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RESEARCH MEMORANDUM

LONGITUDINAL FLIGHT CHARACTERISTICS
OF THE BELL X-5 RESEARCH AIRPLANE AT 59° SWEEPBACK
WITH MODIFIED WING ROOTS

By James A. Martin

SUMMARY

In an attempt to improve the longitudinal stability characteristics
of the Bell X-5 research airplane at 59° sweepback, the wing-root leading
edge was modified by replacing the original 52.5° sweptback leading-edge
fillets with rounded leading-edge fillets. The data obtained show that
the longitudinal stability characteristics, as well as the buffet and
drag characteristics, were unaffected by the modification.

INTRODUCTTION

The results of a wind-tunnel investigation reported in reference 1
indicated that modifications of the leading-edge fillets of a model simi-
lar to the Bell X-5 research airplane substantially improved the longi-
tudinal stability characteristics at high 1lift conditions. In view of
these results a fillet modification similar to one of those investigated
in reference 1 has been evaluated in flight on the Bell X-5 airplane at
59° sweepback in an attempt to alleviate the reduction of longitudinal
stability discussed in reference 2. This reduction of stability limited
the usable range of normal-force coefficient available for performing
precise flight maneuvers, although the pilot did not consider the reduc-
tion of stability to be dangerous at altitudes above 30,000 feet.

The results of a flight made with the modified leading-edge fillets
compared with the results of a flight made with the original fillets are
presented in this paper. The flights were made at the NACA High-Speed
Flight Research Station, Edwards Air Force Base, Calif.
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SYMBOLS

wing span, ft

drag coefficient, total drag/qS
1ift coefficient, total 1ift/qS

pitching-moment coefficient about quarter chord of ¢

airplane normal-force coefficient, nW/qS
tail normal-force coefficient, Lt/qSt
wing normal-force coefficient, 2Lw/qS (one wing)

chord at any section along span, ft
mean aerodynamic chord, ft

elevator stick force (pull is positive), 1b

acceleration due to gravity, ft/sec2

pressure altitude, ft

horizontal-tail angle of incidence, deg

aerodynamic horizontal-tail load (up tail load positive), 1b
aerodynamic load on one wing (up load positive), 1b

Mach number

airplane normal acceleration, g units

dynamic pressure, pV2/2, 1b/sq ft
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S area of wing bounded by leading edge and trailing edge, both
extended to airplane line of symmetry and disregarding fil-

b/2
lets, 2\/h c dy, sq ft
o]

S¢ area of horizontal tail, sq ft

t time, sec

\' free-stream velocity, ft/sec

W airplane gross weight, 1b

Yy lateral distance, ft

a airplane angle of attack, deg

Be elevator deflection (down is positive), deg |
6 pitching velocity, radians/sec

o mass density of air, slugs/cu ft

DESCRIPTION OF THE ATRPLANE

The Bell X-5 research airplane is a single-place, midwing, turbojet-
powered airplane on which the sweepback may be varied in flight between
20° and 59°. The data presented in this paper were obtained at a con-
stant sweepback of 59°. The physical characteristics are presented as
table I and a three-view drawing at 59° sweepback is shown in figure 1.
In this drawing the right wing is shown in the modified condition and
the left wing in the original configuration. Figure 2 is a photograph
of the airplane at 59° sweepback. A photograph of the original and the
modified fillets and a drawing of the two fillets with pertinent dimen-
sions are presented as figures 3 and 4, respectively.

The wing chord parallel to the airplane center line and passing
through the wing pivot point (27.72 inches from the plane of symmetry)
was decreased 18.85 inches by the modification, with a reduction of
1.37 square feet in the total wing area outboard of this point. The
airfoil thickness at the section through the pivot point was increased
from 6.94 to 8.27 percent chord by the modification.

