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SUMMARY

—————

Tests on two solid slender wing models show that there are two stages in
the wing buffeting at subsonio speeds;

(1) a mild buffeting due to leading-edge vortices, end

(2) a severe buffeting at vortex breakdown.

At supersonic speeds the mild buffeting is weaker, probably because of

the reduced size and intensity of the leading-edge vortices.

Tests on two aeroelastic models at subsonic speeds show that the mild
buffeting is principally at the wing 3rd or higher distortion modes. The order
of magnitude of this buffeting suggests that on a supersonic transport aircraft
this might be porceptible during subsonic climb-out at high LAS.

*Replaces R.A.E. Pech. Report No.66086 - A.R.C.27923,
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1 INTRODUCTION

The flov at incidence over slonder wing aircraft with sharp leading-edges
is dominated by a pazr of vortices vhich strongly influence the alrcraft loadings.
The effect of the vortices on the steady loads is well known1. However the effect
on buffet* characteristics is uncertain, although significant pressure fluctua-~
tions have becn measured under the leading-edge vorticesg. No wing buffeting has
been rcported on the low speod HP.115 but a very light buffeting has been
reported on the high speed Bristol 221 at subsonic speeds.

The present wind tunncl tests, on two solid models (Models 1 and 2) were
made to investigate the basic nature of slendor wing buffeting. The measurements
consisted of the variation of unsteady wing-root stross with incidence. Using

this method two separate stages of wing buffeting were ldentified,

(1) =& mild buffeting associated with the cxistence of leading-edge

vortices, and

(2) a strong buffeting following vortex broakdov 3,

Accurate measuroments of buffoting on solid wind tunnel models are diffi-
cult because the models normally have unreprescntative aerodynamic and structural
damping cocfficients and unreprosontative distortion modes. Hence tho two aoro-
clastic modcls (Models 3 and k) were also tested,

This roport presents buffoting measwrements on all feur wings and briefly

discusses their possible implications.

2 LXPERIMENTAL DETATIS

2.1 llodels

Buffeting measurcments were made on féur slendor wing modols constructed
for other static and dynamic tests during the evolution of a supersonic trans-—
port design. The cxternal shapos of these models differ significantly from
the Concord prototype and production aircraft.

Fig.1 shows the general arrangement of Model 1. This is a 1/75 scalo
solid bronzc model of an carly supcrsonic transport design. Four sami=conductor
strain gougos at tho wing-root werc wircd so that the signals from the pert and
starboard wings werc addztive for symmetric deformations of the medel, while
signals resulting from antisymmotric deformations wore virtually eliminated.
Before the buffeting tosts the model was ground resonance tested on its support-
ing sting. Identificd symmctric distortion modes are shown in Fig.2. The

*Throughout this report buffot will be defined as the applied acrodynamic
excitation and buffeting as the structural response. The sensitive semi-
conductor strain gauges used on thesc models are probebly able to detect
buffeting which would be imperceptible to passengerse.




wind—off structural damping is low in boih of these modes because of the solid

modsl constructione.

Fige3 shows the genersl arrangement of Model 2, This is a 1/30 scale solid
steel model of a supersonic transport design. Model 2 was fitted with four
strain gauges on the port wing so that symmetric end antisymmeiris deformations
would produce a signal. Distortion modes identified in a ground rescnance test

are shown in Figel.

Fag.5 shows a chotograph of Model 3, which is generally similar in external
shepe to Models 1 and 2, This is a 1/55 scale flutter model of an early super-
sonic transport design. The aircraf't skin, spars and ribs are represented by
etching from light alloy; the volume within the model is stabilised with
sxpanded plastic foam. The model could be mounted on 1ts flutter excitation
support so that total damping measurements (wind on) could be made after the

buffeting measurements.

Wire strain gauges were provided on this model for flutter tests with only
two active gauges in each bridge at the port tip and at the poert wing-root so
that both symmetric and antisysmmetric deformations would produce a signal as on
lodel 2. (Semi-conductor strain gauges would have been preferred but could not
be applied without altering the model inertias.) Some symmeiric and anti-
symmetric distortion modes sre shown in Fage6e (The frequencies measured in the
initial ground resonance test are slightly different from those subsequently
measured in the tunnel because of small differences in the support and excita—
tion systems.) The wind-off structural damping is higher than _on Models 1 end 2
and more typlcal of probable full scale values. S

Fige7 shows the general arrangement of Model 4+ This is a defoarmation
model of an earl& supersonic transpuré designs The model ‘construction was
similar to that oflicdel‘i‘and the model was mcunted on a solid sting. Semi-
conductor.strain gauges were applied directly to the outside skin of this
deformation model (where the ineféia distributions were not critical) and then
covered with a thin araldite fairing. - Two bridges, cach with four active gauges
were provided near the wing-root and at 50% semi-span as shown in Fig.7. The
gauges were wired to add the port and starboard signals as on Model 1. The
epproximate distortion modes which appeared in the buffet signals are shown in
Fige8. The total damping (wind on) could not be measured because no provision
was made for exciting this model.



