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SOME EXPERIMENTS ON THE FLUTTER OF WINGS WITH SWEEPBACK
IN THE TRANSONIC SPEED RANGE UTILIZING

ROCKET-PROPELLED VERICLES

By William T. Lauten, Jr. and J. M. Teitelbaum
SUMMARY

As a continuatlion of an investigation of flutter in the transonic
speed range, nine pairs of wings of various angles of sweepback and
agpect ratlios have been tested using rocket-propelled vehicles, and the
results are presented herein. The primary objective of these experiments
wag to obtaln systematic data concerning the effect of sweepback on
flutter in the transonic and low-supersonic speed ranges.

In one series of experiments the wings tested had constent length-
to-chord ratios, constant stiffnesses, and varying sweep angles. The
unswept-wing configuration of this geries failled in & low-fregquency
flutter mode which was apphrently a combination of wing bending and body
pitch. The 30° sweptback wings of this series fluttered at a Mach number
of 0.78 in a wing bending-torsion flutter mode. Similar wings with 45°
and 60° sweepback did not flutter up to the highest Mach number of the
tests (approx. 1.45). TIn another series of tests on wings of constant
aspect ratio the unswept and the 30° sweptback wings diverged and the
60° sweptback wings fluttered at a Mach number 1.0l. In addition to
these experiments, two other unrelated tests were performed. In the
first of these tests the wings diverged and falled at a speed that was
lower than the values calculated from various divergence theories. 1In
the second test the wings failed in the low-frequency flutter mode
mentioned previously.

A comparison of the experimental flutter speeds with the subsonic
flutter theory, which assumes two-dimensional, incompressible flow and
includes sweepback and mode shape, but not body-freedom modes, shows
the theory to be conservative, particularly above M = 0.9.
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INTRODUCTION

The problem of flutter in the transonic speed range is becoming
Increasingly important. Since very few experimental data have been
reported for this region and a general theory describing transonic
flutter phenomena 1s not availasble at the present time, the Wational
Advisory Committee for Aeronautica, as a part of a general invesgtigation
of flutter, is conducting flutter experiments in the transonic speed
range using rocket-propelled vehicles.

Previous flutter experiments employing rocket vehicles are reported
in references 1 to 4. The initial test using this method, reported in
reference 1, was primarily a test to determine the fessibility of the
rocket technique. It employed a simplified breakwire system of instru-
mentation and a low-accelerstion (4g) rocket vehicle having a meximum
Mach number of spproximately 1.1. The wings tested were swept back and
gserved as horizontal stabllizing tell fins. The results indicated that
more comprehensive instrumentation would be desirable. Consequently,
another experiment, employing a similar configuration and instrumented
to detect wing vibrations, was performed and is reported in reference 2.
Since these two tests indicated that the rocket vehicle was 8 satisfactory
means of obtaining flutter data in the desired gpeed range, the luvesti-
gation was continued usling this method. Reference 3 reports two tests
of unswept wings utilizing this technique. The first of these two tests
resulted in conventionsl bending-torsion flutter at a transonic Mach
nunber, but the second test resulted in an unexpected low-frequency
flutter in a mode which wes apparently a combination of wing bending and

body pitching.

Tn order to extend the investigation into the low-supersonic speed
range a high-acceleration wvehicle (52g), having a mexlmm Mach number
of approximstely 1.6, was employed. The results of these experiments,
which were intended to explore the usefulness of the high-acceleration
vehicle, are reported in reference 4. The test wings, instead of being
used as taill fins as on the low-acceleratlon rocket, were placed glightly
behind the center of gravity of the entire model and the vehicle was
gtabilized with small tail fins. These tests indicated that the high-
acceleration vehlcle was algo a satisfactory means of obtaining flutter
informagtion. The experiments reported hereln are a continustion of the
work of reference % and employed a similar vehicle which had an acceler-
ation of approximstely 16g and a maximm Mach number of approximetely 1.5.

The primary objJective of the experiments reported in thls paper was
to obtain systematic dats concerning the effect of sweep on flutter in
the transonlc and low-gupersonic speed ranges. To obtain this information
one group of four palrs of wings and one group of three palrs of wings
were designed. It was intended that the first group should yield
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information concerning the effect of sweep on flubtter while maintaining
congtant the wing stiffnesses and the length-to-chord ratio. The second
group was deglgned with the intention of investigating the effect of
sweep while maintaining a constant aspect ratio.

