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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A TRANSONIC WIND-TUNNEL INVESTIGATION OF THE LONGITUDINAL
STABILITY AND CONTROL CHARACTERISTICS OF A 0.09-SCALE
MODEL OF THE BELL X-5 RESEARCH AIRPLANE
AND COMPARISON WITH FLIGHT

By Ralph P. Bielat and George S. Campbell
SUMMARY

An investigation was conducted in the Langley 8-foot transonic
tunnel to determine the longitudinal stability and control character-
istics of a 0.09-scale model of the Bell X-5 research airplane. The
tests were made with the wing swept back 60° only. Lift, drag, pitching-
moment, elevator hinge-moment, and pressure-distribution results are
presented for Mach numbers varying from 0.60 to 1.10 and Reynolds num-
bers, based on the wing mean aerodynamic chord, varying from 2.86 X 10
ta 3.86 X 106. The wind-tunnel results and dynamic-response calculations
based on wind-tunnel data are compared with flight data.

The most significant results obtained in the present investigation
concern the reduction in static longitudinal stability for the complete
model configuration at 1ift coefficients in the vicinity of 0.5 for all
test Mach numbers. Although the pitching-moment nonlinearities appeared
to be rather moderate in comparison with instabilities shown for other
swept-wing configurations, they were shown by dynamic-response calcula-
tions to be sufficiently severe to cause an undesirable pitch-up.

The large increase in zero-1lift drag at transonic Mach numbers may
be attributed to the rapid rates of development of cross-sectional area
for the configuration and to the large maximum area associated with the
relatively low equivalent fineness ratio.

A comparison of the wind-tunnel results with flight data indicated
good agreement of lift, drag, and elevator deflection required for trim.
Dynamic-response calculations based on wind-tunnel data predicted a
pitch-up motion of the airplane that was in good agreement with flight
results.
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2 CONFIDENTIAL NACA RM I53H18
INTRODUCTION

The Bell X-5 is a research airplane whose angle of wing sweep may
be varied in flight from approximately 20° to 60°. The airplane is

used to obtain aerodynamic data in flight at transonic speeds on the
effects of variable sweep.

The flight acceptance tests of the Bell X-5 research airplane indi-
cated a pitch-up instability at 1ift coefficients of about 0.60 for all
wing sweep angles and flight speeds. It was decided that the first of
the detailed flight tests undertaken by the NACA would be made with the
wings swept back 60°. In order to isolate the static characteristics
of the airplane from the dynamic characteristics and to obtain more
detailed aerodynsmic information than could be obtained in flight, a
0.09-scale model of the Bell X-5 with the wings swept back 60° was
tested in the Langley 8-foot transonic tunnel.

The results reported herein consist of 1ift, drag, pitching-moment,
and elevator hinge-moment measurements for a Mach number range of 0.60
to 1.10. Total-pressure and static-pressure measurements were taken at
the exit of the jet-engine duct to determine mass flow, inlet-velocity
ratio, and internal drag coefficient. Static-pressure measurements
over the nose inlet and the canopy were also taken. The static wind-
tunnel data have been used to calculate the dynamic-response behavior
of the airplane. Wherever possible, the wind-tunnel data have been
compared with flight results presented in references 1 to She

SYMBOLS

The results of the investigation are presented in terms of standard
NACA coefficients and are referred to the wind axes.

A area

b wing span

c mean aerodynamic chord of wing

Cp drag coefficient, D/qu

CDI internal drag coefficient of duct based on wing area
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|
i - Cn elevator hinge-moment coefficient, H/2q, Mo
[ ChCL rate of change of elevator hinge-moment coefficient with angle
f of attack, oCp/da
I Ch6 rate of change of §levator hinge-moment coefficient with
| elevator deflection, oCL/®
} CL 1ift coefficient, L/q_S
( CLy lift-curve slope, dCr,/do
} CNA airplane normal-force coefficient
} Cn pitching-moment coefficient, Mcg/quE
‘ Cmq damping derivative resulting from steady pitching velocity,
| /28
} Cmd damping derivatiYE resulting from rate of change of angle of
‘ attack, oCp 8%%
b Cmit stabilizer effectiveness parameter, oCp/dit
. Crrg, elevator effectiveness parameter, Cp/>%
D drag
g acceleration due to gravity
H elevator hinge moment

pressure altitude

stabilizer incidence referred to center line of thrust, posi-
tive when trailing edge is down

moment of inertia about airplane pitch axis through center of
gravity; 8860 slug-ft2

