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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1594

EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF CONCENTRATED
WEIGHTS ON FLUTTER CHARACTERISTICS OF A STRAIGHT
CANTILEVER WING

By Harry L. Runyan and John L. Sewall
SUMMARY

Results are presented to show the effects on the flutter character—
istics of mounting concentrated weights at various positions on an
untapered wing model. The model was mounted as a rigid cantilever and
was tested with concentrated weights that were 38, 60, 90, and 100 percent
of the wing weight. The moment of inertia, the chordwise position of the
weight, and the spanwise position of the weight were varied. In several
tests, an end plate was used, which was believed to change the aerodynamic
aspect ratio of the wing. The effects of these variations on the flutter
characteristics are presented in a form which may be conventiently used
for correlation with theoretical results.

INTRODUCTION

Airplane design trends are leading to the placement of heavy
concentrated masses on the outer wing panels and sometimes on the wing
tip. Present-day flutter analysis is based on many simplifying assump—
tions and, with the inclusion of these concentrated masses into the
problem, the analytical solution is at best approximate. Experimental
verification of these simplifying assumptions is needed for more accurate
design criterions. The purpose of this paper is therefore to present a
consistent series of flutter tests made on a simplified structure in order
that the assumptions made in the various fundamental analyses may be
evaluated.

Dynamically similar models of full-scale airplanes are sometimes used
for flutter testing, but the production of such models is exceedingly
difficult. For this reason simplified models that could be built, tested,
and analyzed more easily are being used to study the assumptions in the
theoretical analysis. The model wing used for this series of tests was a
straight, untapered, cantilever wing having uniform properties the entire
length of the wing. Concentrated weights differing in mass and moment of
inertia were moved chordwise and spanwise on the wing. Because of the
simplicity of construction of the model, no attempt has been made to
Indicate the most favorable location for a concentrated welight from
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considerations of the flutter characteristics of an actual wing. In
order to obtain further information about the character of the air forces,
an unattached end plate was installed at the tip for a few tests. The
effect of the end plate was to increase the aerodynamic aspect ratio.

The flutter tests presented herein were made in the 4 .5-foot flutter

tunnel on a single model and required almost 100 separate runs. The model
did not change its properties throughout the program.

SYMBOLS

weight of wing model, pounds

weight of concentrated weight, pounds
length of wing model, feet

half chord of wing model, feet

mass moment of inertia of weight about wing elastic axis,
inch—-pound—second2

mass moment of inertia of wing about center of gravity,
inch—pound—second2

mass moment of inertia of wing about elastic axis, 1nch—pound—secaﬁ?
bending rigidity of wing, pound—inches2

torsional rigidity of wing, pound—inches2

density of testing medium, slugs per cubic foot

mass of wing per unit length

2
mass ratio (%gb )

m

nondimensional radius of gyration relative to elastic

Iga
axis
12 lmb?

distance between elastic axis of wing and center of gravity of
weight referred to half chord

natural first bending frequency at zero airspeed, cycles per
second

natural second bending freauency at zero airspeed, cycles per
second
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ft natural first torsional frequency at zero airspeed, cycles per
second

ff flutter frequency, cycles per second

vy indicated airspeed at flutter, feet per second

v true airspeed at flutter, feet per second

wy angular natural first torsional frequency at zero airspeed,
radians per second (2nfy)

wp angular flutter frequency, radians per second (2nfy¢)

A nondimensional reference flutter—velocity coefficient

L

& reduced wave length at flutter

baye

oy angular natural first bending frequency at zero airspeed,

1 radians per second (é“fhl>

whe angular natural second bending frequency at zero airspeed,
radians per second (énfh2>

Subscript:

w refers to the corresponding properties or parameters of the

concentrated weights

APPARATUS

The Langley k4.5-foot flutter research tummel was used for this
series of tests. This tunnel is unusual in that the testing medium used
may be either air or Freon—12 or any mixture of the two at any pressure
from 30 inches of mercury to 4.3 inches of mercury, absolute. Utilizing
this feature makes i1t possible to vary the mass ratio K, Mach number,
and Reynolds number (each independently) for a glven wing over a large
range of values.

The model wing, built of balsa wood with a duralumin insert, had
a 48—inch length and an 8—-inch chord and was mounted vertically as a
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rigld cantilever from the top of the test section as shown in figure 1.
This type of mounting resulted in symmetrical flutter or a flutter
Involving no bending or torsional deflections of the root. A cross—
sectional view of the wing 1s given in figure 2 and the wing properties
were as follows:

PEO IBCHDE o » ¢+ o 0 5 0 ¢ 2 15+ 2 s s 0 s s b s s s e e e s B
EORRLN, AREHOB ., o » o s s s 0 5 9 s 5 s s 5 s r s s s s s s s s s kB
Aspect ratio (geometric) . . . . . . . . v v v v v s w e e e, 6
B R o 2 4 o ¢ 2 0 5 26 s e e s e s s e 1
RIVEOLY BOCLION , , + o o ¢ ¢ v 06 5 0 6 ¢ 06990909095 s NACA 16010
O
Iog, Inch—pound—second? . . . . v & v 4 . v 4 v 4 s 4 .. . . . 0,038

Igys Inch-pound—second?® . . . . . . ... ........... 0,038
EI, pound—inches® . . . . . . . . s s s s . s s u . ... .0.1407 x 105 1
GJ, pound—inches® . . . . . . . . s . s ... ua . ... 0.0692 X 105
B s " v G i v s 5o er sy e ils ve o L0850

% (standard air, no wedght) . . v v v v v v v o o o v v v o .. 32.6

|

The bending rigidity and torsional rigidity were determined experimentally
from the static deflection curves of the wing in bending and torsion.