In addition to these tests two other unrelated tests were performed.
One pair of wings was designed with the center of gravity far rearward
in an attempt to obtaln supersonic flutter with an unswept wing. The
second pair, which was similar to those that failed in the low-freguency
flutter mode mentioned previocusly, was tested to determine what effect
radical changes in the over-all confliguration would have on this low-
frequency flutter.

SYMBOLS

wing chord measured perpendicular fo leading edge, inches

length of wing measured along leading edge, inches

angle of sweepback, degrees

distance of elastic axis behind leading edge measured per-
pendicular to leading edge when wing is mounted 1n block

as flown, percent chord

distance of center of gravity of wing section behind leading
edge measured perpendicular to leading edge, percent chord

nondimensional elastic-axis position (EES - l)
(0]8]
2xy
nondimensional center-of-gravity position T -1
00

nondimensional difference between center-of-gravity and
elastic-axis positions (a + Xy - &)

Mach number

theoretical Mach number at which sonmic velocity is first
attained over section of wing at zero 1ift

aspect ratio (including fuselage area between wing roots)

Wing area
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geometric aspect ratlo of one wing panel (

semichord of wilng measured perpendicular to leadlng edge,
feet -

center of gravity of entlre missile, inches from nose

position of leading edge of wing at root, inches from nose

ailr density, slugs per cublc foot

mass of wing per unit length, slugs per foot

ratio of masgs of cylinder of testing medium of diameter
equal to chord of wing to mass of wing, both teken for
an equal length of span (ngb2/m)

polar moment of inertia about elastic axis, slug-feet2 per
foot

square of nondimensional radius of gyration about elastic
exis (Ig/mb2)

firet bending nstural frequency, cycles per second
second bending natural frequency, cycles per second
first torsion naturel frequency, cycles per second

uncoupled first torsion frequency relative to elastic axis,
cycles per second

torsional frequency, radians per second (an&)
structural damping coefficlent in first bending
gtructural damping coefficlent in torsion
torsional rigldity, pound-inches2

bending rigldity, pound-inches2

acceleration due to gravity, 32.2 feet per second®

static pressure, pounds per foot?

“—
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T free-galr temperature, OF absolute
2
q dynamic pressure, pounds per foot
Ve velocity of sound in air, feet per second
Ve experimental flutter speed, feet per second
ffe experimental flutter frequency, cycles per second
Vin experimental speed (maximum or break), Pfeet per second
VR reference wing flutter speed (free stream) based on theory
of reference 5, feet per second
tﬂR reference wing flutter frequency based on theory of ref-
erence 5, cycles per second
ki) reference wing divergence speed based on theory of refer-~
ence 6, feet per second
v cos A
1/k reduced weve length [—-S—0n—
2nbfy

MODELS AND INSTRUMENTATION

Rocket Vehicles

The rocket vehlcles used 1In these tests were basically the same as
those reported in reference LU, except that in the tests reported herein
& rocket motor producing 1200 pounds of thrust for approximately
3 seconds replaced the type formerly used, thereby reducing the Ilongltu-
dinal acceleration from a meximum of approximstely 52g to & meximm
of 16g. The models weighed approximately 55 pounds without the propelling
charge and approximately 81 pounds with the propelling charge in place.
The corresponding moments of inertia in pitch about the center-of-gravity
position were approximately 4.3 and 5.2 slug-feet squared. Photographs of
representative models on the launching rack are shown in figure 1. A
sketch of the test vehicle is shown 1n figure 2.

Flutter wings

The flubtter wings were so attached to the test vehicle that the mean
aerodynamic center of the test wings wes either at or slightly behind the
center of grevity of the model without the propelling charge. The center
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of gravity without the propelling charge was approximately 0.5 inch
behind the center of gravity with the propelling charge in place. The
center of gravity of each model without the propellant and the position

on the model of each pair of wings 1is lisgted in table I. The wing

characteristics which were used in the calculation of flutter and

divergence speeds based on theoretical work were determined from pre-

flight structural and vibration tests and are also given 1n teble I.

iketches of the various wing configuratlons tested are shown 1n figures 3,
, and 5.

