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RESEARCH -MEMORANDUM

FLIGHT DETERMINATICN OF THE IONGITUDINAL STABILITY
AND CONTROL CEARACTERISTICS OF THE BELL X-5
RESEARCH ATRPIANE AT 58.7° SWEEPBACK

By Thomes W. Fineh
SUMMARY

The Bell X~5 research alrplane has been primarily tested at
58.7° sweepback during the program to determine the characteristies of
a variable-sweep fighter airplene at transonic speeds. Limited stebllity
and control characteristics at 58.7T° sweepback have been previously dis-
cussed with the presentation of the boundary for reduction of statle
longitudinal stabllity at 40,000 feet for Mach numbers up to 0.98. This
paper presents the stabillty and control characteristies in the stable
1lift range up to Mach numbers near 1.0 st an altitude of 40,000 feet and
to slightly lower Mach numbers at altitudes of 25,000 feet and 15,000 feet.

The high values of the apparent stabillty parameter ng/dCNA and

stlck force gradilent dFe/dn (minimum of =15 end 17, respectively) approx-

Imetely doubled from low to moderate l1lifts. At moderate 1ifts the values
of dSe/dCNA and &Fe/dn increased sbout 4 end 7 times, respectively,

over & Mach number range of 0.64 to 1.0ls Calculations indicated that the
replid lncrease in daﬁ/dCNA near Mach numbers of sbout 0.90 was attribut-

able to a reduction in the elevator effectlveness parameter Cm6 « At
e

moderate 1ifts for a Mach nmurber range of about 0.90 to 1.01 the epparent
stability parameter dit/chA increased sbout 3 times from & nearly con-

stant value below & Mach number of 0.90.

The relstive elevetor-stabillzer effectiveness parameter dit/aﬁe

decreased from sbout 0.35 to 0.25 as the Mach number increased from
0.68 to 1.0.

A threefold increase in dynamic pressure caused dae/dCNA and
dFe/dn to increase appreciably.
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Although the dynamic characteristics were Ilnfluenced by cross-
coupling between lateral and longltudinal motions, the short period
longitudinel oscillation was well damped.

Camparisons with wlnd~tunnel results showed reasonably good agree-
ment except for control effectiveness at high Mach numbers.

INTRODUCTION

The Bell X~-5 research airplane was obtained for the National
Advisory Commlttee for Aeronautlics by the U. S. Air Force as part of
the Joint Air Force-Nevy~NACA high-speed flight resesrch program to
investligate the characteristics of a variable-sweep fighter-type air-
plane at transonic speeds. The tests to date have been performed
primarily at 58.7° sweepback. Published data can be found in refer-
ences 1 to 6.

Barly in the research program as the flight characteristies at
58.7° sweepback were being lnvestigated, a reduction of statlc longl-
tudinal stability, or pltch-up, was encountered which severely limited
the stable range for maneuvering flight. The -boundary for stability
reduction and flight cheracteristica at high lifts for Mach numbers up
to 0.98 were discussed in reference 3. One attempt was made to reduce
the severity of the pitch-up by modifying the wing leading-edge fillet
similar to a modification tested in reference 7; however, the results
of reference 4 indicate the fix was ineffective.

This paper primaerily discusses the longltudinal stabillity and
control characteristice In the stable 1ift range at an altitude of
40,000 feet for Mach numbers up to about 1.0 and at altitudes of
25,000 feet and 15,000 feet for slightly lower Mach numbers. Stalling
charascteristics are not ineluded.

SYMBOLS
oW
CNA alrplane normal-force coefflclent, =
Cma rate of change of alrplane piltching-moment coefficlent with
angle of attack, deg‘l
Cm5 elevator effectliveness parameter, deg’l
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dSe

ac
Na

ai

ac
Ny

dig
36
d5g
dn

ac
—a
do

dFe

a8
1§ 2

rate of change of elevator deflection with airplane normsal-
force coefficient, deg

rate of change of stabilizer deflectlion wilth airplsne normal-
force coeffilclent, deg

relative elevator-stabillzer control effectliveness paremeter

rate of change of elevator deflection with normal acceler-
ation, deg/g

normsl-force curve slope, deg‘l

rate of change of elevator stick force with normal acceler-
ation, 1b/g

static longitudinal stability parameter

elevator stick force, 1lb

acceleration due to gravity, £t/sec?

