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SUMMARY

Results are presented of an analysis of the strain-gage measure-
ments of vertical-tail loads experienced in rudder pulses, gradually
increasing sideslips, and rudder-fixed aileron rolls at transonic
speeds with the Douglas X-3 research airplane. A Mach number range
from approximately 0.7 to 1.2 at an altitude of about 30,000 feet
was covered during this investigation.

The lift-curve slope of the vertical tail increased with increasing
Mach number from a value of 0.038 per degree at a Mach number of 0.7 to
a maximum of 0.048 per degree at a Mach number of 0.9%, followed by a
reduction to 0.041 at supersonic Mach numbers. A comparison with avail-
able methods of estimating this parameter indicated good agreement with
flight results. The effectiveness of the rudder (lift-curve slope of
the vertical tail due to deflecting the rudder) decreased from approxi-
mately 0.020 per degree at subsonic Mach numbers to 0.013 per degree at
supersonic Mach numbers.

In several violent roll maneuvers, sideslip angles of as much as
21° were reached without stalling of the vertical tail, although
vegtical-tail effectiveness was reduced at sideslip angles above about
L2

At sideslip angles below about 6° the center of pressure of the load
on the vertical tail in sideslip was practically unchanged with Mach
number, remaining at about 55 percent span and 30 percent chord. At
sideslip angles above this value a more rearward center of pressure was
indicated. The center of load due to displacing the rudder was farther
inboard, 45 percent span, and farther rearward, 63 percent chord, than
in sideslip, and moved rearward to 85 percent chord at supersonic Mach
numbers.
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The variation of airplane yawing-moment coefficient with sideslip,
as determined from vertical-tail-loads measurements, increased from
0.0023 per degree at a Mach number of 0.7 to a maximum of 0.0032 at a
Mach number of 0.94, and decreased to 0.0023 at supersonic Mach numbers.

INTRODUCTION

The configuration of the Douglas X-3 research airplane embodies
several features of interest to designers at the present time, such as
a long slender fuselage extending well forward of the airplane center
of gravity, low-aspect-ratio unswept wings, and twin jet engines
exhausting near the fuselage. Because of general interest in this
type configuration and particular interest in the vertical-tail loads
associated with maneuvering such aircraft, a flight investigation was
undertaken at the NACA High-Speed Flight Station at Edwards, Calif.,
to obtain information on the loads encountered by the vertical tail in
the transonic speed range.

Flight measurements were obtained in rudder-pulse and steady side-
slip maneuvers and in aileron rolls in the Mach number range from about
M=0.7 to M=1.2 at an altitude of about 30,000 feet. An analysis
of the measured data was made in order to isolate such parameters as
vertical-tail lift-curve slope, rudder effectiveness, and airplane
yawing-moment coefficient due to sideslip. The results of the analysis
are presented and comparisons with existing data are made where possible.

This investigation is a continuation of the Air Force-Navy-NACA
joint effort, using special research aircraft as flight test vehicles,
to investigate loads, performance, and stability at transonic and super-
sonic speeds. Results of several phases of the overall investigation
with the X-3 airplane have been reported in references 1 to 6.

SYMBOLS

A1l derivatives, inertias, and airplane motions are referred to the
body system of axes.

b wing span, ft
oo vertical-tail-panel span (outboard of strain-gage station), ft
. My
Cp vertical-tail-panel bending-moment coefficient,
v gSyby
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dCp
X spanwise center of load, percent by

dCYv
CL& lift-curve slope, per deg
CnB yawing-moment coefficient due to sideslip of complete airplane
Cn yawing-moment coefficient due to sideslip of vertical-tail