The test program reported herein was divided into three groups.
The first group consisted of two pairs of wings (models 5 and 6) designed
for two unrelated tests. The first palr was designed with the center of
gravity far rearward in an attempt to obtain supersonic flutter with an
unswept wing and thus possibly to serve as a check on the tests performed
in the Langley supersonic flutter apparatus and reported in reference 7.
The wings had a clrcular-arc, 9-percent-thick airfoll section, were
constructed of chordwise lamlinated white pine with steel Inserts, and had
& tralling edge formed of a bismuth-tin alloy. The second pair of winge
(model 6), having an NACA 65A006 airfoil section constructed of white
pine with surface inserts of aluminum alloy, were go bullt to have
the same low bending-torsion frequency yatio of the wings tested on the
low-acceleration rocket (reference 3).

The second group (models T, 8, 9, and 10), consisting of four pairs
of wings, was designed to investigate the effect on flutter speed of
varying the degree of sweepback while maintaining congtent the length-to-
chord ratios and the gtructursl stiffnesses of the wings. These wlngs
were constructed of maple laminated spanwlse and had an NACA 65A009 sec-
tion taken perpendicular tc the leading edge. Although the wings were
identical in congtruction, the fact that they were swept necessitated
skewed root attachment blocks which resulted in an increase (noted in
table I) in the bending and torsionsl frequencies and in a sghift in the
elastic axis toward the trailing edge. For this seriles of tests model T
had 0° sweep; model 8, 30° sweep; model 9, U5C sweep; and model 10,
60° sweep.

The last group of tests was composed of three pairs of wings which
were unswept (model 11), swept back 30° (model 12), and swept back 60°
(model 13) in an attempt to determine the effect of sweepback on the
flutter speed whlle malntaining a constant aspect ratio. These wings
were constructed of spruce laminated in thickness resultling in & three-
ply wing. The graln of the wood on the upper and lower surfaces was run
spanwise for bending strength and the grain of the center lamination was
run parallel to the air stream to lncrease the strength of the leading
and trailing edges. These wings had an NACA 65A005 section perallel to
the alr stream. This design resulted in wings having approximately con-
stant torsional frequencies and decreasing bending frequencles with
increase in sweep angle.
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Telemeters and Straln Gages

Each model was equipped with a two-channel telemeter housed in the
metal nose and designed to transmit the wing frequencies detected by
strain gages located near the root of the wings. These strain gages
were mounted on the wings to detect wing torsion, with the exception of
model 6, which had the strain gages mounted to detect wing bending. The
transmitted signals from the telemeter, which was provided by the Langley
Instrument Research Division, were recorded at two recelving stations near
the launching area. Accurate wing Tfrequencies could be determined from
the records but no effort was made to evaluate the magnitude of the
Flutter oscillation because the response of the recording system decreased
with increage in frequency. During the flight tests the models were
tracked with continuous-wave radar In order that the flight velocity could
be determined. Timing signsls were simultaneously fed to both the
continuous-wave radar and the telemeter recorder in order that the data
could be correlated.

RESULTS AND DISCUSSION

In general, take-off and the power-on flight of the models were
smooth up until wing failure. The fallure of one wing of a model caused
the model to asgsume a hellcal flight path and the informetion cbtained
concerning the remaining wing after this time could no longer be con-
sldered for a flutter analysls. In these cases no veloclty data are
recorded in teble IT for the wing that did not fail.

Prior_to flight testing, preliminary flutter and divergence speeds
were caleculeted by using standerd air density in the approximate formules
given in reference 8. After flight testing, the reference flutter and
divergence speeds were calculated by theories which are more specific
than that used In the preliminary calculations and the air density
employed in these calculations was that .determined at the time of flight.
Reference flutter speeds were calculated from the theory of reference 5
which employs two-dimensional Incompressible flow, includes sweepback,
uses the uncoupled first bending and first torsional freguencles and,
aggociated with these frequencies, assumes the mode shape of & uniform
cantilever beam clamped perpendicular to its length. A re-examination
of the data with the Inclusion of missile free-body modes in the cal-
culation of flutter speeds would be deglrable but is beyond the scope of
the present paper. The reference divergence speeds were calculated from
the theory of reference 6 which includes the effect of sweep and msakes
corrections for the effect of aspect ratio and compressibility.
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In preceding papers on transonic flutter (refefences 1l toh, T,
and 9 to 11) the experimental flutter speeds have been compared with
reference flutter speeds derived from the theory of reference 8. Since
reference 8 does not treat the effect of sweep, it 1s thought that
reference 5 1s more appropriaste for the purpose of this paper. This
statement should be remembered when the resgults of this paper are com-
pared with data published in previous papers. It may be noted, however,
that for the straight wings reported herein, calculations were made to
check the numerical dlfferences resulting from the use of the two methods
(references 5 and 8). In these calculations the values obtained from
the theory of reference 5 ranged between 0.4 and 3.6 percent higher and
averaged 2 percent higher than the values obtained from reference 8.