pressure altltude, £t

moment of lnertis sbout Y-axis, slug-ft2

engle of tall incidence measured from line parallel to
longitudinal :axis of airplane, (positive when lesding
edge of stabilizer up), deg

Mach number

normal acceleration, g units

period of longitudinal oscillaetion, sec

dynamic pressure, 1b/sq £t

wing area, sq £t

e
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T1/2 time to damp to half emplitude of longitudinal osclllation,
sec

t time, sec

Ve calibrated ailrspeed, mph

W alrplene weight, 1b

a angle of attack, measured from thrust axls of airplane, deg

B angle of sldeslip, deg

8¢ root elevator control deflection, deg

D

pitching velocity, radians/sec

¥ yawing velocity, radiens/sec
@ rolling velocity, radisns/sec
Subscript:

max maximm

DESCRIPTION OF ATRPILANE

The Bell X-5 alrplane is a transonic research airplane incorporating
a wing which has sweepback varilable in flight between 20° and 58.7°. It
is a single-place fighter-type airplene powered by an Allison J35-A-17
turbojet engine. A three-view drawing of the airplsne with 58.7° sweep-
back is given in figure 1. A photograph is presented in figure 2. The
airplane physical characteristics are glven in table I. The longitudinal
control system is composed of an unboosted elevator control with a
20.8 percent overhang balance. In addition a motor-driven stabllizer
is used for +trim and to supplement the elevator control. The friction
in the elevator control system i1s very light, on the order of t0.5 pound.

INSTRUMENTATION AND ACCURACY

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

Alrspeed

Altitude

KNormel acceleration

Angle of attack and angle of sideslip
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Root and tip elevator deflections
Stabilizer deflection

Elevator stick force

Pitching velocity

Rolling veloclty

Yawing veloclty

Wing sweep angle

An NACA type A-6 total pressure head was mounted on a nose boom
shown in figure 1. The position error of the hesd was calibrated in
flight and the accuracy of Mach number obitzined from the ailrspeed calil-
bration is within $0.0l. The maximum error in the determination of the
alrplane normasl-force coefficient is sbout £0.05. The angle of attack
was measured by & vane located on the same nose boom and the data are
presented uncorrected for boom bending, vane floating angle, pitching
velocity, and upwash.

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 1.0 at 40,000 feet and to slightly lower Mach
nwmbers at altitudes of 25,000 feet and 15,000 feet.

Longitudinal elevator-pulse data were obtalned near trim 1ift for
1l g £flight up to Mach numbers of about 0.97 at altitudes of lI-O,C}CJO feet
end 25,000 feet. Limited data were obtained at 15,000 feet. The trim
data presented for altitudes near 40,000 feet were obtained in level
flight up to the drag rise at M = 0.95 (ref. 5) and in shallow dlves
at higher Mach numbers. Limited trim data were also obtained at test
altitudes of 25,000 feet and 15,000 feet. All trim runs were made at
100 percent rpm.

Accelerated £flight date were obtalned st constant rpm during gradual
push-down pull-up maneuvers performed with the elevator over the 1Lift
range at 40,000 feet up to Mach numbers near 1.0 and for low lifts during
wind-up turns at altitudes of 25,000 feet and 15,000 feet for Mach numbers
up to 0.96 and 0.92, respectively. Gradual pull-ups were performed with
the stabllizer control for moderate and high lifts at 40,000 feet up to
about M = 1.0.
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RESULTS AND DISCUSSION

General Comments

The stability regions encountered during the flight testing of the
Bell X-5 airplane at 58.7° are evident in the typical accelerated maneuver
presented in figure 3. As the elrplane traverses the 11ft range, the
stability increases from a nearly constant value at low lifts (region A)
to a larger value at moderate lifts (regilon B). As lift 1s further
increased an abrupt reduction in stabllity 1s encountered resulting in
a pitch-up, sometimes to CNAmax. As discussed I1n reference 3, the

pitch-up was rendered more objectionable to the pllot by the occurrence
of directlonal dlvergence and alleron overbalance. The boundaries for
CNAmax presented in reference 6 and pesk CNA reached at higher Mach

numbers are shown in figure 4. The boundary for the reduction in sta-~
bility dividing the 1ift regime of the airplane into a stable and a
pitch~up region 1s also presented in figure 4. This boundary was pre-
sented and discussed in reference 3 for Mach numbers up to 0.98. At
higher Mach numbers insufficlent control was aveileble to establish the
boundary. The gradual increase i1n stebllity from region A to regilon B
occurs in a CNA range represented by a cross~hatched area in figure 4.