CONFIDENTTAL




Ly CONFIDENTTAL NACA RM L53E28

INSTRUMENTATTION AND ACCURACY

During the tests reported in this paper standard NACA recording
instruments were used to measure the following:

Altitude

Normal, longitudinal, and transverse accelerations
Elevator stick force

Pitching angular velocity and acceleration

Yawing angular velocity and acceleration

Rolling angular velocity

Control positions

Sweepback

Horizontal-tail shear and bending moment

Wing shear and bending moment

Airspeed

The estimated errors are as follows:

Maeh number of ol ot ol e h e el e e e e e e e e e e e e s +0.01
Airplane normal-force coefficient . . . . . . . . . . . . . . . . %0.02
Normail¥ siceeleration, g N g ma e o L g e e e 0002
Measured tail loadsit Il ciei i cid e el e c e o vl e e e e e e e e =TS =
Measured wing loads, 1b . . . . 5 6 0% 6 a0 0000 0 00 0 o oazey
Airplane weight determination, lb e I A I e £ 1100

TESTS, RESULTS, AND DISCUSSION

The original and modified wing-root configurations are compared in
this paper on the basis of results obtained from stabilizer and elevator
maneuvers into the region of reduced stability for both configurations.
The tests were made at pressure altitudes from 28,000 to 40,000 feet and
ranged in Mach number from that for the approach to an unaccelerated
clean stall to a Mach number of 0.97. Figure 5 presents the boundary
for the reduction of longitudinal stability through the Mach number range
from 0.65 to 0.98 as presented in reference 2 but with points obtained
with the modified configuration noted also. Figures 6 to 8 present typi-
cal plots of the variation of several parameters with angle of attack
from which the points in figure 5 were ascertained. These particular
figures are for stall approach, for M = 0.84, and for M = 0.97, respec-
tively. The point of stability reduction is determined, primarily, from
the variation of control deflection with angle of attack and corresponds
to the point at which this variation abruptly changes to essentially
zero. It may be noted that for several maneuvers this point is not .
readily apparent, particularly in figure 6. Consequently, the points
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selected from figures 7 and 8 for inclusion in figure 5 are indicated.

The comparison of the points for the modified and unmodified configura-
tions in figure 5 indicate that there was no appreciable effect of the

modification.

It is the opinion of the pilot who performed the flight tests that,
in general agreement with figure 5, the modified fillets caused little
apparent difference in the longitudinal stability characteristics. He
did feel, however, that the reduction of stability seemed to occur at a
slightly higher CNA for the modified fillets at Mach numbers near 0.94.

It may be observed in figures 6 to 8 that the maximum CNA obtained

is about 0.1 lower at each of the three Mach numbers for the modified
configuration than for the original configuration and the angle of attack
for maximum CNA was from 2.6° to 4.95° lower for the modified wing root

than for the original. The lower CNA and consequent lower angle of
attack for the modified configuration can be attributed to the reduced
pitching parameter % %% for the modified wing root due to decreased
control deflection. Both maximum CNA and the angle of attack at which
it occurred showed a tendency to decrease with increasing Mach number
for the two configurations.

The variation of CNt with CNA for both configurations at each

of the test Mach numbers is shown in figure 9. The values of the slope
of CNt plotted against CNA as obtained from figure 9(a) show that

the static longitudinal stability of the wing-fuselage combination is
considerably different for both configurations in the approach to a clean
stall. The slope dCNt/dCNA has a value of -0.215 for the original fil-

lets and -0.30 for the modified fillets at 1lift coefficients below 0.45.
For 1ift coefficients from 0.50 to 0.75 for the original wing root,
dCNh/dCNA is equal to 0.195, whereas for the modified wing root, it is

equal to Q5.

For Mach numbers of 0.84 and 0.97 it may be observed from figures 9(b)
and 9(c) that the variation of tail normal-force coefficient with air-
plane normal-force coefficient is similar for the original and modified
configurations. The point of instability at M = 0.8% is at about the
same 1ift as it is for the stall approach, whereas at M = 0.97, it occurs
at a lower CNA for both configurations.
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The scatter of data points apparent in figure 9(b) above CNA of
0.6 and in figure 9(c) above cNA of 0.5 is caused by the high pitching

rates resulting from the reduction of longitudinal stability. Although
the data have been corrected for pitching acceleration in these regions,
the accuracy of these data is reduced.

Figure 10 presents wing normal-force coefficient as a function of
airplane normal-force coefficient for both configurations at the test
Mach numbers. It may be observed in figure 10 that the variation of
wing normal-force coefficient with airplane normal-force coefficient is
essentially the same at Mach numbers of 0.84 and 0.97. In the stall
approach, however, there is a difference of 0.086 in the slope of the
curve of CNW against CNA for the two configurations, with the modi-

fied wing-root configuration having the steeper slope, an indication
that in this condition the wing carries a greater part of the airplane
load.