It should be noted that the "full scale" frequencies of Figs.2, 4 and 8
are simply obtained by multiplying the model frequencies by the model scale,
and are not directly related to a specific aircraft. The values far Model 3

are, of course, related to a specific aircraft.

Z2e2 lMeasurements

The rms wing buffeting signals on all four wings were measured on a
spectrum analyser (the tuned signals were measured with &% bandwidth). To
avoid overstressing models 3 and 4 (9 and 30 1b maximum 1ifs respectively)
the steady 1ift and pitching mament at every kinetic mressure were monitored
before the buffeting tests.

The total damping measurements on Model 3 were derived from veotar plots

of model response to mechanical excitation at particuler frequencies.

23 Test conditions

The models were tested in cither the 13 x 9 £t (low speed) or the
3 x 3 £t (subscnic/transenic/supersonic) wind tunmel. Table 1 gives the test
conditions. The low Reyuolds number of the Mcdel 3 and 4 tests will be noted.
Ballotini (small glass spheres) were applied in narrow bands to fix transitaon
on Models 1, 2 and L but not on Model 3 (to avoid altering the model inertia
distributions).

3 RESULTS
3.4 Model 4

Model 1 was first briefly tested in the 3 ft tunnel and a mild buffeting
was detected at about 6° ancidence (¢} at all Mach numbers (M) from 0.40 to
0s80e Above M=0.80 this mild buffeting was not detected over the inoreased
signal arising from tunncl unsteadiness. 0il flow photograrhs (Fige9) show
that this buffeting is associated with the existence of the leading-edge
primary vortex., Owing to some asymmetry this vortex appears first on the port
wing at « = 6° (Fig. 9(a)). As incidence increases to a = 7° there is an
intermediate flow with several spanwise vortices near both tips (Fig. 9(b)).
At « = 8° these vortices have combined to form one single vortex on the port

wing; there are still two vortices on the starboard wang (Fige 9(a)).

Model 1 could not be tested at incidences much higher than a = 140 in
the 3 £t bunnel because of excessive blockage, even in phe 36 x 26 in slotted
working seotion. Hence the tests were extended to the 13 x 9 ft low speed wind
tunnel, where blockage effects would be insignificant even at a = 300.



Fig,10 shows the variation of total wing-root strain signal from & = 1° to
o = 300 in the 13 » § Pt tunnel®*, The curve comprises several different sections
which are related with the flow development. Fram « = 1° 40 « = 6° there is a
constant signal owing to the flow unsteadiness induced by the support and the
support vibration**. Then from a = 6o to a = ﬂOO the signal buillds up steadily
a8 the leading—edge vortices develops From a = 10o toa = 22-50 there 15 a-
constant signal implying "a plateau" in the buffeting. From a = 22.50 to
« = 26° the signal builds up rapidly as the vortex breakdown point, clearly
visible by condensetion in the voritex core, moves upstream from the trailing-edge
on to the port wings From a = ééo toa = 29o thore is & further sudden build up
of signal which must have been caused by vortex breakdown on the starboard wing.
This vortex breakdown -was not shown by condensation in the core, probably because
the core was larger than for the port wings From.a = 29o to 300 the buffeting
falls rapidly.

The wing buffeting was next examined in more detail by measuring its
response vhen tuned to the freguency of the distortion modes. Figeit shows
the variation of tuned wing-root strain signel with incidence. The major
portion of the huffeting at vortex breakdown is clearly associated with the wing
response at its fundamental frequency of 300 c¢/s (Fige 11(2)). (This response
mey come from a larger low frequency component in the excitation or to the larger
scale of the disturbance.) The fundamental mode is not significantly excited by
the formation of the leading-—edge vortex; most of the response from a = 6° to
x = 10° comes from the third deformation mede at 700 c/s (Fige11(b)). This mode
is also excited by vortex breakdown, but not as strongly as the fundamental mode.
A mode at 1330 c/s was also weakly excited by both voriex formation and vortex
breakdown (Fige11{c)). ,

Sideslip significantly lowers the incidence for vortex breskdown; the
vortex breaks down first in the.leadang wing on which the sweepback is reduced.
Thus at +10° sideslip (possible limiting values for cross wind landings), vortex
breakdown occurs at sbout 15° incidence (Fige12) s

Model 1 was then tested again in the 3 ft tunnel to investigate buffeting
over a wide range of density at subsonic and supersonic speeds.

