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XIeasurements of unsteady wing-root strain were made on a ala11 solid 

model of the Scimitar hk.1 aircraft to investigate the buffeting scaling 
relationships, The wing-root strain measurements covered an incidence range 

from 0' to 13' at a Mach number of 0.50 and a wide range of stream density. 

The derived buffeting scaling relationships show that tne damping of 
the wing buffeting is predominantly structural (even though the structural 

damping coefficient on this model is low) because? the aerodynamic damping 
coefficient is low owing to the high model density. Models with structural 

and aerodjmamic damTing coefficients more representative of full scale values 

should be used for measurements of the level of buf:'eting. 

* Replaces R.A.E. Technical Report No.66160 - h.Y.C.28632 
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1 IKt!RODUCTION 

A previous Report' summarises the fair correlation betvveen buffet 
boundaries measured on seven small solid models in wind tunnels and corres- 

ponding flight buffet boundaries. The present report examines a more difficult 
problem, the estimation of the level of model buffeting ati its extrapolation 
to a full scale aircraft using appropriate theoretical scaling relationships 293 . 
These relationships involve structural and aerodynamic damping coefficients. 

There is no simple expression for the structural damping coefficient, 
which is determined by the type of model construction and the type of attach- 
ment to the supporting sting. (Table 1 shows measured wind-off structural 
damping coefficients for models B and D of 3ef.d.) 

The aerodynamic damping coefficient y varies directly as the density ratio 
of the free stream/model because 

Y = CLa e . CL/M, . s2/2 u, v 
Y 

where C La,4 

and 

s2 

9 
v 

= first mode generalised lift clme slope for damping 
component of aezudynamic force o-fling to wing vibration, 

= kinetic pressure (a free stream density p ); 

= generalised wing mass for first mode vibration (a model 

density Pm); 

= weighted wing area fo- first mode vibration; 

Z.Z undamped natural circular frequency for first mode, 

= velocity. 

For the particular example of a wing of constant chord d and constant 
thickness chord ratio t/d the aerodynamic damping coefficient is 

where the mass/unit span is assumed equal to 

pm at/2 

and %,a c. 2X, 
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Now although the seven solid models considered previously have approti- 
mately the correct frequency parameter (Table 1 Ref.1). 

i. e. 

they cannot have the correct density ratio because the density of the model 

wing is higher than that of the aircraft and the 3 ft tunnel density is 
limited to 2x atmospheric density. Hence solid models have low aerodynamic 
damping coefficients in the 3 ft tunnel, and the structural damping coefficient 
is likely to predominate, even when the model stru&xxJ. damping coefficient 
is low and comparable to that of the aircraft. 

If the structural damping coefficient predominates over the aerodynamic 

damping coefficient the variation of the level of buffeting with density is3 

wing-root strain a p (3) 

as previous limited tests on models A, B, D and E of Ref.1 had suggested. 
However, if the aerodynamic damping coefficiznt predominates 

I 

wing-root strain a p' (4) 

as in some early flight experiments2. 

In the present tests the validity of equation (3) for model D was 
confirmed (Fig.8) by testing over a wide range of free stream density (4/j). 
XodelD (the Scimitar Mk.1) vqas selected because the tunnel an3 flight 
buffet boundaries are in good agreement at the test Mach number &I = 0.50 

(Fig. I). 

Previous buffeting measurements by Rainey', in v{hich the density ratio 

was varied by testing identical wings made of magnesium, aluminium &lOy ax%d 
steel, appear to satisfy equation (I+), even though the structural damping was 

significant. 

2 EXJXXMEMTAL DETAILS 

2. I Buffeting measuring equipment 

Model D was provided with four active semi-conductor strain gauges 

mired to add the port and starboard strain signals which eliminated the 
antisymmetric wing-root strain owing to mo3el rolling. The strain gauge 

bridge was powered by a 6.3~ battery and th 0 signal lead was connGcted to a 
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spectrum analyser* which gave a direct voltage reading. This was the second 

method of measuringbuffeting described in Ref,l and was not available for the 
previous tests in October 1963. The present tests were made in January 1965. 
The total rrns signals obtained by the two different methods agree quite Well 

(Fig. 2). On this steel wing with semi-conductor strain gauges a signal of 
IOOW corresponds with an rms surface stress of 4 lb/in2. 

2.2 Node1 D * 

. Model D is shown in Fig. 3* It was mounted on a specially manufactured 
solid sting to reduce sting deflections instead of the six component balance 
used for tine previous tests. Table 1 gives the principal modes of vibration 
and structural damping coefficients found by a wind off ground resonance test 
with the model mounted in the tunnel; the frequencies of the port and star- 
board wings are slightly different, Although both wings are slotted into the 

fuselage and secured by bolts tne wind off structural damping is low and may 
fall with increasing lift (3.1 below). Table 1 also gives (for subsequent 

discussion) corresponding modes and frequencies for model B, machined from one 
piece of aural. 

e 2.3 Test conditions -= 
In these tests the kinetic pressure q = 3 p V2 was varied by varying the 

e free stream density at constant Mach number; thus the frequency parameter 

bf,/V) remains constant. The Yach number chosen, &I = 0.50 was sufficiently 

low that unsteadiness in the slotted working section5 did not effect the wing 

buffeting. (Th is -jvas demonstrated in a preliminary experiment 3.1.) 