Weights which were approximately 38, 60, 90, and 100 percent of the
wing weight (fig. 3) were used and the weight parameters (ratio of mass
of weight to wing mass, distance of weight center of gravity from wing i
center of gravity in percent of the half chord, and the ratio of the
polar moments of inertia) are given in table I.

The variation of weight 7 from 7a to 7f (fig. 3(g)) was obtained by
moving the same weight chordwise on the weight support. This procedure
resulted in maintaining the weight for all tests with weight 7 essentially
constant while changing the mass moment of inertia sbout the wing elastic
axis and the chordwise position of the center of gravity.

A high-speed motion—picture camera that was used to record the
osclllations of the wing during flutter was situated outside the tunnel
for ease of access as shown in figure 4. The camere hed a film speed of
120 frames per second. Two examples of pictures taken with this camera
are shown in figure 5. It 1s interesting to note the change in the
shape of the flutter mode between the two cases, where the one case has
e tip weight (weight 6, run 35; see table II) and the other a weight
close to the midspan (weight 5, run 31; see table II).

Vibration records of the bending and torsional oscillations of the
wing during flutter were obtained electrically by the use of strain gages
mounted on the wing as shown in figure 1. The white squares indicate
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bending gages and the circles indicate torsional gages. The gtrain gages
feed through a system of bridges and amplifiers to a recording oscillo—

graph.

The ingtallation of the unattached end plate is shown in figure 6.
The plate was so adJjusted that the clearance between the plate and the
wing was small in order to reduce as much as possible any air flow around
the wing tip. With this installation, the serodynamic aspect ratio was
believed to be increased. In order to prevent destruction of the wing
as a result of divergence, restraining wires were attached from the tunnel
walls to the wing quarter chord at the tip. These wires had sufficient
slack in them to permit adequate amplitude in flutter but still to save
the wing when divergence occurred.

TEST PROCEDURE

Since flutter is a destructive phenomenon, recognition of flutter,
recording the necessary data, and reduction of the airspeed must be
accomplished in a very short interval of time to prevent damage to the
model. Increases in the airspeed during the run were made slowly and,
at speeds close to the point of flutter, airspeed increments of the order
of one mile per hour were necessary. When flutter occurred,the recording
oscillograph and movie camera were operated and the tunnel conditions
were observed and recorded as shown in table IT. For most runs, the
natural frequencies were tebulated both before and after the actusl run
to determine whether the wing had been damaged by flutter. The remarks
in table IT regarding the flutter characteristics are based almost
entirely on visual observations made at the time of the run and since
the observer, because of the sudden and violent occurence of flutter,
was principally concerned with saving the model, these remarks are
inclined to be arbitrary.

RESULTS

The results of this investigation are presented to show the effect
on flutter parameters of spanwise and chordwise variation of concentrated
welghts over the wing (figs. 7 to 26). 1In ell plots, the various flutter
parameters are presented as functions of the spanwise position of the
eoncentrated weight from root to tip, with individual curves representing
distinct chordwise weight positions. The flutter parameters are given as
ratios of values obtained with concentrated weights at a given location to
gsimilar values obtained with the unweighted wing.

Examination of the flutter—gspeed ratio (figs. 7 and 8) reveals a
general reduction followed by an increase in flutter speed for all

s T e A e e R
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chordwise weight positions as the spanwise positions varied from root to
tip. However, for welights located forward of the wing center of gravity
(weights 4 and 6 in fig. T; weights Ta, Tb, 7c in fig. 8), a divergence
region was found which was a function of the mass of the weight and its
chordwise location. The more forward the weight center of gravity and
the greater the mass, the wider the divergence region. With the excep—
tion of weight Tc, flutter occurred with each of these forward weights
located at the tip but appeared to approximate a second bending mode;
whereas, for the inboard positions of these weights, the flutter mode
was closer to a first bending mode.

For weights located rearward of the wing center of gravity (weight 5
in fig. 7 and weight 7f in fig. 8), flutter was obtained at all spanwise
positions with no change in flutter mode evident at any point. Of special
interest regarding these rearward weight positions is the reduction that
they caused in the flutter speed.

