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FLIGHT DETERMINATTION OF THE BUFFETTNG CHARACTERISTICS OF
THE BELL X-5 RESEARCHE ATRPLANE AT 58.7° SWEEPBACK

By Donald W. Briggs
SUMMARY

Flight measurements were made of the buffeting characteristics of
the Bell X-5 research airplane at 58.7° sweepback in the Mach number
range from 0.65 to approximately 1.03 at altitudes from 37,000 to
1%,000 feet. Maximum ailrplane normsl-force coefficlents were attained
for Mach numbers up to 0.96.

At a1l aslrplane normsal-force coefficlents the horizontal tall was
found to experience buffeting. An increase in tall buffeting intensity
occurred essentially simultaneocusly with the breek in the alrplane
normal -force coefficlient—angle-of-gttack curve. At angles of gttack
below maximum alrplsne normal-force coefficient the pesk buffet-induced
tall bending stresses were 20 percent of the maximum observed tail
steady-state bending stress; the peak buffet-induced teil shear loads
were gpproximately 5 percent of the tall design limit load.

Wing buffeting began at moderate sngles of attack but above the wing
buffet boundary there was no appreciasble lncrease in wing buffet inten-
sity with 1lncresgse in Mach number or angle of attack. At angles of
attack below meximum airplane normal-force coefficient, the pesk buffet-
induced wing bending stresses were 5 percehnt of the maximum observed
wing steady-state bending stress.

Coefficients of incremental normsl acceleration greater than +0.05,
considered to be high-intensity buffeting on other research airplanes,
were not experienced by the X-5 alrplane below maximum girplane normal-
force coefficient. The pilot considered the buffeting to be "unobjec-
tionable" throughout the entire test reglion.
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INTRODUCTION

As part of the joint Alr Force—Navy—NACA research progrsm, the
Bell X-5 research airplane wag obtained for the National Advisory
Commnittee for Aeronsutics for investigation in flight of the effects of
large variations in wing sweep angle. After completion of acceptance
tests, the results of which are presented in reference 1, the NACA High-
Speed Flight Research Station at Edwards Alr Force Base, Calif., initi-
ated a program to investigate the stability and control characteristics
of the sirplane at 58.7° sweepback. During this progrem an investiga-
tion of the buffeting characterligtics of the alirplane was also conducted.
Most of the buffet data obtalned consisted of measurements made of
buffet-induced wing and taill bending stresses and of the buffet-induced
increments in normal acceleration at the alrplane center of gravity.
Near the completion of the test program at 58.70, the talil stress meas-
urements were discontinued and measurements of buffet-induced increments
in horizontal tail shear loed, bending mcment, and torque were made.

The results of these various buffet measurements are presented in this

baper.,

SYMBOLS

&y normal acceleration at alirplane center of gravity,

g units
CNA alrplane normal-force coefficient, nW/qS
c chord, ft
g acceleration due to gravity, ft/sec2
hp pressure altitude, £t
M Mach number
n airplane normal load factor
a dynamlc pressure, 1b/sq ft

wing aresa, sq ft

W airplane weight, 1b
a alrplane angle of attack, deg

Purum_



NACA RM L54C17 . 3
Aap buffet-induced increment in normal acceleration at

airplane center of gravity, ftg units

ABM buffet-induced increment in horizontel_tail structural
bending moment, tin-l1b

Loy incremental coefficient of normal acceleration due to
buffeting, Wlap /qS

AT buffet-induced increment in horizontal tail structural
torque about 57-percent-chord line of strain-gage
station, tin-1b

AV buffet-induced increment in shear load on one side of
horizontal tail, tlb

A buffet-induced increment in bending stress, *1ib/sq in.

Subscripts:

max maximum

T horizontal tail

W wing

INSTRUMENTATION

Standard NACA instruments, synchronized by a common timer, recorded
most of the quantities pertinent to this investigation.

