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SUMMARY

An investigation has been made in the Langley stability tunnel to
determine the combined effect of wing and wing-body interference on the
contribution of an X-tail configuration to the low-speed rolling-
stability derivatives of an airplane model having an unswept midwing
and to indicate the change due to roll in the local flow angularity at
a number of stations across the tail surfaces for one-half of the Xx-tail.

The results of the investigation indicated that adding the wing or
the wing with tip stores to the fuselage-tail combination reduced the
X-tail contribution to the damping in roll to about one-third of the
available wing-off value for angles of attack of the model less than 10°.
The air-flow angularity measurements made in the region of the tail for
the wing-on configurations in steady roll at zero angle of attack indi-
cated that the outboard half of each of the two surfaces surveyed pro-
duced damping in roll. For the inboard half of each of these surfaces,
however, the angularity due to roll was such as to produce moments in
the direction of roll. The two tail surfaces investigated were the
upper right and the lower left when the model is viewed from the rear.
Increasing the angle of attack shifted the spanwise location for the
reversal in load due to roll in a direction outboard for the surface
above the fuselage and inboard for the surface below the fuselage.

INTRODUCTION

Several investigations, such as references 1 and 2, have pointed out
that for an airplane in steady roll the effect of wing interference at
the vertical tail provides important changes in some of the rotary




e NACA RM L56I21

stability derivatives, particularly for the yawing moment due to Tolls
These changes in the derivatives due to wing interference are the result
of sidewash at the vertical tail that is caused by the antisymmetrical
wing loading due to roll. Some work on missile configurations (refs. 3
and 4) has shown that the tail contribution to the damping in roll can
be reduced as a result of adding a wing to a body-tail combination. Sim-
ilar interference effects can be expected to occur on some present-day
airplane designs that use unconventional arrangements of tail surfaces
such as, for example, the V-tail and the X-tail. These interference
effects are of especial interest for those airplanes having tail spans
and tail areas that are large in comparison with those of the wing. For
such configurations, a division of the load due to roll between the wing
and tail would also be desirable for structural design purposes.

The present low-speed investigation was made to determine the com-
bined effect of wing and wing-body interference on the tail contribution
of an X-tailed airplane configuration in steady roll and to provide meas-
urements of the change in the local flow angularity due to roll at a num-
ver of stations across the tail surfaces for one-half of the X-tail. The
present investigation, in addition, includes the effect of adding exter-
nal stores to the wing tips.

SYMBOLS

The force and moment data presented herein are in the form of stand-
ard coefficients which are referred to the stability system of axes with
the origin located on the fuselage center line at the longitudinal posi-
tion of the quarter chord of the wing mean aerodynamic chord. The posi-
tive directions of the force and moment coefficients, angles, and angu-
lar velocities are shown in figure 1. The coefficients and symbols are
defined as follows:

: ‘s Iift
C 1ift coefficient, =%—
L > aSy
. Drag
CD drag coefficient,
aSy
¢ latersll-force costricient, —oictol IOECE
e aSy
C, rolling-moment coefficient, fol ideimoncny
GSy Dy
C pitching-moment coefficient, Pltchlng_moment
i qSwCw
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Yawing moment

aSyby

yawing-moment coefficient,

dynamic pressure, %‘-pV2

free-stream velocity

mass density of air

aspect ratio, b2/S

span, measured perpendicular to fuselage center line
plan-form area

chord, measured parallel to fuselage center line (see fig. 3)
5 b/2
mean aerodynamic chord, §1/P c2dy
0

spanwise coordinate measured perpendicular to fuselage center
line

tail length, distance from quarter chord of wing mean aerodynamic
chord to quarter chord of tail mean aerodynamic chord measured
parallel to fuselage center line

angle of attack of fuselage center line, deg

local angle of attack of tail or local air-flow angle relative
to tail chord at any spanwise station of tail measured in a
plane perpendicular to surface, positive when producing posi-

tive 1ift on tail, radians

rolling angular velocity

wing-tip helix angle, radians

flow angularity derivative or rate of change of local angle of
attack at station on tail with wing-tip helix angle
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Subscripts:
W refers to wing
15 refers to tail E

The test configurations and the designations used in identifying
the data on the figures are as follows:

