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SOME EFFECTS OF MASS RATIO ON THE TRANSONIC FLUTTER
CHARACTERISTICS OF UNTAPERED 45°C SWEPTBACK
WINGS OF ASPECT RATIOS 2 AND 3.5

By H. Neale Kelly

SUMMARY

A study has peen made of the effects of mass ratlio on the transonic
flutter characteristics of untepered 45C sweptback wings of aspect
ratios 2 and 3.5. The experimental data, which were obtained in the
trensonic nozzle of the langley 9- by 12-inch supersonic blowdown tun-~
nel, indicated thet a given wing at a given Mach number fluttered at
essentially a fixed dymamic pressure regardless of the individual values
of the fluid velocity and density. In contrast to the experimental
results, the analyticel results which were based on two-dimensional
incompressible aerodynemic coefficients indicated that, for the wings
tested, the dynamic pressure reguired for flutter varied with mass ratio.

INTRODUCTION

Flutter theory indicates that fiuld velocity and density are distinct
varlables. For certain groups of wings, however, low-speed flutter
investigations (see, for example, refs. 1 and 2) have shown that over
a large renge of mass ratios (ratioc of wing mass to fluid mass) flutter
for a gilver wing occurs at essentially a constant value of the product
of the fluid density and the squere of the velocity (that is, constant
dynemic pressure). Use of the constant-dynamic-pressure flutier concept
gregtly reduces some of the vroblems associsted with obtaining experi-
mental flutter data and facilitates the correlation of such data.

The use of the dynamic pressure as a defining flutter parameter is
particularly advantageous at transonic Mach numbers. The variation with
Mach nu;ber of dyﬂamﬁc pressure for flubter cen be readily obtained in
or models of a single
counters in flight is,
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of course, & fuaction orly cf altitude and Mach number. Hénce, by use
of prover scale factors, flubtter model results expressed in the form of
dynamic pressure as a function of Mach number caen be Immedistely inter-
preted in terms of the Mach number and aititude at which flutter will
ceeur in flight. If dyneamic pressure cannot be used as a defining param-
eter, however, the investigator must resort to tests of many different
models designed to simulate various combinations of altitudes end reduced
velocities at each Mach number. Many of the recent trarsonic flutter
investigations have tacitly assumed that dynemic pressure cean be used

as a defining parameter. Availeble data tend to Justify this assump-
tion; however, the data are limited to a relatively small range of mess
ratios.

Trarsonic flutter studies covering a large range of mess ratios
have been made in the transonic nozzle of the langley 9- by l2-inch
superscnic blowdown tunnel. The data, which were obtained in tests of
untapered 45° sweptback wings of aspect ratios 2 and 3.5, are presented
herein as an aid in evaluating the validity of employing dynamic pres-
sure as a basic parameter in transonic flutter irvestigations.

SYMBOLS
A
A aspect ratio, -2—1—&
Cs
a nondimensional elastic-axis position measured normal to the

leading edge from midchord, positive reerward, semichords;
speed of sound

b wing semichord normel to leading edge, Tt
c wing chord normsl to leading edge; in.
cg wing chord parallel to free stream, i
£ frequency cf oscillation, cps
fh 1 first-bending netural frequency, cps

2
fh > second-bending natural frequency, cps

J

w

fao first torsional natural freguency, f, . = —%:Q, cps
GJ torsional stiffress sbout wing elastic axis, lb-ft2
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mass moment of inertia per unit length of wing sbout the
elastic axis, slug-ft

[ length of wing parallel to leading edge, It

M Mach number

m mass per unit length of wing, slugs/ft

q dynamic pressure, 1/2pV2, 1b/sq £t

ro nondimensional radius of gyration of wing about elastic axis,
‘ﬁa/hbz, fraction semichord

t wing thickness, in.

v free-stream velocity, ft/sec

Xq, nondimensional wing-section center-of-gravity location
measured normal to the leading edge from elastic axis,
positive rearward, fraction semichord

P air density, slugs/cu ft

B mass ratio, m/;tpb2

@ frequency of oscilletion, radians/sec

wh,l first-bending netural Irequency, radians/sec

wh,a second-bending natural frequency, radians/sec

®y first torsional natural frequency (for a uniform cantilevered
beam @y o = é%- %i) radians/sec

A sweepback angle, deg

Subscripts:

e experimental value at flutter

R calculated velue at flutter pased on a three-degree-of-freedom

analysis of form similar to that of reference 3
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m reasured

c calculated using uniiorm cantilever beam theory
MODELS

Plan forms of the cantilever-mounted semispan models used in the
present investigation are shown in figure 1. All the wings were unbapered
and swept back 45°. One series was of aspect ratio 2; the other, of
aspect ratio 3.5.

