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By J. G. Barmby and J. M. Teitelbaum
SUMMARY

The initial flight tests of two simplified flutter vehicles, which
were launched at the Langley Pilotless Aircraft Research Station at
Wallops Island, Va., are described herein.

The results of the tests are in agreement with the results of the
freely—falling—-body test in that the wing failures in the transonic
range occurred at velocities greater then the flutter velccity calculated
fram the two—dimensional, incompressible theory.

Although the simple break-wire system seems satisfactory for
exploratory tests, the scope of the investigation cculd be extended by
use of a frequency-recording telemeter,.

The use of high-velocity—rocket test vehicles of this type offers
promise for flutter testing in the transonic and the supersonic regicns.

INTRODUCTION

With present—day aircraft approaching sonic speeds, it becomes
desirable to predict flutter conditions throughout the transonic and
supersonic regions. This problem 1s being attacked by the National
Advisory Committee for Aeronautics employing the Langley flutter tunnel,
freely falling bodies, low-acceleration rocket—propelled vehicles, and
high—velocity rocket—propelled vehicles. This last vehicle, designatecd
the FR-2, is the only one capesble of making flutter tests to a Mach
number of 1.7 and was designed to be quickly and easily constructed
anc lsunched. The results of the initial flight tests of this vehicle
are presented herein,

In order to check the stability of the model, the operation of the
radlo transmitter, anc the ability of the trackers tc obtain Doppler radar
records over the desired range, mocels 1 and 2 were launched with only
fins end Instrumentec nose. As these flights were successful, two sets
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2 CONFIDENTTAL NACA RM No. L7J20

of flutter wings having similar characteristics were attached to
models 3 and 4, The data obtained from the flights of models 3 and 4
are given in detall.

SYMBOLS
A aspect ratio (including fuselage area)
M Mach number
Mcr theoretical Mach number at which sonic velocity is first
attained on the airfoil at zero lift (reference 1)
C g- distance of center of gravity behind leading edge, percent chord
e.a. distance of the elastic axis behind leading edge, percent chord
b semichord of test wing, feet (reference 2)
a nondimensional elastic axis position (%e.a. - .)
100
(reference 2)
a + Xy nondimensional center—of—gravity position 2iég' — j)
(reference 2)
T free—air temperature, OF absolute
Pg static pressure, pounds per square foot
2 A
p air density, pounds—second —feet
ﬂpb2
K welght ratio = where m 1s mass of airfoil per
unit length)
ra2 square of nondimensional radius of gyration about elastic
axis ( —5 where I 1s polar mament of inertia about
mb
elastic axié) (reference 2)
rhl first bending natural frequency, cycles per second
fh2 second bending natural frequency, cyoles per second
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fy first torsion natural frequency, cycles per second
. Ter uncoupled torsion frequency about the elastic axis,
= s 11/2
i
T
cycles per second Ty =i
fhl
T ==
ft i
Wy, uncoupled angular torsional frequency about the elastic axis,
radians per second (2nfy)
\' velocity, miles per hour
v velocity, feet per second
q dynamic pressure, pounds per square foot
t time after firing, seconds
1g acceleration 32.2 feet per second per second
X -Eig nondimensional flutter speed coefficient (reference 2)
Ve theoretical flutter velocity, miles per hour (}wo—dimensional
o

incompressible theory employing first bending—torsion mode

and density at time of failure ég o ugb) ) (reference 2)
88 bay

Vo theoretical divergence velocity, miles per hour (two—
dimensional incompressible theory using density at time
of failure) (reference 2)

APPARATUS
Model
The FR—2 models 3 and 4 were essentially standard 5-inch high—
velocity aircraft rockets to which instrumented noses and flutter wings,
identical for both models, had been added, resulting in a configuration

which resembles conventional sircraft designs. The rocket motor
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weighed 88.7 pounds, including 24.9 pounds of powder, and produced a
thrust of 5000 pqunds for approximately 1 second.
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In order to reduce

the acceleration of the model so that trackers could obtain radar records ®
through the desired velocity range, sufficient leed was added in the nbse

to increase the model welght to 112.5 pounds.
shown in figure 1 and photographs of the model on the 60° launching rack
are shown as figures 2(a) and 2(b).

The flutter wings, located slightly behind the center of gravity of
the caomplete model, are shown in figure 3 and had the following character—

istics:

Weight, pounds per wing .
Area (including fuselage), square feet .