F fuselage

F+T fuselage with X-tail

W+ F wing with fuselage

W+ F+ S wing with fuselage and tip stores
t W+F+T wing with fuselage and X-tail

W+F+S +T wing with fuselage, tip stores, and X-tail

APPARATUS AND MODEL

The tests were made in the 6-foot-diameter rolling-flow test section
of the Langley stability tumnel. This test section is equipped with a
motor-driven rotor located upstream of the model. When in operation,
the rotor imparts a twist to the airstream such that a model mounted
rigidly at the test location is in a field of flow similar to that which
exists about an airplane in flight rolling about its longitudinal sta-
bility axis. (See ref. 5.)
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The model used in the present investigation was designed to permit
tests of the fuselage alone and in combination with the wing, the X-tail,
or both. TFor the wing-on configuration, the model was tested with and
without external stores mounted at the wing tips. A drawing of the com-
plete model is presented as figure 2. A list of the geometric character-
istics of the various component parts is given in table I. Details of
the wing and tail profiles and a table of ordinates for the fuselage is
presented as figure 3. A photograph of the complete model mounted in the
tunnel is presented as figure L.

For the tests the model was mounted on a single support strut which
was shielded by a fairing of circular cross section. The forces and
moments exerted on the model were measured by means of a six-component
electromechanical balance. The flow angles in the region of the tail
were measured by means of a 5/16—inch-diameter pitot-static yaw head
tube which was mounted from the fuselage base. The pressure leads were
permitted to trail downstream with the wind for a distance of about one

wing span and were then brought through a lgu-inch—diameter pipe spanning
the tunnel jet.

Flow-angle measurements were obtained for only two of the four
exposed tail surfaces. These two surfaces were the lower left and upper
right when the model is viewed from the rear and have been designated
herein as surfaces A and B, respectively. The measurements were made,
of course, with the X-tail removed. At each spanwise test station, the
axis of the yaw-head tube was alined with the tail chord and the orifices
were oriented so that flow-angle measurements were obtained in a plane
parallel to the fuselage center line and perpendicular to the tail-chord
plane.

TESTS

The tests were made at a dynamic pressure of 39.7 pounds per square
foot which corresponds to a Mach number of about 0.166 and a Reynolds

number, based on the wing mean aerodynamic chord, of 1.1 X 106.

The fuselage alone and with the wing, X-tail, and tip-stores in var-
ious combinations was tested through an angle-of-attack range from -4O
to 24° in straight flow and from -4O to 20° in rolling flow. All tests
were made at an angle of sideslip of 0°. For the straight-flow tests

<g€ﬁ = O>, the 1lift, drag, and pitching moments were measured. The data
by,

obtained in rolling flow at several values of gv— were used to obtain
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the lateral-force, yawing-moment, and rolling-moment derivatives with

respect to wing-tip helix angle. The test values of %;% were 10.0137,
+0.0274, and $0.0412.
For these values of %;% and for a value of zero, the local angles

of attack of the tail were measured by means of a yaw head tube. Data
were recorded at 16 spanwise stations for one-half of the X-tail through
an angle-of-attack range from -4° to 16° in increments of 2°. The span-
wise stations corresponded to values of y from 3 to 10 inches at 1l-inch
intervals for both surface A and surface B. The measured values of oy

were plotted against wing-tip helix angle and values for the derivative
dat
> Pbw
2v
of attack of the model.

were obtained for each of the 16 spanwise stations for each angle

CORRECTIONS

The angle of attack and the coefficients of drag, pitching moment,
and rolling moment have been corrected for tumnel wall effects. The
data are not corrected for blocking or support-strut interference since
previous experience indicated these corrections to be small. In addi-
tion, no corrections were applied to the airstream angularity measure-
ments at the tail to account for tunnel wall effects on the wing wake
since it was felt that this effect on the flow-angularity derivative
would be small.

