pitching-Moment Coefficient With Sideslip
Of the three models investigated, the greatest variation of pitching-
moment coefficient with angle of sideslip occurs for model B (figs. T(b)
and 8(b)) and this variation occurs throughout the lift-coefficient range

SN T
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and is greatest at high positive 1ift coefficients. Model C, in general,
has the least variation of pitching-momeht coefficient with angle of
gideslip.

On the basis of the horizontal-tail effectiveness determined from the

data of figure lB(a), the change in nose-down pitching-moment coefficient
at Cp, =0 (fig. T(b)) resulting from a change in the angle of sideslip

from 0° to about -20° is equivaleht to that produced by a deflection of
the horizontal tail of about L4°.

The effect of sideslip on the contribution of the horizontal tail to
the pitching-moment coefficient is largest for model B (compare fig. 8(a)
with fig. 8(b)) and this fact and the fact that there is generally little
effect of sideslip on the wing-fuselage contribution to the pitching-
moment coefficient (figs. 8 and 12) probably accounts for the large var-
iation of pitching-moment coefficient with angle of sideslip for model B.
The pitching-moment coefficient of the wing alone of model B at o = Q°
(fig. 12) is relatively unaffected by changes in the angle of sideslip.

The foregoing results are, in general, similar to those presented in
reference 2 in that the low-aspect-ratio delta-wing model (model C) expe-

rienced the least effect of sideslip on the pitching-moment characteristics.

Effect of Modifications to Model B on Static Longitudinal
Stability and Variation of Pitching-Moment
Coefficient With Sideslip

Since complete model B experienced a large effect of sideslip on the
pitching-moment coefficient, some additional data were obtained with the
fuselage faired as shown in figures 2 and 3 in order to determine the
influence of eliminating the rather large ducts. There is, in general,
only a small effect of eliminating the ducts (by fairing the fuselage) on

the variation of Cp with Cj for model B with or without the horizontal

tail (fig. 7(d)) and there was little effect on the variation of the

Pitching-moment coefficient with angle of sideslip at o = O° - (fig. 13(a)).

Some additional data were obtained with the faired fuselage model with

the leading-edge slats extended and with the horizontal tail at an angle
of incidence of -4°. These data (fig. 13(a)) indicate that a negative

increment in Cp 1is produced by extending the slats and that the increment
was about constant for the sideslip range investigated. An angle of inci-

dence of the horizontal tail of -4° produced a large positive increment

in the pitching-moment coefficient, as would be expected, and this increment

also was sbout constant for sideslip angles less than -2h0,

NSRRI
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Static Iateral Stability

Only brief comsideration will be given to the static lateral data
of the models since there was some overlapping of the range of test vari-
ables of the present investigation and those of reference k4 (model A),
reference 5 (model C), and an unpublished investigation of model B. The
lateral data for the large angle-of-attack and sideslip ranges may be of
some use in analog-computer studies of combined lateral and longitudinal
motions.

At high angles of attack, all models exhibited nonlinearities in the
varistion of the rolling- and yawing-moment coefficients with angle of
sideslip (figs. 4 to 6 and figs. 9 to 11). Also, the rolling- and yawing-
moment coefficients of models A and B were appreciably affected by their
horizontal tails (figs. b(e), 4(£), 5(e), and 5(f)). All models became
directionally unstable at certain angles of attack and sideslip. This
instability occurred in some cases at an angle of attack of 0° (figs. 4,
5, and 12) for large sideslip angles. :

CONCLUSIONS

Results of a wind-tunnel investigation at low speed, made to deter-
mine the effects of sideslip on the static longitudinal trim character-
isties of three fighter-type airplane models, have indicated the fol~
lowing conclusions:

1. Of the three models investigated, a clipped-~delta-wing model,
having a horizontal tail in a moderately high position relative to the
wing, had the greatest variation of pitching-moment coefficient with angle
of sideslip and this variation occurred throughout the lift-coefficient
range and was greatest at high positive 1ift coefficients. For example,
at a 1ift coefficient of zero, the nose-down pitching-moment coefficlent
produced in going from an angle of sideslip of 0° to -20° was equivalent
to that produced by about 4O incidence of the horizontal tail.