1Lt v
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lift-drag ratio

tail length
airplane mass
mass-flow rate, pAV

Mach number

pitching moment of aerodynamic forces about lateral axis which
passes through center-of-gravity location at 0.464C at point
1.706 inches above center line of thrust, model scale

area moment of elevator about its hinge line

normal load factor

pressure coefficient,

local static pressure
free-stream static pressure
alrplane pitching velocity

free-stream dynamic pressure,

Reynolds number based on ¢C
wing area

time

dimensionless velocity, V/Vy

velocity

airplane weight, 9,000 1b

P - Pe

dimensionless weight parameter (level flight 1lift coefficient),

oW /o1 %8
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a angle of attack referred to center line of thrust

a0 differentiation of angle of attack with respect to time

€ effective downwash angle

o) elevator deflection measured in plane perpendicular to hinge
line, positive when trailing edge is down

v dynamic response Parameter, legsE/EIy

p alr density

T airplane time factor, m/pSVl

Subscripts:

1 designates an initial value

o designates the curve defining static variation of the coeffi-

cients Cp, Cp, and Cp with o when the controls are
fixed in their initial positions itl and 97

0 free stream

i nose-inlet entrance

APPARATUS AND MODEL

Tunnel

The investigation was conducted in the Langley 8-foot transonic
tunnel which has a dodecagonal cross section and is a slotted-throat,
single-return type of wind tunnel. The use of longitudinal slots along
the test section permitted the testing of the model at speeds contin-
uously variable through the speed of sound without the usual choking
effects found in the conventional closed-throat type of wind tunnel.

A more complete description of the Langley 8-foot transonic tunnel can
be found in reference k.

Model

The model employed for the present investigation was a 0.09-scale
model of the Bell X-5 research airplane. The model was constructed of
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6 CONF IDENTTAL NACA RM L53H18

steel and was supplied to the NACA by the Bell Aircraft Corporation.
The X-5 airplane is a research airplane whose wing angle of sweep is
variable in flight from 20° to 60°. There was also longitudinal trans-
lation of the wing with respect to the fuselage as the angle of sweep
varied.

Three-view drawings and physical characteristics of the model are
presented in figure 1. It was necessary to modify the model at the rear
end of the fuselage since the model was supported in the tunnel by means
of a sting-support system. The horizontal and vertical tail surfaces on
the model, therefore, correspond to a slightly different configuration
than exists for the full-scale airplane. A comparison of the modified
fuselage and empennage with the full-scale airplane is made in figure 1.
A photograph of the model on the sting support is shown in figure 2.

Control deflections were accomplished by providing several control
surfaces with fixed angles of deflection. The control surfaces were of
the plain-flap, unsealed type. All control surfaces were restrained by
beams incorporating electrical strain gages.

The jet-engine ducting was simulated on the model by the use of a
straight-through, constant-area duct extending from the nose to the jet
exit. ‘

The model was attached to the sting support through a six-component
internal electrical strain-gage balance. The angle of attack of the
model was varied by pivoting the sting support about an axis approxi-
mately 66 inches downstream of the center-of-gravity location on the
model. In order to keep the model position reasonably close to the
tunnel axis when the model angle of attack was varied from 12° to 280,

a 20° coupling was inserted upstream of the pivot point. The angle-of-
attack mechanism was remotely controlled which permitted angle-of-attack
changes while the tunnel was operating.

A pendulum-type inclinometer, calibrated against angle of attack
of the model, and located within the fuselage of the model permitted
the angle of attack to be set within #0.1° at all test Mach numbers.

TESTS

The Reynolds number based on the mean aerodynamic chord of the wing
and averaged for several runs is shown in figure 3 as a function of test
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Mach number. The Reynolds number varied from 2.86 X 10° to 5456/% 109
for the present investigation.

