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OF THE BELL X-5 RESEARCH ATIRPLANE AT 58.7° SWEEPBACK

By Thomas W. Finch and Joseph A. Walker
SUMMARY

The Bell X-5 variable-sweep research airplane has been tested pri-
marily at 58.7° sweepback to determine the characteristics at transonic
speeds of a fighter-type airplane having extreme sweepback. ©Some of
the dynamic and static lateral stability characteristics have been dis-
cussed previously. This paper will summarize the overall lateral sta-
bility and control characteristics up to a Mach number of 0.97 at
40,000 feet and to slightly lower Mach numbers at altitudes of 25,000
and 15,000 feet.

The dynamic characteristics were influenced by aerodynamic and
engine gyroscopic coupling. The short-period lateral oscillations were
moderately well damped up to a Mach number of 0.80, but were only toler-
able at higher Mach numbers because of the influence of nonlinear damping.
However, the damping was generally unsatisfactory over most of the Mach
number range when compared to the Military Specification.

The apparent directional stability was positive and about constant
for all test altitudes up to a Mach number of 0.85 and increased appre-
ciably at higher Mach numbers. The apparent effective dihedral was
positive and had a high value, increasing rapidly at higher Mach numbers.
The lateral-force coefficient per degree of sideslip was about constant
for all altitudes to a Mach number of 0.94 and increased rapidly with
further increase in Mach number at 40,000 feet. There was little change
in pitching moment caused by sideslip at any altitude for the limited
range of sideslip angles tested. Changes in dynamic pressure had little
effect on most of the static stability characteristics.

The rolling characteristics were affected considerably by the adverse
dihedral effects at some flight conditions. The aileron effectiveness was
low at all altitudes and varied little with Mach number. The airplane
failed to meet the Military Specification requirement for rolling velocity
and the requirement of 1 second to bank to 100°.
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Directional divergence occurred at high lifts and resulted in side-
slip angles in excess of 25° at low Mach numbers. Aileron overbalance
usually followed the divergence and caused the stick to jerk from side
to side unless restrained.

Abrupt wing dropping occurred near a Mach number of 0.91 at
40,000 feet. Wing heaviness was evident at higher Mach numbers and at
higher dynamic pressures. Single-degree-of-freedom flutter with a fre-
quency of 30 cycles per second occurred on the rudder at low supersonic
Mach numbers at high altitude.

The pilot considered the X-5 to have the least desirable lateral
stability and control characteristics of a number of straight-wing,
swept-wing, delta-wing, and semitailless configurations.

INTRODUCTION

The Bell X-5 research airplane was procured for the National Advisory
Committee for Aeronautics by the U. S. Air Force to investigate the char-
acteristics of a variable-sweep fighter-type airplane at transonic speeds.
The tests conducted at the NACA High-Speed Flight Station at Edwards,
Calif. have been performed primarily at 58.7° sweepback.

The static lateral stability characteristics measured in sideslip
maneuvers at 40,000 feet were discussed in reference 1 and the problems
of directional divergence and aileron overbalance were introduced in
references 2 and 3. The dynamic lateral stability characteristics were
discussed in reference 4. This paper presents the lateral handling
qualities for Mach numbers up to 0.97 at 40,000 feet and to slightly
lower Mach numbers at altitudes of 25,000 and 15,000 feet.

SYMBOLS

‘ an normal acceleration, g units
b wing span, ft
| Cl/g cycles to damp to half amplitude of lateral oscillation

CZB variation of rolling-moment coefficient with angle of sideslip,
a¢

Z, per radian
dp




NACA RM H56C29

airplane normal-force coefficient

variation of yawing-moment coefficient with angle of sideslip,

dc
n’ per deg

variation of yawing-moment coefficient with rudder deflection,

c
n’ per deg
O

variation of lateral-force coefficient with angle of sideslip,
@

Y, per deg
wing chord, ft

variation of aileron stick force with sideslip angle, lb/deg

variation of pedal force with sideslip angle, lb/deg
apparent effective dihedral parameter

apparent directional stability parameter

apparent lateral force parameter

control force, 1b
acceleration due to gravity, ft/sec?

pressure altitude, ft

stabilizer setting with respect to fuselage center line, positive

when leading edge of stabilizer is up, deg
Mach number

period of lateral oscillation, sec
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pb/2V  wing-tip helix angle, radians