Wing loading, pounds per square foot

A . e o o e e o e e o

SEERBCTE 5 o 60 0 O D O O

a+xu e o © o o o o o

(1/k) standard density
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Flutter Wings

A sketch of the model is

. NACA 16-010 A
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Instrumentation

Each model was equipped with a radio transmitter housed in a
Plexiglas nose. This transmitter provided a continuous—wave unmodulated
radio frequency field which was approximately plsne polarized in a plane
normal to the plane of the transmitting antenna and of nearly circular—
field—strength pattern. The positive battery lead of the power supply
to the transmitter was fed from the battery through break wires in the
flutter wings before supplying current to the plate of the transmitter.
Wing failure, therefore, cut the power supply and stopped the transmitter
from operating. A rotating antenna on the ground was polarization sensitive
and a low-frequency signal due to the rotation of the antenna was produced
at the output of the receiver. This signal was recorded as an oscillating
wave on a film—type recorder as long as the transmitter in the model was
operating. When the transmitter ceased to operate, the oscillation of the
signal stopped. A part of the record is shown in figure 4. The flights
of the models were tracked with Doppler radar in order that a velocity
record could be obtained. Timing signals were simultaneously fed to
both the Doppler radar and the radio—transmitter recorder in order that
the data could be correlated.

RESULTS AND DISCUSSION

The flights of the models with wings were smooth prior to wing
failure. The time histories of the model flights are shown in figures 5(a)
and 5(b), in which flight velocities and Mach number are plotted as functions
of time. From these curves the longitudinal accelerations were calculated
for models 3 and 4, respectively, at time of wing failure. Figures 6(a)
and 6(b) are photographs of the recovered wings. Wing failures occurred
at a Mach number of 0.88 in each case. Conditions at the time of wing
failure were as follows:

Parameter Model 3 Model L
e o 6 0 a 8 0.88 0.88
¥ e 5w 675 675
By = s - 2110 2110
L R e He2e2 o202
Dol o0 B8 G © 0.00237 0.00237
U R 1155 1155
L/05 e s o ne s 4.2 4.2
- JAL R 0.64 0.62
Acceleration. 52.0g 52.58
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A preliminary analysis of the test wings was made using two—
dimensional incompressible theory. The theoretlcal divergence velocity Vp

was 1098 miles per hour. The flutter velocity coefficient v/bay, for the

bending-torsion case of flutter was calculated for various frequency
ratios fy/f, as shown in figure 7. The first bending—frequency ra.io
fhl/fa was used to determine the flutter ccefficient of this wing. The

value of Vg = obtained was 528 miles per hour from two—dimensional

incompressible flow theory. The results of the tests ccnducted show wing
failure cccurred at approximately 675 miles per hour for both models.

It is seen that this experimental value obtained at a Mach number of 0.88
wag 28 percent greater than that obtained using the two—-dimensional,
incompressible theoretical value. This basic flutter theory which doces

not consider the effects of aspect ratio, campressibility, and flutter—
deflection pattern is used primarily as a standard to correlate the results
with the cther test methods.

Using as a basis of ccmparison the ratio of the experimental-failure
velocity to the theoretical-flutter velocity, the results of these tests
show agreement within a few percent with the results of the freely—falling—
body test (reference 3). The low—acceleration freely falling body similarly
employed 2 break-wire system.

Although the data compare favorably with the freely—falling—body
test, the scope of the investigation could be extended by the use cf a
frequency—-reccrding telemeter. Fram the telemeter record it would be
possible to cbtain data on the mode of flutter and any possible longi-—
tudinal acceleration effect on the variation in time interval between
the start of flutter oscillations and wing failure.

CONCLUSIONS

1. The results of the tests are in agreement with the results of the
freely—falling—body test in that the wing failures in the transonic range
occurred at velocities greater than the flutter velocity calculated fraom
the two—dimensional, incompressible theory.

w 2. Although the simple breasx—wire system seems satisfactory for

exploratory tests, the scope of the investigation could be extended by
use of a frequency-recording telemeter.
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3. High-velocity ailrcraft rockets of this type offer promise as
vehicles for flutter testing in the transonic and the supersonic regions.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 1.- Sketch of FR-2 models 3 and 4. (All dimensions are in inches.)
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(a) Front view.

Figure 2.- Photograph of FR-2 model 3 on launching rack.
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(b) Side view.
Figure 2.- Concluded.
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Figure 3.- Sketch of flutter-test wings. (All dimensions are in inches.)
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Figure 4.- Portion of radio transmitter record showing time of wing failure for the flight
of the FR-2, model 4.
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(a) Model 3.

Figure 5.- Time history of FR-2 in flight.
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Figure 5.- Concluded.
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(a) Model 3.

Figure 6.- Photograph of test wings recovered from flight of FR-2.
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(b) Model 4.

Figure 6.- Concluded.
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Figure 7.- Calculated flutter coefficient using first bending mode;
two-dimensional, incompressible theory.