Measurements

Lift, drag, and pitching moment were determined by means of an
electrical strain-gage balance located inside the fuselage. The measure-
ments were taken for angles of attack from -2° to 28° at Mach numbers
varying from 0.60 to 0.93 and from -2° to the highest angle permissible
as determined by the design pitching-moment 1imit of the balance for
Mach numbers of 0.96 to 1.10. Elevator hinge moments were determined
by means of electrical strain gages. The measurements were obtained
for elevator deflections varying from 2° to -14° for the same range of
angles of attack and Mach numbers as for the 1lift, drag, and pitching-
moment measurements. Total-pressure and static-pressure measurements
were taken at the exit of the Jjet-engine duct to determine the mass
flow, inlet-velocity ratio, and internal drag coefficient. In addi-
tion, static-pressure measurements were made over the nose inlet and
ca.no;o) . These measurements were taken for angles of attack from -2°
to 8% at Mach numbers varying from 0.60 to 1.12.

No attempt was made to control the flow quantity through the jet-
engine duct during the present investigation.

The data presented herein were obtained on the model with the wing
swept back 60°.

Corrections and Accuracy

No corrections to the free-stream Mach number and dynamic pressure
for the effects of model and wake blockage and to the drag coefficient
for the effect of the pressure gradient caused by the wake are necessary
for tests in the slotted test section of the Langley 8-foot transonic
tunnel (ref. 5). There is a range of Mach numbers above a Mach number
of 1.00, however, where the data are affected by reflected compressions
and expansions from the test-section boundary. Based on the results of
reference 6, it is believed that for Mach numbers up to approximately
1.03 the effects of these disturbances on the measurements made in the
present investigation may be considered to be negligible. For test Mach
numbers above 1.03, however, the data were influenced by the boundary-
reflected disturbances, but the extent to which the data were affected
by the reflected disturbances is not known for these tests. In the
plots of drag coefficient against Mach number, however, there is shown
by dashed lines above a Mach number of 1.03 an estimated variation of
drag coefficient which is believed to be typical of the correct varia-
tion based on the studies of reference T
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The drag data have been corrected for base pressure such that the
drag corresponds to conditions where the base pressure is equal to the
free-stream static pressure.

Static calibration tests were made of the elevator to permit cor-
rection for elevator deflection under load; these corrections, although
found to be small, have been applied to the hinge-moment data.

No corrections for the forces and moments produced by the sting
interference have been applied to the data. As indicated in reference 8
the significaht corrections would be limited to small increments in
pitching moment and drag and to the effective downwash angle.

The estimated consistency of the data at a Mach number of 0.60,
based on the static calibrations and the reproducibility of the data,
is as follows:

e S R R i T E T R R R e 10.01
(ETDE i TR e s I e e A e L A R O S 001
e e o A e I RS o +0.006
Ch D e e R e e 10 J005

These errors would be inversely proportional to the dynamic pressure
and therefore would be lower at the higher Mach numbers.

RESULTS AND DISCUSSION

This portion of the paper has been arranged into several sections
for presenting the results of the present investigation: 1lift and drag
characteristics; static longitudinal stability and control characteris-
tics; airplane time histories calculated from the static wind-tunnel
data; elevator hinge-moment characteristics; mass-flow characteristics
and limited pressure distributions. Whenever possible, the wind-tunnel
results have been compared with available flight data.

Lift and Drag Characteristics

The effects of stabilizer incidence and of elevator deflection on
the aerodynamic characteristics of the model are given in figures e,
and 6. Nonlinearities in the 1lift characteristics below the stall were
indicated throughout the Mach number range but became less marked for
Mach numbers above 0.96. For Mach numbers of 0.60 to 0.85, the varia-
tion of 1ift coefficient with angle of attack showed well-defined stall
characteristics, but as the Mach number was increased to higher values,
the stall became less pronounced. The data also indicated that maximum
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1ift had not been reached at the higher Mach numbers even though the
data were obtained for angles of attack near 20° to 28°,

The variation of lift-curve slope with Mach number for the complete
model is given in figure 7. The values of the lift-curve slope were
averaged over the lift-coefficient range from O to 0.30. The lift-
curve slope had a value of 0.045 at a Mach number of 0.60 and increased
to a maximum value of 0.057 at a Mach number of 1.06.