This reange corresponds to an angle-of-attsck range of sbout 2°.
A

Wind-tunnel results of reference 8 indicated that a similar change in
stablllity through about the seme Incremental angle of attack was csused
by an increase in the wing-fuselage contribution to stebility. Unpub-
lished flight measurements of wing loads and horizontal-tail loads data
alsco indicate & similaxr change 1n stability.

The normal-force-coefficlent variations for 1 g f£flight at an average
test weight of 8,800 pounds are also shown in figure 4 for altitudes of
40,000, 25,000, and 15,000 feet. It may be seen that any data obtained
near trim 1ifts at 40,000 feet may be influenced by changing stability,
whereas data obtained near trim lifts at the lower test altitudes are
within a constant stability region.

It should also be noted that, because of the general unsteady
behavior of the ailrplane resulting from coupling of the longitudinal and
lateral motions, there 1s more scatter in the date than might normslly
be expected.
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Static Stability and Control Characteristics

Trim date.- The variations of elevator deflection, elevator stick

force, and normel-force coefficient with Mach number obtained from repre-
sentative speed rune near 1 g are presented in figure 5 for =z range of
stabilizer deflections of -1.4° to -3.15° at an altitude of approximastely
40,000 feet. In general the data at the various stebilizer deflections
show similsr trends over the Mach number range, indicating that ample
elevator control power 1s available to trim the zirplane. The stick-
force varlations show the same general trends as shown by the elevator
control. The forces measured over the Mach number range were on the
order of 35 pounds push to 25 pounds pull and were consldered moderate
by the pillot.

Because of the variations in altitude, weight, and normal acceler-
ation, each group of data covered a slightly different CNA renge.

These data were corrected to the same 1 g variation at 40,000 feet for
an average test welght of 8,800 pounds by using the values of dd3¢ /dCNA

presented later, and are replotted in figure 6. These data show 2 more
systematic varistion than the uncorrected date, indicating a stable
variastion with Mach number up to the characteristic nose-down or umstgble
trim variation occurring near a Maech number of 0.95. By cross-plotting
the elevator trim data, a 1 g trim variation of the stabillizer conirol
with B¢ = 0° was obtained as shown in figure 6. About 2° of stebilizer

was required for trim over a Mach number range of 0.61 to 0.98; and, as
expected from the greater effectiveness of the stabilizer, the trim
variastion with Mach number was more gradusl.

Altitude effects on trim.-~ The variation of elevator deflection

required for 1 g trim 1s presented in figure 7 as a function of Mach num-
ber and calibrated airspeed for altitudes of 40,000, 25,000, end 15,000 feet
at a stabilizer deflection of -1.5°. The trim variations at 40,000 feet
and 25,000 feet are approximestely those expected in the Mach number range
for stable trim; however, the effect of altitude 1s evident in the trim
variation at 15,000 feet as Mach number increases. At calibrated air-
speeds low enough to avoid compressibility effects for all test altitudes
(Vc < 300 mph) altitude has no aspprecisble effect on trim. A stable

break in the trim curve at higher speeds is characteristic of all test
altitudes but is most evident at about V, = 400 mph for 25,000 feet.
The unstable trim variation starts at sbout M = 0.935 for altitudes of
40,000 feet and 25,000 feet and at about M = 0.91 for 15,000 feet.
(Corresponding velues of V, are about 360, 460, and 54O mph, respec-

tively.) The effects of altitude on control characteristics are dis-
cussed In detall later in this paper.
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Power effects.- The side view of the Bell X-5 airplane in figure 1l
shows that engine thrust would induce a positive pitching moment ebout
the center of gravity. The effect on trim st 1 g due to a change in
power from 100 percent rpm to idle rpm (79 percent) is shown in figure 8.
At 40,000 feet an additional up-elevator deflection of about 1.5° is
necessary to offset the loss of power for s Mach number range of 0.64
to 0.92. For & similsr Mach number range at 15,000 feet the additionsl
up elevator required was in excess of 2°. Calculations indicate that
the direet thrust effects would account only for about half the addi-
tional elevator required. The remainder mey be attributed to the Jet
effects on the flow at the tail.