The dotted curve in figure 7 shows the effects of the end—plate
installation on the flutter—epeed ratio for weight 6. With this plate
in the tunnel the flutter speed dropped 5 percent for the unweighted wing
and 15 percent for the wing with weight 6 et the L3-percent—span positio.
With the weight at the tip the flutter speed was reduced 6 percent but a
more interesting phenomena than this reduction was the shift in flutter
mode resulting from the presence of the plate. Figures 9 and 10 are parts
of the oscillograph records teken during flutter. In figure 9, the
bending traces are seen to be approximately 180° out of phase, whereas
in figure 10 they are approximately in phase. An examination of the
records of the natural frequencies at zero airspeed indicated that, when
first bending was excited, the bending traces were approximately 180° out
of phase and that, when second bending was excited, they were approximately
in phase. Thus, comparison of the records in figures 9 and 10 with the
records of the natural frequencies at zero airspeed shows that, with the
end plate installed in the tunnel, there was a first bending mode in the
flutter record and that, without the end plate, a second bending mode
was evident in the flutter record. No appreciable change in the flutter
frequency occurred with or without the addition of the end plate.

The variations of flutter—velocity coefficient —— with reduced

wave length . for all weight positions are shown in figures 11 to 1k,

base

The naturel torsionsl— and flutter—frequency ratios for all welght
positions are given in figures 15 to 18. Of interest are the different
shapes in the flutter—frequency curves for weight 6 in figure 16 and
weight Tb in figure 18 compared with those of the other weight positions.
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First and second bending—frequency ratios are given for all weight
positions in figures 19 to 22, The general rise in the second bending
curves occurred in the vicinity of the second bending node of the unweighted

wing.

Curves of the ratio of first-bending frequency to torsion frequency
and second-bending frequency to torsion frequency are given in figures 23
to 26, Of interest is the sharp difference in the shapes of the curves
for both forward and rearward weight positions (weights 5 and 6 in
figures 23 and 24; weights 7a and 7f in figures 25 and 26). No curves
are given to show the effect of the end plate on the natural frequency
in figures 19 to 26 because this effect was negligible.

CONCLUDING REMARKS

The results have been presented of almost 100 flutter tests in which
concentrated weights were mounted rigidly to a straight cantilever wing.
The moment of inertia and mass of the weights were varied and the weight
position was varied chordwise and spanwise. During the entire series of
flutter tests the elastic propsrties of the wing did not materially change.
The results were presented in the form of curves that show the effects of
verying concentrated weights on the various flutter parameters.

At the present time there exist several analytical methods of approach
to the problem of flutter in wings with concentrated weights. The flutter
data presented provide information from which the validity of these pro—
cedures may be evaluated by comparison with experimental results.

Langley Memoriel Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 19, 1947
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CONCENTRATED WEIGHT CHARACTERISTICS

Weight Yz . E:—
. (a) Tia

1 0.636 0.039 1.40
2 .625 .039 .883
3 375 -.050 51k
4 .636 -.625 1.91
5 .636 .687 2.68
6 1.040 =, 937 7.50
Ta LOLT -.818 L,26
To .931 -.578 2.86
Tc .940 -.360 2,04
Td 946 —.14%0 1,555
Te .95k .03k 1,56
€ Kok .500 2.27

aNegative values indicate concentrated
weight locations forward of wing
elastic axis.
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TABLE ITI.— EXPERIMENTAL DATA