Comparisons of flight data and wind-tunnel data on the variation
of normal-force coefficient with angle of attack for several Mach num-
bers are made in figure 8. Two types of flight maneuvers were performed
to obtain the data; one maneuver consisted of elevator deflections in
accelerated turns and the second maneuver consisted of stabilizer pull-
ups. The wind-tunnel data were selected for elevator deflections and
stabilizer deflections corresponding to the control-positions recorded
in flight. 1In general, it can be seen that the agreement between the
wind-tunnel data and the flight data is good for Mach numbers up to
approximately 0.85. At Mach numbers 0.90 to 0.96 the agreement for the
low angle-of-attack range (4° to 12°) is good; however, the normal-force
coefficient measured in the wind tunnel at high angles of attack con-
tinues to increase with increase in angle of attack, whereas it has
appeared that maximum normal-force coefficient has been reached in
flight. Although the reasons for this disparity in the data are not
obvious, it is believed that the differences could be due in part to
the effects of Reynolds number on maximum 1ift.

The effect of compressibility on the drag at zero 1ift is shown in
figure 9. The drag rise <éefined as the value where g%? = O.l) occurred
at a Mach number of 0.91. The rate of drag increase with Mach number
and the drag-rise increment were large and unlike that which would be
expected for a 60° sweptback wing (see, for example, ref. 9). The
large drag-rise increment is believed to be due to the shape of the
fuselage. As discussed in reference 10, the drag-rise increment near
the speed of sound of wing-body combinations can be related to the
axial development of the cross-sectional area normal to the airstream.
It was also shown that variations of configurations which resulted in
less rapid rates of development of cross-sectional area, as well as
reductions of the relative magnitude of the maximum areas (increases
in effective fineness ratio), decreased the drag-rise increments near
the speed of sound. The axial distribution of the cross-sectional area
for the fuselage and canopy and for the wing is presented in figure 10.
The cross-sectional area of the configuration was reduced by subtracting
the equivalent free-stream tube area of the internal flow measured at a
Mach number of 1.00. The contribution of the cross-sectional area of
the wing is small when compared with that of the fuselage; however, it
can be seen from figures 1 and 10 that the fuselage shape corresponds
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to an area diagram which has large slopes fore and aft. The equivalent
fineness ratio of the area diagram is 5.8 with the maximum srea occurring
at approximately 40 percent of the fuselage length. The low equivalent
fineness ratio of the configuration (compared with an optimum body of
revolution of fineness ratio 9.0) could thus account for the large drag-
rise increment shown in figure 9.

Comparisons of the drag coefficients measured in flight with the
wind-tunnel drag measurements are made in figure 11. The wind-tunnel
drag data were selected for elevator and stabilizer deflections corre-
sponding to the control-positions used in flight. In general, in the
range of Mach numbers 0.75 to 0.935 the agreement was good between the
drag coefficients measured in flight and in the wind tunnel for most of
the lift-coefficient range shown. At Mach numbers 0.60 and 0.96, and
1ift coefficients to 0.40, however, considerable discrepancy exists
between the measured flight drag and wind-tunnel drag which could be due
partially to the difficulties encountered in measuring drag in flight
frar, 1).

The drag measurements near a 1ift coefficient of 0.20 at Mach num-
bers 1.00 and 1.03 shown in figure 11 were obtained in flight by diving
the airplane in shallow dives. The flight results at a 1ift coefficient
of 0.2 are compared with the wind-tunnel data through the Mach number
range in figure 12. Again it can be seen that the agreement of the data
is quite good. The measured flight drag and wind-tunnel drag indicated
approximately the same drag-rise Mach number and same drag-rise increment
near the speed of sound. The estimated variation of drag coefficient
with Mach number for the wind-tunnel data as shown by the small dashed
curve and discussed previously shows an even better agreement of the
drags for the flight and wind-tunnel data.