The asirspeed system was calibrated by the "fly-by" method up to a
Mach number of 0.70 and by the radar phototheodolite method (ref. 2) at
Mach numbers greater than 0.70. The accuracy of the Mach numbers
obtained from the airspeed callbration is within 10.01.

Angle of attack was measured with a vane mounted on a nose bocm
projecting fram above the gir inlet duct. The vane was mounted spproxi-
mately 51 inches forward of the nose boom-fuselage juncture (fig. 1).
The recorded angles of attack were uncorrected for upwash or bending of
the boom. The recorded position of the angle-of-gttack vane is accurste
to within +0.2°.

The ailrplane is instrumented with four-arm strain-gege bridges
located at several chordwise positions near the roots of the wing and
tail. During most of the flight test program the outputs of each
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strain-gage bridge were photographically recorded as separate traces.
The strain gages on each structurel component were statlecally calibrated
in terms of shear load, bending moment, and torque by the method of
reference 3.

The buffet-induced increments in horizontal tail bending stress pre-
sented in this paper were determined from the response of one strain-gage
bridge with arms located on the upper and lower inner-skin surfaces near
the root of the left slde of the horizontel tail. The increments in wilng
bending stress were measured with a similasr type strain-gege bridge
mounted on the web of the wing main beem near the wing-fuselage Juncture.

During the portion of the tests in which the output of each individ-
ual strain-gage bridge was recorded, steady loads were measured by mathe-
matically combining the several bridge outputs into the load equations
determined during the strain-gasge celibration. This procedure could not
be used to determine buffet loads, however, because of the difficulty in
determining the proper phase relastionships between the output fluctua-
tions of the several bridges utllized in each load equation. During the
latter part of the program, therefore, the outputs of the several bridges
utilized in each horizontal tall load equation were electrically combined
such that shear losd, bending moment, and torque were recorded as indi-
vidual traces by the oscillograph. During buffeting, the amplitude of
the fluctustions of each trace was airectly proportional to the magnitude
of the buffet quantity. o

Incremental tail shear load was measured on both the right and left
s8ldes of the horizontal tall. Incremental bending moment was measured
on the left side of the horizontal tall with the strain-gage station (at
a chordwise station 14.5 inches outboard of the ailrplane line of symme-
try) as the bending-moment axis. The increments in torque were measured
for the right side of the tall about an axis perpendicular to the strain-
gage staetion and running through the 57-percent-chord line of the gage
station. ’ '

The accuracy of the strgin-gage callbratlion is as follows:

Shear load, right side, percent . . & &+ ¢ ¢ ¢ ¢ ¢« &« ¢ ¢« = o« o s o « « 3
Shear load, left side, percent . . . . ¢ ¢« ¢ ¢« ¢ ¢« ¢ ¢« « s ¢ s & « « 3
Bending moment, left side, percent . . .« . . ¢ ¢« ¢ ¢ ¢ ¢« 4 o o o &« 2 13
Torque, right slde, percent . . . . . . & ¢« ¢ ¢ ¢« ¢ ¢ ¢ & & s & « « « 15

Buffet-induced loads on the wing were not measured during these
tests and because of the electrical combination of the tall gages, tail
stresses and tail loads could not be measured simultaneously.

'}
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The output of all strain-gage bridges, combined and uncombined, was
recorded with a %6-channel Consolidated recording osclllograph which has
a frequency response flat to at least 60 cycles per second.

Incrementsl fluctustions in normsl accelergtion at the alrplane
center of gravity were obtained wlth an air-damped accelerometer having
a naturasl frequency of 13.5 cycles per second. The dynamic response of
the instrument during fl1lght was corrected for varietions 1n sir density
by using the resulis of a ground calibration of the variation of damping
with sir density. The predominant frequency of the buffet-induced fluc-
tustions in normal scceleration (with respect to both amplitude and
occurrence) was measured to be 13 to 14 cycles per second. The recorded
dynamic amplitudes were corrected for frequency response using 13.5 cycles
per second as the averasge forcing frequency.