By panel
Cn yawing-moment coefficient due to sideslip of airplane less

Bt vertical tail

; ; - Ty

C vertical-tail-panel torque coefficient, -
Ty HoC
dC

Ak

< chordwise center of load, percent G
dCy,
C vertical-tail-panel side-force coefficient EE—
Yy ? a8y
& mean aerodynamic chord of vertical-tail panel, ft
g acceleration due to gravity, ft/sec2
IX moment of inertia about X-axis, slug—ft2
IY moment of inertia about Y-axis, slug-ft2
IZ moment of inertia about Z-axis, slug—ft2
Ty product of inertia, slug-ft°

aerodynamic load on vertical-tail panel, 1b

distance between the airplane center of gravity and the
quarter chord of the vertical-tail panel ¢, ft

free-stream Mach number

vertical-tail panel aerodynamic bending moment about strain-
gage station, ft-1b




NACA RM H56HO8

rolling angular velocity, radians/sec
free-stream dynamic pressure, 1b/sq ft
yawing angular velocity, radians/sec
yawing angular acceleration, radians/sec2

wing area, sq ft

vertical-tall-panel area, sq ft

vertical-tail-panel aerodynamic torque about the quarter chord
of the panel ¢, ft-1b

time, sec
airplane angle of attack, deg
angle of sideslip, deg

total aileron deflection (sum of right and left), deg

rudder deflection, deg

DESCRIPTION OF AIRPLANE

The Douglas X-3 is a single-place research airplane with 4 .5-percent-

thick modified hexagonal section low-aspect-ratio wing, and a long
pointed fuselage. The wing is unswept at the T5-percent chord. The
vertical-tail surface has a L.5-percent-thick modified hexagonal section
with quarter-chord line swept back 40°. The horizontal tail is located
a distance of approximately half the depth of the fuselage below the
vertical tail. All controls are actuated by an irreversible hydraulic
power system incorporating artificial feel devices. The airplane is
powered by two jet englnes with afterburners that exhaust near the fuse-
lage. Figure 1 is a photograph of the test alrplane and a three-view
drawing is shown in figure 2. Table I presents pertinent physical char-
acteristics of the airplane.
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INSTRUMENTATION AND ACCURACY

Standard NACA recording instruments were used to measure the fol-
lowing quantities pertinent to this investigation:

Airspeed and altitude

Angles of attack and sideslip

Normal, lateral, and longltudinal accelerations
at the airplane center of gravity

Pitching, yawing, and rolling angular velocities
at the airplane center of gravity

Control-surface positions

The error in Mach number based on a flight calibration of the air-
speed system in the test airplane is estimated to be within +0.01l. Angle
of attack and angle of sideslip, measured by vanes located on the nose
boom, are considered for the test conditions encountered to be accurate
to within *0.5°. Increments in angle of sideslip, however, as used in
the subsequent analysis of the measured data are considered to be accurate
to +0.1°. Lateral acceleration measurements pertinent to the present
investigation are estimated to be accurate to +0.0lg; angular velocities
in yaw, +0.01 radian/sec; and in roll, +0.03 radian/sec. Control-surface
deflections were measured at the control surface and are estimated to
be accurate to +0.1°.

In addition to the standard instruments, strain gages were installed
near the root of the vertical tail (see fig. 2) and were calibrated to
indicate shear, bending moment, and torque. Based on the results of a
calibration of the strain gages, and considering the accuracy with which
the flight records could be read and the accuracy of inertia corrections
which were applied to the structural loads, the estimated accuracy of
the strain-gage results is +t100 pounds aerodynamic shear, and +2,000 inch-
pounds aerodynamic bending-moment and torque. When expressed in terms
of load coefficients, these shear and moment accuracies result in an
accuracy of approximately +0.02 for CYV and £0.01 for va and CTV

based on the dynamic pressure value corresponding to the lowest test
Mach number.

TESTS

Maneuvers pertinent to this investigation of the X-3 airplane con-
sisted of rudder pulses, gradually increasing sideslips, and rudder-
fixed aileron rolls. The maneuvers were performed at an altitude of
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about 30,000 feet and covered a Mach number range from about 0.70 to 1.2. ‘
Reynolds numbers for these tests, based on vertical-tail-panel mean

serodynemic chord, varied from 8.4 X 108 to 13.2 x 100,

The control inputs and the subsequent alrplane motions and measured
loads for each type maneuver performed are illustrated by the time his-
tories shown in figures 3 to 5.