RESULTS AND DISCUSSION

Static Longitudinal Characteristics

The 1ift, drag, and pitching-moment coefficients for the various
model configurations with the wing on are presented in figure 5 and the
corresponding data for the fuselage alone and with the X-tail are given
as figure 6. The results for the wing-on configurations show that a
small value of 1lift coefficient was obtained at a = 0°. Part of this
value is due to the load carried on the wing as a result of the wing
profile used and its orientation relative to the fuselage axis. (see
figs. 2 and 3.) The 1lift results of figure 5, in addition, indicate
that adding tip stores to either the wing-fuselage or to the wing-
fuselage-tail combination increased the lift-curve slope of the
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configuration by about 10 percent. The addition of tip stores also pro-
vided a small change in the slope of pitching-moment coefficient with
angle of attack in the low angle-of-attack range. Some additional wind-
tunnel information for a geometrically similar configuration in the Mach
number range 0.50 to 0.92 showing the effects of propeller operation is
available in reference 6.

Steady-Roll Characteristics

Tail contribution.- The variation of the steady rolling derivatives
CYP’ Cnp, and CZp with angle of attack for the various model config-

urations with the wing on are presented in figure 7. The corresponding
data for the fuselage alone and fuselage-tail combination are presented
in figure 8. The tail contributions due to steady roll for the various
configurations are presented in figure 9 and were obtained by subtracting
the values of the derivatives for the tail-off configuration from the
corresponding tail-on configuration.

The wing-off tail contribution to the damping in roll shown in fig-
ure 9 is several times larger than that produced by a conventional
vertical- and horizontal-tail group. This result is to be expected for
the present X-tailed model because of the large values of the ratios of

tail span to wing span (E& = O.65> and total tail area to wing area

(-2—:;- = 0.69).

Of particular interest in figure 9 are the differences between the
curves for the wing-on and wing-off configurations. These differences
are the combined effect of wing and wing-body interference and represent
the change in the effectiveness of the tail caused by the addition of the
wing to the fuselage-tail combination. The largest differences in the
low angle-of-attack range between wing-on and wing-off curves for the
data in figure 9 were obtained for the damping in roll. The effect of
adding the wing to the fuselage-tail combination on the X-tailed contri-
bution to the damping in roll, in general, was to reduce (that is, CZP

becomes less negative) the tail contribution to about one-third of the
available wing-off values for angles of attack up to about 10°. In the
low angle-of-attack range the addition of the wing provided no change in
the lateral~force derivative but did indicate a change in Cnp' This

change corresponds, of course, to a rearward shift in the tail center of
pressure. In general, these results appeared to apply whether the tip
stores were on or off. There would appear to be some reservations con-
cerning the actual magnitudes of the rearward center-of-pressure shift
and the reductions in Czp indicated on figure 9 as a result of the

scatter shown for the data in figures 7 and 8.
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The results of reference 1 indicated that the effect of adding an
unswept wing on the contribution of a vertical- and horizontal-tail
group to the steady-roll derivatives was to provide a change in CYP

and Cnp with a negligible change in Clp' For the present X-tailed

model in the low angle-of-attack range the reduction in the tail contri-
bution to CZP with no effect on CYP due to the addition of the wing

is attributed to the arrangement and size of the tail surfaces.

Effect of stores.- The primary effect of the stores, as would be
expected, was on the wing contribution to the steady-roll derivatives.
(See fig. T7.) The results indicated that adding tip stores to the wing-
fuselage or wing-fuselage-tail combination provided a large increase in
the damping in roll for angles of attack up to about 8°. 1In general,
above about 8° to an angle of attack near maximum 1ift (o = 15°), the
magnitude of CZP with the stores on was less than the corresponding

configuration with the stores off. Reference 7 indicates a similar
trend due to stores of decreased damping in roll with an increase in
angle of attack. The magnitude of the increase in CZP atira =409 due

to the addition of the stores expressed as a percentage of the value of
the store-off configuration is in agreement with the value predicted by
the expression in reference 8. The addition of the wing-tip stores also
provided rather large increases in the slope of the lateral force deriv-
ative with o at low angles of attack for configurations with and with-
out the X-tail and little change in the yawing-moment derivative Cnp-