All buffet-induced quantities presented in this paper have been
taken as plus-or-minus fluctuations of the quantity asbout its mean
steady-state value.

ATRPLANE

The Bell X-5 airplane is g single-place fighter-type airplane powered
by one Allison J-35-A-17 turbojet engine and is designed for research in
the transonic speed range. The alrplane incorporates a wing whose sweep-
back may be varied in flight between 20° and 58.7°. Full-span leading-
edge wing slats are electrically operated and can be set at any desired
position between fully closed and fully open. The incidence of the hori-
zontal tell is varieble. With the wing at the 58.7° sweepback position,
the horizontel tall is located epproximstely 1.88 wing semispans behind
the quarter chord of the wing mesn serodynemic chord and 0.135 wing seml-
span above the extended wing chord plane.

A three-view drawlng of the alrplene at 58.7° sweepback is shown in
figure 1 and a photograph of the airplane in this conflguration 1s shown
in figure 2. Table I contaeins the pertinent physical characteristics and
dimensions of the airplane at 58.7° sweepback. Horizontal tail, wing,
and fuselage modes of vibration listed in teble II are teken from unpub-
l1ished results of ground vibratlion tests of the airplane.

TESTS

Al1l dats presented in this paper were obtained at altitudes from
37,000 to 43,000 feet in the Mach number range from 0.65 to about 1.03.
Meximum airplene normal-force coefficient Cy, , defined for these
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tests as the airplane normsl-force coefficient CNA beyond which CNA

decreases with increase in angle of attack, was reached for Mach num-
bers up to 0.96. .

Data were taken from maneuvers performed in the clean configuration,
slats closed, 100-percent engine rpm, end at & wing sweepback angle of
58.70. Alrplane welght during the tests varied from 9132 pounds to
8315 pounds and center-of-gravity position varied from 44.6 to 45.1 per~
cent wing mean serodynsmic chord. The maneuvers consisted of elevator-
or stabilizer-executed pull-ups, elevator-executed push-overs, and s
limited number of level-flight speed runs. No appreclable difference
in the buffeting characteristics was found between the elevator- and
stabllizer-executed meneuvers.

Inasmuch as at moderate 1ift coefflcients the alrplane experienced
a reduction of longitudinal stability (ref. k) followed by directional
instability and aileron over-balance, the maneuvers did not extend over
long periods of time gbove the boundary for reduction of longitudinal
stabllity. Data obtained.during the recovery portion of the maneuvers
are not presented in this paper.

RESULTS AND DISCUSSION
General Buffeting Characterigtics

Representative buffet date obtained during typical push-over and
pull-up maneuvers are shown in figures 3 and 4. The data are shown for
angles of attack up to the peak attained during each maneuver.

As indicated by the values of buffet-induced increments in tall
bending stress Aop (fig. 3) and the buffet-induced tail loads (fig. 4)
the horizontal tall experiences huffeting at all airplane normal-force
coefflcients. :

Figures 3(e) and 3(b) and figures 4(a), 4(b), and 4(c) are typical
of the tail buffeting experienced at Mach numbers below 0.90. The
buffet-induced bending stresses Aop end shear loads AV show only a
gradual increase with increasing angle of attack. In contrast, fig-
ures 3(c), 3(d), and 4(d), which are typical of the tail buffeting at
Mach numbers from 0.90 to the highest reached during the tests, show the
tall buffet megnitudes to Flrst decresse then increase with increasing
angle of attack. At all Mach numbers the increase in Aop and AV

began near the angle of attack at which the airplane normal-force coef-
ficlent - angle-of-attack curve first became nonlinear. The increments
in bending moment ABM and torque AT show essentially the same trends
a8 the increments in bending stress and shear load.
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The buffet-induced increments in wing bending stress Aoy (fig. 3)
show that wing buffeting begins at moderate angles of attack but that
there is little increase in intensity as angle of attack and Mach number
are increased.