5. A 60° delta-wing model without a horizontal tail had the least
variation of pitching-moment coefficient and static longitudinal stabil-
ity with angle of sideslip.

3. For all angles of sideslip investigated, a 45° swept-wing model,
having a horizontal tail slightly below the wing, had the greatest
varistion of stability with 1lift coefficient for the moderate positive
and negative lift-coefficient range.

Langley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Iangley Field, Va., June 1, 1956.
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TABLE 1

GEOMETRIC CHARACTERISTICS OF MODELS

Model A Model B < Model C
Wing:
ASPECE TBEIO « o « o o o @ o o o s« o s s o s s .o 3.56 2.91 2.31
TEPEr TALLIO « « o o o o o o o c o o o o s o = o e oo o= 0.30 0.226 0
Span, fH e o o o o o o - o . c e e e e e e e e e e 3.018 2.750 3.042
Area,sqft...... ........ c e e e e e e 2.567 2.600 %.005
Root chord, £t « « o « « = « o « = e e e e e e s e e e 1.309 1.550 2.635
Mean serodynamic CHOTA, £6 o v n v o = o s o o o oo 0.935 1.080 1.758
Quarter-chord sweep angle, deg « « « = « « « ¢ « o = v - L5 33.21 52.2
Dihedral engle, EE « o o o = = « o o o = = o o = o+ o 0 2.67 o
Geometric twist, deg + « o« « o o o o o o o o . e o o s o [s] o] o
Incidence, deg « + « « o o o o o o o = e e e e e e e o] (4] [o]
TACA airfoil section parallel to plane of symmetry:
ROOE « o o o « o = o o o o o o » = = e e e e e e e e 6’&(06)2\007 0008(modified) 650003
Pip 0005(modified) 650003
w:lng-height TALIO, Zyfby o o o e o e e e e s oo -0.0525 -0. o
Slat rotation ebout hinge line for fully opened
PoSition, dEE « o o o o o o v e e o e oo ..o 2
Horizontal tail: None used
ASPECt TAELO « « o o o o o o o o o s e e e oo e 3.56 2.80
Taper rati0 . ¢ ¢ ¢ o o o = o o« « o s s o e o s = s e . 0.30 0.225
Span, L. o o o o @ s s o m e ..o e 1.548 1.133
Ared, SQTE o o e o 2 o o o o o o o o e oo e e .. 0.676 0.159
ROOL ChOTd, £E o « o o o o o o = = o s o o o o = o = o o 0.670 0.667
Mean aerodynamic chord, ££ « o o ¢ o« o o o ¢ o o o o o o 0.479 0.466
Quarter-chord sweep angle, Geg « « o « « = « = = « o o - 45 24,37
Dihedral angle, deZ « « o « o o o o o o = o o o o o = (o] ]
Geometric twist, deg « « ¢« o o ¢ o o ¢ o o o o . - PO (o] o
Tncidence, deg « « « o o o o o o o o = = = e e e s e e o] 0,-k
NACA airfoil section parallel to plane of symmetry:
ROOL o o o« o o o o o o o o o o o o o o o o « v ¢ o o = 61+A003.50007(modified)
TID o o o o o o o o o o v 2 s oo o o s o o oo s 644003.5 | 000k (modified)
Tail length from center of gravity to ©/i of
811, TH o o o o 0 0 o e oo ... e e e e e . Ve . 1.148 1.607
Area ratio, sH/sw i e s s e e e e e e . 0.263 0.177
4
Tat1 volume, EE L. ... ... 0.325 0.263
Vertical tail (to reference line):
ASPECE TALIO ¢« o « o 4 o o o 0 e e e o o e s e oo e e 1.58 1.30 2.18
Taper Tati0 « o« o o o o o o o o o = 0.270 0.167. o]
SPAN, FE o o o o c s o s o s s e e s e ae e 0.797 0.950 1.123
AT, SQFE o o o o o o o o e s e o e s e e s e 0.403 0.692 0.579
Root chord, £t « « « « « - -« e e e e e e e e e 0.796 1.249 1.029
Mean serodynamic chord, £t « o « « = « ¢ ¢ o o o o o o o 0.561 0.851 0.687
Quarter-chord sweep angle, deg . . e e e e e L5 L2 34.5
HACA airfoil section parallel to root chord.-
ROOL e o o o o = o o« « o o o o o o o o o o o oo o= . 3,5-percent~thick| |0007(modified) 65006
TIP o o o o o o o o o o o o o o o s o s e o o o« v . | }modified Tlat plate 000% (modified) 65006
Tail length from center of gravity to c/h of
BEIL, TE v o o o 0 o o o o s e e me e e .. 1.203 1.3%2 1.738
Area ratio, Sy/Sy - - - - - e e e e e e e 0.157 0.266 0.14h
Tailvolume,ﬂﬂ.... ..... 0.063 0.129 0.082
by Sy
Fuselage:
IENgthy £ « o o o o o o o o « o o o o o o s o o e .. 3. 740 %.703 2,700
FINeness ratio « « o o o « o o o o o o o e e e e e .. 8.03 7.16 9.00
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Relatrve wind