Angularity Measurements

The reduction in the tail contribution to the damping in roll with
little change in the lateral-force derivative when the wing or wing-tip-
store combination was added to the fuselage-tail configuration (fig. 9)
is indicative of a change in the spanwise load distribution across the
tail. Therefore, a flow-angle survey across the positions occupied by
two surfaces of the X-tail was made for the fuselage-alone, the wing-
fuselage, and the wing-fuselage-store configurations. The results are

presented in figures 10 and 11 in the form of —ég%— which is the rate

e
2v
of change of the local angle of attack of any station on the tail with
wing-tip helix angle. Figure 10 gives the variation of the local tail
angle (or flow angularity) derivative with model angle of attack for
each of the stations investigated and figure 11 shows a cross plot of
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the spanwise distribution of aggw across the tail surfaces for angles
5 £
2V
of, atitack of 0%, L°, 8°, snd 1%

In addition to the measured data, a curve representing the variation

of 8;@ that would be expected in perfect rolling flow at the location
W

ST
of the yaw head if the model were removed is shown in figures 10 and 11.
The curve was included mainly for comparison with the fuselage-alone data.
A comparison of the two curves at the large values of y should provide
an indication of the overall accuracy of the test data. The difference
between the curves would, of course, be the combined result of a number
of factors; however, the main contributors would be the accuracy of the
flow-angle measurements and the accuracy with which the rotor equipment
at the entrance to the test section reproduced the rolling flow over the
area surveyed. The comparison would be expected to be valid only at the
large values of y since, for the inboard stations tested, such as
values of y of 3 or 4 inches, for example, the fuselage and model sup-
port strut would be expected to modify the results. When all factors
are considered, the agreement shown is reasonably good.

A comparison of results shown in figure 10 for wing-on and wing-off
configurations at each spanwise station indicates that the effect on the
flow-angularity derivative of adding the wing or wing-store combination
to the fuselage is to provide about a constant change in the derivative
(across the tail span) in the low angle-of-attack range. It should be
pointed out that the local angle of attack of the tail Qp was defined

as positive for both surface A and B when a positive 1lift component was
produced. As a result, a positive value of the derivative for surface B
is necessary to produce damping in roll, whereas a negative value of the
derivative for damping in roll is necessary for surface A. In the low
angle-of -attack range the data of figure 10 indicate that the effect

of adding the wing changed the angularity distribution so as to reduce
the damping in roll contributed at every spanwise station investigated.
This fact is more apparent in figure 11 which presents the spanwise dis-
tribution of the flow-angularity derivative.

An examination of figure 11 shows that for the model at zero angle
ot
3 Pow
2V
configurations over the inboard half of surfaces A and B. As the angle

of attack of the model was increased, the spanwise position of this sign
reversal shifted outboard for tail B until, at angles of attack of 12°

of attack a reversal in the sign of occurred for the wing-on
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and above (see also fig. 10), almost the complete tail surface produced
a moment about the body axis in the direction of roll. For surface A,
however, increasing the angle of attack of the model shifted the span-

dart;
3 Boy
2V

of attack eliminated the sign reversal completely. (See also fig. 10.)
Of additional interest in figure 11 is the fact that, at o = 12°, the
values of the angularity derivative for tail B over the inboard portion
of the surface for the wing-on configuration reached magnitudes almost
twice as large as the magnitudes of the flow-angle derivative that would
be obtained at the tip of the wing. These large negative values appear
to be associated with separated flow from the wing. For example, the
data of figure 10 for the inboard portion of tail surface B indicate that
a large change in the angularity derivative for wing-on values occurred
at o = 10°. These changes were associated with abrupt negative shifts
in the value of a; at zero roll and large losses in dynamic pressure

wise location of the sign reversal on

inboard and at higher angles

which indicate, of course, separated flow.

CONCLUSIONS

The results of an investigation to determine the combined effect of
wing and wing-body interference on the tail contributions to the low-
speed rolling stability derivatives of an X-tail model and to indicate
the change in the flow-angularity distribution due to steady roll across
the tail surfaces for one-half of the xX-tail indicate the following
conclusions:

1. The magnitude of the tail contribution to the damping in roll of
the complete model was about a third of the available wing-off value for
angles of attack less than 10°. 1In the low angle-of-attack range the
addition of the wing provided no change in the tail contribution to the
latersl-force derivative due to roll but indicated a rearward shift in
the tail center of pressure. These results appeared to apply equally
well for configurations with or without tip stores.