Wetent |l ponibion | Y1 |uromtame | Mok | mewmoras v P Ty Tno Ty ot e
Run ?m. g‘rom (fps) |of Freon-12 | number number (fps) |(slug/cu ft)| (cps) (cps) (cps) (cps) SHMELs
root -
6
1 47 (tip o 0 (] x 10 0 | —===- 3.58 32.2 21T o et Fluttered in first bending mode with 2—inch amplitude
1 Y 47 tlpi 353 %. 0.3922 | 4,043 191.4 [ (o h i | S S e - = 10,6 t Yip,
{1 47 gup 0 0 0 0 i S 3.56 31.36 21,1 B 85 b1
=T T g
1 363 o 0 0 o | 0 | ===== 4 46 39.2 24,33 e Fluttered in girst b:ndi.ng mode with strong torsion
2|91 |36% 320 95,0 0.3556 | 3.754 1714 | 0.00827% |--- | —-- --- 15.95 el g e e R
1 363 0 0 0 0 0 | -——--|483 39.2 24.26 &= el e
1 29 0 0 0 0 0 | ====- 5.22 32,67 25,79 18 1= | Fluttered in first bending mode with torsion node
1 2 299 95.0 0.3278 |3.506 159,311 .0.008386 === | === === 18.15 lead i
> L 2 % - o 0 o | TA- - 8.2 | mer | =sy | === | SGE G e .
T ] 0 O o 0 0 | ===== 6,41 30,67 37.3 — = — | Fluttered in second bending mode with node 15 inches
L3 1 1 323 91.5 0.3418 | 3,760 170.6 0,008551 -—- - e 25, from tip and l-inch amplitude on trailing edge at
1 11 0 0 0 ) B 6.32 31,04 3%l == tip,
Fione [ = =—=- 0 0 0 0 REE = 6,45 39.20 47.3 S
5 None | - = = — — 359 90,8 0.3651 {3,955 181.8 0,008256 - - - - - 25,20 Fluttered in first bending mode with strong torsion
Nonell = — — — — 0 0 [} 0 0 | =====- 6.43 39.20 47,57 - response and 2—inch amplitude on trailing edge at tip
- 2 47 (tip &l 2 I T 0 A 3.61 | 30.63 29,4 T :Flutterlinvolved both first and second bending modes
2 3 ti 64 5 0.385 o1 193.3 0.008%%0 - - — S 0.47 = tip; nod
Z h; {tigi 3 3 g 9 i SOEb| Bl T 3.61 30.15 200k S with %=inch amplitude on leading edge at tip; node
ol — o SN o S . I 1. 15 inches to 18 inches from tip.,
J? 36:'?[‘ 0 0 0 0 0 | ===== 4 ko 39,20 28,51 e e Fluttered in first bending with 1]5'-4nch amplitude on
1 = LI trailing edge at tip; lead from tip t
7 2 365 336 88.8 0.3517 |3.776 178.0 | 0.008466 | ——— | — - 15.89 veight brogg avay; Biast rzpnghe-ggeandousedp 3
I L? 36% o | o 0 0 0 | —===- 4,52 39.20 29,04 -—- again,
IS ilizo. BRI O 6 P el 5,21 31.36 30.49 -—- £1
8 s 55 315 87.1 0.3302 |3.401 > 19.6 nn::eziglin rst bending mode with l—inch smplitude
L2 29 0 0 0 0 5.21 32,07 30,15 -—-
2 R o w70 R o 6.28 e =
ci A |l 321 86.3  |0.3370 [3.512 s 209 | T St Noe sl T 4EEh ASpR L tuds
2 L1 0 0 0 0 6.41 Sl= = &=
I3 29 0 0 0 0 0 5.62 i Fluttered in first bending mode; no oscillograph
10 3 29 324 87.2 0.3387 [3.573 173.4 0,008313 - No record record obtained at flutter point,
L3 29 0 0 0 0 ol e s i A hac
b 29 0 0 1o 0 [ 5,22 Do
11 4 29 376 86,2 0.4%110° | 4,088 208,0 0.007775 el 0 No flutter; divergence
4 29 0 0 0 0 05 | 5,30 = e
4 11 0 0 [ 0 L 6.6% =.Tar | Fluttered in first bending mode with L<nch tip
12 I b 21 330 86.1 0.3550 |3.,601 180.7 | 0.007933 = 22,84 2
L& 11 o 0 o 0 oF | = et 6.64 e amplityde
B 47 (tip 0 0 0 o 0 | ————- 3.65 =~ — | Fluttered in second bend de with nod
L35 SR {tipi 345 85.9 0.3723 (3.727 189.9 | 0,007857 | — — 28,0 R} Liates tralie s mer NIt Nods
4 47 (tip 0 0 0 0 O e 3.68 - - =
I 51 0 ) ¥ 0 o Flie s 47 -
14 4 41 372 85.5 0.401 [3.945 206 0.007750 | ==~ [ No flutter; divergence
4 41 O 0 0 e N S e 4,17 -
J'u 205 0 3 T S | ey 6.14 i
15 5 20%- 368 85.3 0.3968 3,893 204.7 0,007718 o HE — - 19.0 Fluttered in first bending mode,
['4 20% 0 0 0 S EREE 6.15 ot clear | 35.6 —
3 29 0 0 0 0 i e 5.18 38,77 28,74 -—-
16 4 29 393 84 .5 0,428 |4,212 219 0.007675 = e - 0 No flutter; divergence.
| 4 29 0 0 0 0 | 5.26 35,00 24,63 ---
L3 26 Q Q Q Q 0 e LS 33,69 24 27 e
17 {h 26 Bok 84,3 0.432 [4,%00 221 0007939 “ |F= === e e [} No flutter; divergence.
4 26 0 0 0 0 o T e 5,54 34,00 22,91 -
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TABLE II,— EXPERIMENTAL DATA — Continued