Model 5

The test of model 5 was conducted to determine the effect on flutter
of an extremely rearward wing center-of-gravity position. TFor these
particular wings the center-of-gravity and elastic-axlis positions were
very near each other with the center of gravity located behind the elastic
axis a8 noted in teble I. It was thought from the preliminary calcula-~
tions that the flutter speed would be reached before the divergence
speed. However, the record reproduced in figure 6(a) clearly shows that
wing divergence did occur. Divergence-speed calculations were made for
this model from various theorles but all values obtalned exceeded the
experimental fallure speed by at least 200 feet per second. No conclu-
sions are drawn as to the reason for wing divergence. There 1s a
possibility, however, of a forward shift in the center of pressure which
would decrease the divergence speed and might result in an experimental
value smaller than the velue cbtalned from calculations based on a center
of pressure located at the quarter chord. There is also a possibility
that a gust or some change in the stability characteristics of the model
due to some unknown flight conditions may have resulted in an overload
on the wing.

Model 6

The wings of model 6 were similar in construction, though smaller
in size, to those on model D, reported in reference 3. In the test of
model D, wing fallure appeared to be caused by an oscillatlon 1nvolving
flexure of the wing and pitch of the model. In order to determine
whether the position of the wings on the fuselage and the moment of
inertle and mass of the fuselage basically influence this osclllation,
the flight test of model 6 was conducted. For this test the leading
edge of the wings was located slightly ahead of the center of gravity
of the model, instead of belng used as tall fins as they were on model D.
The strain gages on these wings were mounted to detect bending rather than
torsion.

s
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' The test results shown in figure 6(b) show that the frequency of the
oscillations immediately preceding wing failure was lower than the natural
first bending frequency of the wing and slightly higher than the natural
pltching frequency of the model at the fallure speed. This fact indicates
that the flutter mode was appesrently e combination of flexure of the wings
and pitch of the model. In order to investigate further this type of
flutter, additional tests with more complete instrumentation for detecting
model pitch and translation are necessary.

Models 7, 8, 9, and 10

This group of models was tested to investigate the effect of
varying the degree of sweepback on flutter speed while maintaining con-
stant the length-to-chord ratlio snd the structural stiffnesses. The
record of the flight of model 7 (unswept) in figure 6(c) shows erratic
ogcillations Just before failure, but a study of this record indicates
that the left-wing failure may be of the same type as the failure of
the wings of model 6. The oscillations are not as smooth and the ampli-
tude is not as large as those on the record of model 6, but 1t should
be pointed out that this type of failure is composed primarily of wing
bending and the trace on the record 1s thet produced by torsion strain
geges. If the gages heppen to be placed exactly in the right position
relative to each other and the wing, no bending will be detected by
gages that are mounted for torsion.

Figure 6(d) shows a record of the flutter of model 8 (30° sweepback).
The wings on this model fluttered at a Mach number of 0.78, corresponding
to a speed of 882 feet per second. The retios of experimental flutter
speed to the reference flutter speed are 1.10 and 1.1lL for the left and
right wings, respectively. This difference 1s caused by a slight 4dif-
ference in the structural parameters of the wings. The experimental
flutter frequency was 50 cycles per seconi. The calculated reference
flutter frequencies are 51.2 and 48.7 cycles per second.

Model 9 (L45° sweepback) and model 10 (60° sweepback) went up to the
highest Mach number of the flights, 1.4k and 1.47, respectively, without
flutter or faillure so no reproduction of these records 1s shown. The
ratios of the maximum experimental velocities to the reference flutter
velocities for these models are 1.91 and 1.96 for model 9 (45° sweepback)
and 1.50 and 1.52 for model 10 (60o gweepback) for the left and right
wings, respectively. These values indicate that the theory is increas-
ingly conservative at the higher Msch numbers. It should be pointed out
that the structural parameters (teble I) of models 8, 9, and 10 are quite
gimilar. This fact leads to the conclusion that the primery reason for
no flutter in the tests of the wings of models 9 and 10 was the fact that
they were more highly swept than those of model 8. It might also be
pointed out that since this series of wings had a constant length-to-chord
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ratio, the higher sweep angles had a lower aspect ratio. Therefore, an
additional aspect-ratio effect may alsc be Involved in this series of
tests.