P rolling velocity, radians/sec

a pitching velocity, radians/sec

r yawing velocity, radians/sec

TpmaX time for rolling velocity to reach maximum value, sec

Tl/2 time to damp to half amplitude of lateral oscillation, sec

T1000 time to bank to 100°, sec

t time, sec

v velocity, ft/sec

Ve calibrated airspeed, mph
Ve equivalent side velocity, ft/sec
a angle of attack, deg

B angle of sideslip, deg

o) control deflection, deg
@ bank angle, deg
Subscripts:

af, left aileron

aR right aileron

ay total aileron

e elevator

i rudder

max maximum value
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DESCRIPTION OF THE AIRPLANE

The Bell X-5 is a transonic research airplane incorporating a wing
which has sweepback variable in flight between 20° and 58.7°. A photo-
graph of the airplane with the wing at the 58.7° swept position is given
in figure 1 and a three-view drawing is presented in figure 2. The
physical characteristics of the airplane are given in table I. The
lateral and directional control system is unboosted and is composed of
ailerons with a 45-percent sealed internal balance and a rudder with a
partial span 25.l-percent overhang balance. The friction in the aileron-
and rudder-control systems is on the order of +3 pounds.

INSTRUMENTATION

The following quantities pertinent to this investigation were
recorded on NACA internal recording instruments synchronized by a common
timer:

Airspeed and altitude

Normal and transverse acceleration
Angles of attack and sideslip

Aileron, rudder, and elevator deflections
Aileron and elevator stick force

Rudder pedal force

Rolling, yawing, and pitching velocity
Wing sweep angle

An NACA cavity-type total-pressure head was mounted on a nose boom
as shown in figure 2. The position error of the head was calibrated in
flight and the accuracy of Mach number measurement from the airspeed
calibration is within +0.0l. The angles of attack and sideslip were
measured by vanes located on the same boom.

TESTS

The tests were conducted in the clean configuration with the center-
of-gravity position at about 45 percent of the mean aerodynamic chord up
to Mach numbers near M = 0.97 at 40,000 feet and to slightly lower Mach
numbers at altitudes of 25,000 and 15,000 feet.

The rudder-pulse data were obtained near trim lifts for 1lg flight
up to a Mach number of 0.96 at altitudes of 40,000 and 25,000 feet.
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The characteristics in sideslips were measured during increasing
and decreasing sideslip angles up to Mach numbers of 0.97, 0.95, and
0.92 at altitudes of 40,000 (ref. 1), 25,000, and 15,000 feet, respec-
tively. Rudder-fixed aileron rolls from level flight were also performed
at the same altitudes and similar Mach numbers with half-to-full aileron
stick deflections. No full deflection rolls were made at 15,000 feet.
A chain stop was used to enable the pilot to hold constant aileron input.

RESULTS AND DISCUSSION

Dynamic lateral Stability

To present a complete discussion of the lateral handling qualities
of the X-5 airplane a summary of the dynamic characteristics, previously
reported in reference 4, is repeated in this paper.

A typical time history of the short-period lateral oscillation
resulting from an abrupt rudder pulse is shown in figure 3. A longi-
tudinal oscillation is also produced because of aerodynamic and engine
gyroscopic coupling and some residual oscillation is evident even with
negligible control motions. At low Mach numbers the oscillation is mod-
erately well damped, but at Mach numbers above M = 0.80 the decay of
the oscillation is nonlinear and the damping decreases with decreasing
amplitude, resulting in nearly zero damping at small amplitudes.

For convenience the damping has been measured for two amplitudes,
B>2° and B < 2°. The period, time to damp to half amplitude, and
cycles to damp to half amplitude are presented in figure 4. The period
gradually decreases from about 2.7 to 1.4 seconds over a Mach number
range of about 0.52 to 0.96. There is no appreciable difference in the
Mach number variation of the value of T1/2 measured for the large-
amplitude portions of the oscillation below M = 0.80, but at higher
Mach numbers there is a noticeable difference in damping between oscil-
lations produced by left and right rudder inputs. This difference may
be attributed to gyroscopic and aerodynamic coupling (ref. 4) and con-
tinues to the test limit Mach number, with power damping resulting from
a left input. At Mach numbers near M = 0.83 the small-amplitude por-
tions of the oscillation are poorly damped, resulting in a residual
oscillation of low but nevertheless objectionable amplitude over a Mach
number range from about 0.86 to 0.88 with the value of Tj/p almost

double that for the large amplitude. Above about M = 0.93 the damping
appears to be largely unaffected by amplitude.

The amplitude of the residual undamped oscillation with stick held
manually (data not shown) follows the same general Mach number variation
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as followed by the small-amplitude damping characteristics (ref. 4).