S se be ¢ r
. |Weight | position vy Percentage Mach Reynolds v P hy ho t Ty
Run |/ mber | (in. grol (fps) |of Freon-~12 |number number (fps) | (slug/cu £t) | (cps) (eps) (cps) (cps) Resarks
root
|
| PR P 0 0 ) o x108 | o o —_ = |3.86 | 35.83 | Not clear! __-—
| 18 § By 394 84,3 JA27 (4,188 220 0.007675 s A3 e o i) No flutter; divergence
| L} &y 0 0 [ 0 o IR T 3.86 36,00 23.59 |, —---
a0 » %7 (tip 0 0 ) 0 0 T 3.59 33,13 20,63 | — —— [Fluttered in secopd benling mode with node 3 inches from
1 & 3 ti %0 8y, .3647 3.6858 188 .007851 —_——— | == —— .2 i
9 {~ u-; gu_;i 3 0 A 3 i 3 3 68 8 o 1_5_ 36 a8 o 2_7__ tip; amplitude x-inch on leading edge, 1 inch on
trail e about 2% inches from root
L) by 0 0 0 0 -——— 3.83 35.8 23.38 - .
20 {h Hh 371 83.2 426 [3.706 219.5 +006807 S Sl e 3 No flutter; divergence
4 44 0 0 0 0 e 3.80 35.6% 23.33 e
21 ;i“ P 390 85.7 511 |3.382 264 005233 o i T 0 No flutter; divergence
22 3 4y 388 83.7 .553 |3.165 283.5 004471 ——— | == - - 0 No flutter; divergence
4 A4 376 83.7 591 | 2.T29 304 .003620 - - et
23 118 |ax 0 0 0 0 0 1993020 38 | 83 33729 _®__ |No flutter; aivergence
4 47 (tip 0 0 0 0 AT EE S 3.59 33.7h 22,02 - ==
24 5 47 (tip 296 82,6 507 (1,972 262.5 .003043 PO [ X e 26.8 |Fluttered in second bending mode,
4 47 (tip 0 0 0 0 0 e 3st 3%,09 22,83 N
PR 44 0 0 0 0 0 | —=———-— 3.87 36.35 23.52 - = s
= | {l By 352 83.0 L7825 (1,905 383.3 .002008 SR e ol 0 No flutter; divergence
%6 | b |by 327 | 1.2 732 |1.609 386 001708 | ——— | ——— | —_—_ | — __ INo flutter; divergence ]
5 7 (tip 0 0 0 0 0 | —=—=—==- 3.53 30.63 20.36 — — — |[Fluttered in first bending mode with 25<inch
2l 15 B itip; 252 0 .228% [1,042 257.7 .00229 DA RS S S 8,71 tip -.npncude" i ¥ ?} g
[5 41 0 0 0 -———=d 1 4,08 35.28 21,51 — — — [Fluttered in first bend: de with 2—inch ti
2 15 41 247 0 .2234 (1,020 252 5000285 W4 NNE LSS e 10.8 amplitude g o B § s
[ [5 37 0 0 0 0 0 | ===== 5,32 37.17 22,1 — — — [Fluttered in first bend de with 2-inch ti;
| 28 37 242 0 _ .2186 | ,9914 247 2002282 | —=—— | ——— = 12,56 > T T S
[5 29 0 0 0 0 I 5.03 33.69 22,27 — — — |Fluttered in first bend de with ls-inch ti
30 5 29 230 0 .2080 o427 235.5 002281 o S £y Ih.29 i trats 8 ending mode V: Fr-ine! p
5 26 0 [ 0 0 O 5.16 32,0 21,78 — — — |Fluttered in first bending mode with 5—inch ti
31 {5 26 234,5 0 .2120 | L9614 240 20052810 =B | == S 14,0 amplitude ke i = ¥
32 5 18 0 0 0 0 0 | —-==== R 6,19 |[Not cleax| 21.30 — — — Fluttered in first bending mode with 2-inch tip
5 18 243 0 22200 | .9927 288.5 .002272 —_———| == - 16,06 | amplitude
33 5 11 0 0 0 0 0] L= 6.19 39.20 39.80 — — — |Pluttered in first bending mode with Iéﬂnch tip.
L 5 11 288 0 .262% | 1,169 2975 2002243 | — — = | - — - - T 20.5 amplitude
T L ) ) 0 0 ) D e 6,43 36.11 45,94 — — — |Fluttered in second bending from 228 to 257 fps !
NeRe s = oo 331,5 0 L3080 [1,3%1 343,5 .002219 P e s — 22,1 indicated) and 1nir1rut- bending at 331.5 fps !
indicated) with 1p-inch ti 1itude.
35 | {6 47 (tip 0 0 0 0 0 [ —==== 2.63 31,96 16.85 S R TR ; :
6 47 (tip 315.5 0 »2900 | 1,329 322 0022050 | PEEES | S pe s T 22,%0 Fl\;:::er;d mﬂ:fagnd be:ﬁng mode with node at tip and
\ nch amp e at span
116 B 0 0 0 0 0 | —— o Bk 36.0 17,82 S
36 116 31 37h 0 L3476 | 1.5%0 388.5 ,002216 | = Foy e 0 No flutter; divergence
1
37 ! {6 36’5 o o 0 0 O | =i 3.70 36.47 17.82 — = T |No flutter; divergence
6 |36k 380 0 .3524 | 1,551 394 002203 | === | —== S 0 i
6 29 0 0 0 0 o == 5,46 33,21 17.78 T i —1
38 |16 29 369 o 3812 | 1,487 384 002188 | —— - | 222 _7_7_ [) Nojflutter;idlyergence '
6 26 0 0 0 0 0 | —=—--=-- §.80 1.36 i - = =
39 146 % | 3| o .3512 | 1,519 396 00217} ey i _3i _7- _9_ o s flutter; dfvergence
6 2 o  Jo Jo. @ | 0 | === e
Wi |& 387 5 ® 3500 | 1.5%9 %05 oomgs | X [ 32T e FoE it Eutteneti i Cixs LEnaanE oS