RESULTS AND DISCUSSION

Vertical-Tail Loads

The rudder-pulse maneuvers performed during this investigation, as
shown in figure 3 for the maneuver made at M= 0.93, consisted of an
abrupt displacement of the rudder to peak deflection before appreciable
sideslip had developed, followed by an abrupt return of the rudder to
neutral or near neutral. Following this type of control input, a
1ateral-directional oscillation resulted with rudder held constant. .
Variations of vertical-tail side-force coefficilent, bending-moment coef-
ficient, and torque coefficient assoclated with rudder deflections were
obtained from the initial portion of the maneuver where sideslip was con-
stant. These variations are shown in figure 6 for Mach numbers of 0.93
and 1.14. The variation of vertical-taill side-force coefficient with

ac
rudder position dSYV was determined in this manner for each test Mach
T
number. During the oscillations which followed the rudder pulses, vari-
ations with sideslip angle of vertical-tail side-force, bending-moment,
and torque coefficients were determined and are shown in figure 7 for the
maneuvers performed at M = 0.93 and 1.14. The variation of vertical-

v

tail side-force coefficient with sideslip angle during the oscil-

lations was considered to be the vertical-tail lift-curve slope.

Another type maneuver, the rudder-fixed aileron roll, performed
during this investigation also resulted in sideslip response of the air-
plane. Variations of vertical-tail side-force, bending-moment, and
torque coefficients with sideslip angle during an alleron roll at
M = 0.90 are shown in figure 8. In this figure the variation of
vertical-tail load with sideslip angle, which is typical of the data
obtained in the roll maneuvers, is essentially linear, indicating that
the effects on the vertical-tail loads of the rolling and yawing motions
encountered during these maneuvers are of a secondary nature. There-
fore, data from several roll maneuvers throughout the test Mach number
range were also used to determine the variation of vertical-tail side-
force coefficient with sideslip angle.
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d dCy
The variation with Mach number of Y Land vV obtained from

dd ap
both the rudder-pulse and aileron roll maneuvers 1s shown in figure O.
A reduction in effectiveness of the rudder to produce side force on the

d
vertical tail from a value of = Y - 0.020 per degree at subsonic Mach
i

numbers to 0.013 at Mach numbers above 1.0 is shown in figure 9. The lift-
curve slope of the vertical tail increases with Mach number from a value
of 0.038 at low Mach numbers to a peak of 0.048 at M = 0.94, followed by
a reduction to 0.041 at supersonic Mach numbers.

The dashed curve in figure 9 (labeled "estimated") is the vertical-
tail lift-curve slope obtained by using the charts of reference T.
Before using the charts, however, a value of effective aspect ratio was
determined. The vertical-tail panel (portion of the vertical tail out-
board of the strain gages) has a geometric aspect ratio of 1.18. This
value of geometric aspect ratio was increased by 55 percent (ref. 8) to
account for the end-plate effect of the horizontal tail and fuselage,
resulting in an effective aspect ratio of 1.83. The curves of refer-
ence 7 for an aspect ratio of 1.8% and sweep of the quarter chord of 40O
yield a value of CL@ = 0.038 for the lift-curve slope at M = O. The

modified Prandtl-Glauert factor was employed to account for compress-
ibility effects and resulted in the increase in lift-curve slope with
Mach number shown by the dashed line in figure 9. Good agreement is
indicated between the flight measurements and the estimated vertical-
tail 1ift-curve slope.

The data points presented in figure 9 were determined from measure-
ments made at sideslip angles less than about 6°. In several roll maneu-
vers made at two Mach numbers, 0.92 and 1.05, however, large sideslip
angles were encountered. A time history of the vertical-tall side-force
coefficients and other pertinent data is reproduced in figure 10 for a
maneuver where a sideslip angle of 21° was reached at M = 1.05 at about
25,000 feet. The dashed line in figure 10 (labeled "calculated") was