The data of figures 4 and 6 were used to calculate the trimmed
lift-to-drag ratios of the model at various Mach numbers and these
results are presented in figure 13 as a function of 1lift coefficient.
It can be seen that the 1ift coefficient for maximum L/D increased
from a value of 0.20 at a Mach number of 0.60 to approximately 0.45 at
a Mach number of 1.10. It can also be noted that the available maxi-
mum L/D dropped abruptly above a Mach number of 0.93. The variation
with Mach number of the trimmed (L/D)max is shown in figure 14. The

values of trimmed lift-drag ratio for level flight at sea level and an
altitude of 35,000 feet for a wing loading of 48.5 pounds per square
foot are also shown in figure 14. The advantages to be gained by proper
selection of flight altitude are clearly indicated.

Longitudinal Stability and Control Characteristics

Static longlitudinal stability.- The effects of stabilizer incidence
and of elevator deflection on the pitching-moment characteristics of t}
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model are presented in figures L4 and 6, respectively. For the stabilizer-
incidence tests, the pitching-moment coefficients have been plotted
against angle of attack (fig. 5) as well as agalnst 1ift coefficient in
order to facilitate the interpretation of the nonlinear characteristics
of the curves. The wing-fuselage configuration (fig. 4) showed marked
pitch-up characteristics at 1ift coefficients above 0.4 for Mach numbers
up to 0.96 and no pitch-up was indicated at Mach numbers 1.00 to 1.10.
The addition of the tail to the model reduced the magnitude of the
pitch-up at the lower Mach numbers such that the model was about neu-
trally stable at 1ift coefficients of the order of 0.6 to 0.8 for Mach
numbers up to 0.85. With an increase in Mach number to approximately
1.05, however, the model exhibited an abrupt pitch-up instability over

a smaller lift-coefficient range. In the range of high angles of attack
(see fig. 5), the model regained its stability at all speeds because of
a decrease of downwash at the tail.

The variation with Mach number of the elevator deflection required
for trim for idle-power conditions for the model is shown in figure 15(a).
The elevator deflections required for trim were estimated from the wind-
tunnel data for assumed conditions of level flight at an altitude of
42,000 feet. Control-position instability is indicated for Mach num-
bers 0.96 to 1.02. The control-position instability is due primarily
to the changes in the out-of-trim pitching-moment coefficients as shown
in figure 16 and to a lesser extent to the changes in the control-
effectiveness parameter Cmy presented in figure 17. The changes in

trim, however, do not appear to be particularly severe through the
transonic speed range.

A comparison of the wind-tunnel data with flight data on the elevator
deflection required for trim is also made in figure 15(a). The variation
with Mach number of the elevator deflection required for trim measured in
flight, however, was obtained at 100-percent power conditions. A few
flight tests have been made to determine the effects of power on the
elevator deflection required for trim and these effects are shown in
figure 15(b). Both the wind-tunnel data and the flight data showed
control-position instability to occur at approximately a Mach number
of ' 0.96.

Control effectiveness.- The effects of compressibility on the
control-effectiveness parameters CHB and Cmit are shown in figure 17.

The values of the parameters were averaged over a lift-coefficient range
from O to 0.5. The stabilizer-effectiveness parameter Cmit increased

through the transonic speed range whereas the elevator-control-
effectiveness parameter CHB indicated a 33-percent decrease in the

transonic speed range. Although there was a decrease in the elevator
control effectiveness, the control still appears to be adequate since,
as indicated in figure 6, the elevator can produce changes in trim to
a8 lift coefficient of 0.33.

CONFIDENTTAL
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Control maneuvering effectiveness.- The control maneuvering effec-
tiveness of the elevator is shown in figure 18 as the amount of elevator
deflection required to trim for various accelerated-flight conditions
at sea level and an altitude of 35,000 feet. The additional elevator
deflection required to offset the damping in pitch as calculated by the
method given in reference 11 is included in the results given in fig-
ure 18. The control maneuvering effectiveness showed a gradual increase
as the speed was lncreased up to a Mach number of 0.93 followed by a
rapld decrease through the transonic speed range. There was no indica-
tion of control maneuvering instability at sea level inasmuch as the
11ft coefficients corresponding to the accelerated-flight conditions
examined were below the pitch-up instability. At an altitude of
35,000 feet, however, control maneuvering instability was indicated.