0T
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TABLE II,— EXPERIMENTAL DATA — Continued

Spanvise | o ‘ h 5 r t
Weight | position i Percentage Mach Reynolds v P 1 2 t r Resaxks
o 1;. !)'rom (fps) | of Freon—12| number number (fps) |(slug/cu ft) | (cps) (eps) (eps) (eps)
root
41 6 pial 318 o 0,2931 |1,287 X 108 330.5 0,002211 —-—— - - 168 Fluttered in first bending mode,
42 None 246 0 .2235 | ,9954 253 .002245 - - —— - 37.19 Fluttered in second bending from 220 to 250 fps
y None | v — = 0 0 0 0 0 | wmme- 6.32. 36,11 45,2 — i Fluttered in first bending mode with B—inch amplitude;
3 None | = - 311 (4] .2846 (1,217 326 .002168 - -_— - 21,78 end plate installed in tunnel,
6 &7 tip 288 0 L2631 |1.123 301.5 .002168 - - -~ - 21,97 Fluttered in first bending mode; end plate installed
44 |16 47 2!‘.1}) 0 0 0 0 0 | ——=——- 2.84 31.36 16,33 - in tunnel
I8 SeliNonell 20 S Ol o ok SIS0 0 0 |'—eeeo 6.3 35.93 4 ——
6 47 (tip 300 0 L2762 | 1,171 316 .002148 —_—— | - - 21,78
45 6 47 (tip 0 0 0 ) 0 | ===== 2,85 30.63 16.33 — ~~ | Fluttered in second bending mode; no end plate in
6 47 (tip 0 0 0 0 0 | == === 288 31.;[1 E»S e tunnel,
6 47 (tip 0 0 = [ RO 0 0 | —e=-_ 2, 31.63 . B
6 4y 0 0 0 0 0 | ==——- 3.10 3.92 3T —-—— No flutter; di ; end installed tunn,
i { 6 |us 312 0 | .32k |1.h29 w2 | Loeme ool .o |2 o SRS O P Rl W T
6 4 342 0 23141 1,476 346.1 .002332 —_— - — 0 No flutter; divergence; end plate installed in tunnel.
Mille 4 0 o o o OF D= = 3.34 35,64 17.50
48 {6 363 o o 0 ° 05 sl SE=SE 3.1 36.75 17.82 = T ™ | No flutter; divergence; end plate installed in tunnel,
6 65 |36 0 .3167 |1.480 3Nol6 (1 onz3ao| NN (RUNE I 0 .
49 { 6 29 344 0 .3150 1,361 348.7 .002307 - - - 0 No flutter; divergence; end plate installed in tunnel,
SRSl 6x S Eiiagn o | o s o 0 | ——=——= 3.51 21.30 17.50 —— 4l
50 6 26 0 0 (F e O e 4,84 30,95 17.42 —~ == | No flutter; divergence; end plate installed in tunnel.
6 |26 349 0 .3186 |1.472 35330 | 005300 e N | S E e 0 2
1 I I e
51 {5 205 0 W o o |0 0 | ====- 5.51 |Not clear 17.29 o) Fl\étter;d with small amplitude; end plate installed in
unne.
L6 2oL |0 (3151 |1.453 349.8 | .002295 |———| ——- e 2450 I
52 {g ;:% 31(5, (0) 0.2877 ‘%.339 31(9’.3 002319 -1-9- 3—5—6— - -;“-‘- 16.33 Flutter]e.d with small amplitude; end plate insvalled in
————— . o 21, s tunne:
53 | 6 'i:_l'i T [32% 0 .2961 |1.%99 328.,7 0002321 | == —| ~~— ~—=~— | 16,55 | Check on previous run; larger amplitude
Te 48 (tip [} 0 (4] |0 0 | ====- 3.00 27.% 21.44 -
54 {z{: :g ;§§§§ 333 g 0.3101 ig.h31 332 .002303 = zer 8,85 | Probably fluttered in first bending mode,
7e  |%o 0 [} 0 o 0 | —==== 3.58 34,59 22,7 _———
55 %: :g 318 g o.?Beu 3.313 31: .002318 iy == 11,43 Fluttered in first bending mode
e i35 0 0 0 0 O 4,02 35.64 23.9 —-—
56 [ 7e |35 292 0 22658 (1,241 295.5 Ay AL ST e - 13.0
Te |35 0 0 ORI ol ol | kob | 356 24.0 s
Te 29 0 0 0 0 0 -=——— |b,67 30,2 25.3 -—-
57 Te 29 294 0 .2680 |1.246 298 ,002321 | — 14,52
Te 29 0 0 0 ) [ [ 67 29,8 25.3 -
Te 21 0 o 0 0 0 | ===== 5T R A il 150
Elamie o 283 0 .2569 |1.201 286 foar s LR | R Tiige e e Luule flucter
Te |11 08 0 .2810 1.2 12 B ir i e SR == 23,
P lire dn 3 5 b g ol 97 3 > o 238y 2 e i _3_33_ Fluttered in first bending mode
60 None 0 0 0 [+ (| [ e e 6.%0 37.2 5.5 - - Fluttered in first bending modes; check on previous
1_ None 330 0 .3020 |1,385 338 .002292 ST - —_— 22,0 runs for unveighted wing
74 |48 (tip 0 0 0 0 0 | === 3.07 27.6 20.7 -
61 |4 7a (48 (tip) | 365 0 .3369 |1.465 382 002100 et | s e 9.27 | Fluttered in first bending mode; very close to
L 74 48 (tip 0 0 0 [ 0 | =m==== 2.97 27 A 20.6 e divergence
Wome [__ _—-— | o 0 0 0 0 | -=—-=-=-= 6.3 35. 45.0 ===
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TABLE II,— EXPERIMENTAL DATA — Continued