Limited maneuvering data obtained with ldle power indicate that
the effects of power in accelerated flight would be negligible,

Maneuvering control effectiveness.- Flgure 9 presents the varilations
with Mech number of the apparent stabllity parameters, db, dCNA

end di, [aCy , and the relative elevator-stabilizer effectiveness dig[dd
NA e

measured in gradual pull-up maneuvers at altitudes near 40,000 feet. The
slopes of the variations of ae and it with CKA were measured in

the CNA range below the boundary for the reduction in stebility shown
in figure 3. The value of dae/chA in reglon A rapidly increases

from a nearly constant value of -1T7 below M = 0.92 +o sbout -50 at
M = 0.98. An increase in apparent stability by a factor of about 1.3
to 2.3 (depending on Mech number) is evident in region B with dBe/dCNA

gredually increasing from -26 st M = 0.64 +to -38 at M = 0.92 followed
by a rapld increase to ~100 near M = 1.01.

To avoid lateral motions Induced by gyroscoplc coupling, the push-
dovn pull-up maneuver between trim 1lifts at 1 g and about zero lift and
the pull-up maneuver between trim 1ifts at X g and high 1ifts were usually
performed separately. The pllot was not expected to notice the change
in stability when performing separate maneuvers since the change occurred
near 1 g at 40,000 feet; however, when meneuvers were performed contin-
uously over the entire 1lift range to enable the pilot to define the
change 1n stability, he was still unsble to notice the change.

The variation of dit/dCNA is available for region B only. With
the elevator deflection near O° the value of dit/chA was approximstely

~9 for a Mach number range of 0.68 to 0.90 and rapidly increased to
about -25 near M = 1.0l.



NACA RM H55COT CONEERINNES 9

Below Mach numbers of sbout M = 0.92 the pilot was equally aware
of both the high velues of spparent stabillity (d.&e /chA) and stick-force

gradient; however, at higher Mach numbers he was primerily aware of the
repid incresse in 45, /dCNA' Although there 1s a complete lack of feel

in stabilizer maneuvers (the stabilizer is actuated by a switch on the
stick), the pilot was aware of the rapld increase in apparent stability
(dit /dC-NA) at higher Mach numbers and considered 1t objectionsble.

The variation of d.it/d.ae obtained from dse/dCNA and dit/dCNA

1s presented for reglon B. The value of diy /dﬁe generally decreases
from about 0.35 to 0.23 for a Mach number rarge of 0.68 to 1.0.

Maneuvering elevator force cheracteristics.~ The stick-force gradi-

ents are very high for all conditions, as shown in figure 10 by the
varlation of dFg Id.n with Mach number at 40,000 feet. In region A the

value of dF, ,d.n rapidly increases from a nearly constant value of 16

below M = 0.92 to 60 at M = 0.98. The stick-force gradients increase
by a factor of 1.7 to 2.9 (depending on Mach number) in region B with
d.Fe[dn gradually increasing from about 30 to 50 for a Mach number range

of 0.64 to 0.92 and rapidly increasing to sbout 200 near M = 1.0l. As
would be expected, the pllot strongly obJected to the unreasonably high
stick-force gradients. He was generally not aware of the change in

gredients between regions A and B, as iIndicated in the previous section.

Normal-force-curve slope.- The variation of chA /dcr. with Mach

number for 40,000 feet 1s presented in figure 11. The measured slope
in region A gradually increases from 0.04 at M = 0.67 +to 0.051 at

M = 0.98. In region B the slope is nearly constant at 0.054 for =
Mach number range of 0.67 to 0.90 and gradually decreases to 0.05 at
M= 1.0l. The wind-tunnel lift-curve slope from reference 8 measured
et low 1lifts is in reasonsbly good egreement with the flight varistion
in region A.