. 

i 

Table 2 shows the Reynolds number variation with density. The tests were 

not extended to lower densities because the buffet boundary started to alter 

at p = 0.36 lb/ft* (R = 0.47 x 10 $. Transition fixing bands of carborundum 

in aluminium paint were attached to the leading edges of the wings, tailplane 
and fin. This roughness was intended to fix transition at R = I.25 . IO6 and 
was not altered as the density varied. 

3 RFlsm s 

3.1 Subtraction of tunnel unsteadiness signal 

Previous tests' showed that at transonic speeds there was some corre- 

lation between the unsteadiness in the slotted working section and the wing 
buffeting. To minimise this difficulty the present tests were made at a 
subsonic Mach number, M = 0,50, where the unsteadiness in the slotted working 

* A E&e1 and Kjaer 2107 



6 

section was much reduced. A preliminary test, described below, demonstrated 

that the remaining unsteadiness did not influence the wing buffeting. 

The model was tested first in the closed 3 x 3 ft working section and 
then the slotted liners were inserted to form a 3 x 2.2 ft working section with 
higher unsteadiness and the tests repeated. Fig.&(a) shows the variation of 
the total wing-root strain signal with incidence for both tunnel configurations. 
The shape of both curves is similar but the unsteadiness signal in the slotted 
working section at zero incidence is nearly 5@ higher than in the closed 

working section (this is consistent with previous experience in the 3 ft 

tunne15). If there 
unsteadiness then 

is no correlation between the wing buffeting and the tunnel 

(5) 

where KtSB = wing buffeting signal in absence of tunnel unsteadiness 

*sT F total wing signal 

KRso = wing signal owing to tunnel unsteadiness at zero incidence. 

Equation (5) correlates both sets of data (Pig,&(b)) and hence may be 

used to subtract the component of the wing signal owing to tunnel unsteadiness 
at other stresm densities in the slotted working section.* 

The small increase in signal between 0' and 6’ in Fig..!+(b) may come from 

a small decrease in wing structural damping as observed previously3 with a 

mcxlel of similar construction. 

3.2 T.ypes of flow separations inducing buffeting 

Even after applying the correction for tunnel unsteadiness Fig.b(b) still 
shows a rounding of the curve between a = 6’ and qO" which makes it impossible 

to define buffet onset without drawing intersecting tangential curves through 
the signal at low incidence (0' to 6’) an3 high incidence (70.5' to 12.0'). 
Oil flow runs (Figt5) showed that the flow was attached over the wing at 
a- - 5O. However at a = 6’ two small vortices formed on the wing tip outboard 

of the boundary layer fence and these combined to form a large single vortex 
as incidence increased to 8'. This vortex induces the mild buffeting between 

6’ and 8' (c.f, the vortex induced buffeting of Model F, Ref.1, Fig.21). At 
IO0 incidence the flow suddenly separates inboard of the fence and there is 

* The high densities required for these tests could only be reached in 
the slotted working section because of a power limitation. 
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severe buffeting. The tip buffeting is mild and is not re;?orted in flight; 
this "two stage" flow separation excites two different vibration modes on the 
model wing, 

3.3 Modes of 'iing buffeting 

The "wind-on" wing vibration modes were found by setting the model at 
a = 12' (2' beyond the severe buffeting onset) and tuning the spectrum analyser, 
The modes excited at 26, 160, 330, 520 and 760 c/s had all appeared in the 
ground resonance test, The wing-root strain signal was then measured at each 
of these tuned frequencies (with 62 bandwidth) over the incidence range from 
0" to 12'. Eg.6(a) - (e) shows that only the fundamental wing bending shows 
any significant variation with incidence and that this mcde responds to the 
tip vortex buffet, as well as the centre section buffet. 

Only one mode was excited above 760 C/S. This mode was much higher, 
at 1800 c/s and was not identified in the ground resonance test; this mode 
was only excited when the centre section stalled. Fig.G(f). 

Both the wing fundamental mode (at f, = 520 c/s) and the unidentified 
mode at 1800 c/s were used for the subsequent buffeting investigation. 