Models 11, 12, and 13

This group of models was tested to investigate the effect of varying
the degree of sweepback while maintalning the aspect ratlo congtant.
Unfortunately, for this particular group of tests, no conclusions may be
drawn concerning the effect of sweep on flutter since models 11 (unswept)
and 12 (30° sweepback) diverged. The wing of model 11 failed at a Mach
number of 0.97 corresponding to a speed of 1100 feet per second while
the calculated divergence speed was 1028 feet per second. Although
these wings did not flutter, the tests have value in that they show that
the flutter region for this type of wing is above the points at which
these wings failed.

Concerning model 12, as in the case of model 5, divergence Jdoes not
have a definite explanatlon. The ratio of the experimental failure
speed to the calculated divergence speed is 0.5hk,

A possible explanatlion of the fallure of models 11 and 12 might be
vehicle instability. Such e phenomenon has beer noted when the size of
the stabilizing fins aepproaches the gize of the test wings and the fins
lie in the plane of the wings. Such instabllity apparently occurs only
over & small range of wing angle of attack near zeroc and is attributed
to the effect of downwash on the tail surfaces. In this case failure
would be caused by simple overloading of the wings and not by divergence.
It may be noted that an angle of incldence of approximately 3° would
create sufficient load to cause wing fallure.

The flutter of model 13 is interesting in that 1t occurred at a
Mach number of 1.01, corresponding to a speed of 1130 feet per second.
The ratio of experimental flutter speed to the calculated flutter speed
ig 1.38 and 1.37 for the left and right wings, respectively. The
experimental flutter frequency was 107 cycles per second. The reference
flutter frequencies are 91.6 and 92.25 cycles per second for the left
and right wings, respectively.

The calculated flutter speeds used in cobtalning the ratlios referred
to previously are obtalned from the theory of reference 5. A plot of
the ratios of the varlous experimental velocities to the reference
velocities as a function of Mach number is presented in figure 7. While
gufficient data were not obtalned to make any conclusive statements
concerning these low-aspect-ratio wings, there is the same indication
es that pointed out in reference 1l relative to straight wings; that 1s,
that above a Mach number of approximately 0.9 and on up to the limit of
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these tests the incompressible theory becomes more conservative. There
ig the indication, as in reference 11, that the region sround M = 0.9

is the critical flubtter region for these low-aspect-ratio (A < k4) wings
withr length-to-chord rstios of 3. These data are supplemented by some
unpublighed results obtalned from tests run in the Langley supersonic
flutter apparatus (M = 1.3), where all wings that fluttered in super-
gonic flow, with the exception of 60° sweptback wings with length-to-
chord ratios of 5 or higher, also fluttered when subjected to subsonic
flow. Further investigation with wings of higher aspect ratios is
necessary to enlarge upon the results that have been obtained.

It should be emphasized that the calculated flutter speeds are
baped. on a theory which employs two-dimensional incompressible flow and
are not expected to agree with experiments in the Mach number range of
these tests. However, these calculations may be used as a standard with
which the data of this and other test programs may be compared. When
sufficient experimental data have been obtained, it may serve as a con-
venient design criterion which could be used in lieu of a more exact
method of calculating transonic flutter speeds.

CONCLUDING STATEMENTS

¥Wings of various aspect ratios and amounts of sweepback have been
tested using rocket-propelled vehicles. The first pair tested diverged
and failed at a speed that was 200 feet per second less than the lowest
value calculated from verious divergence theories. The second pair
tested failed in a low-frequency flutter mode which was apparently a
combination of wing bending and body pitch.

Tests of one series of wings of constant length-to-chord ratios and
gtiffnesses and varylng sweepback angles resulted in an unswept wing
failing spparently in the same low-frequency flutter mentioned previously.
The 30° sweptback wings of this series fluttered at & Mach mumber of 0.78
in a wing bending-torsion flutter mode. The experimental speed exceeds
the flutter speed calculated by use of the incompressible swept—win§
theory of NACA RM LB8H30 by about 12 percent. Similar wings with 45
and 60° sweepback did not flutter up to the highest Mach number of the
tests (1.44 and 1.47, respectively). The maximum experimental speeds
attained exceed the calculated speeds by about 93 percent in the case
of the 45° sweptback wings and by ebout 50 percent in the case of the
60° sweptback wings.