*  This test was made in two stages, from o = 1° to 6° and then from a = 6°
because of the support geometry. .

%%  Subsequent experience with Model 4 showed that this relatively high signal
wag assooiated with the unsteadiness produced by the bluff model support, rather
than the tunnel unsteadiness, which was very low.



The tests at M = 0.50 clearly showed that buffeting could be detected
(¥1g.13) at stream densities as low as p = C.0091 1b/ft3 (a tunnel total
pressure of 4 in Hg ebsolute). Hence buffeting tests at this density on
Model 3 {a fragile aeroelastic model) would be possible if the dampings on both
models were comparable. The sensitivity of the semi-condictor wing-root strain
gauge bridge on Model 1 was only twice that of the wire strain gauge bridge of
Model 3 because Model 1 was much stiffer than Model 3. An interestirg feature
of these results not noticed in the previous tests was the small peak in the
signal at a = 7.50. A corresponding peak was subsequently found on Meodel 3 at
+7.0° incidence (3e3)

Another interesting feature of these results is that at the higher kinetic
pressures the wing fundamental mode at 300 c/s was excited by the mild buffeting
on vortex formation (Figs14). . The other modes at 700 and 1300 c¢/s were also
excited together with an additional mode at 1920 ¢/s. Although the particular
modes detected depend critically on the somewhat arbitrary position of the strain
gauges, excitation of modes over this frequency rangs suggests that the excita-
tion spectrum associated with the formaticn of the leading-edge vortex is

relatively flat for values of wE/% from 20 to 13.0.

The first supersonic test was made at M = 1.4, the lowest Mach number at
which reflected shock waves were clear of the model. The buffeting onset was not
sharply defined, except at the highest density (Fig.15). However there was a
signal peak at o = 8° which recalls that at a = 7°, M = 0.50, (Fige13). A vapour
screen5 in the working section revealed an upper surface vortex at incidences
higher than 70. No vortex instability was apparent in the vapour screen at

a=80.

FPig.15 also shows that the "plateau" level of buffeting is not much higher
than the signal at zero incidence. The buffeting at supersonic speeds 1s prob-
ably less than at subsonic speeds because the leading-edge vortices are weaker.
(The leading~edge vartices develop much less non-linear 1lift at supersonic
speeds; see e.g. Ref.6,) The leading~edge vortices are also much smaller at
supersonic speeds as Pig.33 of Ref.7 clearly demonstrates.

Tests at M = 1.6 were inconclusive. The signal at zero incidence was much
higher {probasbly because of quadrant vibration excited by the tunnel shock) and
no signal peak was detected.



32 Model 2

In broad outline the buffeting characteristic of Model 2 (Fig.16) resemble
those of Model 1 (Fig.1C)« On Model 2 the existence of a vortex is apparent at
a = ’30, there is a smsll signal peak at a = 8° and 2 "plateau" in the signal
from a = '120 to a = 210. Vortex breakdown reaches the trailing edge of the
starboard wing at @ = 23° and the port wing at @ = 26° 7.

The wing fundamental mode is strongly excited (Fig.17(a)) end the second
distortion mode is also excited (Fig.17(b)). The third distortion mode is
weakly excited and its signal actually falls from a = °toa=6° (Pige17(c)).
The total signal shows a similar fall (Pig.16) and this could be associated with
the suppression of the lower surface vortex as the inoidence is increased from
0% to €°

The effects of sideslip on the incidence for vortex breakdown were similar
to those in Model 1 (Pig.12) and are not presented here. A full account of the
tests in Model 2, including a comparison of wing-root buffeting signals and
static pressure fluctuations measured under the vortex, will be presented in a

separate repartS.
3.3 Hodel 3

Sinoe Model 3 had a representative structure the safe limits for 1lift and
pitehing moment were far less than for the so0lid models. Safe limits of 1lift
and pitching moment (based on a factor of safety of 3) were estimated and
rigorously applied. The earlier results from Model 1 (3.1) suggested that the
interesting incidence range would be from a = 6° (buffeting onset) to a = 12°
(the buffeting plateau)s To attain this incidenoe range the kinetic pressure was
severely restricted. In the low speed 13 x 9 ft tunnel operating at atmospherio
density the maximum velocity was only 150 ft/ss In the 3 x 3 £t tunnel the free—
stream density could be reduced and hence the velocity increased for the same
kinetic pressures.