d d
obtained by using the value of dBV of 0.042 and = vV of 0.013 from

r

figure 9 corresponding to M = 1,05 and multiplying these coefficients
by the measured sideslip angles and rudder positions. The calculations
deviate from the experimental data when a sideslip angle of approxi-
mately 12° is exceeded, indicating that the vertical tail suffers a loss
in effectiveness above this angle of sideslip. The discrepancy between
measured vertical-tail side-force coefficients and calculations based
on the coefficients derived from small sideslip angle data was found to
occur at about 12° wherever this sideslip angle was exceeded.
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In an attempt to account for this indicated reduction in effective-
ness, wing-span loadings from unpublished pressure measurements obtained
simultaneously with the vertlcal-tall strain-gage data were examined for
indications of abrupt changes in wing-span loading near the inboard por-
tion of the wings. Inspection of the wing-span loadings, however, did
not show evidence of any changes which were consistent with changes in
sideslip angle and which might be correlated with the loss in effective-
ness of the vertical tail as indicated by the reduction of side-force
coefficient with sideslip. Therefore, the effectiveness 1s apparently
modified by flow conditions at the tail, which are the result of inter-
ference effects (rear fuselage and engine wake, for example) rather
than effects which emanate from the wings.

Center of Pressure

Variations of the bending-moment and torque coefficients with side-
force coefficient during the initial portion of a rudder-pulse maneuver
and during the sideslip oscillations following the pulse are shown in
figure 11 for a maneuver at M = 0.93. OSimilar variations are shown
in figure 12 for a roll maneuver at M = 0.90. Slopes of the lines
faired through these data yield the center of pressure of the load out-

dcC

b
board of the strain-gage measurement station E—QK and about the quarter

v
ac

chord of the vertical-tail-panel mean aerodynamic chord Y, Values

Gl aCq v

of Y and 3 YV  obtained from the pulse portion of the maneuver
i bl

where sideslip was constant gave the center of pressure due to displacing
the rudder. The center of pressure due to sideslip was determined from
the oscillations in sideslip with rudder held steady in both the pulse
and roll maneuvers. Centers of pressure were obtained in a similar man-
ner from data at each test Mach number and the variations with Mach num-
ber of the spanwise and chordwise centers of pressure are presented in
figure 13. The circular symbols of figure 13 are the data from the
oscillations in sideslip following the rudder pulses and in the aileron
roll maneuvers; the square symbols are the data from the rudder-deflected
portion of the pulse maneuver with sideslip constant. In sideslip with
rudder constant, little change with Mach number is noted for the span-
wise center of load which is about 55 percent of the panel span. The
chordwise center of pressure remained essentially constant with Mach
number at about 30 percent panel mean aerodynamic chord except at the
highest test Mach number. These data were obtained in maneuvers where
maximum sideslip angles reached were about 6°. During roll maneuvers
made at M = 0.92 and M = 1.05, sideslip angles in excess of 6° were
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encountered. The variations of va and CTv with CYV for these

maneuvers are presented in figure 14. It can be seen from this figure
that extension to the higher sideslip angles shows that the variation of
CTv with CYV became nonlinear in such a way that a more rearward chord-

wise center of pressure is indicated.

The center of load associated with deflecting the rudder at constant
sideslip is farther inboard, 45 percent of the panel span, than the span-
wise center of load due to sideslip. Chordwise, the rudder-deflected
load center is 63 percent of the chord from the leading edge and moves
rearward to about 85 percent of the chord at supersonic Mach numbers.

Variation of Yawing-Moment Coefficient With Sideslip

In these maneuvers, the load on the vertical-tail surface acting a
distance 1, rearward of the center of gravity of the airplane, may be
approximated by a component associated with yawing acceleration and a
component which balances the yawing moment of the airplane less vertical

tail., This relationship can be expressed as

Ggly = o s Iyr

P

During a steady sideslip maneuver with zero yawing angular acceleration,

the vertical-tail load is a measure of the wing-fuselage yawing-moment

coefficient in sideslip. In the sideslip maneuvers performed during

this investigation, steady sideslip maneuvers were approximated since

the sideslip angle was increased gradually and the resulting yawing

accelerations were small. Representative date are shown in figure 15

for sideslips made at Mach numbers of approximately 0.75 and 0.92 where

the rudder required to balance the airplane in sideslipping flight and

the resulting vertical-tail side-force, bending-moment, and torque coeffi-

cients are shown. Variations of vertical-tail side-force coefficient

with sideslip angle as shown in figure 15 were obtained from all sideslip
d

maneuvers, and variations of _EEX with Mach number are presented in

figure 16. The variation of the yawing-moment coefficient of the wing-
fuselage with sideslip was then evaluated from the expression