The reflection at the airplane center of gravity of the tail and
wing buffeting is indicated in the wvalues of incremental fluctustions
of normal acceleration Aan in figure 3. At angles of attack below

that for start of wing buffeting, the values of AMan result solely from

tail buffeting. Near the angle of attack for the start of wing buf-
feting, however, the values of 2an increase and it appears that wing

buffeting contributes more to the increase in the fluctuations at the
airplane center of gravity than is indicsted by the megnitudes of the
buffet-induced wing stresses.

Buffet Frequencies

The horizontal teil, wlng, and airplane center of gravity buffeted
at predomlnant frequencies of 16 to 18, 11 to 12, and 13 to 1k cycles
per second, respectively.

Higher frequencles existed on the wilng and tail strain-gege records
but with the exception of the taill sheaxr stress and sheesr loads records,
the higher frequency fluctuations were of negligible amplitude. The
records of both tail shear stress and shear load generally fluctuated
simultaneously at frequencies of 16 to 18 and 80 cycles per second with
the fluctuations at both frequencies being about equal in amplitude.

The predominant tail buffet frequency of 16 to 18 cycles per second
is near that corresponding to the mode of stabilizer rocking coupled
with fuselage torsion and fin bending, 15.9 cycles per second. (See
table II for complete ground vibration test results.)

The fluctuations at 80 cycles -per second notéd on the tall shear
traces correspond closely to the mode of first asntisymmetrical stabi-
lizer torsion (79.1 cps). The natural frequency for the first mode of
symmetrical wing bending (10.3 cps) is near the 11 to 12 cycle-per-
second range noted ebove as being the predominant wing buffet frequency.

The predominant frequency at which buffet-induced increments in
normal acceleration were measured (13 to 1L cps) does not agree with
any of the natural structural frequencies quoted for the fuselage in
table II but does fall close to the resonant frequency of the instru-
ment. Also, the data of teble II are for the alrplane in an empty-
weight condition. During the flight tests the welght of the airplane
was from 500 to 1300 pounds greater then the empty welght with most of
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the welght difference arising from the fuel, all of which is carried .
inside the fuselage.

Buffet Msgnitudes

The magnitudes of the buffet-induced increments in tail bending
stress, shear load, bending moment, and torque experienced throughout
the speed and 1ift range of the slrplane at approximately 40,000 feet
are summarized in figure 5. The curves for 1g, 2g, and 3g flight at
40,000 feet, together with the boundary for Cy, , are also shown in

these figures. It will be noted that the test-limits differ for some

of the data shown. This difference is due to the different number of
flights for which data were available. The summery of the buffet-induced
shear loads in figure 5(b) 1s shown for the right side of the horizontal
tail only since both sides of the tail show essentially identicel vari-
ations in buffet magnitudes (fig. 4).

Each of the summary figures (fig. 5) shows that for Mach numbers
up to approximately 0.90 there is a large range of alrplane normal-force
coefficients in which the tall buffet intensity remains at a minimum
value. In figure 5(a), for example, the buffet-induced tail bending
stresses &o not exceed 1100 pounds per square inch over most of the -
operational region. However, as Cy is approached the intensity

of buffeting increases. The alrplane normal-force coefficients and
angles of attack at which the lncrease in teil bending stresses occurred
and at which the bregk 1n the CNA——G curve occurred are summarlzed in

figure 6 for the Mach number range tested. It can be seen that the
increase in tail buffeting occurs essentially simultaneously with the
bresk in the CNA-qm curve.

In addition to the increase in tail buffeting near Cy noted

in figure 5, the tall of the X-5 alrplane also experiences an increase
in buffeting at all girplane normel-force coefficients as the Mach num-
ber 1s increased above 0.90. This increase 1s most apparent at high
and low values of CNA where buffeting of the largest megnitude was

experienced. The data of figure 5 show that the tall buffeting beglns
to decrease st Mach numbers sbove approximately 0.96.