The residual oscillation amplitude reached a maximum magnitude in side-
slip of 0.3° with the stick restrained by a mechanical stop as compared
with a maximum amplitude of 2.5° with the stick restrained manually.
Consequently, it appears that minor aileron movements are the primary
cause of the residual oscillation, although the pilot felt that any con-
trol motion, thrust change, or turbulent air excited the oscillation.

The effect of altitude on P, Tj/p, and Cj/p is also shown in
figure 4 for a Mach number range from about 0.52 to O.9h. At an alti-
tude of 25,000 feet the Mach number variation of the period is similar
to the variation at 40,000 feet, but the magnitude is reduced as would
be expected for the change in dynamic pressure. The cycles to damp to
half amplitude follow the same general trend as at 40,000 feet, and the
degree of damping is about the same, except the nonlinear effects are
not present.

In figure 5 a comparison is made of the X-5 flight results with the
Military Specification for dynamic lateral stability (ref. 5). The
requirements relate the reciprocal of cycles to damp to half amplitude

to the ratio of roll angle to side velocity %gdr.
e

Representative data for the Mach number range are shown in figure 5
and indicate unsatisfactory stability over most of the Mach number range.
Most of the marginal points are indicative of the large-amplitude portion
of the oscillation, whereas the small-amplitude data are found to be
more unsatisfactory. The pilot felt the dynamic characteristics were
tolerable except in the Mach number region of nonlinear damping in which
the large ratio of roll to sideslip with low damping made the character-
istics intolerable.

Static ILateral Stability

Typical examples of the results of the static lateral stability
characteristics at 40,000 feet (ref. 1) are presented in figure 6 as
functions of sideslip angle. Aileron, rudder, and elevator positions
and forces are presented as a function of sideslip angles. Angle of
bank as obtained from the transverse acceleration is also shown. The
data scatter results from the almost continuous oscillatory motion during
the sideslip maneuvers.

The variations of the slopes dp/dBp the apparent lateral force
parameter, d8r/dB the apparent directional stability parameter, and

dﬁat/dB the apparent effective dihedral parameter for altitudes of
40,000, 25,000, and 15,000 feet are presented as functions of Mach number
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and calibrated airspeed in figure 7. The apparent directional stability
parameter is positive and gradually increases from a constant value of
about a%./dB = 1.6 at Mach numbers near 0.90, 0.86, and 0.80 to values
on the order of 2.6, 3.1, and 4.0 at Mach numbers of 0.97, 0.95, and 0.92
for altitudes of 40,000, 25,000, and 15,000 feet, respectively. These
increases are caused primarily by Mach number effects since, as indicated
in figure 7 by the variation of dSr/dB with calibrated airspeed, there
is no appreciable effect that is consistent with change in dynamic pres-
sure. Unpublished wind-tunnel results show little change in the direc-
tional stability parameter CnB with Mach number in the 1ift range

covered by these tests. This change can be determined by the Mach number
variation of the period, therefore it is indicated that the increase in
d5,./dp is primarily caused by a decrease in Cng .

iz

The apparent effective dihedral parameter dSatldB is high through-

out the Mach number range for all test altitudes with the value of 6,7
below M = 0.75 increasing to a value of 13.5 at M = 0.97 for an alti-
tude of 40,000 feet. The Mach number variation at the lower test alti-
tudes is generally the same, but the magnitudes of dSat/dB are somewhat

lower. This decrease in magnitude would be expected, since the 1ift
coefficient is reduced at the lower altitudes and the dihedral param-
eter CZB will be correspondingly reduced.

The lateral force is stable with right bank required for right side-
slip. The parameter dw/dB at 40,000 feet gradually increases with Mach
number, approximately doubling from M = 0.62 to M = 0.93, and rapidly
increases to M = 0.97, the limit of the tests. The Mach number varia-
tions at the lower test altitudes are generally similar, with the magni-
tude of d@/dﬁ increasing on the order of 2.5 to 3.0 times at 15,000 feet
for a given Mach number. The increased values at the lower test altitudes
are approximately those expected with dw/dB inversely proportional to
1ift coefficient as indicated by the variations of d@/dB with calibrated
airspeed which gradually increases with increasing dynamic pressure. In
general, the critical Mach number for all lateral stability parameters
decreases slightly with decreasing altitude.