Spanwvise v fh 5% fy f
Weight| position 1 Percentage Mach Reynolds v P 3 2 ;o
" (1in. gmn (fps) |of Preon-12 b b (fps) |(slug/cu ft)| (cps) | (cps) (cps) (cps) Hesarke
root )
7a | M 3 ) ) 10 s 106 e (e 21.8 S
a 0 .3390 | 1,465 . 0,0021T e - - = "
.';d b 367 o o 3 ki b e RO T 35 30.3 2 - ?_ _ No flutter; divergence
7a | 39 0 0 0 [ 0 | ——uo- 3.60 3.4 22.5 T3, | Fluttered in first bending mode intermittentl
a 350 0 .3220 | 1,388 365 002175 S TR - 11.2 s Sy
{;d % 0 0 0 0 == o= =] 350 [ 3%J0 22,4 B Hear top speed
74 33 0 o 0 0 0 s s | 33.5 24,1 T2, | Fluttered in first bending mode with 2—in¢h t1
7d (33 331 0 3029 | 1,319 343 00220 B - — = 13.2 P
{'Td 33 0 (] 0 0 (| e R T §.2 33.0 23.0 = amplitude
74 27 0 0 0 0 (I L o S 4.8 27.4 25.7 -
T4 27 319 0 L2916 | 1,274 331 .002206 —-—— - - -—- 15.3 Fluttered in first bending mode
74 27 0 0 0 0 00 | e 4,78 27.4 25.6 —_ ==
7a | 21 0 0 0 O s & 10 S e B 5.4 23,0 28,2 -
74 21 306 0 .2802 | 1,223 318 .002205 - == - == = 17.6 Fluttered in first bending mode
T4 21 0 0 (oINS | ST S e IS 5,44 23.3 28,0 - — =
[Branlian 0 0 0 [ O [ 6.13 24,0 33.3 —
Gl PR 308 0 .2811 | 1,230 320 gy 4 SEe i S - — - 20,0 Fluttered in second bending mode
T4 11 0 0 0 0 | SaeNer 6,05 25.0 33.2 o
[7c | 48 (tip 0 0 0 O O 2.93 28.0 19.6 -—-
Te 48 ;tip! 370 0 3422 | 1,504 384,6 .002206 —_— - === 1908 0 No flutter; divergence
Te 48 (tip 0 0 0 | O e e 2.99 28.0 20,0 -——
Te 4y 0 0 L S| T e 3.2 30.4 20,6 -
[ Tc 4y 362 0 .3339 | 1.458 376.6 .002196 el B g 0 No flutter; divergence
Te | 44 0 0 0 (O IR 3.19 30,4 20,4 i
Te 40 [¢] [¢] 0 0 | 0 | ememe- 3.5 33.79 21,2 -
Te 40 352 0 .3237 |1.411 366.1 .002196 | — 0 No flutter; divergence
L Te 40 0 o (N i« | e ) 3.5 33.8 21,19 -
[7¢ | 3% 0 0 0 R L 4,02 34,6 22,13 el
Te 34 366 0 +337T | 1,450 383.0 .002165 s | S = 0 No flutter; divergence
Te | 34 0 0 0 0 O e = it 4,02 34,3 22,13 S
7c | 28 0 0 0 O = 4.6 29.4 23.1 ==~ |Fluttered intermittently in first b a
28 16 0 .3187 |1.36 64 00ST6T e e s %, v AL bending modeineay
{ ;g = 0 0 0 it e ? = s 29,4 23.1 00 top speed
Te | 21 320 0 0 53 g o7 3)@ = B 5.39 22,62 28.0 S
7c | 21 9 0 . .2 002187 | S5~ | === - - 16.
Te 21 0 0 0 0 G e 5.39 2.4 2850 s _5_ Fluttered in first bending mode
Te 3% 0 0 0 0 0 |[sEaEEe 6.19 26.63 3%.59 -
7e 1 310 0 2842 [1.208 326 002157 ol B e 19.6 Fluttered in first bending mode with 2—inch tip
{ 7c |11 o o 0 o T e 6.12 26,73 34,43 STE ampllitude
> | 48 (tip 0 0 0 0 0 | =i=—=o 2,97 28,82 % === .
g Pt gtipi 339 9 3087|2081 345 ISoiae il 28.82 18~3§ 5176 ng:t:::grin second bending mode; clear response
T | 48 (tip 0 0 0 0 (] O T e 2.9 28,45 18.15 S
J‘ > | 4 0 0 0 o e aS s 3.19 31,02 19,22 ==
. Tb by 354 0 .3264 (1.357 375.4 002113 —_——— | == == |0 No flutter; divergence
g_7b by 0 [} 0 0 O = 3.21 30.95 19.12 | -—

ot
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TABLE II.- EXPERIMENTAL DATA - Concluded