In another series of tests on wings of consta.nt aspect ratio the
unswept and 30° sweptback wings diverged and the 60° sweptback wings
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fluttered at a Mach number of 1.0l. The experimental flutter speed
exceeded the calculated reference flutter speed by about 37 percent.

o
Langley Aeronautical Lgboratory
Natlonal Advisory Committee for Aeronsutics
Langley Air Force Bage, Va.



NACA RM L50C03a <SSO 13

10.

1.

REFERENCES

Angle, Ellwyn E.: Initial Flight Test of the NACA FR-1-4, a Low-
Acceleration Rocket-Propelled Vehicle for Transonic Flutter
Research. NACA RM L7J08, 1948,

Angle, Ellwyn E., Clevenson, Sherman A., and Lundstrom, Reginald R.:
Flight Test of NACA FR-1-B, & Low-Acceleration Rocket-Propelled
Vehicle for Transonic Flutter Research. NACA RM L8C2k, 19k8.

Lundstrom, Reginald R., Lauten, William T., Jr., and Angle, Ellwyn E.:
Transonic-Flutter Invesgtigation of Wings Attached to Two Low-
Acceleration Rocket-Propelled Vehicles. NACA RM 1.8I30, 1918.

Barmby, J. G., and Teitelbgum, J. M:: Initisl Flight Tests of the
NACA FR-2, a High-Velocity Rocket-Propelled Vehicle for Tramnsonic
Flutter Reseasrch. NACA RM LT7J20, 1948,

Barmby, J. G., Cunningham, H. J., and Garrick, I. E.: Investigation
of the Effect of Sweep on the Flutter of Cantilever Wings.
NACA RM L8H30, 1948.

Diederich, Franklin W., end Budlansky, Bernard: Divergence of Swept
Wings. NACA TN 1680, 1948.

Tuovila, W. J., Beker, John E., and Regier, Arthur A.: Imitial
Experiments on Flutter of Unswept Cantilever Wings at Mach
Number 1.3. NACA RM L8_J’.I.l, 1949,

Theodorsen, Theodore, and Garrick, I. E.: Mechanism of Flutter - A
Theoretical and Experimental Investigation of the Flutter Problem.
NACA Rep. 685, 1940.

Barmby, J. G., end Clevenson, S. A.: Initiel Test in the Transonlc
Range of Four Flutter Airfoils Attached to a Freely Felling Body.
NACA RM LTB27, 1947.

Clevenson, S. A., and Lauten, Willlam T., Jr.: TFlutter Investigation
in the Transonic Range of Six Airfoils Attached to Three Freely
Falling Bodies. NACA RM LTKLT7, 1948. .

Lauten, William T., Jr., and Barmby, J. G.: Continuation of Wing
Flutter Investigation in the Transonic Renge and Presentation of
a Limited Summary of Flutter Data. NACA RM L9BZ25b, 1949,



7l

TABLE I
WiNG PARAMETERS

wios s [LE] sectim e f20 A A g v x| m | N R Y R N A Y =
me-5L fhe fhp (I ereemt thidklp gp 1s  foh  (7.3003 0.3333/68.8/63.3 10.266] 0.375 | 1ol.2  |0.2485) 22.5f--m- 1385 130,6 lo.0a bo.ok J36k x 203 ket x 107
Te-m fie fho [Tt WK e la few [re(s | .ssml@afere | | | se | ok (@ [e-lthe ke | o] obf v