The control forces required to perform sideslips are presented in
figure 8, in the form of dFy/dp and dFy/dB, as a function of Mach
number and calibrated airspeed. Generally, the variations with Mach
number are similar to the variations of dSatIdB and d%,./dp shown in

figure 7. As would be expected from completely unboosted control systems,
dFa/dB and dFr/dB show an increase with increasing dynamic pressure
and the control forces are high particularly above the critical Mach num-
ber. The variations with calibrated airspeed indicate very little con-
sistent effect due to dynamic pressure.
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There is essentially no change in pitching moment caused by sideslip
at all test altitudes as indicated by the almost constant value of elevator
\ position during the sideslips in the limited test range.

‘ The lateral-force parameter Cy, was determined from the variation
of the lateral-force coefficient (‘CY = CNA sin.q? with sideslip angle

and is presented as a variation with Mach number in figure 9. The vari-
ation of CNA with Mach number is also shown in this figure. The value

of CYB remains about constant near -0.0085 for all test altitudes up

to a Mach number of about 0.9% where the value at an altitude near
} 40,000 feet increases to about -0.01k4.

‘ Lateral Control

Time histories of representative full-stick deflection aileron rolls
and bank angles developed during the rolls are presented in figure 10
for an altitude of 40,000 feet. The pilot found it difficult to repeat
maneuvers at the same conditions since small changes in sideslip possibly
caused by engine gyroscopic coupling or control motions, or both, have a
large effect on the aileron effectiveness. These changes in B produce
large increments in rolling moment because of the excessive dihedral
effect. Consequently, the first peak in the rolling velocity was used
to determine the aileron effectiveness since there was usually no steady-

o state rolling velocity.

b

q The variation of the aileron effectiveness parameter gv/ﬁat’ maximum

rolling velocity, and maximum wing-tip helix angle pb/2V with Mach
number is presented in figure 11. The effectiveness is very low

b
(gv/éat = 0.0005 at M = 0.71) at 40,000 feet and increases only slightly

with Mach number, The effectiveness is still low at an altitude of
25,000 feet and an altitude of 15,000 feet (determined from one-half

deflection rclls), but the value of g$/5at is increased to a nearly

constant value of 0.00l1. Because the adverse effects of CZB were

considerably decreased at the lower altitudes, it is felt the rolling
\ effectiveness presented for 25,000 feet is more nearly representative
of the X-5 airplane at least for this altitude and for lower altitudes.

The maximum measured values of rolling velocity at 40,000 feet were
. on the order of 0.9 radian per second at M = 0.71, increasing to a value
of 2.0 radians per second near M = 0.96. Although the peak rolling rates
measured in some right rolls (fig. 10) were near 2.0 radians per second
[ 4 at Mach numbers less than M = 0.9, because of the high dihedral effect
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or adverse control motions, it is felt the variation of maximum rolling
velocity with Mach number mentioned previously is representative of
40,000 feet. At 25,000 feet the value was increased on the order of

1 radian per second at all Mach numbers.

The maximum values of pb/2V were generally less than 0.02 at
40,000 feet and less than 0.03 at 25,000 feet. The airplane is not
required to meet the Military Specification requirement of pb/2V = 0:09
(ref. 5) since the requirement of D20° per second is lower; however, the
X-5 fails to meet this requirement by at least an increment of pb/2V
of about 0.015 (80° per sec) at higher Mach numbers.

The time required to bank to lOOO, T100°, for full-stick deflection

aileron rolls as determined from time histories of bank angle is presented
in figure 12. At 40,000 feet the time to bank to 100° decreases with
increasing Mach number to a value of about 1.5 seconds at M = 0.95. At
25,000 feet the value of TlOOO has decreased so that at Mach numbers

near 0.93 the value nearly meets the requirement of 1 second to bank to
100° specified in reference 5. A brief inspection of the variation with
Mach number of the time to bank to maximum rolling velocity Tp in

figure 12 indicates considerable scatter. The only obvious trend is that
the value of Ep tends to decrease with increasing Mach number and

decreasing altitude, and the values measured in right rolls are somewhat
lower than those measured in left rolils.

Roll Coupling

During the flight investigation of several current airplanes,
undesirable large roll coupling effects have been encountered in abrupt
aileron rolls and were reported in references 6 and 7. By using the
analytical methods given in reference 8 in modified form it was shown
in reference 9 that, when the average roll velocity in 560O rolls
approaches the lower resonant frequency, undesirably large changes in
angle of sideslip and angle of attack might be expected.