Solid magnesium, slwninum, snd steel construction were used to
obtain the desired mass variation. In crder that flutter could be
obtained within the operating renge of the tunnel, the wing stiffness
was varied by verying the thickness (see fig. 1) of the wing's hexag-
onzal airfcil section. IZach wing is designated by two digits and a
letter. The first digit denotes the aspect ratio. The letter denotes
the type of material (M-magnesium, A-alurminum, S-steel) and the final
digit denotes the various wings of a given series.

Physical characteristies of the irdividual wings are listed in
taple I. The wing thickness, chord, and mass were reasured; the non-
dimensional radius of gyration was calculated by using the neasured
georetric and rass characteristics of the models. On the basis of the
usual effective root assumptions for swept wings (see ref. 3, for example)
and the fore-and-aft symmetry cf the hexagonal wing sections, the center
of gravity and the elastic axis were assumed to lie slong the wing mid-
chord line.

Measured freguercies for the various wings are also listed in
teble I. Typical experimentally determined node lines presented in fig-
ure 2 indiceate that, for these low-azspect-ratio wings, the modes cor-
responding to the two higher frequencies were highly coupled. (Vibra-
tion mcdes of the aspect-ratio-2 wings were identified by reducing the
span cof the higher-aspect-ratio wing in small decrements and observing
the changes in the nodal patterns.) Nevertneless, for simplicity, the
measured frequencies are used as waccupled freguencies in the present
repors. Measured torsional frequencies for the sspect-ratio-2 wings
were found to be highly erratic; therefore, calculated torsional fre-
quencies, based on the elementary beam-theory equetion for o, given
in the secticn "Sywbole" and torsional stiffnesses computed from the
data given ir table I, were used in the reductiorn of the experimental
flutter data for these wings (A = 2) =nd are listed in teble I. It
is, cf course, recognized that the calculated frequencies are a very
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poor approximation to the magnitude of the actual frequencies; however,
they serve as a satisfactory normalizing factor in the reduction of the
test date for the aspect-ratio-2 wing.

TEST FACILITY

All the experimental results reported herein were obtained in the
transonic nozzle of the langley 9- by 12-inch supersonic blowdown tun-
nel. Top and side walls of the T-inch-high, 10-inch-wide test section
of the nozzle are slotted longitudinally to permit operation at and
gbove sonic speed. The floor of the tunnel serves as & reflection
plane from which semisvan models are cantilever-mounted.

Control of the tunnel stegnation pressure over the operating range
of the nozzle (approximately 16 to 31 pounds per squere inch absolute)
is accomplished by means of a throttling valve located upstream of the
test section. Variable and continuous regulation of the test section
Mach nurmber is provided by a cylindrical plunger located in the closed-
wall part of the tunnel downstream of the test section. By extending
the plunger into the airstream, the tunnel can be choked at any desired
Mach number. This arrangement of throttling valve and Mach nurber con-
trol plunger permiis independent changes of the Mach number and stagna-
tion pressure. In addition %o the throttling valve, a quick-acting
butterfly valve is loceted upstream of the test section to provide repid
shutdown of the tunnel.

Condensation~-free flow is assured through the use of alr dryers
and heaters which are installed upsiream of the test section. Tunnel
surveys indicate that the meximum devietion of the loczl Mach number
from the tesi-section aversge varies from +0.005 at M = 0.75 +to #0.020
at M= 1.25.

INSTRUMENTATION

A resistance-type, electricel strain gege was installed on the
surface of the wing near the root (see fig. 1) to establish the occur-
rence of flutter ané to indicate the frequency of the flutter oscilla-
tion. The signel from the strain gage was amplified and fed into a
recording oscillogreph to obtain a time history of the motion.

In eddition to the sitrain-gasge ocutput, simuitaneous and continuous
measurements of the tunnel static opressure and the stagnstion pressure
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and teriperature were recorded by the multichannel oscillcgraph. At flut-
ter, independent measurerents of the pressure (indicated on mercury manom-
eters) were recorded photographically.