Altitude effects on maneuvering characteristics.- The effect of

altitude on the maneuvering characteristics is shown in figure 12 which
presents the variations of d&e/dCNA, dFe/d.n, dSe/d.n, and dCNA do

with Mach number. Data are presented for region A at altitudes of 40,000,
25,000, and 15,000 feet where the dynamic pressure ratio is on the order
of 1, 2, and 3, respectively. Although the values of dbg dCNA and

dFe /d.n might be expected to be on the same order for all sltitudes ‘tested,

)
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the values of dBe/aCNA measured at 15,000 feet were on the order of 50

to 100 percent higher, depending on Mach number, than the values measured
at 40,000 feet.

Although elevator force data were available only up to M = 0.78
at 15,000 feet, the value of dFe/dn was on the order of T5 percent

greater than the measured value at EQ,OOO feet. The varilations of
d8e/dn were not directly proportlonal to changes in dynamic pressure

because of the aforementioned dependence of dSe/dCNA on altitude. It

may be noted that at the lower test altitudes the normal-force-curve
slope was slightly higher for s given Mach number.

Several possibilities have been investigated to determine the
reasons for the altitude effects shown. The combined effects of pitching
acceleration, damping, and aerocelasticity of the wing, fuselage, and
tail would account for about 25 to 30 percent of the difference between
the velues of dae/acNA measured at altitudes of 40,000 feet and

15,000 feet. The discrepancy may be exaggerated, considering the differ-
ent £flight techniques used in obtalning the data and the general unsteady
behavior of the alrplene resulting from the coupling of longltudinsl and
lateral motions. Scatter in the basic data resulting from the differing
£light techniques and ailrplane behavior are evident in figure 12.

Analysis of Mach number effects on d5e/dCNA.- A brief analysis mey

be made with the aid of figure 15 to determine the reasons for the rspild
increase in apparent stebility at Mech numbers near 0.90. Because the
elevator pulse data at 40,000 feet were obtained in a 1lift region
characterized by changling stability, the anslysis was made by using dats
obtalined at 25,000 feet. The variations with Mach number of Cmm,

de/dCL, Cmg_ 2 and dae/chA ere presented in figure 13 for low lifts

at 25,000 feet. By using the pulse datas obtalned at 25,000 feet the
variation of C was determined by the expression:

Iy,
2 2
CmCL= _EL (é) + 9;@22
aSe |\ F T1/2
The statlc longltudinsl stability parameter de/dCL was determined

from Cmm and the l1ift-curve slope at 25,000 feet. The expression
Cug,_ = acm/ch/aae/ch indicates that, with nearly constant stability
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over the Mach mumber range of 0.62 to 0.96 as evidenced by the variation
of dCp[dCr,, the rapid increese in dse/chA gbove M = 0.89 must be

attributable to a reduction in C,I15 .
e

A comperison of flight data with wind-tunnel results (fig. 13)
indicates that the general trend with Mach number is the same, although
the tunnel data, corrected to the center-of-gravity position of the air-
Plane, exhlbit about 3 percent less stabllity than flight results. The
more gradusl increase in the wind-tunmel variation of dBe/dCL about

0.05 in Mach number gbove the abrupt lncrease in the flight veriations
1s primarily caused by the nearly constant control effectiveness in the
wind tunnel (Cmae decreases very gradually above M = 0.96) as compared

to an abrupt decrease in flight neaxr M = 0.89.

Iongitudinal Dynemic Stebility

A typical example of the short-period longitudinal osclllation
resulting from an zbrupt elevator pulse is shown in figure 14. It may
be noted that because of gyroscopic coupling effects caused by the engine,
a lateral-directionsl osclllation is produced almost simultaneocusly with
the longitudinal oscillstion.

The period and time to damp to half-amplitude of the short-period
longitudinal oscillation are presented in figure 15. At 40,000 feet
the oscillation was fairly heavily damped with Tl /2 = 1.0 second at

M = 0.56 and decreasing to 0.5 second at M = 0.98. The period grad-
ually decressed from 1.9 to 1.6 seconds over the same Mach number range.
It may be noted that the oscilletion damps to half-amplitude in less

than one-half cycle at Mach numbers sbove 0.60. The measured variation
of the periocd with Mach number may be attributed partly to the fact

that at 40,000 feet the pulse data were obtained in or near a 1lift region
characterized by changing stability.