me-6i [l |ho [maca 53006 B 18 fob 7.3l f.3333(ke2f36.7 [-.266[ 156 | 3om | .aree| osher |138.3f3n.s [ .cof oo 9.8 o
mR2-GR |WL (50 [WACA 6RADDS 8818 |2 |T.37]3 3333|k2.q37.1 |-.298 | -, 1k6 | 30.5 1825} 20,51126  (1k2,5137.% | 02| .op| B1.9 78,25 0
YER-TL [M.5/%0 [macA 65a009 9 {8 |2k [7.30l3 +3333(4h.5{39.1 |-.218 | -.108 L7 T T O T T 203} .03} 0.0 214,2 o
TRe-TR [WL.5 1o  [WACA 654009 1918 feb (7.3 | .3333(M5.3h0.6 |-.186 | w09k | L7 | 23| 26,506 [108 [105.8 | .03] .03] .3 193 o
mo-aL [Wo.8|32 |maca €sanoo 98 [P |BE(25) 31 |M53e | o1 |09k | W8 | .ohe3[ 265[16E |12 ionT | .03] 03] Tk |eop 30
TRe-BR [ko.8]32 |mAcA ésaoes 279 (8 |ek  [S.6M2.e5| 3333 (6L 2191 -.10 39.8 | 2|25 [63.5)109 | 89,5 | 03| Lo3] Th.2 5 20
FR2-91, [h1.2120.7|MACA 65AD09 198 (b 13.931.) NBG.AB.D| I 0| ke | W oa)—Juk | BT 03] 03] B 299 ¥
FR2-9R |ia.e|29,7[aaca 654009 el E N EE ) R o) o e o LY - 29.5 0 [ 7.5 | 03] 03] BB.9 £10.5 5
FR2-106|b1.2]27.8(ACA €30009 1918 |24 23§ 13| 333phnests] 3| -a08 | w6 | ed| 36 heo [was| o3| Loal Lo3] Bra 184 60
FR2-10R[h1.2|27.8{HACA 654000 18 f2b |24 . .33330h5.9) 71.88] LA3Td -0k k.2 503 | 35588 |1 | 68,2 | o3| .03 86.% 176.6 )
2115 M1.2{M0 |EACA 6ma005 8648 18 [3.31)1 [ .3933[bkS| M3 T5-225 ) -a109 0 16,7 | Loimafue 199.5(199.25 03| .03| 1h.39 o525 )
FR2-11R|41.2|k0 | MacA 65A005 8678 |8 332 | -33:3.3(hs.0 [-ake | -aoo | 186 | La3gejimis wh (222 | L03| .03] 18.7 36,3 0
FRE-120| W12 359/ RACA 65A005.8 | .8¥36.93 9.243.311 | .e6%0|Mnlm.89] a7H 108 18,8 | .oB37030.5 ame| 196.0] 1602 .03 .03 1h.62 37 0
TR2-)12| 51,2|35.9] WACA, 65a005,8 | .BWY 6,59 o.2d 3,11 £08o B sh5 | o9 [-2108 17,8 2651.(110.5 201.0111.5 | .03| 03] 11.62 26,98 0
FRE-130 b2l ;1 WL M o010 TELR |26 13.5u1 | aeer[ws.ies.6ef sz [0k | 2000 | L3 | a9 1&.5(133.7 | .03| .03] 4.88 13.39 |6
FR2-1 u.z131 mea aaood JT6|h (16 13.3|y | Li6er[es.aeres] L35 (coh | 8.8 | k72| 9 1y |13e.T| 03 o3 MEA | 1m8 | &0