Spanwise v n e r
Weight sition 1 Percentage Mach Reynolds v P 1 fhg t 3 Remarks
Run ; in.tt)'rom (fps) | of Freon-12 | number number (fps) [(slug/cu ft) (eps) (cps) (cps) (cps)
roo
™ |38 0 0 o o x18| o ————— 1370 | 35.0 20.1 e
7 > 38 348 0 .3210 1,336 369.5 0.002116 S e e 0 No flutter; divergence
™ 38 0 0 0 0 (I R A 3,68 34,6 20,28 e
™ | 28, 0 0 0 0 (e = e 4,67 29,4 21,0 -
8 |y 28 348 0 .3202 (1,331 368.9 .002113 |l i 0 No flutter; divergence
> 28 (<] 0 0 0 O g, Sl 4,67 29.% 21.3 ===
™ |2 0 1) 0 lo e 533 | 25,0 28.0 S
79 { ™ 21 348 0 .3200 I 1.323 370 002105 . il ey 25 Fluttered in second bending mode
! 80 {% H‘ 3Og'5 g 0'2818 11"179 328 _’303138_ g IQ“ 5"5"5‘7' ;3—6_ 18.54% Fluttered in first bending mode; clear response
~ ° . o — - -
{ g |7 |u8 itip; 258 0 .2354 | 1,018 268.5 <00239YERIET T E (™ TN o 7.5 Fluttered in first bending mode with 1=-inch tip
|7t |48 (t1p) | o 0 ) 0" | —--Z- 3.02 | 27,27 20.0 - - amplitude .
7t | ko 0 0 0 0 O 3T 33.9 22,0 —~—.— | Fluttered in second bend de with 1-inch
82 {7: %0 255 0 .2316 | 1,018 262,5 2002219 | Z'_ _ _3.. e Sy 9.86 l-p;ituda s FRE madeiy ©
e ko 0 0 0 [ O A e 3.65 34,3 22.0 s
83 |l7e |3 ? o ® 2160 | ° b7 2 ~5ozens | 23 = ki 12.0
1 32 237 0 .2160 [ .9 2 : -——-| 2= - 2, P
L 7t 3 4 o o o o g IS 3.8 2.0 nee0 luttered in second bending mode
[ (72 | o4 0 0 0 0 G NI e 5.3 31.3 21,2 o
| 8% ¢ 72 o4 220 0 .2006 | 8787 229 .002216 —_—a -_—— —_ 14,3 Fluttered in second bending mode
! Tr | o4 0 0 0 0 O | IR 5.2 32.4 31.0 -
_____ 6 =2
| 85 ][ 1t %g’ Q,g o W 0.953,‘ s Joozzos |22 35.3 346 17.15 | Fluttered intermittently near top speed
| i [7e 1 0 0 0 0 O TS 6,2 38,2 34,3 pp——
| 86 | 7t 11 267 0 22437 | 1,011 278 .002185 e —— - 19.1 Fluttered in first bending mode
; L7 7 0 o 0 0 0 | ———=a- 6,2 38.46 39.3 -
i [ 7a 38 (t1 0 0 0 o [ S e 2.5 29.6 Not clear ~ = — | Fluttered in ond bend a =
| 87 [17a | A8 gugi 306 0 2790 | 1,173 320 0027135 [E e i G e 2 21,4 ;’_pﬁmde; eo0n ":;ogg mode with l-inch
! L Ta 48 (tip 0 0 0 0 (o e T 3.0 30 Fot clear | _ _ _
i [7a | 46 o | o o o ] 3.16 | 31.75 17.6 ==~ | Fluttered in second bending mode with st 1
Rl KRS 315 0 .319% | 1,316 368 002080 1| = Tl SRR e response S ST e e
| 89 {7: 47 0 0 (] 0 0 | —===- 3.06 30,0 Not clear ey Fluttered in second bending mode; clear response;
| Ta 7 319 (¢] .2939| 1,217 339.2 ,002109 e e s, 21.6 possibly two nodes visible
| L "
7a 45 0 0 0 0 (O (SN 2,12 1.4 18.0 oS »
90 {7. 45 358 0 3314 | 1.344 382.8 002077 Soos 3 i S i o No flutter; divergence
‘ 7a 8 0 0 0 0 0 1 oo 6.2 36,0 .0 e
| 91 {7‘ 8 30k | 5 .2798| 1,152 399.3 Jooz100 | 22| 0 a0y Ton Fluttered in first bending mode
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>