TEST PROCEDURE

The test procedure was the same as that of reference Lj; flutter
points were obtained by approachirg the flutter condition by one of two
procedures: (1) setting the Mach number control plunger in a desired
position and varying the test-section density by increasing the tunnel
stagnation pressure in small increments until flutter was obtained or
(2) setting the tunnel stagnatiorn pressure at a desired value and
increasing (or decressing) the Mach number in smaell increments until
the model flubttered. In many instances it was found convenient to vary
alternaetely both the Mach nunber and stagnation pressure during the
course cof oObtaining = flutter point.

RESULTS AND DISCUSSION

Experirental Data

Results of the experimental investigeticn are listed in table IT.
(Ir some cases, &s denoied by the blanks in the table, the flutter fre-
yiency could not be determined because of the rapid destruction of the
model.) Data from the table have been used in the preparation of fig-
ure 3 which shows the variation with Mach nurber cf the flutter-speed
coefficient Eff divided by the squeare root of the mass ratio H. The
o
data of figure 3, which were obtaired for widely different mass ratios,
are seen ©o fall intc a band within which no systematic effects of mass
ratio are evident. It will be shown in the following paragraph that

the vparameter —E& (or the companion parareter —-9\/5; a fora used
by, Vit a

in many recent flutter repérts) serves as a satlisfactory correlating
factor only if flutter at a given Mach number occurs at fixed dynamic.

v
—=L _  with M¥ach number exhibited
bwu\/u

by the data appeaxr to be consistent with the trends indicated by the
data of references 5 and 6.

pressure.) The small variation of
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In order to illusirate the effects of mess retio on flutter better,
the data have been replotted in figure 4 as the variation of the flutter-
speed coefficient with the square root of the mass ratio for small incre-
ments in Mach number. (Effects of Mach number over the smsll increments
(see fig. 3) are negligible.) As showm in figure %4 the flutter-speed
coefficients vary almost linearly with the square root of the mass ratio
and can be approximated by streight lines which, if extended, would as
shown by the dotted lines pass through the origins. Therefore the effect

-V .
and —£- can be expressed in

of both M terms of a single parameter
V

~——L ., the slope of the lines. By using the relstions for K, o,

g, Vit

rys &nd q found in the section entitled "Symbols,” it cen be showmn

that the square of this parameter is proportionsl to q:

(—;ngzja =g
DG, \/fH

The terms enclosed in parentheses on the right-hand side of the equation
are functions of the wing geometry and structure only. Therefore the
straight lines of figure 4 indicate that, for the range of variables
tested, flutter for a given wing et any given Mech number occurs at
essentially a fixed dynamic pressure, regardless of the individual
values of fluid velocity and density.

22 2
81" T
GJ

Analytical Results

Two-dimensional incompressiblie aerodynamic coefficients were used
in an analysis similar to that of reference 3 to determine the flutter-
speed cheracteristics of untapered 450 sweptback wings of sspect ratios 2,
3.5, and . In the analysis, the flutter mode was represented by the
superposition of the first and second bending end first torsion mode
shapes of a uniform cantilever beam. The more importent vparameters
used in these calculations are of the same order of magnitude as the
experirental values listed in table I end are s follows:

Aspect ratioja or =xg 3:'0[,2 (wh, 1/““@)2 (%,2/“’0.)2 zn_/:tb2 P
2 o} 0.25 0.021 0.29 0.132 | Variable
3.5 0 .25 .013 Ao 422 | Variable
o 0 25 .015 «35 .500 | Variable
S
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The results of the calculations are presented in figure 5 in the
form of flutter-speed coefficient as a function of the square root of
the mass retio. The results for the wing of infinite aspect ratio indi-

cate a linear variation of Vg/bw, with Vi for all values of /B
above about 2. Extrapolstion of the linear portion of the curve for

this wing to a zero valuwe of Jﬁ- indicates only a small intercept on
the axis cf VR/bnm. Thus, for this case, the analytical results indi-

cate flutter to occur at a nearly constant value of the dynamic pres-
sure. This result is consistent with trends shown in reference 2 for
unswept wings of various espect ratios. The curve for the swept wing
of aspect ratio 3.5 and the lower curve for the swept wing of aspect
ratio 2 follow the same general trend as shown by the wing of infinite

aspect ratic at the low and intermediate values of Vu. For the higher
mass ratios, however, the curves for The wings of finite aspect ratio
indicate & change ir slope of the curve of the variation of VR/bnm

with . Thus, the analytical mwethod does not predict even approximately
e fixed dynamic-pressure flutter for the finite aspect ratio wings over
this mass-ratio range. As an example, for the aspect-ratio-2 wing the
analytical method predicts approximately a 55-percent decrease in ¢

as the square root of the mass ratio is increased from 7.0 to 12.5 (the
mess-ratioc range covered by the experimental data for 0.91 < M, < 0.98).