In the 13 x 9 £t tumnel no buffeting could be detected above the relatively
high signal at zero incidence. In the 3 ft tunnei the buffeting measurements
were made at M = 0.50 and free stream densities of 0.0048 and 00,0096 lb/f't3
(equivalent to 80 and 115 knots EAS).

* Model shaking prevented tests at higher incidence at the test speed of 252 ft/s.
The step in the buffeting zignal between vortex breakdown on the port and star-
board wings on Model 1 (Fig.10) was not observed on Model 2.
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Pig.18(a) shows typical plots of the variation of total tip strain signal
with incidence at M = 0.50. Buffeting onset is at o = 5° and 4° at p = 0.0048
and 0.,0096 lb/ft3 respectively. At both densities there is a peak in the signal
near a = 70, similer to that at a = 8° on Model 1. Even at the lowest density
the maximum incidence was restricted to a = 90 and so the existence of the
buffeting plateau was not established. Fige18(b) shows the data corrected for
electrical pick up and tunnel unsteadiness. It is assumed that there is no
correlation between the buffeting signal and the signal at zero incidence, l.¢.
Jo = ot
F1ge19 shows that the tip buffeting is proportional to p rather than
(p)E, which implies the predominance of structural damping over aerodynamic
damping9’1o. The predominance of structural damping on solid wind tunnel models
has been noticed in previcus buffet tests but the predominance of structural

damping on thas aercelastic model was not expeoted. However, an examination of
the speotra of the tip strain signal Fig.20 shows the interesting fact that most
of the buffeting is at 3rd symmetric distortion mode at 273 ¢/s and not at the
18t symmetric Qistortion mode as on unswept wings. (FPig.20 shows that the 3rd
symmetric distortion mode predominates even in the smaller wing-root strain
signal.) Direct measurements show little increase in total damping with stream
density for the 3rd mode (Fig.21(c)). Hence structural damping must predominate
for this mede. (The mode at 155 c/ 8 could have been symmetric or antisymmetric
(see Pige6)a)

At the wing fundamental frequency f = 127.5 ¢/s, there is a large
variation in total damping with stream density (Fige.21(e)) but this mode was
not sufficiently excited by the buffet to decide if either

TS = p (1)
or TS « p% (2)
is appropriate.

The model and aircraft tip stresses will be identical because of the
dimensional similarity relationshipsﬂ. Tip stresses and amplitudes during

subsonic climb—out are estimated in Appendix 41 and disoussed in Section L.
3¢+ Model 4

Model 4 was tested to determine how buffeting varied with veloelity and
density for the different vibration modes. In the low speed 13 x 9 £t turnnel
tests at atmospheric density were frustrated by Reynolds number effects, €ege
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as the tunnel velocibty increased from 175 wo 250 T4/s the incidence for vortex
formation fell from a = 8° to 6% In the 3 £t tunnel, tests at a constant low
density (p = 0.005 1b/ft3) over a speed range from M = 0.30 to 0,70 were also
unsuccessful. If the tunnel kinetic pressure is increased by increasing the
speed, rather than the free stream density, the frequency parameter wE/v is
reduceds Any change in frequency parameter is really undesirable, even if the
excitation spectrum is relatively flat, as 1t is an these tests. However tests
at a constant speed M = 0.40, over a 4/1 range of density, yieided some interest-

ing data.

Fige22 attempts to reduce the buffeting measurements by both equations (1)
and (2) above. The arbitrary scales used have been adjusted so that points for

the highest density are common to both equations.

Data are provided for the three modes excited. The fundamental mode at
f = 263 ¢/s is not very strongly excited (of the WRS spectra for Model 3 shown
in Fige20)). However careful examination suggests that the buffeting data for
this mode do appear to fit eguation (2}, rather than equation (1), implying that
aerodynamic damping predominates over structural -damping (of the contribution of
asrodynamic damping to the total damping for the fundamental mode on Model 3,
Pig.21(a))s The second mode at f = 380 c/s 1s strongly excited, but the data are
inconclusive (Fige22(b)). The response of this mode is probsbly limited by a
mixture of aerodynamic and structural dampings The third mode at £ = 1470 ¢/s
is fairly strongly excited but structural damping obviocusly predominates
(Fige22(c))

It is worth noting that the model response over this freguency range again
implies that the spectrum of excitation from the leading-edge vortex is relatively
flat in the range of wc/v from 245 to 13+5 as on Model 1.