"The design limit stress for the tall location at which tail buffet
stresses were measured 1s not known. The pesk steady-state stress
occurring at this loceation during the flight tests, however, was
%960 pounds per square inch resulting fram a load on the left stebilizer

»
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of 1310 pounds. In the high 1lift region above M = 0.90 +the peak tail
buffet stresses were on the order of 20 percent of this pesk steady-
state stress.

The pesak buffet-induced shear load AV on one slide of the hori-
zontal tall was messured to be 1200 pounds. The deslgn limit load for
one side of the X-5 horizontel tail is 3865 pounds. This peak value
of AV 1is then approximately 5 percent of the deslgn limit load.

Figure T shows the location of the wing buffet boundary throughout
the Mach number range. Although there is a considerable range of 1ift
between the wing buffet boundary and Cy, , the data of figure 3 show

that above the wing buffet boundary there was no appreclable variation
of Aoy with either increasing Mach number or angle of attack.

Below Cy the peak values of Agy were on the order of 100 pounds

per square inch. The maximum steady-state wing bending stress at the
wing main beam - fuselage Jjuncture was 2135 pounds per sguare inch,
resulting from a maximum wing steady load of 9765 pounds. The maximmm
values of the buffet-induced wing bending stresses were then approxi-
mately 5 percent of the peak steady stress.

The buffet-induced inerements in normal acceleration at the alrplane
center of gravity Aan Increased gradually wilth 1ift throughout the Mach

number range tested (fig. 3) but did not exceed 30.2g at airplane normal-
force coefficients up to about 0.07 below Cpy, . Near and at Cpy,

the values of pap increased from t0.2g but did not exceed t0.45g.

Increments in the coefficlient of buffet-induced normal asccelera-
tion ACg, of 10.05, considered as high Intensity buffeting on other

research airplanes (refs. 5 and 6) were not experienced by the X-5 air-
plane below "~ Cy, at any Mech number tested.

Buffeting Above Cp,

On a number of flights angles of attack ss hlgh as 5° above that
for Cy were attained. The buffeting encountered at these angles

of attack was higher in magnitude than that existing below Cpy, .

The peak buffet-induced tall bending stresses ilncreased to about 30 per-
cent of the peak steady-state stress of 3960 pounds per squasre inch
mentioned sbove. Tail buffet loads data were not obtalned gbove CNAma.x'
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The buffet-induced stresses on the wing increased to approximately 10 per-
cent of the pesk steady-state wing stress of 2135 pounds per squere inch.
The peak buffet-Induced fluctuations in normal acceleration observed
above CN were approximetely 10.5g, or 10.05g greater than the pesk

values of Aap experienced below CNAm&x'

Pilot's Opinion

The pilot considers the buffeting experienced by the X-5 alrplane
to be "unobjectionable" throughout the region of the tests. In level
flight the pllot reported the buffeting as first becoming "noticeable"
(but still unobjectionable) at Mach numbers above 0.90 to 0.92. The
date of figure 5 show that in lg flight it 1s in the range from M = 0.90
to 0.92 +thet tail buffet magnitudes show their first indications of
increasing fraom one level to a higher level.

CONCLUDING REMARKS

Flight measurements were made of the buffeting characteristlics of
the Bell X-5 research ailrplane at 58.7° sweepback in the Mach number
range from 0.65 to aspproximately 1.03 at altitudes from 37,000 to
43,000 feet. Meximm airplane normal-force coefficlents were attained
for Mach numbers up to 0.96.

At all airplane normsl-force coefficients the horizontal taeil was
found to experilence buffeting. An increase in tall buffeting intensity
occurred essentlally simultaneocusly with the break 1n the airplane
normsl-force coefficient - angle-of-attack curve. At angles of attack
below meximum girplane normal-force coefflclent the peak buffet-induced
tell bending stresses were 20 percent of the maximum observed tall
steady-state bending stress; the peak buffet~induced tall shear loads
were agpproximately 5 percent of the tail design limit load.