3.4 Buffeting scaling laws 

T'ne variation of buffeting severity with density depends on the relative 

magnitudes of the structural and aerodynamic damping coefficients 3 . If the 
structural damping coefficient predominates 

wing-root strain a P 

whereas if the aerodynamic damping coefficient predominates 

wing-root strain cx P 4 

(3) 

Fig.7 shows the measured variation of wing-root strain signal with incidence 
and density for both modes of vibration. Figs.8 and 9 show the same data, 
corrected for tunnel unsteadiness, and compared by using both equations (3) 

ad (4). (Th e scales of Egs.8 and 9 have been adjusted so that the points 
for the highest density p = 0.135 lb/ft3 are identical,) Careful examination 
of Fig.8 suggests that equation (3) is valid for the fundamental mode at 
520 c/s and hence that the structural damping coefficient predominates, The 

measured wind-off structural damping coefficient is low (g/2 = 0,010) but 
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the estimated'* aerodynamic damping coefficient is also lov; (y = 0.007) even at 

P = 0.136 lb/ft3, the highest free stream density, because the model density 
is high, 

The ground resonance test of model B revealed a similar situation. 
Model B is machined from one piece of light alloy and the measured wind-off 

structural damping coefficient of the wing fundamental mode at 287 c/s is LOW 

(g/2 = 0.028), However the estimated aerodynamic damping coefficient at 

the previous maximum test density p = 0.066 lb/ft3 is low (y = 0.016) despite 
the low model density. Hence the structural damping coefficient would 
probably predominate even on this model, which a)?parently represents the 

limit of good solid construction. This was certsinly the implication of some 

previous tests of Model B over a redtzed density range, when equation (3) 
provided the best fit of the limited data. 

Thus while buffet onset can be measured on a solid wind tunnel model 
(provided it has about the right reduced wing frequency) the level of buffeting 
can only be investigated on a special model which has the correct redLlced 
frequency and density and hence the correct acrorlynamic damping coefficient 
i.e. a true aeroelastic model of the aircraft. In addition to having the 

correct aerodynamic damping coefficient an aeroelastic model has similar mass 
and stiffness distributions which simplifies the application of the buffeting 
scaling relationships. If the model is made of the same material as the air- 

craft, (as high speed flutter models often are), the m&e1 stress is equal to 

that on the aircraft at the corresponding point6. Buffeting measurements on 

two aeroelastic models of slender wing aircraft are included in another 

report7. 

Returning to h'Iode1 D, Pig.9 suggests that the structural damping 

coefficient may also predominate for the unidentified mode but the structural 
damping coefficient was not measured ard t!le aerodynamic damping coefficient 
could not be estimated because the deformation mode was unknown. 

4 CONCL~IONS 

The variation of unsteady wing-root strain signal with free stream 
density produced by wing buffeting on a small solid model of the Scimitar air- 

craft shows that the structural damping coefficient predominates over the 
aerodynamic damping coefficient (Yig.8). This is because the aerodynamic 
damping coefficient is low owing to the high model density even though the 

s Xquation (2) was used to make this approximate estizate. 
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structural damping coef?icient is low, Hence although solid wind tunnel models 
are adequate for determining buffet boundaries (an important practical problem), 
aeroelastic models with the correct aerodynamic and structural damping 

coefficients are necessary for measurements of the Level of buffeting (3.4). 

Preliminary experiments showed that on this model unsteadiness at 
subsonic speeds in the slotted working section did not influence the wing 
buffeting (3.1), and that tne two different types of flow separation on the 
wing excited two different modes of wing response (3.2 and 3.3). 
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Table 1 

Mode 

Sting 
fundamental 

Wind off stmctural characteristics 

ModelD ModelB 

Fre uency 
7 

Damping Frequency Damping 
CS g/2 = '/'crit c/s g/2 = C/Ccrit 

28 0.005 33 0.003 

Model roll 150 0.002 135 0.012 

Antisynmetric 335 0.007 154 0.007 
wing bending 

Wing 535 port) 0,010 287 0.028 
fundamental 518 starboafi) t 

First overtone 755 0.012 379 0.008 
wing bending 

Second overtone - 630 0.@13 
berding 

Table 2 

Test conditions M = 0.50 

Working section density 

lb/ft3 

Reynolds n;ber (a) 

x 10 , 

0.036 0.47 

0.057 0.73 

0.066 0.05 

0.098 1.25 

0.135 1.72 
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b 

C 

c crit 

c La,& 

d 
3 

fl 
g/2 
M 

Ml 

Q 
R 
l%Rs 
v 

S2 
t 
a 

Y 

P 
pm 
*I 

wing span 
velocity damping of system 
critical damping reqtlired to reduce the free motion of the 

system from periodic to aperiodic 
first mode generaiised lift curve slope for damping component of 

aerodynamic force owing to wing vibration 

wing chord 
average chord 
wing fundamental frequency (c/s) 

structural danxping coefficient (5 critical) C/Ccrit 
Mach number 

generalised wing mass for first mode vibration 

kinetic pressure -$p V 2 

Reynolds ntier (based on average chord a) 
wing-root strain 
velocity (ft/s) 
weighted wing area for first-mode berxling 

wing thickness 
incidence (") 
aerodynamic damping coefficient (2 critical) 

free stream density 
model density 

undamped natural circular frequency for first mode = 2x f, 
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