The approximate flight test envelope of the X-5 airplane 1s shown
in figure 13 together with lines of constant lower resonant frequency
(pitech). Tt is evident, even in comparing the frequency required for
resonance with the maximum available rolling velocity (fig. 11), that
the aileron power is far too low in the Mach number range investigated
to expect large roll coupling effects.
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Iateral Problems at High Lift

As reported in reference 2, the pitching characteristics of the
airplane above the longitudinal stability decay or pitch-up boundary
are aggravated by the occurrence of directional divergence and aileron
overbalance. Figure 14 presents time histories of typical accelerated
maneuvers performed at 40,000 feet during which both these lateral defi-
ciencies occur. At lower Mach numbers the airplane has diverged in side-
slip to angles in excess of 250, resulting in a spin. Although the air-
Plane would often snap-roll as it diverged, it normally responded to the
elevator control as the pilot recovered. The divergence became less
severe at higher Mach numbers with a resulting oscillatory motion in
sideslip on the order of +3° near M = 0.92. The pilot reported minor
oscillations caused by divergence up to M = 1.0. The onset of direc-
tional divergence in terms of Cyp and o (fig. 14) is presented in
figures 15 and 16 with relation to the longitudinal stability decay or
pitch-up boundary presented in reference 2. It may be noted that the
divergence may occur at any normal-force coefficient or angle of attack
after pitch-up to maximum 1ift, but generally occurs on the order of 0.10
to 0.15 in Cpyy or about 2° to 3° in angle of attack above the pitch-up
boundary over a Mach number range from about 0.65 to 0.92. The results
of reference 3 and unpublished vertical-tail-loads data show that the
vertical tail does not unload during the divergence. This condition
indicates the rapid change in the wing-fuselage contribution to direc-
tional stability is the main cause of the divergence. The divergence
was predicted in reference 10 and unpublished wind-tunnel results indi-
cated the divergence could be expected about 0.10 in CNA above the

pitch-up boundary.

The problem of aileron overbalance occurred less frequently but was
no less disconcerting to the pilot because the stick would jerk from side
to side unless restrained. When the stick was restrained laterally with
a strap during some accelerated maneuvers, the pilot obviously was unaware
of this problem. Although it was not easily identified in many instances,
the occurrence of aileron overbalance was defined by the reversal of
aileron stick force with respect to total aileron deflection as indicated
in figure 14. The onset of aileron overbalance in terms of Cyy and o

is presented in figures 17 and 18, respectively, with relation to the
pitch-up boundary. The aileron overbalance may similarly occur at any
normal-force coefficient or angle of attack after pitch-up to maximum
1lift, but generally seems to occur after the onset of directional
divergence.
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Wing Dropping

The abrupt change in lateral trim or wing-dropping tendencies noted
on a number of other airplanes at transonic Mach numbers is also a char-
acteristic of the X-5. The wing drops rather abruptly, generally to the
left, in the Mach number range from about 0.90 to 0.92 at h0,000 feet
and at slightly lower Mach numbers at lower test altitudes. The pilot
reported this occurrence was difficult to correct without overcontrolling,
and he felt the wing dropping was caused by a combined directional and
lateral trim change with the directional change predominating. The wing-
dropping tendency stopped after a change in Mach nunber of 0.02; however,
the pilot reported left-wing heaviness at higher Mach numbers and at
higher dynamic pressures. . ‘

An example of wing dropping which occurred at 40,000 feet is presented
as a time history in figure 19. The usual unsteady behavior is apparent
with the wing dropping to a bank angle of about 13° at M = 0.91. The
pilot used about 5° of aileron to stop wing dropping in this case, but
normally, the pilot would correct the wing dropping with rudder deflection.

Rudder Oscillation at Supersonic Mach Numbers

Another control problem encountered at low supersonic Mach numbers
was single-degree-of-freedom flutter of the rudder. A time history of
quantities measured during a shallow dive to 30,000 feet is presented
in figure 20. A constant 30-cps oscillation occurred on the rudder and
vertical fin as the Mach number decreased from 1.06 to 1.00 during recovery
from the dive. The actual values of the rudder deflection and pedal force
may be as high as t4° and t20 pounds, respectively, since the measured
values were on the order of only 25 to 30 percent of the actual values
because of the frequency-response characteristics of the recording elements.

With the rudder-control system made as rigid as possible, a dive was
repeated and an intermittent 30-cps oscillation was recorded in about the
same Mach number range. The pilot reported he could feel the oscillation
through the rudder pedals and that rudder deflection from neutral appar-
ently had no effect on the oscillation.