The varisition is somewhat less for the aspect-ratio-3.5 wings.

From a study of the flutter ecuations it was noted that the terms
wnich produced the large decrease in the dynamic pressure required for
flutter indicated by the calculated curves at the higher mass ratios
invelved the parasmeter :%;Eé as a multiplier. Therefore, as indicated
by the daba of figure 5 and reference 2, the large decreases in dynenic
pressure shown for the wings of aspect ratic 2 and 3.5 would not be
expected for swept wings of high aspect ratio or unswept wings of any
aspect ratio.

In order to correlate data obtained under varying test conditions,
the results of many recert flutter investigations (see, for exarple,
refs. 4 to 6) have been presented as the ratio of the experimental to
the calculated flutter speed. The resulits of the present investlgation
indicate that caution should be exercised in the use and interpretation
of this form cf data presentation for low-aspect-ratio syept inss
at high mass ratios. For example, the results of the present investiga-
tion correlated on the basis of flutter-speed ratio indicate an inde-
pendent efiect of mass ratio on the flutter-speed ratio, whereas the
experimental data indicate that the flubtter speed varies linearly with
the square root of the mass ratio.
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It is interesting %o note that for the wings of aspect ratio 2
and 3.5 at high mass ratios a second noncritical.rooct of the flutter
equation is encountered. (The second root for the aspect-ratio~3.5
wing is encountered at flutter-speed coefficients greater than 15 and
is not shown in fig. 4.) Although the second root occurs at a higher
flutter-speed coefficient, et some mass ratios it occurs at a lower

value of the reduced velocity (%&) than that of the eritical root.
R

Tt was found thaet the second root stems from the zero airspeed torsional
mode of vibration, wheress the critical root emanates from the second
bending mwode at the lower mass ratios and the first bending mode at the
higher mass ratios.

CONCLUSIONS

The following conclusions were reached as a result of = study of
the effects of mass ratio on the transonic flutter characteristics of
untapered L45° sweptback wings of aspect ratios 2 and 3.5:

l. The experimental data indicate thet, for the range of varisbles
tested, a given wing at a given Mach number fliuttered at essentielly e
fixed dynamic pressure regardless of the individual values of fluid
velocity and density.

2. In contrast to the experimental results, the analytical resulis
which were based on two-dimensional incompressible aerodynamic ccoeffi-
cients indicated that, for the wings tested, the dynamic pressure
required for flutter varied with mass ratio.

Langley Aeroneuticel ILaboratory,
National Advisory Committee for Aeronautics,
Iangley Field, Va., March 28, 1958.
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TASIE I.- PEYSICAL CHARACTERISTICS CF TEE INDIVIDUAL WINGS