U DISCUSSION g

Tests on the solid models 1 and 2 indicate-that slender wings can respond
to the buffet excitations provided by leading-edge vortices and vortex breakdown
at subsonic speeds up to M = 0.80. The more important problem is to determine
if the aircraft respénsg would be sigﬁficant. To answer this question, even on
an unswept wingh} aeroelastic models must be tested because the mode shapes,
frequencies and total dampings are then appropriate to the aircraft. This is
particularly important for buffeting tests on slender wings, where higher modes
than the fundamental are most strongly excited {note the large differences
between the 3rd mode shapes and frequencies for the solid models and the aero-
elastic models which have similar external gecmetry).
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Measurements on tho acroclastic Model 3 (Appendix A) show that the full
scale tip amplitude ot 7° ineidence and 270 knots EAS would be about #0.3 inch
at 5 ¢/s. (These figurcs arc estimated after applying very large scaling factors
and ignore any change 1n mode shape betwcen O and 270 knots EAS.) Because the
model was supported at the centre of tho fusclage, amplitudes and accelerations
of the aircraft fuselage cannot be dircctly estaimated. However, any buffeting
above 0,02z might be considerod uncomfortablo12. Hence, during the subsonic
climb after take—off to about 5000 ft altitude, there will be a short poriod
when the combanation of ineidence and EAS will be such that buffeting induced
by the leading cdge vortices might be dctected. Tho tosts on Model 3 can only
give the probable order of magnitude of buffeting on a typical slender wing

airceraft.

The normal flight cnvelope of a slender wing aircraft is unlikely to
cxtend into the vortex broakdown region so that the buffeting induced by vortex
breakdown is rather acadomic. However, it is intoresting to reccall that vortex
breakdown did excite the wing fundamental mode on Models 1 and 2. Models 3 and
4 could not be tested at the incidences required for vortex breakdown, Tests
of throe identicel 65° delto wing made respectively of steel, light alloy and
magnesium should provide data to1§dbstantiato the buffeting scale relationships

appropriate for vortex breakdown ~.

Theso prescnt tests give no information about the pressure fluctuations
oxciting tho buffeting apart from showing that the buffet oxcatation spectrum

is relatively flat over the froquency range from

' 2 <we/v <12 .
Typical pressurce fluctuation mcasuroment58 on Model 2 on the WRS platoau at

a = 12° show
Ap/q = 0.02

and at vortex breakdown a = 2,°

5p/q 0.07 .
A more detailed study of proessurc fluctuations on slender wings to extend

14

the measurcments of Viyatt and Owen

seems desairable. In particular the planncd
(1966) flight comparison of preossure fluctuations measured on the ¥FD2 and the
Bristel 221 might roveal any basic differences in vortex structure owing to
planform changes or to the change from a round to a sharp leading-odge. (The
occasional mild buffeting on the Bristol 221 reported by pilots does not by
itself prove that the pressure fluctuationa under tho vortex are smaller than
on the FD2., The structure of tho 221 is difforent from that of the FD2 and the
pilot sits 6 £t further forwvard.)
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A final guestion concerns possible Reymolds number effects on the buf'feting
characteristics of slender wings. Witn sharp leading-cdges to fix separation
lines Reynolds number effects on the developed vortex flow should be much smaller
than on wings with round leading-edges (tnere is certainly a large Reynolds
nunber effeet on the vortex on the FD2 aircraft with round leading-edges 5).
However Reynolds number effects night be significant when the small streamwise
vortices are rolling up to form the main vortex (Figﬂ9), although no Reynolds
nunber effects are apparent in this region on Moéel 4 1n the 3 £+ tunnel as
Reynolds number inorcased from 0.23.106 to 2.66.106 (Fig.13). &gean, removal
of the roughness bands on the wing ond nose of HNodel 1 in the 13 x 9 £t tummel
did not alter the inciderncc for vortex formation or voriex breakdowm, or the
buffeting. Hence the prescent measurements should give a fair aindication of
both the charaoter and order of mognaitude of the buffeting on full scale slender

wing aircraft,.
5 CONCLUSIONS

Tests on two solid slender wing models show that there are two stages in
the wing buffeting ot subsonic speeds (Figs,10 and 16):-

(1) a mild buffeting when the leading-~edge vorticcs aré fully established,
and (2) a severe buffet at vortex breakdown,