Pilots' Impressions

The X-5 airplane at 58.70 sweepback is considered to have the least
desirable lateral stability and control characteristics of any of the
airplanes tested, including straight-wing, swept-wing, semitailless, and
delta-wing configurations. One pilot, while checking out in the X-5 air-
plane, discontinued a speed run at M = 0.85 and an altitude of 35,000 feet
because he strongly doubted his ability to keep the airplane right side up.
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The outstanding deficiency of the X-5 airplane is the lateral-
directional oscillation or "Dutch roll" caused by high positive dihedral
effect. This oscillation is annoying but tolerable for research flying
over the entire speed range at 40,000 feet, except over the range of
M=0.86 to M= 0.88 where the residual, small amplitude, virtually
undamped oscillation is most noticeable. The dihedral effect decreases
with a decrease of altitude but never reaches a satisfactory value. The
airplane exhibits positive lateral stability during sideslip maneuvers
and requires large aileron deflections for small rudder deflections;
however, it is impossible to maintain a steady sideslip without rolling
oscillations. Normal turning mameuvers tend to be jerky with abrupt
increases and decreases of bank angle, apparently caused by small yawing
motions and angle-of-attack changes. In straight and level flight,
lateral-directional oscillations can be initiated by control motions,
power changes, or turbulent air.

The aileron effectiveness is low at all Mach numbers and, except
for the adverse dihedral effects in some conditions, the rolling char-
acteristics are normal with rolling velocity proportional to aileron
deflection and increase as Mach number increases. The rolling character-
istics improve with decrease of altitude, but maximum rolling velocity
is limited because of the excessive force necessary to obtain large aileron
deflections. Near the 1lg stall there is little or no lateral control
and nearly zero aileron stick force.

CONCLUSIONS

From the flight investigation of the Bell X-~5 research airplane at
58.T° sweepback at altitudes of 40,000, 25,000, and 15,000 feet it may
be concluded that:

1. The dynamic characteristics were influenced by both aerodynamic
and engine gyroscopic coupling. The short-period lateral oscillation
was moderately well damped up to a Mach number of 0.80, but at higher
Mach numbers the damping was only tolerable because of the influence of
nonlinear damping. However, in comparison with the Military Specification,
the damping was generally unsatisfactory over most of the Mach number
range.

2. The apparent directional stability was positive and nearly con-
stant for all test altitudes up to a Mach number of 0.85 and increased
appreciably at higher Mach numbers. The apparent effective dihedral had
a high positive value and increased rapidly at higher Mach numbers. The
lateral-force coefficient per degree of sideslip was nearly constant for
all altitudes to a Mach number of 0.9% and increased rapidly with further
increase in Mach number at 40,000 feet. There was little change in
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pitching moment caused by sideslip at amy altitude for the limited range
of sideslip angles tested. Changes in dynamic pressure had little effect
on most of the static stability characteristics.

3, The rolling characteristics were considerably affected by the
adverse dihedral effects, particularly at 40,000 feet. The aileron effec-
tiveness was low at all altitudes and varied little with Mach number.
There was insufficient aileron power to meet the Military Specification
requirement for rolling velocity or the requirement of 1 second to bank
to- 100°,

4. Directional divergence occurred at high lifts, resulting in side-
slip angles in excess of 25° at low Mach numbers. At high Mach numbers
the divergence caused only oscillatory motions in sideslip.

5. Aileron overbalance also occurred at high 1ifts, causing the
stick to jerk from side to side when not restrained. The overbalance
usually followed the directional divergence.

6. An abrupt wing-dropping tendency was encountered at 40,000 feet
over a Mach number range from about 0.90 to 0.92. Wing heaviness also
occurred at higher Mach numbers and at higher dynamic pressures.

7. Single-degree-of -freedom flutter with a frequency of 30 cycles
per second occurred on the rudder at low supersonic Mach numbers in
gradual dives from 40,000 feet. The oscillatory values of rudder deflec-
tion and pedal force were on the order of 140 and t20 pounds, respectively.