[0 x -0
. t 2 L o - ) £ 3
T e g v B e el e e s
Aspect raiio 2
2-8-1 0.020 | 1.%20 | ©.00270 0.2k8 3 250 530 0.143 0.569 356
2-8-2 018 | 1.hal .00225 248 T5 23T 500 150 RS0 32%
2-8-3 .018 | 1.kak 00225 .28 15 237 500 .1 7l 323
2-8-4 020 | 1.k21 00273 2ht 79 330 585 135 -5€4 zh2
2-8-5 019 | i.M16 00265 .2kg 80 2u2 5kQ T R 335
2-8-6 .020 | 1.4 LQOET! .2k8 81 320 582 .139 550 355
2-8-7 022 | 1.k18 00309 248 91 35 [T} k2 53T 389
2-8-8 019 § 1.136 00265 .2k 72 278 g7 .1k6 <325 339
2-8-5 .020 | 1.k20 .00ZTO 248 82 273 586 139 466 356
2-8-10 .20 } 1.baT 00270 248 i) 200 5kQ 139 557 zk6
2-8-11 .023 | 1.ke2 00312 .2ht 91 208 600 152 g7 393
2-4-1 031 | 1.k0 .00129 248 39 525 975 %3 .538 534
2-A-2 .03 | 1.kOO 00141 .250 130 187 950 137 .51 533
2-A-3 032 | 1.ke2z 00146 248 124 Lak 925 .13% 52k 535
2~A-L .031 § 1.koo 00141 .250 125 500 865 Jidh 578 533
2-A-5 .03 | 1.k10 00120 248 125 485 900 139 .539 5351
2-4-6 L0351 | 1.418 00146 .2l 12k e 875 .ih2 .5h1 52k
2-A-T .03L | 1.510 .00120 .2%8 122 | 498 850 J1kk -586 53%
2-A-8 031 | 1.4518 0016 218 138 510 oLk% .iké 5l 524
2-A-9 .031 | 1.0 00120 .2k8 139 525 15 k3 -5%8 53k
2-A-10 .0%1 | 1.:08 00135 .258 100 k18 900 i haY RIS 55k
2-M~1 .0%0 | i.ho1 .00095 .2l 1235 550 910 135 .605 508
2-M-2 033 | L.k12 00055 248 127 605 920 .138 658 576
2-4-3 032 { 1.k 00093 29 i3l k70 732 .1 Ek2 555
2-M-I 033 1 1.ba2 .00095 .2k8 145 550 70 .150 557 576
2-4-5 .030 | 1.420 0009k 248 16 565 T32 .130 .635 Log
2-M-6 .032 | 1.kl 00033 .2kg 11 &70 970 .152 .6E2 555
2-M-T L0353 | i.b2 00095 .2h8 s sko 70 .150 557 576
2-K-8 032 | 1.k21 00058 .2k7 93 435 778 .120 .559 528
2-M-9 030 | l.421 00035 =2l d 120 808 .1ho 569 508
2-4-10 033 | 1.412 00095 .2k3 129 505 862 .150 . 576
2-K-11 052 | 1.ha1 COC9T .2k8 112 508 850 132 598 529
2-M-12 033 | 1.2 00035 .28 145 5 925 .3150 357 516
2-M-13 .0%2 | 1421 00098 2bk7 1zk 605 &0 1k5 .65k 528
Aspect raiio 3.5
3.5-8-1 | 0.038 } 1.%17 ] 0.00510 0.2%9 L8 258 00 0.120 0.645
%.5-8-2 036 | 1.hik .0CH5T <250 kL 245 388 115 631
3.5-8-3 036 | 1i.h1€ .0Gk60 2350 Ls 2h6 389 116 .632
3.5-3-4 .038 | 1.k:5 0C50k .2k3 LY 262 hoa 118 651
3.5-8-5 L0356 | 1.k13 00461 251 k5 245 388 .116 631
3.5-8-6 L036 | 1.hah .00L66 .250 bl 248 385 .116 6ltly
3.5-8-T .038 | 1.hog 00501 .2ko Ly 256 15 118 .62k
3.5-8-8 .036 | 1.hi3 QOkST 251 By 2o 384 115 €21
3.5-8-9 .038 | 1.41i5 00508 .28 50 261 AL 120 €35
3.5-A-1 052 | 1.ki6 .00236 248 65 35 552 118 624
3.5=A-2 W051 | 1.5 00235 .252 63 352 545 116 646
3.5-A-3 .051 | 1.413 .00229 .25% 67 368 555 121 .€63
3.5-A-2 .051 | 1.407 | .00229 254 66 | 366 350 .120 .
3.5-A-5 052 | 1.hak 00236 .2l 67 30 55L 122 617
3.5-4-6 051 | 1.415 L0023k .252 67 3558 552 121 €19
3.5-A-T .052 | 1.%08 L0022k 2kg T 570 .125 666
5.5-A-8 L0531 | 1413 00233 .253 66 354 5ké 121 .6:8
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. : Ser_ " Ver fes Ve we Ve
Ving Ye 1t /st° e ft/sea c;s o & O o,
. ect ratio 2

2-8-1 C.772 1,063 830 217 6.271 0.615 10.280
2-5-2 790 333 880 188 7355 .552 12.637
2-5-7 <729 778 &0 2387 7.L33 .579 12.846
2-8-4 -856 3,12 939 100 7.851 .556 1%.120
2~S-5 .cz2 914 1,012 -— 8.060 [ ommee ] meaee
2-3-& 545 o81 1,099 18c 8.370 .507 16.