TE, by

C =
BBrf d8 S b
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and the variation with Mach number of CnBWf is shown in figure 17. It
can be seen that the wing-fuselage becomes slightly more unstable as

= 1.0 is approached, with a reversal of this trend at supersonic speeds.
The sideslip maneuvers from which the data of figure 17 were obtained were
performed with variable aileron deflections, and CnB presented in the

figure contains the yawing-moment contribution from the ailerons. The data,
however, have not been modified to take into account the effect of the
ailerons since available data for the test airplane configuration indi-
cate that yawing moments contributed by the ailerons are small and can
be neglected for the flight conditions of the present investigation.
Also shown in figure 17 is the variation of the yawing-moment coefficient
with sideslip contributed by the vertical tail as determined by substi-

d

tuting values of V, obtained from the pulse oscillations and roll

maneuvers and given in figure 12, in the expression

AC
G E 11(1 Ty
By S Db \dp 5 =0 -
This parameter increases with increasing Mach number to M = 0.95, and -

experiences a reduction thereafter similar to the data of figure 9.

The sum of Cp, and C, results in C,  of the complete air-
v Pwf B

plane. This value is shown in figure 17 by the solid curve. Values of

CnB vary from 0.0023 per degree at M = 0.7 to 0.0032 at M = 0.9h4,

then drop off again to a value of 0.0023.

The rudder displacements required to balance the airplane in side-
slipping flight have been determined for each test Mach number from the
variations of rudder position with sideslip angle as indicated in fig-
ure 15 for M = 0.75 and 0.92. The results for these and the other test
Mach numbers are summarized in figure 16 in which the variation with

Mach number of the sideslip angle associated with rudder position %g—

r
is shown. A progressive loss in rudder effectiveness as Mach number is
increased is indicated in figure 16.
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CONCLUSIONS

Analysis of the measurements of vertical-tall loads made during a
flight investigation of the Douglas X-3 research alrplane has indicated:

1. The effective vertical-tail lift-curve slope determined from
sideslip oscillations following rudder-pulse maneuvers and in rudder-
fixed rolls increased with increasing Mach number from a value of 0.038
at low Mach numbers to a peak of 0.048 at a Mach number of 0.94, followed
by a reduction to 0.04l at supersonic Mach numbers. Estimates of this
parameter based on published span loading data and estimates of
horizontal-tail and fuselage end-plate effects indicate good agreement
with the flight results.

2. In several violent roll maneuvers, large sideslip angles were
reached (21°) without stalling of the vertical tail, although the 1lift
effectiveness was reduced above about 12° sideslip.

a
v
3,

pulse data, decreased from approximately 0.020 per degree at subsonic
Mach numbers to 0.013 per degree at supersonic Mach numbers.

3. Rudder effectiveness parameter as determined from rudder-

4. The center of pressure of load on the vertical tail in sideslip
was practically unchanged with Mach number, remaining at about 55 percent
span and 30 percent chord at sideslip angles below about 6°. At side-
slip angles above this value the variation of the vertical-tail-panel
torque coefficient CTV with the vertical-tail-panel side-force coeffi-

cient CYv became nonlinear in such a way that a more rearward chord-

wise center of pressure was indicated. The center of pPressure due to
displacing the rudder was farther inboard, 45 percent span, and farther
rearvard, 63 percent chord, than in sideslip and moved rearward to 85 per-
cent chord at supersonic Mach numbers.