Fy
A

Relative wind

\/'/

N

Figure 1.- Stability system of axes. Arrows indicate positive forces,
moments, and angular displacements.
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.71

2492. 1378
e at 0328y _—

Fuselage reference plane

44.87

36.22

Model A

Figure 2.- Geometry of models. Dimensions are in inches.
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Approximate faired
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—

e ——

21.98 ; 19.28.
-e.g.al 025 EW

290

+.

Fuselage reference plane

| l 180Y 258 P
<;;i\j—0 } ‘ 458+
— = Wing reference plane

—Horizontal-foil
hinge point

] NEy4 _ i

" Model B ’ 1

Figure 2.- Continued.
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1580 AN

(+52.2°
27.00 /\/a g.at025¢y
Fuselage reference plane
54.00

36.50

Model -C

Figure 2.- Concluded.
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(a) Original fuselage.

(b) Faired fuselage.

Figure 3.- Photogrephs of model B.
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Figure 4.- Continued.
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Figure 5.- Variation of aserodynamic characteristics of model B with angle
of attack for several angles of sideslip.
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Figure 5.~ Continued.
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Figure 6.~ Variation of aerodynemic characteristics of model C with angle
of sttack for several angles of sideslip.
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Figure 6.~ Continued.
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Figure T.- Effect of sideslip angle on the variation of Cp with Cj,

for three fighter-type airplane models.
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(b) Variation of Cp with B for complete model B (it = Oo), complete
model B less horizontal tall, and for horizontal-tail contribution.

Figure 8.- Continued.
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Figure 9.~ Variation of aerodynamic characteristics with angle of side-
slip for three angles of attack for model A.
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Figure 9.~ Concluded.
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Figure 10.- Variation of aerodynemic characteristics with angle of side-
slip for three angles of attack for model B.
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Figure 11.- Variation of aerodynamic characteristics with angle of side-
slip for three angles of attack for model C.
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Figure 12.- Variation of aserodynamic characteristics with angle of silde-
slip for various components of model B. Original fuselage; it = 0°;

a = Oo-
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Figure 13.- Effect of fuselage fairing, slats, and horizontal-tail inci-
dence on the variatlon of aerodynamic characteristics of model B with

sideslip angle. a = o°.
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(b) Variation of Cy, C3, and Cp with B.
Horizontal tail on and off.
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