As an example, control maneuvering instability occurred between the 2g
to 4g accelerated-flight conditions for Mach numbers between 0.9% and
1.01. For sea-level flight conditions, only about 2° of elevator deflec-
tion is required to produce a L4g acceleration at a Mach number of 0.95.
Approximately 11° of elevator deflection is required to produce a
similar acceleration at a Mach number of 0.95 at an altitude of

35,000 feet.

Effective downwash characteristics.- The variation of effective
downwash angle with angle of attack is shown in figure 19. The effec-
tive downwash angle at a given angle of attack was determined by finding
the model stabilizer incidence at which the pitching-moment coefficient
of the complete model configuration was equal to that of the complete
model configuration less the horizontal tail (see fig. 5). The sum of
the model angle of attack and the stabilizer incidence thus found gave
the effective downwash angle in the region of the horizontal tail. The
effect of the horizontal-tail drag on the pitching moment was neglected.
Since only three stabilizer-incidence settings were used, some of the
data at the low and at the high angles of attack given in figure 19
were extrapolated. The decrease in the effective downwash angle at
high angles of attack was responsible for the large increase in the
longitudinal stability of the model as was previously discussed.

Figure 20 presents the effect of Mach number on the rate of change
of effective downwash angle with angle of attack averaged for angles of
attack from -2° to 6°. No large changes in the downwash derivative de/du
were indicated through the transonic speed range.

Dynamic-Response Calculations
The static pitching-moment nonlinearities in the present paper are
relatively mild when compared with some of the instabilities presented

in references 12 and 13 for various complete-model configurations. From
such a casual inspection of the static pitching moments, it might be
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expected that pitch-up would not be particularly severe for the X-5 air-
plane. However, the airplane was found to have marked pitch-up during
recent flight tests (ref. 3). Dynamic response calculations were there-
fore made in order to determine the true significance of the pitching-
moment nonlinearities.

The equations used for calculating airplane time histories have
been derived from Newton's laws of motion in reference 14. The basic
approach in the derivation was first to neglect changes in Mach num-
ber during a maneuver so that angle of attack and pitching velocity
could be calculated from simple two-degree-of-freedom considerations.
Then, the Mach number variation with time was calculated by taking into
account the third degree of freedom describing the longitudinal motion
of the airplane. The equations used for the calculations were

Cmn, + Cp-
f i g ™ “Ma). - _
o :gwr<CL°L $ 2K, 2 >a = Wm, = Vlcmit(it - 1y) + Crg (3 - 51)’ (1)

=, - W) +a (2)

Ne
]

1+—f Cp, dt

(Cf, cos a + Cp sin a)u®
n = = (&)

where radian measure has been used throughout. The damping deriva-
tives Cmq and Cmd were estimated from the static wind-tunnel data

using the relations

1t
Cmgq = 1. 2(2 T Cmit> (5a)

c
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Cpy = 2 =2 — Cmy S (5b)

Because the aerodynamic parameters in equation (1) had nonlinear varia-
tions with angle of attack for the X-5 airplane, numerical results were
obtained by using the Runge-Kutta procedure described in reference 15.

Results of the dynamic-response calculations are presented in fig-
ures 21 and 22 and compared with flight results taken from reference 3.
The character of the pitch-up is shown most clearly by the stabilizer
maneuvers of figure 21, in which a linear variation of control position
results in a decidedly nonlinear angle-of-attack response. In analyzing
the character of the pitch-up, attention can be focused largely on angle
of attack because the changes in normal load factor during a pitch-up
are frequently softened as a result of a decrease in lift-curve slope
at the higher angles of attack and a loss in speed during the maneuver
(see fig. 21(c), for example). No matter how gradual the variation of
normal load, however, an uncontrolled pitch-up to high angles of attack
is always objectionable, particularly when accompanied by lateral and
directional difficulties, as described in reference 3.