Wing buffeting began at moderate angles of attack but above the wing
buffet boundary there was no gpprecisble increase iln wing buffet inten-
sity with increase in Mach number or angle of attack. At angles of attack
below meximum alrplane normal-force coefficient, the peak buffet-induced
wing bending stresses were 5 percent of the maximum observed wing steady-
state bending stress.

Coefficients of incremental normal ascceleration grester than 10.05,
considered to be high-intensity buffeting on other research alrplanes,
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were not experienced by the X-5 airplane below meximum slrplane normsl-~
force coefficient. The pilot considered the buffeting to be "unobjec-
tionable" throughout the entire test region.

Langley Aerocnauticel Laboratory,
Nationel Advisory Commlittee for Aeronauvtics,
Langley Field, Va., March 2, 195k.
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TABLE I.- PEYSICAL CHARACTERISTICS COF BELL X-5 ATRPLANE

AT A SWEEP ANGIE OF 58.

Airplane:
Weight, 1b:
Full fuel . o o« ¢ & ¢« ¢ o v o o & s o o
Iesg fuel o & ¢ ¢« 4 o o o o o o o o o o @
Power plent:
Axjal-flow turbojet engine . . . . .
Center-of-gravity position, percent M.A.
Full fuel .« . ¢« ¢« ¢« ¢ ¢ ¢ ¢ o & .«
Less fuel . . . . . . .
Moments of inertis for 58 7° sweep (clean

configuration-full fuel), slug-ft2:
About Y-gxis . . . . e e .
BAbout Z~axis8 . . ¢ ¢« ¢ ¢ s ¢ ¢ @
Over-gll height, ft . . . . . « . .
Over-gll length, ft. . . . « « ¢« ¢« « & &

- Q.

Wing:

Airfoil section (perpendicular to 38.02-percent-chord

ROOE &+ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o ¢ o o« o o »

Tip - L] . L) - - - . L] L] . - L . -. L] - - - - ’

Sweep angle at 0.25 chord, deg .

Area, sq ft « & v ¢ ¢ ¢« i 4 e @ i e s e e e
Span, £t . . . < ¢ . . T o o e v o e a
Span between equivalent tips, f£t ... ..
Aspect ratio . . ¢« . ¢ 4 i e e 4 4 e e .
Taper ratio . . . . e o s 4 & s« & s »
Mean serodynamic chord ft e+ s e e o s o

Location of leading edge of meen aerodynamic chord

fuselage statlon . . ¢ ¢« « ¢ ¢ ¢« ¢ « o &
Incidence root chord, deg . « ¢« « ¢« « + .« &
Dihedral, deg . « « ¢« « « « & .
Geometric twilst, geg . . . . .
Wing flaps (split):

Area, sq £t . . . . . . .

Span, parallel to hinge center line, ft .

70

3
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line):

. 9976
. . T86k4
J-35-A-1T7
. . b5.0
. . U5.5
. . 9h95
. . 8ok
.. 12.2
. . 33.6

< NACA 6b(;4)A0LL
. « NACA 6)4-(08)A008.28

Chord, parallel to line of symmetry at 20° sweepback,

Root . . &« ¢ v ¢ ¢« & ¢ &
TiD ¢ o o ¢ o o « o o « o s o s » o o =«
Travel, 38 . . ¢ « « o « o o o « o » o @

. 58.7
. 183.7
. 20.05
. 19.3
. 2.20
. 0.h11
. 9.95
. 101.2
. 0
.. 0

o}
. 15.9
. 6.5%
. 3%0.8
. 19.2
. 60
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TABLE I.- PHYSICAL CHARACTERISTICS OF BELL X-5 ATRFLANE