8. The pilot considered the X-5 airplane to have the least desirable
overall lateral stability and control characteristics of a number of
straight-wing, swept-wing, delta-wing, and semitailless configurations.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., March 27, 1956.
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‘ TABLE T
PHYSICAL CHARACTERISTICS OF THE BELL X-5 AIRPLANE

AT A SWEEP ANGLE OF 58.7°

Airplane:
Weight, 1b:
L BT S G 0 RO L o G OO O O O B i i s K036,
HEHAICHEIR (HIa SRS R ATIL S 10a) to7 iien, 5 o) Holfle? a7 leile” e & ted lelliat oub o SEITABCIL
Powerplant: i
Axiat=flow turbojet engine . o ¢ o o o v o oo o o o s o o o o I35=A=1T
Guaresnteed rated thrust at 7,800 rpm and
static sea-leveltconditions, 1D« o oie oo o o o o s o o o e 4900
Moment of inertia of rotating mass, slug-f12 . . « « « o o o o . 1izial
Center-of -gravity position, percent mean serodynamic chord:

AL FEEL T 5T s R AR S R S R R LS S o e o 45.0

e SRR NG TR Ol IR o ollier Tor aiie? allia’ Voo, aival feitit gl (N IRIRR SRR b5.5
OyensisBReTEh boRBHE SRS RS w0l S1e o o sl el el s e elis slis e e 6 shietete 12.2
Oyl enEER RGNS Oy o 5 ol e elie s el yiitie neliatlisl ol o) sdteRiTa) tante 33.6
Moments of inertie for 58.7° sweep (clean configuration,

full fuel), slug-ft2:

ABOD B =nTct Bl SUEIRIs ol GRS R S e e et e e e e B TI6S

ADOUEB=rorl BRI SR SRR S TR o SRS el ol eleel il e et s el el e R OFIEOS

Ebouti%-arEeSeE s e Nt ot ol o0 oiel oS o ol e ieliet st ol el el e el o STOSITO
Inclination of principal eaxes, down at the nose, deg . . . . . . . 175

Wing:
Airfoil section (perpendiculer to 38.02 percent chord line):
PG EEDOITIER U Ton lalie e o obie ioite o a5 o o elle i oo o wNACK 6h(lo)A011

NACA 64 (ogyA008.28

R e R e o ite sl alslhe o o s (o0 o e aiiel e s @

Sweepsangleiat 0:25VCHOXaL TAER i s o o o o o s e o iohel wiaive s 58.7
ST 1] R S S g R R R S e S e e 183.7
STEE0E 1010 o lor i O R S0 TDM BRI oo e et S S S T PR o 20.1
Spansbetween equlvelient tipa, £L's o ¢ o o s oo o6 o 6 o o v 5 e 19.3
B pEE LA O R S T o lar o folle o sutein e o ie e efualitel oy ehiar o Bel eita o 2.2
RTINSl o s T U SR R0 S O I S T 0.411
MeanyaerodynamicEechard ;ufblcbe ovaoid Sifs sl ol o oivs o & oie o o e 9.95
Location leading edge of mean aerodynamic chord, fuselage
station O e O B R ORI I IS S S S B SRR 101.2
dncldencesrooichord, (def’ o < « e o e o ol s sl o o o ofls sna eile s 0
Whihsslomil. SGEIEE T AT e i RSOSSN S G O o (o}
GeametrICHUWIEb R degliliel oo s o sie el s o s o v o0 > o sie el s e 0
Wing flaps (split):
e TR R e e sl s el oole e o s el s el s oo otalle o il 15.9
Span, parallel to hinge center 1ine, £t .+ « « o « o o o « « o &« 6.53
| Chord, parallel to line of symmetry at 20° sweepback, in.:
BEEE oL 5 ol IS a O il S R S R A s 30.8
UBHW | o i ol b S L o ORGSR 19.2
IEra Vel PR ic el S R Rel o e o) ol o sl ol o ool iz ole w loihe el el ol 60
Slats (leading edge divided):
ATEEN NS QUL S R A, o te T o) o iuipret %, Nl el el 6T e el ey Tafie 4.6
Span, parallel to leading edge € e et e e B e i e m en el et 10.3
Chord, perpendicular to leading edge, in.:
BOSH mo el G croktn olo g St o g0 0006000000 1.1
DR e Pttt ety f - o Ch i Wdae = iite: tallties folwarel v T ral yits 6.6
Travel, percent wing chord:
Horwamd i i, ol e el oile "o oifs @i tsl s W 9inw el el (eile el eiisl wille 10
Down R G T S T R e 7
Aileron (45-percent internal seal pressure balance):
Area (each aileron behind hinge line), s ft « « « o « « « ¢ « & BR62
Span parallel to hinge center line, f£ . o ¢ ¢ ¢ ¢ ¢ o ¢ o & o & 515
Toreive I S o e Fel sl ol e e ol o o fer s o0 s sle oL &5
Chord, percent wing chord .« « o ¢ o « ¢ o o o ¢ o o o o o o o o 19T
Moment-area rearward of hinge line (total), im.2 « v v o & « & & 4,380
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TABLE I.- Concluded
PHYSICATL, CHARACTERISTICS OF THE BELL X-5 AIRPLANE