Based on the time histories, the point at which pitch-up commences
is seen to be near 12° for Mach numbers between O. 76 and 0.91. A
similar conclusion results from an inspection of the static pitching-
moment data. While a cursory inspection of the static pitching moments
indicated that the nonlinearities were relatively moderate in comparison
with those for several other configurations, the dynamic calculations
show that these nonlinearities were sufficient to cause a severe
pitch-up. More explicitly, the maximum rate of change of angle of
attack was about four times greater after the start of pitch-up than
in the controlled part of the motion for a constant rate of stabilizer
input.

In comparing the calculated time histories with flight results, it
is seen that the peak angles of attack during the maneuvers were in all
cases predicted within 2° or less. The poorer agreement between calcu-
lated and flight results shown for the elevator turns may be caused by
the neglecting of cross coupling of lateral and longitudinal motions in
the simplified equations of motion. However, a time displacement such
as that shown in figure 22(b) is not considered important because the
maximum values of @, n, and q were predicted satisfactorily.

Elevator Hinge-Moment Characteristics

The variation of hinge-moment coefficient with elevator deflection
is presented in figure 23. Figures 24 and 25 show hinge-moment-coefficient
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- variation with angle of attack and hinge-moment-coefficient variation

with Mach number for 0° angle of attack, respectively.

No large changes in the elevator hinge-moment coefficients occurred

for small elevator deflections up to a Mach number of 1.03. (See fig. 25.)

Marked changes in the hinge-moment characteristics occurred for all ele-
vator deflections for Mach numbers greater than 1.03; the reasons for
these changes are not clearly understood. Schlieren photographs (not
presented herein) taken during the tests indicated no disturbances in
the flow in the region of the elevator; however, a detached bow wave
located ahead of the tail was visible at Mach numbers 1.06 and 1.10.

The variation of the hinge-moment parameters <?ha>5=o° and

(Cha)a;oo with Mach number is shown in figure 26. These slopes are

the average values for angles of attack from -2° to 2° and elevator
deflections from 0° to -5°. In general, the hinge-moment parameters
indicated little variation below a Mach number of 0.88. In the range
of Mach numbers from 0.93 to 1.07 the hinge-moment parameter Cha
showed a gradual change from negative to positive values. A large
increase in the negative value of the hinge-moment parameter Ch6 was

noted at Mach numbers above 0.88.

Mass-Flow Characteristics and Pressure Distributions

The results of the mass-flow measurements for the jet-engine duct
are presented in figures 27 to 29. The variation of mass-flow ratio
with Mach number for 0° angle of attack for the Jjet-engine duct is
shown in figure 27. The mass-flow ratio increased from a value of 0.86
at a Mach number of 0.60 to 0.88 at a Mach number of 1.12. In compari-
son, mass-flow ratios of the order of 0.90 to 0.85 were measured in
flight for Mach numbers 0.80 to 0.96.

The variation of inlet-velocity ratio with Mach number for 0° angle
of attack is given in figure 28. The inlet-velocity ratio decreased
from a value of 0.80 to 0.62 as the Mach number increased from 0.60
o212,

The variation of the internal drag coefficient based on wing area
with angle of attack presented in figure 29 indicates that CDI was
invariant with angle of attack. It will be noted that the internal
drag of the jet-engine duct was small and therefore would have a small
effect on the total drag values presented herein. It will also be
noted that the effects of compressibility on the internal drag coeffi-
cient are negligible.
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The surface pressure distributions measured over the nose and
canopy of the model for angles of attack of 8%, ho, and 80, and for
Mach numbers of 0.60, 0.90, 1.00, and 1.10 are presented in figure 50k
There was no pronounced peak pressure development over the 1lip of the
upper surface of the nose inlet for the angle of attack and Mach number
range shown. This was probably due in part to the large nose radius of
the upper surface of the nose inlet and in part to the high inlet-
velocity ratio. It should also be noted that the measured pressures on
the external and internal surfaces over the upper surface of the nose
inlet remained positive for the range of angles and Mach numbers pre-
sented. On the other hand, the development of large peak negative
pressures on the external surface of the side and lower surface of the
nose inlet were indicated. In some instances, the maximum peak nega-
tive pressures developed are not shown because the magnitude of the
pressures were such as to cause the fluid in the manometer board to
exceed the height of the column.