AT A SWEEP ANGLE OF 58.7° - Continued

Slats (leading edge divided):
Aregs, sq ft . . . . . . e o = % e s 4 & o o & = a
Span, paraliel to leading edge, c e e & = ® e o s
Chord, perpendicular to leading edge, in.:
Root . ¢ ¢ ¢ ¢ 0 ¢ ¢ o o e s 4 o & s s e e o o
TP ¢« ¢ ¢ o e o o s s & & e o o & = e o = @
Travel, percent wing chord
FOorward « o o o« o o o o o o s o = o o s o s o a s @
DOWIL &+ o 4 o o o o o « o o o o o o s« s a « =« s o &
Aleron (45 percent internal-seal pressure balance):
Areas. (each aileron behind hinge 1ine), sg ft . . .
Span parallel to hinge center line, £t . . . . . .
Travel, deg « « ¢« o« o o ¢ o o o o s o o o o o o o &«
Chord, percent wing chord . « . +» « &« ¢« ¢« ¢« & « « &

Moment ares rearward of hinge line (total), in.”> .

Wing panel:
Area, 8q £F . « 4 ¢ ¢ i 4 e i 4 e s e e e e e e s e s
Span, ft . . . .« . e e 4 s 4 s e s e o o o =
Mean aerodynamic chord ft « ¢ o e o .
Location of leading edge of mean aerodynamic chord,
fuselage station . . . e e s & e 8 6 & a s

Horizontel tail:
Airfoil section (parallel to fUSelage center line)
Area, sq ft . . « . . < . . . . .« e a o .
Span, £t . & ¢ ¢ 4 f 0 e i e d e d e e e
Aspect ratio . . . . . . « e ¢ s o o =
Sweep angle at O. 25-percent chord deg . .
Mean serodynamic chord, in. . . .
Position of 0.25 mean aerodynamic chord, fuselage
station . . . .« o . . “ s s e s e = s o a
Stabilizer travel (power actuated), deg:
Ieading €882 UD « + ¢ &+ o ¢ o o ¢ s o o = o o« « & »
Leading edge down . . . e . . . e o a .

Elevator (20.8 percent overhang balance, 31 5 percent

Ares resrward of hinge line, sgq £t . . « . .
Travel from stebilizer, deg:

UP & & o o o o o o o o « = a a s o o s a o =

Dowvn . . . . e e ¢ o o e s o
Chord, percent horizontal tail chord « o o o st 4 o a

Moment ares rearward of hinge line (total), in.> . .

13

1
c e . . 3,62
R T
e e . .. Hi5
. . . . 19.7
. 4380
. « .« . 113.62
e e e o o 14,33
.« - e . . 8.43
. . .. . 138.6
. . NACA 65A006
. =« . . 3.5
&« + e .« « 9.56
e e e . . 2.9
45
.« « « .« k2.8
. . « . 355.6
c v e .. k5
« « e . T.5
span):
&« . ... 6.9
25
20
%0
.« . . k200
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TABIE I.- PHYSICAL CHARACTERISTICS OF BELL X-5 AIRPLANE

AT A SWEEP ANGIE OF 58.7° -~ Concluded

Vertical tail:
Airfoil section (parallel to rear fuselage center

dne « « v v v 2 e 00 e e e s s e e« e« . « NACA 658006
Area, sq £t . . . . . e s s e o o o e s s+ « o 29.5
Spen, perpendicular to rear fuselage center line, Pt ... 6.25
Aspect ratio . . . . e o e o e o s 8 e o = s s e a s e = s o L1.32
Sweep angle of leading edge, AEE « « ¢ o . e 4 s s e e e s e« . 43
Fin:

Area, sq ft . . . . . .« . . 24.8

Rudder (23.1 percent overhang balance, 26 3 percent span)
Area rearward of hinge line, =10 [ i - O A