5. The variation of airplane yawing-moment coefficient with side-
slip CnB as determined from vertical-tail-loads measurements, increased
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from 0.0023 per degree at a Mach number of 0.70 to a maximum of 0.0032
at a Mach number of 0.9%4 and decreased to 0.0023 at supersonic Mach
numbers.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., July 30, 1956.
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TABLE I

PHYSICAL CHARACTERISTICS OF THE DOUGLAS

Wing:
Alrfoll section oie o ave s o e s

Airfoll thickness ratio, percent chord . . . . « o« o o .
Total area, B £V o ¢ o s o s o o = @ o s s s e s sle
Span, £% .. . . 03 D0 (U OGS G Ol 0Ol s
Meana.erodynamicchordft...............
U s IRl i 5 G 0 G a GG 000 O ON0 TG DO OGO O
Aspect TREIO o ¢ o 5 w0 a o0 s
Sweep of 75 percent chord 1ine, deg « « « « « « « o « « &
Incidence, (AR e o o el ol s eils siia elis ellsl sl (e Al
Dihedral, d€E « « « o o o o o o o o o o o o o o s o 0 o o
Geometric twist, 8 ¢ ¢ ¢ o ¢ o s o6 o 0 o 0 s s s o

Horizontal tail:
Airfoil section . . . .

Airfoil thickness ratio at root chord, percent chord . . . .
Airfoil thickness ratio outboard of station 26, percent chord
Total area, 80 £L o o s o s o s oo o o s s o oo oo o ais
Meanaerodyrmmicchowdft s slis ol o e S eSS IR e I s e Mg g Ma e
Paper i ratlofic N e leie el Sl i el el el ol sl et o/ ol tel ot o) ol ol ol e
ABpect TAL1O . ¢ ¢ o ¢ o e oo o s s e e 0 e s e e e e
Byeep) at leadingiedge; AeZ <c ol ¢ o ‘o 5l siiel 8o & slle Wlle e
Sweep at trailing edge, deg « « « « « ¢ 4 ¢ 4 4 4 . 0 0. . .
Dihedral, degiereletol s Nelia Nt el il e e il at el tailol lo el s
Travel, leading edge Up, deE « o o o o o « o o o o oo o o o
Travel, leading edge down, €8 .+ « « « « « o « o o« o o o o &
Hinge-line location, percent root chord « « « « « « o« o« o & &
Vertical tail:
Airfoil section . . . . . . . . © s e s 0 s s 0 e e e
Airfolil thickness ratio, percent chord . .. “ e e
SAIBTNRHE 0 a0 G0 G0 G Ol G D B b e b ad oo o b
(e tlita s 0N 0 TS 5L G O D 0o GG DG oD G o e Bol g
Mean aerodynamic chord, £ .« ¢« ¢ ¢ ¢ ¢ o o o s o o o o o o &
Roob chord, PE e e oo o ate 66 ¢is 6@ s o6 o s 50 o o'
TLpichord, £ 1c o/e aiisl s oo ‘s fs s i sl s\ el sl ® ol sl o 5 ‘e s
Taper ratio e « o s o & OO DK G O O O D SO G 6
Aspeetiration il o o licl sl dialsite el el o) e wiie e s el el whe
Sweep of leading €dge, €8 .« o + « o & o ¢ o 0 o 0 0 ...
Sweep of trailing edge, Aeg o« o /s o o s @ o o o o8 s s s s
Rudder:
Area, rearward of hinge 1ine, 8Q f£ « « « ¢ « o o ¢ o o o o
Span at hinge 1ine, £t . « < o o o o o & s o o o s o o o o
Roptichord B I el o e el el e el o)t el ial o olle o el oile
TLplichord st BE R H N e e il s el el (el o olhe o itol e e
Travel, deg et e el el a N oo el o et el et lo el el st s

Vertical-tail panel (outboard of strain-gege reference station):

Ares, HBGEETE R R el el ele o ol el ¢ e elie) Yaltel oh ol
Bpan, £t . ¢ ¢ v o5 o5 e

Mean aerodynamiieiichord, FEE o o iiiie el alie e sivel /o s e. e
Root chord, £t .« ¢ o ¢ ¢ o ¢ o ¢ ¢ o o o o s s s o o o«
Tipichord,  BEa o g sl e et el s alle ol ol ol el ol & o
Papenieatlol ol o el e Nl el s e sl te e e e ety
ABpEC b O e e e s e e e el e e e
Fuselage:

Length including boom, £L o ¢ o o s o o o o c ¢ o o o o &
MaximmsWIGEh S BT ESCE S R R R S oy e lllo s el e tte e He s e
Maximum height, f£ . . .. . . . o @ e (of ls ‘e o i o s @
Bage area, 8a e Jie el 5 sl v el sl i el el el il elie e s

Airplane weight, 1b:
Basic (without fusl, ol water,  PI1ot) \c o i alie eile s e
Total (full fuel, oil water, no pilot) . 50 000 o

Center-of-gravity location, percent mean aerodynamic chord.
Bagieiwel ghlt N gean doWwn el ol el s el e o el s el ol ieie o lo
Tobal welght, ‘@ear dawn o e < o s o s o o 6 7 o o o % s o
Total Vet gl S Eear SuDteiie e ie Relle e ile I e /e tr ot C L s N ot

Moments of inertia, slug-ft2 (estimated for total weight):

Dy e e e el e el st e e ol eiebel -h e

“ e s e @ s e ie eiis eiis e e

e s s s e

e % s s s s s s e s o

© s o o s e s s s e s e s e GO0 000 O G G O

X-3 AIRPLANE

LG OO0 OC OL OV G s o i s elie e s

o ls eils e o el s s e Ve ailis e s

o oo e e s e

506 0 o5 6 5.6 B0 8.6 b s e e s s @i s o @ & aie
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Figure 1.- Photograph of the Douglas X-3 research airplane.
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Figure 2.- Three-view drawing of the X-3 airplane.

All dimensions in inches.
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Figure 3.- Time history of the various quantities measured during a
& rudder-pulse maneuver at M = 0.93 at 30,000 feet.
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Figure 4.- Time history of the various quantities measured during a
steady sideslip maneuver at M = 0.9% at 30,000 feet.
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Figure 5.- Time history of the various quantities measured during a
rudder-fixed aileron roll maneuver at M = 0.90 at 30,000 feet.
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Figure 6.- Variation of vertical-tail side-force, bending-moment, and
torque coefficients with rudder position (sideslip angle constant)
during rudder-pulse maneuvers at M = 0.9% and 1.14% at 30,000 feet.
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Figure T.- Variation of vertical-tail side-force, bending-moment, and
torque coefficients with sideslip angle (rudder angle constant)
- during rudder-pulse maneuvers at M = 0.93 and 1.1% at 30,000 feet.
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Figure 8.- Variation of vertical-tail side-force, bending-moment, and
torque coefficients with sideslip angle (rudder angle constant)
during a roll maneuver at M = 0.90 at 30,000 feet.
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Figure 9.- Variation with Mach number of the vertical-tail side-force
coefficient due to sideslip (rudder angle constant) and the vertical-
tail side-force coefficient due to rudder position (sideslip angle
constant).
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Figure 10.- Time history of the various quantities measured during an
aileron roll maneuver at M = 1.05 at 25,000 feet where large side-
slip angles were attained.
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Figure 1l.- Variations with vertical-tail side-force coefficient of the
vertical-tail bending-moment and torque coefficients during a rudder-
at 30,000 feet.

pulse maneuver at M = 0.93
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Figure 12.- Variation with vertical-tail side-force coefficient of the

aileron roll maneuver at

vertical-tail bending-moment and torque coefficients during an
M = 0.90 at 30,000 feet.
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Figure 13.- Variation with Mach number of the center of pressure of the
vertical-tail load due to changing sideslip with rudder constant
(additional load) and due to displacing the rudder at constant

sideslip.
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Figure 14.- Variation with vertical-tail side-force coefficient

vertical-tail, bending-moment, and torque coefficients durin
roll maneuvers.
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Figure 14.- Concluded.
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Figure 15.- Variation with sideslip angle of the vertical-tail side-
force, bending-moment, and torque coefficients and rudder position
in steady sideslip maneuvers at M = 0.75 and 0.92 at 30,000 feet.
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Figure 16.- Variation with Mach number of the vertical-tail side-force
coefficient per unit sideslip angle and the sideslip angle for a
unit rudder deflection in steady sideslips.
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Figure 17.- Variation with Mach number of the yawing-moment coefficient
in sideslip of the total airplane and of the component parts of the

airplane.
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