The pressures measured over the canopy (fig. 30) indicated a rather
abrupt pressure gradient in a region 5.5 to 6.0 inches from the model
nose. For Mach numbers 0.90 to 1.10, supercritical velocities existed
over an extensive region on the canopy for the angle-of-attack range
presented.

CONCLUSIONS

An investigation was made in the Langley 8-foot transonic tunnel
of the longitudinal stability and control characteristics of a 0.09-scale
model of the Bell X-5 research airplane. Tests were made for the model
with the wing swept back 60° only. The following conclusions are
indicated:

1. One of the most significant results obtained in the present
investigation concerns the reduction in static longitudinal stability
for the complete model configuration at 1lift coefficients in the vicin-
ity of 0.5 for all test Mach numbers. Although the pitching-moment
nonlinearities appear to be rather moderate in comparison with insta-
bilities shown for other swept-wing configurations, they were shown by
dynamic-response calculations to be gsufficiently severe to cause an
undesirable pitch-up.

5. The elevator deflections required for trimmed level flight indi-
cated control-position instability at transonic Mach numbers although
the trim changes were not too severe.
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3. The control maneuvering effectiveness of the elevator showed a
gradual increase as the speed increased up to a Mach number of 0.93
followed by a rapid decrease through the transonic speed range.

4. The value of trimmed maximum lift-drag ratio fell off abruptly
at transonic Mach numbers, decreasing from 7.2 at M = 0.90 to 3.5
at M= 1.05.

5. The large increase in zero-1lift drag at transonic Mach numbers
may be attributed to the rapid rates of development of cross-sectional
area for the configuration and to the large maximum area associated
with the relatively low equivalent fineness ratio of the configuration.

6. In the range of Mach numbers from 0.93 to 1.07 the hinge-moment
parameter Cha showed a gradual change from negative to positive values

and a large increase in the negative value of the hinge-moment param-
eter Cpy was noted at Mach numbers above 0.88.

7. The wind-tunnel results have been compared with flight data
wherever possible. The comparisons of 1ift, drag, and elevator deflec-
tion required for trim were in good agreement. Dynamic-response calcula-
tions based on wind-tunnel data predicted a pitch-up motion of the air-
plane that was in good agreement with flight results.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 14, 1953.
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Figure 2.- Test model on sting support.
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Figure 13.- Variation with 1lift coefficient of the
trimmed 1lift-drag ratio at various Mach numbers.
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Figure 14.- Variation with Mach number of the maximum

trimmed lift-drag ratio and of the trimmed 1ift-
drag ratio in level flight for sea level and
35,000 feet altitude for W/S = 48.5 pounds per
square foot.
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Figure 15.- Variation with Mach number of elevator deflection fequired
for trim in level flight and comparison with flight data, and the -
effect of power on elevator deflection for trim.
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Figure 16.- Variation with Mach number of the out-of-trim pitching-
moment coefficient of the model. W/S = 48.5 pounds per square Toot;
ig = =1.79% & = O°.
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Figure 17.- Variation with Mach number of the stabilizer and elevator
effectiveness parameters.
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Figure 18.- Variation with Mach number of elevator control position
required for trim in level and accelerated flight at sea level and
35,000 feet altitude. W/S = 48.5 pounds per square foot; iy = -1.7°.
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Figure 19.- Variation of the effective downwash angle with angle of attack.
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Figure 20.- Variation with Mach number of the rate of change of effective
downwash angle with angle of attack.
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Figure 21.- Comparison of calculated and flight time histories for i
stabilizer pull-ups.
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Figure 21.- Continued.
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Figure 22.- Comparison of calculated and flight time histories for
accelerated turns.
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Figure 23.- Continued.
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Figure 28.- Variation of inlet velocity ratio with Mach number.
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Figure 30.- Surface pressure distributions over nose and canopy of model.
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Figure 30.- Continued.
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Figure 30.- Continued.
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