Span, ft . . . .« . . . . e 1 %
Travel, deg . . . . s )
Chord, percent horizontal tall chord . + . « & ¢ ¢« o« s & « « o« 22.7
Moment ares rearwsrd of hinge line, in.? . ... ... ... .3585



Stabilizer Modes:
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TABLE II.- RESULTS OF GROUND VIBRATION TESTS ON THE X-5 ATRPLANE

[Empty Weight]

Stabilizer rocking coupled with fuselage torsion and

fin bending, cps . . . . . . . . e e e e e e
Stabilizer rocking coupled with fin bending, cps « o e v
First symmetrical stabilizer bending coupled with

fuselage vertical bending, cps . . . . . « . s e
Symmetrical stabilizer rotation about its pivot axis

coupled with stabilizer bending, ¢ps « + « « « = « « = &
First antisymmetrical stabllizer bending, cps . « . « « &
First symmetrical stabilizer torsion, ecps . . . . . + . .
First entisymmetrical stabllizer torsion, ecps . . . . . .

Wing Modes: (test made with wing at 60° sweepback)

First symmetrical wing bending, cps . . . . e s e e a
First antisymmetrical wing bending coupled with

fuselage mOdeS, CP8 « « « 4 & ¢ « « « = « = = o o « «
First antisymmetricael wilng torsion, cps . . . . « .« « . «
First symmetrical wing torsion, ecps . . ¢« . &+ ¢ ¢ « « o« «
Third antisymmetricsl wing bending coupled with

wing tip torsiom, eps . . .+ ¢ . . 0 e 0 e e e a e ..

Second symmetrical wing torsion, cps . . . . . . . . ¢ o .
Second antisymmetrical wing torsion coupled with
wing bending, eps . ¢« ¢ ¢ ¢ 4 ¢ 4 i e e e o s e e o o o

Fuselage Modes: (tests made with wing at 60° sweepback)

Fuselage side bending coupled wlth fuselage torsion
and first symmetricel wing bending, cps . . . . . . . .
Fuselage vertical bending, CPS « « &+ & o ¢ ¢ « o s o o & «
Fuselage torsion coupled with fuselage side bending, first
antisymmetrical wing bending and stgblilizer rocking, cps

(tests made with wing at LO° sweepback only)
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Figure 1.~ Three-view drawing of the Bell X-5 research airplane at
58.7° sweepback.
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Figure 2.~ Photograph of the Bell X-5 research alrplene at 58.7° sweepback.
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Figure 3.- Typical veriation of horilzontal tall, wing, and airplane buffet
parameters during push-over and pull-up maneuvers.
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(b) M = 0.8 to 0.80; hy =~ 141,500 feet; W = 8573 pounds.

Flgure 3.~ Continued.
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Figure 3.- Concluded.

(@) M = 0.97; hy, =~ 38,500 feet; W = 8562 pounds.
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(a) M = 0.76 to 0.73; hp =~ 141,000 feet; W = 8863 pounds.

Figure 4.- Typical variation of horizontal taill buffet loads during push~
over and pull-up meneuvers.
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(b) M= 0.82 to 0.79; hy = 39,600 feet; W = 8837 pounds.

Figure 4.~ Continued.
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(c) M= 0.87 to 0.85; hp =~ 38,500 feet; W = 8805 pounds.

Figure k.- Continued.
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(a) Buffet-induced tail bending stress Aog.

Figure 5.~ Summary of tall buffet intensities encountered by the Bell
X5 research alrplane et an altitude of approximately 40,000 feet,
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Mgure 5.~ Contlmed.
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(¢c) Buffet-induced tail bending moment ABM.

Figure 5.- Continued.
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Figure 5.~ Concluded.

(d) Buffet-induced tall torque AT.
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Figure 6.- Correlatlon of tail buffet intensity rise.and the break in
CNA - ¢ curve,
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Figure 7.~ Wing buffet boundary of the Bell X-5 research airplane.
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