Figure 11 presents the variations of wing pitching-moment coeffi-
cient with CNA for both wing-root configurations. It may be seen from

this figure that at Mach numbers of 0.84 and 0.97 the wing pitching-
moment coefficient is unaffected by the fillet modification. However,
in the approach to a clean stall the modified configuration exhibits
slightly greater stability, the slope dcma/u dCNA being equal to -0.22

for the original fillets and -0.29 for the modified fillets.

The drag polars for the two configurations are shown in figure 12
TIn the three polars there are only slight variations of drag coefficient
with 1ift coefficient due to the wing-root modification.

Figure 13 presents sections of records from the three-component
recording accelerometer which may be utilized to compare buffet intensi-
ties. The buffet intensity is directly proportional to the amplitude of
the normal acceleration trace. For each of the test Mach numbers little,
if any, difference can be observed between the buffet intensity of the
original and modified wing-root configurations.

CONCLUDING REMARKS

A comparison has been made between two configurations of the Bell
X-5 research airplane at 59° sweepback, one with the original wing=-root
fillets and the other with wing-root fillets shown by low=-speed wind-
tunnel investigation to eliminate the loss of stability at high 1ift coef-
ficients. The data obtained from the flight investigation, however, show
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that the longitudinal stability characteristics ,» as well as the buffet

and drag characteristics, were essentially unaffected by the modification.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 13, 1953.
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TABLE T

PHYSTICAL CHARACTERISTICS OF BELL X-5 AIRPLANE

Airplane:
Weight, 1b:
FULL FUEL & v 4 v v o v v v v e e e e e e e e e e e e e e .. 9960
O - L P R - ¢
Power plant:
Axial-flow turbojet engine . . e e e =5 = A=
Guaranteed rated thrust at 7800 rpm
and static sea-level conditions, 1b . . « . « « « . . . . . ‘4900
Center-of-gravity position, percent c:
PUll Faed . vl o 6 o e b e e e s e sl s oW s e e e . W56
Less fuel . . . ; e (TS

Moments of inertia for 590 sweep (clean configuration,
full fuel), slug-ft2:

ADOUL Yo8XI8 & « o v ¢ o o o o = « o« o o o o« o + o o « o . 9khos
Aboul Z=BulE [0 5 & o & 5 5 & 6 % i owm e s s s @ ow s v o oe e O0LO
Over-all helght, £f8 « v o ¢ o o 5 5 © 5 & 5 = s o ¢« & s 5 & « s A2:2
Ovir-gll 1ength, L o o o ¢ o = 5 « i & 5 s © o & o =& s o © o5  55:6
Wing:
Airfoil section (perpendicular to 38.02-percent-chord line):
Pivot point . . . . . . . . . . . ... o .. ... NACA 6l(15)A011
TIP « = + « + o v ¢ o ¢ o+ o o« oo . .. . . NACA 6l((3)A008.28
Sweep angle at 0.25 chord, deg 5 6 0 6 6 0 O 0D 0 a0 000 s 59
Ares; 58q ££ o o s © = - S s e e e e s s s w s e e 184S
Span, ft . . . 5 G 0 0 5 6@ o o000 0o a 200
Span between equivalent tips G o5 o 0 6 0 G 0006060060 19.2
Aspect ratio . . . T = 2
Taper ratio . . . N o I o (o]
Mean aerodynamic chord ft G o o S T OO 5
Location of leading edge of mean aerodynamlc chord
fuselage station . . . 6 o 6 6 o O oo o S R O 2
Incidence root chord, deg . « « « ¢« ¢« « ¢ o « ¢ o o o o o o o 0
PDihedral, G628 .« i o o o s o s s e s 6B e Wl e e s e e 0
Geometric twist, deg . « . ¢« ¢« ¢ ¢ ¢ 0 e o e e e e e e e e e 0
Wing flaps (split):
Area, sq ft . . . . G 6 G 6 8Os 0 A oo 15.9
Span, parallel to hlnge center llne, ft . 5 G © 6.53
Chord, parallel to line of symmetry at 20° sweepback plialo &
ROGE © o o i v e S e e e e e e e s w08
Pip o o F e S e e e e e 19.2