At supersonic speeds the mild buffeting is weaker, probably because of the

reduced size and intensity of tﬁé leading~edge vortices,

Tests on two aeroeclastic models show that the mild buffeting is principally
ot the wing 3rd distortion mode (Fig,20). The order of magnitude of this
buffeting suggests thet on a supersonic transport aircraft buffeting or rough
vibration might be noticed during a small part of the subsonic climb=out after
take~of{.
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Apvendix A
' i
TIP BUFFET STRESSES AND AMETLITUDES

The stress induced by the wing buffet on Model 3 is
5 = E(1/A) (8R/R) 2 : (3)

where o = stress lb/:Ln2
- Youngs modulus 1b/in® (1.10' for light slloy) .
= gauge factor (2 for wire gauges)

resistance change

ﬁd%wm
1

= realistance

(the factor 2 is required because there are only two active gauges in the
bridge on Model 3).

Hence

¢ = E(AV/V) (&)

where AV
v

rms unsteady voltage
steady voltage (6.3V)

From Fig.18(b) and equation (L) the total rms stress at a = 7° and 115 kt
EAS is

o = 65 lb/:l.n2 .

Similarly from Fig.20(b) and equation (4) we have a tip stress at the
third deformation mode at 273 ¢/s (5 c¢f/s full scale)

o = LO 1b_/in2 .

In an attempt to determine the order of magnitude of the tip amplitudes
associated with, but not directly related to these buffet stresses the model
was subjected to a ground rescnance tests The third symmetric distortion meode
was excited by the normal push-rod sting used for exciting symmetric modes* and
the excitation increased until the unsteady signal from the tip gauges was 26 uv

* This sinusoidal excitation attempts to represent the partion of the distributed
"white noise" loading exciting the model. This loading takes no account of the
degree of correlation of the pressure fluctuations at different points under the
vortex, or of possible interactions between the response of the fairly closely
spaced deformation modes.
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rms (Fig.20(b))e The tip amplitude was then approximately *0.001 inch (peak to
peak) corresponding to ®0.060 inch full scale.

These stresses and deflections will increase at the higher EAS (bypically
about 270 knots) required during the rapid subsonic olimb-out of the aircraft
needed to conserve fuels, Only a small increase in total damping for the 3rd mode
is suggested by extrapolation of Fig.21(c). Hence the buffet stress and defleo-
tions may be approximately inoreased by the ratio of the kinetic pressures,
iece (270/115)2 = 5.5.

Hence
220 lb/inz

q
It

; at 5.0 o/s full scale

and the tip deflection +0,3 in

(peak to peak)
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Table 1

Test conditions

Maximum

Working | Reyuolds Fundamental Sting
Model | Tunnel | _ .o~ number( s) WRS bridge wing fr:quency (w1c)m/(w1c)u support Date of tests
R
1 3 £t Tabg 2.66.106 4 active semi- 285 1.65 Solid sting| October 1964
M=0.40 to conductor gauges
M=0,80
13x9ft | low speed 0.92.106 November 41964
M=0.23
3 £t | Tabs 2.66.10° )
¥=0.40 to )
M=0.80
supersonic 2.20.106 January 1965
M=1.4 and
M=1 06 )
2 13%x9f% | low speed 2.56.106 4 active semi- 130 1.87 6 component| July 1965
M-0.23 conductor gauges balance
3 3 ft { subsonic 0.3#.106 2 active wire gauges 127 100 Flutter January 1965
M=0.50 + 2 external excitation
resistors sting
4 3 ft | subsonic 0.5.106 4 sctive semi- 263 1.52 -l 80lid sting| May 1965
M=0,40 conductor gauges

Tabs =

[

Top and hottom slotted section

6l
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SYWMBOLS
¢ damping
Copit critical damping
c average chord
EAS equivalent airspeed knots
£ frequency o/s
g/2 structural damping coefficient % crit
N Mach nmumber
AD rms pressure fluctuation b/ in®
q kinetic pressure J;zpvz v/ in?
R Reynolds number based on ¢
v free stream velocity ft/s
WRS wing-roct strain
o incidence
B sideslip
Y aerodynamic damping coefficient % crit
p free stream density
w = 2If  gircular frequency (radians/s)
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Tests on two aerpelastic models at subsonic speeds show that the mild
purfeting is principally at the wing 3rd or higher distortion modes, The
order of magnitude of this buffeting suggests that on a supersonic
transport aircraft this might be perceptible during subsonic climb-out at
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