2. The spanwise distribution of air-flow angularity at the tail due
to steady roll for the wing-on configurations at zero angle of attack
indicated that the outboard half of each of the two surfaces investigated
produced demping in roll whereas, for the inboard half, the air-flow
angularity produced moments in the direction of roll. The two tail sur-
faces investigated were the lower left and upper right when the model
is viewed from the rear.
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3. Increasing the angle of attack for wing-on configurations in
steady roll shifted the spanwise position for the sign reversal on the
flow-angularity derivative in a direction inboard for the lower left
tail surface and outboard for the upper right tail surface.

4. The addition of wing-tip stores to the wing-fuselage configuration
with and without the X-tail increased the lift-curve slope, the damping
in roll at low angles of attack, and the lateral-force derivative due to
Bolll,

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 31, 1956.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODEL

Fuselage:
oot R . i B R R Nl TR R e B S 41.85
R L0 st (s s csar o Fow o wiiad & &% 8 L A w 6.4k

Wing:
ek ok o e STSSSMISECS S e SRR ST L R R 3. 0T
115 e v el S IR S Sy SRR P S PO R IR S 095
Quarter-chord sweep angle, deg . « . « « « « « + - e AN o,
Pabierilontil EETcimternt ioy A TR Gt G e R G G Modifled flat plate
Airfoil section thickness, percent . . . . . . . . . . Approximately 6
B Rl ITe s oo ae 5 e e F e Yheie Semee i jw-s B aoe e 35L.75
PO i 2 5 v o e ol v sTmLs v, oo NPe e e o W e gele 33.00
Mean aerodynamic chord, in. . « « « o« ¢ o o ¢ o o o o o o o o o 11.65

One-half of the x-tail:
T B B 0 L s e s e e ere iepte Ve moEb Ew e e W W e o8 e 5o D5
R O L, & o o s w e & g e mmer s e s el wce i 0.38
Quarter-chord sweep angle, deg . « . « « . « « « - e o 0800
Nirfiolildceebion v %% o iete el o I e P S Modified flat plate
Airfoil section thickness, percent ST S N T Approx1mately 6
Epen.sga-1n. “. ', N o RS TN & e S 0 32168
Span, from tip to tlp, il BN G R G S PR LS
Mean aerodynamic ChOTd o« « « o « o o o o o o o o o o o o o o o ¢ 6.25
Do T B N R R e TR T B 16.01

Store:
e e ST i NSRS R e e o T 16.80
o e e . . s T e € IR T I 9.34
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Figure 1.- System of axes used. Arrows indicate positive directions.
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Maximum 1ip
\ / thickness 20

4/.85 View AA

Maximuim T1p

- thickness .33
_,1 32 r_,
w2 Mounting
point

'f__ | Maximum

e § 65 _,% thickness 10
Wing frailing edge

25 % chord line

s

View BB

Figure 2.- A drawing of the complete X-tail model. All dimensions are in
inches.
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Profile of wing
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Ordinates of fuselage in inches

X & X (/i
o) o 11.90 S81@
.02 20 | 13.4/ 3.20
P 09| 40 | 1500 | 323
38 80 | 16.00 29
-l e

e 62| 100 | 2600 | 325
93 | 1202700 | 322

1.3¢| 140 | 2800 | 310
1.86 | 1.60 | 2900 | 293
25/ | 180] 3000 | 279
334 | 200| 3200 | 249
437 | 220| 3400 | 221
567 | 241 | 3600 | 1.92
7.3/ | 263 | 3800 | 1.63
9.34| 285 4000 | 1.34
1055 | 298 | 4200 | 1.05

Profile of X tail

leg ¢ »

Figure 3.- Details of the wing and tail profiles and a table of ordinates
for the fuselage.
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Figure L4.- Rear view of the x-tail model shown at a slight angle of side-
slip in the 6-foot-diameter rolling-flow test section of the lLangley

stability tunnel.
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Figure 5.- The 1ift, drag, and pitching-moment characteristics for the
wing-fuselage configuration with and without the wing-tip stores and
X-tail.
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Figure 7.- Variation with angle of attack of CYP, Cnp’ and Clp for

the wing-fuselage combination with and without the wing-tip stores
and X-tail.
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Figure 9.- Variation with angle of attack of the X-tail contribution to
the rolling stability derivatives.
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- Continued.
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Figure 10.- Continued.
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Figure 10.- Concluded.
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