CONFIDENTIAL




NACA RM 1L53E28 CONFIDENTIAL 9
TABLE I.- Continued
PHYSICAL CHARACTERISTICS OF BELL X-5 AIRPLANE
Travel, deg . . . S . i g 60
Slats (leading edge d1v1ded)
Area, sq ft . . . . SR 14.6
Span, parallel to leading edge, ft 105
Chord, perpendicular to leading edge, in.:
RSl 6 ¢ 0 0 0 0006 o0 9B OO0 8 a0 o . aLik il
D . . T 6.6
Travel, percent wing chord
Forward . . . . 56 00 W o 0o oo o S 10
Down . . . e GG o 5 0 0 0 O ¢ 5 A 3 o 5
Aileron (45 percent internal seal pressure balance)
Area (each aileron behind hinge line), sq ft 3.62
Span parallel to hinge center line, WE o D9 6 0rG s Sl
Iravell, degl o .. . . « o e e e e . 15
Chord, percent w1ng chord & O o 5 o o o v ® 5 5 19.7
Moment area rearward of hinge line (total), in. 5 e e e . .. 4380
Horizontal tail:
Airfoil section (parallel to fuselage center line) . NACA 65A006
“ Arveas sq Bt oo T, 5 o o c o el el el s 2135
Span, ft y 9.56
Aspect ratio . . . & 0 6 0O O 06 Do 000 2.9
Sweep angle at 0.25 chord deg R 45
Mean aerodynamic chord, in o s s e e 42.8
Position of 0.25 mean aerodynamic chord fuselage station . . . 355.6
Stabilizer travel, (power actuated), deg
leading edge up . . . . T k.5
Leading edge down . 5 . 5
Elevator (20.8 percent overhang balance, 51 5 percent span)
Area rearward of hinge line, sq ft . . . . . 6.9
Travel from stabilizer, deg:
UpE RS e e e 25
Down . . 5 o 20
Chord, percent horlzontal—tail chord o o e s e . . 30
Moment area rearward of hinge line (total), in.3 o o 4200

Vertical tail:
Airfoil section (parallel to rear fuselage
genter 1ine) o« o o o 6 v 5 8w s @ e e s s
i Area, sq ft

“« CONFIDENTTAL
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TABLE I.- Concluded

PHYSICAL CHARACTERISTICS OF BELL X-5 AIRPLANE

Span, perpendicular to rear fuselage center line, RGNS
Aspect ratio & O o a o
Sweep angle of leading edge, deg
150 B lfs
Area, sq ft .

Rudder (23%.1 percent overhang balance, 26 5 percent span):

Area rearward of hinge line, SqEEG e,
Span, ft . . . .

Travel, deg . . 5 o 0o o 0o
Chord, percent horizontal—tail chord 6 0 O O o O o

Moment area rearward of hinge line, in.>
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402"

R
e
2.125" ﬁ 7"

— —hH— - = Thrust—

— 240"

—120

0° Dihedral
~NACA

Figure 1.- Three-view drawing of original and modified configurations
at 59° sweepback. (Right wing modified, left wing original.)
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L-79262
Figure 2.- Photograph of Bell X-5 research airplane at 59° sweepback.

CONFIDENTTIAL




13

CONFIDENTTAL

NACA RM L53E28

*SISTTTF POTJITPOW pu® TBUTBTIO Jo ydexdojoyg -

¢ 2an3tyg

CONFIDENTTAL



TVIINICTIANOD

0 I0 20
| B B EEBEER
Scale, inches

S — . — — —1

57.94"

| 57.75"

1|
|
e

4

|

T

13.50"

a) Original wing-root fillet b) Modified wing-root fillet

Figure 4.- Two-view drawing of original and modified wing-root fillets.
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Figure 5.- Boundary for the reduction of longitudinal stability of the
Bell X-5 research airplane at 59° sweepback » showing points for
original and modified fillet configurations.
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Figure 6.- Approach to an unaccelerated clean stall for the two fillet
configurations.
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Figure 7.- Stabilizer pull-ups to the stall for the two fillet
configurations at a Mach number of approximately 0.84.
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Figure 8.- Stabilizer pull-ups to the stall for the two fillet
configurations at a Mach number of approximately 0.97.
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Figure 9.- Variation of tail normal-force coefficient with airplane
normal-force coefficient for the two fillet configurations at the
test Mach numbers.
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Figure 10.- Variation of wing normal-force coefficient with airplane
normal-force coefficient for the two fillet configurations at the

test Mach numbers.
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Figure 11.- Variation of wing pitching-moment coefficient with airplane
normal-force coefficient (for one wing outboard of wing-sweep pivot
point) for the two fillet configurations at the test Mach numbers.
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Figure 12.- Airplane polars for the two fillet configurations at the
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Figure 13.- Concluded.
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