BEODOST WY VOVN




EXPERTMENTAL AND CATCUTATED FESUINS

YAELR I

Wing ) ¥, T, 1'1.e ™ P q % m Yo P, \A % T S04 i ] Tn_
o, k '] A7)
FRA-SL | 0,88 | <-m- | -~ | 512 | 0.2008 x 107® | 1000.7| 99.25 | %10.5 | 111 | 219 | 1020.8 | Mh7 | 1127 3.765 |11.0 awens | 0.886
PROSR | wobm | ;eem | mme eee [ a2B88 ] e 58.01 | mo.% | 111 | 2129 | 1095.9 | WT.6 | 1eMk]| 3.60 1.0 s | emem
FB2-6L | 75 | wewm | -=-- | B36 | 2008 Bi.5( 30,03 | BB | 115.b] 238 | T89.9 | 9.6 | 958[-e.823 | 633 | --~- | 2.058
FROER | mmeem U N [PV Y- . S O 30.12 | W8 115.5| 2138 | 81h.% | 61,6 | 95| 283 6,31 | memmm | -----
FRTL | W79 | ==~ | -— [ &5 | 285 936 | M.b9 [ m1.5 {wae |2u | Tea | ShT | Ber| 3,325 |6.96 | ----- | 1,164
FROTR | oo § eomr | mm | mmen | L 2LAE ceeeem | 4059 | 515 f 1112 | ORL | TEST | BR6 | TE2| 3.8T5 | 6565 | weemm | -oeee
FRR-BL [ 788 | 88| B0 | ew-- | .23% %16 | hL.eb | %e5.6 | 1187 200 | Bog.e | SL.e w | 318 |63 1.095 | -—-—
FRo-8R | L7BM | 882| %0 | ---e | 239 g6 | bo.or [ %56 |11eT |20 | T | BT | e | 3505 {6579 [ 2138 | a-en
TER-GL | L.Wh [ -wew | —- | 1600 | 2335 Tho | bo.B5 ['533.3 | 137 [=2132 | et | Bh1 « | 377 |5m | oeeee- | 2,88
FRe-oR | 1.8 | ceem | onn [ 2600 | L2333 360 | 39.70 | 933.3 | 1137 |exse | own | 527 | e | 3.93 %A | e--— | 104
YRE10L| LT | wame | -=- | 1670 | 283 ek | be.b6 | %30.5 | 113% | eeo |11k | 56 | -q®| 3.63 | MTR | ceem- 1.498
FRe-108| 147 | wee- | - [ 260 | 233 32k | ho,02 | 53,5 [113% |aeo |1097.3 | 583 | -q*| 3.8% |hBE5 | --me- 1.581
FRg-11L) 57 | === ] -=- | 100 ] .2088 138k 17.38 | 537.6 | 1136 | =09 | 836 j15e.7 |10eB| 2.00 |2.60 | wam-- 1,317
FR2-LIR | wwmws | vemee | men | —new | 2288 wmme= | 19,38 | 537.6 | 1136 | 2109 | O7L8 1760 | 1800 | L.B75 [2.365 | wmemm | am—mm
TR2IZL| e wome | o | e | 2289 o | 19,61 [ 5366 1135|2108 | gemk |35k |17 | 26 [3.55 | e | -
Me-12R). 81 | emen | = | 920 | o089 968,7) 1B.55 | 536.6 | L35 2108 | 915.5 Jukh1 1600 | 2,46 ]3.03 | ----- 1.00%5
FRe-13%| 1.00 | 1130 107 | ~—- | .2392 1502 0.2k | 522.5 |20 Je13 | 8165 | 9.6 w | 2915 |b.26 1.38% | wmwem-
¥Ro-138| 1.00 | 3190 | 107 | | .35 102 | 29.05 |5 (120 |em3 | Bees [ 9225 | w [296 [mas [ vam| -
®Ses agmitions (1) and (8) of refarsnce 3.

BEODOST WH VOVN

€T







:r.r
Y
!.1,_1‘-‘“',

Figure l.- Photographs of representative models on the launching rack. -
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/—— Models 5,6 and 7
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Wing attachment —~ | |
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Figure 2.- Sketch of test vehicle showing attachment of an unswept and
60° sweptback wing. (All dimensions are in inches.)
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Model 5, 9 percent circular arc
L 3 _—_||
; E
vhite pine,
Model 6, NACA 654006 section leminated spanwise

Figure 3.- Sketch of wings of models 5 and 6. (All dimensions are in

inches.)
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Bectlon AA, NACA 65A009, laminated maple

Figure k.- Sketch of wings of models 7, 8, 9, and 10. (All dimensions are
in inches.)
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Model 11 Model 12 Model 13
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Section AA, WACA 65A005, laminated spruce

Flgure 5.- Sketch of wings of models 11, 12, and 13. (All dimensions are
in inches.s
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(2) Model 5; A =1T7.3; A =09 v, =1111 feet per second.

Figure 6.- Portions of telemeter recards obtalned during the flight tests
with Mach nmumber plots added,
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(b) Model 6; A =7.3; A =0 v, =1115.L feet per second.

Figure 6.- Contimued.
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(¢) Model 73 A =7.3; A=0% v, = 1112 feet pér second.

Figure 6.~ Continued.
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(d) Model 8; A =5.6; A =30 v, =1127 feet per second.

Figure 6.- Contimued.
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(e) Model 11; A =3.3; A=0° T, = 1136 feet per second.

Figure 6,- Continued.
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(£) Model 12; A =3.3; A=30% v, -=

Figure 6.- Continued.

1135 feet per second.
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(g) Model 13; A =3.3; A=60% v, = 1120 feat per second. -

Flgure 6.~ Concluded.
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