AT A SWEEP ANGLE OF 58.7°

Horizontal tail:
Airfoil section (parallel to fuselage center Tdne)i o o o aln et NAGH 65A006

C R I RIS . S . e s el e e e e s e etertel e @ e e e HsH
R . o . .. i hie e n e e e e RO
e R IO IORIR R S L o e e eils el e edier el e hel e e Haltiellleilelte 2.9
B R e s o« 5 s« o o 5 0 4 8 o 0 o o s o o 0 s o o gis ORDTL
Sweep angle at 0.25 percent chord, de€g . « « « « o « o o o« o o = o 45
Mean aerodynemic chord, in. . . « « « « « &« . e 42.8

Position of 0.25 mean aerodynamic chord, fuselage station o ot iasitle B55 6
Stabilizer travel, (power actuated), deg:

R . . o a5 e e s e e s Wl ewe e e B.5
e AR REd @e IdOWI | o o s o o s o o & s o o o @ileie o s e s leie Med
Elevator (20.8-percent overhang balance, 31l.5-percent span):
Area rearward of hinge 1line, S £t « « « o ¢ o o ¢ o o o o o o o 6.9
Travel from stabilizer, deg:
Up BT L il e e e e e W @ esme e e e Tiel Lensishiie e 25
R R S o oiliel e esie e usic el e eies e e er el e e e e el 20

Chord, percent horizontal tail chord . « « « ¢« o ¢ o ¢ o o o o & 30
Moment-area rearwerd of hinge line (total), o LR L e

Vertical tail:
Adrfoil section (parallel to rear fuselage center line) . . . NACA 65A006
Ares, (above rear fuselage center line), sq ft . « « o « ¢ o o « « & 250
Span, perpendicular to rear fuselage center line, Phoe 1o s s aalion SRR (L D
L . o 2 ¢ s« o« s v e s s s e e s ee e e wosle 1l i
Sweep angle of leading edge, A€Z « « « « o« o o o o o o o 2 o o o o o 46.6
Fin:
o G T ? - . . R RN e AR R W T
Rudder (23.1-percent overhang balance, 26. 3-percent span):
B Of Hinge 1ine, BQ Pt o « o s o 6 o s 0 0 s o 8 swre BT
o R AR R
Travel, deg . « « « T e i L L e
Chord, percent horizontal LA CHOTA. o o’ el i3 foll o wohcsr o histlaroniaRuatie M1 gH(
Moment-area rearward of hinge line, S R ORI S s
Distance from airplane center of gravity to 0.25 mean
serodynemic chord of vertical tail, f£ . « o « ¢ o ¢ ¢ o o o o o 16.5
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2-31%
Figure 1.- Photograph of the Bell X-5 research airplane at 58.70 sweepback.
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Figure 2.- Three-view drawing of the Bell X-5 research airplane at
58.7° sweepback.
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Figure 3.- Time history of lateral oscillation resulting from a rudder

pulse at M = 0.90; hy = 40,000 feet.
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Figure k.- Period and damping variation of the lateral oscillations.

hy = 40,000 feet.
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Figure 5.- Comparison of damping characteristics with the Military
Specification.
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Figure 6.- Characteristics in sideslip at 40,000 feet.
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Figure 7.- Variation of several apparent lateral stability parameters
with Mach number and calibrated airspeed.
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Figure 8.- Variation of control-force characteristics in sideslip with
Mach number and calibrated airspeed.
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Figure 9.- Variation of CYB and CNA determined in sideslip maneuvers

at several altitudes.
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Figure 10.- Time histories of rudder-fixed aileron rolls performed st
an altitude of 40,000 feet.
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Figure 10.- Concluded.
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Figure 1ll.- Variation of aileron effectiveness, maximum rolling velocity,
and maximum wing-tip helix angle with Mach number and comparison with
the Military Specification.
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Figure 13.- Approximate flight test envelope of X-5 airplane showing
lines of constant lower resonant frequency (pitch).
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Figure 1k4.- Examples of directional divergence and aileron overbalance
at high lifts for an altitude of 40,000 feet.
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Figure 14.- Continued.
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Figure 19.- Example of wing dropping at an altitude of 40,000 feet.
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Figure 20.- Time history of quantities measured during single-degree-of-
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freedom flutter of the rudder.