Limited measurements mede at an altitude of 25,000 feet are also
presented in figure 15. The Mach number variation of the period reflects
the general trend of the variation at 40,000 feet and the magnitudes
are about those expected for the difference in gltitude. Dampling improves
with a decrease in altltude; oscillation at 15,000 feet is deedbeat.
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CONCLUSIONS

From the results obtained during the flight Investigation of the
Bell X-5 research airplane at 58.7° sweepback at altitudes of 40,000,
25,000, and 15,000 feet, it may be concluded that:

1. Elevator trim changes were small and stick forces required were
moderate throughout the Mach number range at 40,000 feet. Power changes
had a minor effect on trim.

2. The high values of apparent stability dbe/dCHA and stick-force

gradient dFe/an (minimum of -15 and 17, respectively,) approximately

doubled from low to moderate lifts. At moderate lifts the value of
dae/dCNA increased about 4 times and dFe/dn increased about 7 times

as Mech number increased from 0.64 to 1.01.

5. Calculations indicated thst, with nearly constent stability over
the Mach number range, the rapid increase in apparent stability dﬁe/dCNA

at Mach numbers near 0.90 must be attributable to a reduction in control
effectiveness Cmae.

4. The value of epparent stability dit/chA for moderate lifts

repldly increased from a nearly constant value of -9 below a Mach num-
ber of 0.90 to =25 at a Mach number of 1.01l. The relative elevator-
stabilizer effectiveness dit/dSe decreased from about 0.35 to 0.25

as the Mach number increased from 0.68 to 1.0.
5. The normal-force-curve slope dCNA/da at h0,000 feet was nearly

constant at 0.05% for moderate lifts but decreased by as much as one-fourth
at low lifts and at low Mach numbers.

6. A three-fold increase in dynsmic pressure caused an apprecisble
Increase In apparent stability dbe/dCNA and stick-force gradient dFe/dn.

T. Although the dynamic characteristics were iInfluenced by cross-
coupling, the short-period longitudinal oscillation was well damped.
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8. Comparisons made with wind-tunnel results showed reasonably good
egreement except for control effectiveness at high Mach numbers.

High-Speed Flight Statlon,
Nationsel Advisory Commlttee for Aeronautics,
Edwerds, Calif., February 25, '1955.
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TABLE I.- PHYSICAL CHARACTERISTICS OF BELL X-5 ATRFLANE

Alrplane:
Welght, 1b:
FULL FUEL « v v o v v « 4 o o o o o o ot s o o o v s e o e .+ 10,006
LeS8 FUBL . . & v & 4t - 4 s et s e e s e s e s e s e e e s T8H
Power plant:
Axial-flow turbolet engine . .« « . ¢« ¢« v ¢ 2 s s 2 o s o o« I35-A-1T
Guaranteed rated thrust at 7800 rpm static sea
level conditions, 1 . . . . . G s e e s 4 s e e s e s k,000

B

Center-of-gravity posltlon, percent M.A.C.:

Sweep angle, A8 .« « ¢ ¢ + b ¢« o 2 e @ 5 5 8 = e s e 8 . . 58.7
Full fuel .« ¢« & o +¢ 2 o o ¢ o ¢ o ¢ o o s o o s s s s s s s s » 45,0
TeBE FUCL ¢ ¢ & ¢ & o ¢ o o o o o o o s o o o ¢ o 0o 4 6 0 = v u k5.5
Overall helght, ££ =« « « » o o« o ¢ « o = ¢ o o o =« « s o « » o s 12.2
Overallleng'th,.ft....................... 33.6
Moment of inertla about Y-axis, slug-ft:

Fu]_'l.mel............. . . e o . e e 0 e 9k
Lessfuel...........................8,0’4-0

Wing:
Airfoil section (perpenmdiculsr to 38.02 percent chord line):
PIvob POLnt ¢ & ¢ ¢ ¢« 'a o = o « ¢ « o« « ¢ o o« o » « » » NACA 64

TIP ¢ ¢ ¢ ¢« ¢ o ¢ o « o o 2 s o o« o« o « o =
Sweep engle at 0.25 chord, deg

:
Rz
:

Area.,sqf‘b................-...........185."{
BPEN, FE v ¢ ¢« o o v o o s st o e e e e s e e e e e e 20.1
Span between equlvalent tips, £t . & ¢« ¢ ¢ o &+ o ¢ ¢ ¢ ¢ ¢ o e o 19.35
Aspect ratlo . ¢ ¢ 4 4 4 e b h e e e e h e h e e s e e s e e e 2.2
Taper TALLO & & « 2 o ¢ o v o « o o ¢ ¢ o o« ¢ = s o o ¢« ¢« « « « o Oh11
Mean serodynamic chord, £t .« « o ¢ ¢ ¢ ¢ ¢« = ¢ ¢ ¢ ¢ o o ¢ ¢ ¢ 3.9
Location of leeding edge of M.A.C,, fuselage Btation . . . . . . 101.2
Incidence root chord, deg . « « « ¢ ¢ ¢« ¢ ¢ o o o o « o o ¢ o o &

Dihedral, @€ + + « o ¢ « &+ ¢ « o o s o ¢ o « s o s o ¢ o a o s o

Gecmetxric twilst, deg . . ¢« ¢ ¢« ¢ ¢ o v ¢ 4 e 4 s s e e e e u

Wing flaps (split):

Area, 80 Tt ¢« ¢ v 4 ¢ ¢ 4 4 e v e b e 0 e e e s e e e
Span, parallel to hinge center line, £f£t . . « « « ¢« &« &«
Chord, parallel to line of symmetry at 20° sweepback in.

s e a e

.
W WM
L]

£:
)

.
a o & & @
.

L]
L]
o\\OO
A VWO O WY 000

Travel, deg « « «

Slets (lemding edge divided):
Area, B8Q £ ¢« ¢« ¢« 4 4 4 o ¢ 4 e e 4 0 e e e b e o
Spen, parallel to leading edge, £t . ¢« ¢ ¢ ¢ ¢ ¢ o ¢ 0 e .«
Chord, perpendiculer to leading edge, in.:

ROOt ¢« ¢ ¢ ¢ ¢ o ¢ o ¢ o ¢ 2 o o s 2 o o 5 ¢ o « ¢ a 6 o o «

of BE

TID o ¢ o ¢ o ¢ o ¢ s 5 5 5 s a s ¢ o s s o s s & 8 s & s o @
Travel, percent wing chord:

Forward . « & ¢ o v v 4 o o o s o o ¢ 8 5 ¢« s v s o 0 8 0 = »
DOWR & v e v s o 6 ¢ o o o » ¢ e o o & & s s s e o s e
Alleron (45 percent internal—sea.‘l. pressure ‘ba.'l.a.nce):
Area (each aileron behind hinge line), sq £t . .

N
(o) |y
n wo

Spen parallel to hinge center line, £t .« ¢« &« . ¢ « o« ¢ « ¢ & 5.15
Travel, @8 « s o+ o « o = o o o« o o 5 o o s 2 o s 8 s s 4 = o 15
Chord, percent wing chord . + . « « « « e s v e s e« e s 19.7
Moment erea resrward of hinge line ('bota.l),in5 e e e o« h,380
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TABLE I.- PHYSICAL CHARACTERISTICS OF BELL X-5 AIRPLANE - Concluded

Horizontal tall:

Airfoil section (parallel to fuselage center line) . . . NACA 65A006
Area (including ares covered by fuselage), s £t . . . . . . . 31.5
SDEN, £t « = o, e « « o o & « s o o o s s e o e e e e oo ... 956
Aspect ratio ¢« ¢« & ¢ ¢ ¢ 4 ¢ « 2 e o 8 e o 2 s o 8 s s 8 e o @ 2.9
Taper ratlo o ¢ ¢ « o ¢« ¢ o ¢ 2 o « o« ¢« s o o o s « e o« « o Q.37
Sweep angle at 0.25 percent chord, deg . « « « « = « + ¢ « =« « 45
Mean aerodynemic chord, iN. « « o « « « o & « « o « o« o = « - k42.8
Position of 0.25 M.A.C., fuselage station . . « + « « = « . . 355.6

Stabilizer travel, (power actuated), deg:
Teading edge UD =« o o « « o o o« o o « o a o « o o s « o & o k.5
Yeadlng edge dowvn . . . « o e o s s 8 o s o @ T.-5
Elevator (20.8 percent overhang balance, 51 5 percent
elevator span):
Ares rearwerd of hinge line, 8@ £t ¢ « « ¢ ¢ ¢ + ¢ ¢« o « o & 6.9
Travel from stabilizer, deg:

UD 2 ¢ ¢ ¢ « « o o o o ¢ o o s s « o« s s s s s« o s o s o & 25
DOWD & ¢ & ¢ « « « o o & . - « o e s s a2 o e & o = o 20
Chord, percent horlzontal tail chord e e s e e s e s 2 e = o 30
Moment srea rearward of hinge line (total), in.? . . . . . . L,200
Vertical tail:

Airfoil section (parallel to rear fuselage center

1ine) « ¢ ¢ ¢ e o 0 e e o . e « « « « « « « . NACA 65A006
Area, (ebove rear fuselage center 1ine), 8 ft ¢ ¢« ¢ ¢ & o o . 25.8
Span, perpendicular to reer fuselasge center line, ft . . . . . 6.17
BSpeCt YALI0 « 4 4 4 4 4t it e b e e e e e e e s e s e e e s« l.h7
Sweep angle of leading edge, deg€ « « « % « = « « o o« » « « « « 46,6
Fin: ‘

Area, 8@ £ . . o « o . . . . e c « s+ . 2h.8
Rudder (23.1 percent overhang balance, 26. 3 percent

middle span):

Area rearward of hinge 1ine, 8 ££ « + « « « o« « « o« « « o = k.7

=« A o e %

Travel, A€ .« « « a o« « = o = 2 o« « s a s = s s o s o o o = 35

Chord, percent horizontal-tail chord . « ¢ o« « « 2 = o « ¢ » 22.7

Moment eres rearward of hinge linme, in.3 . . . . . . .. . . 3,585
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Figure l.- Three-view drawing of the Bell X-5 research alrplane at
58.7° sweepback.
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Figure 2.- Photograph of the ‘Bell X-5 research airplape at L"87906
58.7° sweepback.
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Figure 3.- Variation of several stability and control parsmeters during
a gradual accelerated memeuver. M = 0.73; hy = 40,500 feet.
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Figure 4.~ Test limits and stabllity regions of the Bell X-5 research
alrplane at 58.7° sweepback.
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Flgure 5.~ Varlation of elevator deflection, elevator stick force, and
normal-force coefficient with Mach number for several stabllizer
deflections. hy, =~ Lo,000 feet.
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Flgure 6.~ Elevator and stabilizer deflections required for lg trim.
hp = 40,000 feet; W = 8,800 pounds.
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Flgure 7.~ Effect of altitude and dynamic pressure on elevator deflectlion
required for 1 g trim. W = 8,800 poumds; 14 = -1.5°.
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Figure 8.- Effect of power on lg +trim.

23



24 GONRERIR NACA RM H55COT
-120
—__ _ Based on limited data
-100 /,%
O Region A /
o Region B b4
-80 ,,'
/
/
s -60 ?jé
e
dCy,  ded L 24 5"
-40 oo0—5& [6)
ole o . o 0] ___053,’/2,
20 T o @ : ]
E__D'G_[ - o) H— G 't
O
-4
-30 p
Se==
Qlo
di -20 T
t /
» de -
dcy,” °° ) o8
5
Region B
4
\_\
A
ot \
‘dSe ]
.2
A

%@ e+ & 712

76

M

80 B84 88 o2 86 100 104

Figure 9.~ Varlation with Mach number of apparent stability perameters
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effectiveness di,[dse.
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Figure 10.- Varlation of elevator stick force per unit noymsl acceleration
with Mach mumber for gradusl. elevator maneuvers. by = 40,000 feet.
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Figure 11.- Variation of the alrplane normal-force-curve slope with Mach
mmber. hp = 40,000 feet.
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Figure 12.- Effect of eltitude on several stabllity and control parameters.
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Figure 13.- Comparison of flight and wind~tunnel stabilility and control
effectiveness parameters.
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- Figure 14%.- Time history of the short-period longitudinal oscilllation
produced by an sbrupt elevator pulse. M = 0.69; hp = 40,000 feet.
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Figure 15.- Varistion with Mach number of the period and time to damp to
half-emplitude of the short-period longltudinal oseclllation.
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