2-8-T .96 1,506 1,080 200 T-47h .51k k. 5k
2-5-8 971 379 2,031 16k 8.€90 543 15.0Ch
2-8-9 1.03¢ 1,046 1,35 i7s 8.552 kg2 17.583
2-8-15 1.10+ L3239 1,232 18¢C 9.530 520 18.k23
2-8-11 .68 1,733 1,816 24 §.317 5hk 15.289
2-A- 885 1,157 48.1 1,001 272 5.082 .5C9 2.984
2-A-2 513 Zo471 L9 1,023 300 5.233 563 9.295
2-A-3 .49 1,540 51.6 1,023 23¢ 5..38 542 9.%80
2-A-k 1.019 1,215 €5.3 2,997 253 5.6.1 RE:1Y 11.593
2-A-5 2.05C 1,359€ SL.T 1,14C 285 5.788 539 10.738
2-A-6 1.091 1,378 &h.1 1,252 27% 5.932 .52% r1.3%2
2-A-7 .37 1,528 5.8 1,172 - 5.950 | emmmm | ammmee
2-4-8 1.156 Ly 557 66.7 1,25k 200 6.452 572 11.26¢
2-A-9 1.180 1,256 7.8 1,239 255 6.231 k78 I3.281
2-4-10 1.248 1,615 é4.c 1,%02 3Co €.370 5h2 11.753
2-M-1 <TG 520 0.9 808 332 4.272 654 6.532
2-M-2 <739 ghl 0.7 826 52 3.835 .562 6.82h
2-¥-% 751 1,008 3.7 907 225 Lk .5 T.527
2-M-4 81z 1, 3.2 9232 [ O T N [NRORN ———
2-M-5 .828 £ b7.4 565 3c0 5.2C3 602 8.666
2-%-6 829 926 6. T 913 32 4470 564 7.926
2-4-8 .835 595 37.G 920 320 4,320 -556 T-TIT
2-M-8 57C 811 55.2 2,003 3C0 5.207 .568 8.571
2--9 896 853 55.8 1,033 275 5,461 .51 10.Co%
2-M-20 .93k 1,048 ¥7.5 1,070 300 5.029 .52L 9.652
2-1-13 95 91h 58.0 ~,C98 23C 5.576 .548 10.175
2-M-12 950 566 52.3 1,077 -—- B.G52 | mmeem | e
2-M-23 >.075 1,062 sk, T 1,23 293 5.820 355 10.436

Aspect ratio 3.5

3.5-8-1 C.930 1,296 164.5 9% -—= 6.TCH | —mmem | maeman
Z.5-5-2 566 1,082 228.9 1,121 -—- TIT | mmeem ] mmemea
3.5-8-3 956 1,020 264.8 1,133 -— 7.857 | mmemm | e
3.5-8-4 1.017 1,283 205.5 1,070 1z5 7.180 0.311 23.087
%.5-58-5 1.932 2,051 272.5 1,162 — 8.092 | —memm | acmmem
3.5-8-€ 1.057 1,055 28k = 1,191 116 8.355 =01 27.7TL
3.5-5-T 1.073 1,203 2i 4 1,129 ik 1 7.376 27T 25,628
3.5-3-8 2.22C 27k 285.1 1,315 _— GuB53 | meemm m———
3.5-8-9 1.231 1,55% 227.5 1.245 141 8.178 342 23.912
3.5-A-1 -827 1,376 62.2 850 203 L.3h9 .368 11.818
2,5-A-2 .878 1,306 8.2 985 19k “,579 W35 13.705
3.5-4-3 929 201 133.2 1,065 1260 5.290 .288 18.021
3.5-A-3 Gh5 21k 12h.7 1,08¢C x 5.255 .288 18.257
3.5~k ST 1,265 92.9 1,053 188 5.211 .3kz2 15.257
3.5-Axk 969 1,072 117.5 1,089 72 5.375 313 17.172
3e5-A-4 975 997 128.2 1,098 167 5.h20 - 304 17.829
3.5~4=5 -376 ghg 131.9 1,077 152 5.281 276 19.13k
3.5-A-6 970 966 139.0 -5 162 5.595 .26% 19.031
3.5-A-T .58 1,088 112.8 1,088 -— 5.178 | cmeem ] mmeee-
3.5-1-8 1.073 1,110 135.5 b 160 5.865 293 20.031
3.5-4-8 1.136 1,218 148.3 1,297 175 5.515 322 19.535
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Figure 1l.- Layout of wings.

(Linear dimensions are in inches.)
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Figure 2.- Typical experimental node lines.
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Figure 3.- Concluded.
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(a) Aspect-ratio-2 wings.

Figure L4.- Variation of the experimental flutter-speed coefficients with the square root of the
mass ratio for small increments in Mach number.
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Figure 4.- Concluded.
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Figure 5.- Variation of the calculated flutter-speed coefficient with
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the squere root of the mass ratio.
from which flutter stems.
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