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SUMMARY

The spectra of pressures at points in and behind the bonb bay of a
Canberra aircraft have been obtained for a range of flight conditions. The
primary obgective of the flight neasurenent programme was to acquire data for
comparison with pressure spectra obtained on a Wnd tunnel nodel. This report
describes the flight programme and presents the results obtained. Comparison
with Wi nd tunnel experiments shows reasonably good agreenent on rms pressure

| evel s and spectrum shapes.

*Replaces R A E. Technical Report 68086 = A.R.C. 30507
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| NTRODUCTI ON

For many years, there has been interest in buffet in aircraft. In
particular, the buffet caused by flying an aircraft with the doors of a bonb
bay open has sonetines resulted in a high level of vibration, not only an the
aircraft but in stores carried within the bonb bay. One of the problens in
dealing with buffet is the difficulty of predicting the level and nature of
the resulting vibration; a know edge of this would be of great value, since
if it is available during the design stage of the aircraft, steps may be taken
to ensure that due allowance is made for the vibratory environnent i1n assessing
the operational cepability of the aircraft under zervice conditions. Reliable
prediction of aircraft response also allows remedial design action to he taken
either to reduce the magnitude of the buffet pressures or to alter the
structural response characteristics in critical areas.

A proposed technique for predicting vibrat.ion levels dueto buffet (wth
particular reference to buffet in open bonb bays) consists of a two-stage
procedure. In the first stage, a rigid model of the proposed design of nair-
craft is tested in a wnd tunnel. The nodel 1s instrumented with pressure
transducers, and the unsteady pressures due to buffet are recorded on magnetic
tape. The second stage consists of setting up an electrical anal ogue of the
aircraft and of wusing the neasured wind tunnel pressures as a force input, by
replaying, wth appropriate scaling, the signals fromthe magnetic tapes into
the analogue . The response of the anal ogue 1s then 4 neasure of the response
of the aircraft to the buffet pressures, assuming that aircraft motion does
not modify the pressures, and the anal ogue response can be recorded and analysed
so as to yield vibration levels and spectra.

At first sight, it mght appear preferable to dispense with the seond
stage of the procedure by constructing a wind tunnel nodel which is dynamcally
similar to the aircraft, so that all that is necessary 1g to nmeasure the
response of the wind tunnel nodel to its own buffet, and to convert these
measurements to t he full scale au-craft. However, the constructionof8
dynam cal |y accurate wind tunnel nodel woul d require modelling techniques of
avery high order,and such a nodel would not easily 1lengitself to structural
or aerodynam ¢ nodifications. In the two-stage technique, the wind tunnel
nodel is effectively rigid (since it is unlikely that structural flexibility
will significantly affect buffet pressures). The use of a rigid nodel enables



modi fications which affect the flow to be made easily, whereas this might be
difficult, or even inpossible, with a flexible nodel without altering the
dynamic  characteristics.

In order to assess the value of the proposed technique, a Canberra
bonber was flown, and records taken of the unsteady pressures in andbehind
the bomb bay. A nodel of the aircraft was tested in a wind tunnel at the
RAE at conditions appropriate to the flight tests, and records were taken
of unsteady pressures at a large nunber of points ancluding the measurenent
points used in the flight tests'. In the flight tests, records of the response
of the aircraft were also taken. It was intended that the wind tunnel
pressure measurements shoul d be used to conpute, by means of an analogue, the
response of the aircraft, so that the response neasured in flight could be
conpared with the calculated response. Unfortunately, various circumstances
made 1t impossible to conplete the analogue Stage of the exercise, and it has
only been possible to conpare the wind tunnel pressure measurenents wth the
corresponding flight measurenents. For this reason, the response measurenents
are not given in this report.

This report describes the flight test pressure measurenents that were
made, the results obtained, and gives a conparison of nodel and full-scale
fluctuating pressure values.  The conparison shows that reasonably good agree-
ment was obtained, and this at |east suggests that the first stage of the
proposed technique of response predictionis valid. It is hoped that it may
yet be possible to conplete the second stage, but there 1s no immediate pros-
pect of this, and any further work would be the subject of a separate report.

2 RANGE OF INVESTIGATION

The flight tests were made at heights of 1500 and 6000 m (5000 and
20000 £t). At each height, Mach nunbers between 0.3 and 0.6 were investigated.
These corresponded to Mach nunbers investigated in the wnd tunnel tests' .
For each flight condition the aircraft was flown with the bonb doors open and
shut, and records of the unsteady pressures at two stations within the bomb
bay and two stations outside and aft of the bonb bay were taken.

The pressure records were analysed t0 yield pressure spectra for each
point at each flight condition K gand the spectra were then converted to non-
dimensional form for direct conparison with the wind tunnel test results.



3 Al RCRAFT | NSTALLATI ON

3.1 Measurement stations and transducers

The four pressure measurenent stations are shown in Fig.l, The stations
were chosen to be in a region where high fluctuating pressures would occur =
these stations being selected on the basis of the results of the wind tunnel
tests. A false roof was built into the rear of the bomb bay to elimnate
possible unsteady flows arising from the local structure, which mght render
a conparison with the wind tunnel test results invalid. The false roof (bonb
doors open) is shown in Fig.2. Athough the instrunentation for the fiight
measurements was installed in a tray in the bonb bay Itself, a nodel of this
tray was included in the wind tunnel nodel so that, geomet+ically, the nodel
and aircraft bonb bays hadno significant differences.

Unst eady pressures were measured by S.%, Laboratories' variable Induct-
ance differential pressure transducers, type SE 150, having a pressure range
up to 5000 N/m? (0.72 1bf/in2), The transducers were nounted in boxes vented
to atnosphere, as shown in Fig.3, so that no steady pressure differential woul d
exist across the diaphragm  The vent consisted of a length of hypodermc
tubing, the dinensions of which were chosen so that pressure fluctuations above
5 hertz at the atnospheric end of the tube would not be transmtted to the
interior of the box, The installation of a pressure transducer in the roof O
the bonmb bay is shown in Fig.4. The transducers were connected to
transistorised ac bridge anplifiers.

The overal | frequency response of the pressure transducers and amplifiers
was flat within 1 g8 froms-100 hertz

3.2 [ nstrunentation

3.2.1 Calibration unit

Automatic calibration of three pressure measurement channels was provided
The calibration unit was interposed between the transducers and the ac bridge
anplifiers. The unit operated when the main switech, controlling the recording
system was put to the "off" position at the end of a recording. Operation of
the switch caused the calibration unit to disconnect the transducer and to
substitute a dummy hal f-bridge circuit for a period of five seconds during which
recording was continued. Transistor switches were used in the calibration unit
to short circuit part of Lhe resistance in one armof the dummy half-bridge, as



shown in Fig.5. The transistor switches were activated by oscillators (running
at approximately 20 hertz) driving the base of the switch transistor both
positive and negative.  The positive swing is necessary to ensure that the
alternating carrier applied to the aummy hal f-bridge will not switch the
transistor on.

A second set of ac bridge anplifiers was included in the instrumentation
to enabl e response neasurenents to be made from accel erometers. The results
from these neasurements are not covered in this report as explained in
section 1, but they are nentioned here in order to clarify details of the
instrunmentation.

Because the carrier frequencies of the two sets of ac bridge anplifiers
(pressure and response measurenment) were different, both sides of the carrier
supply were floating with respect to earth, the sets had to be isolated from
each other and from earth; two oscillators were therefore required in the
calibration unit, and these could not be driven directly by the aircraft
supply. The oscillators were therefore driven by isolated Deac rechargeabl e
cells fitted with self-regulating charging circuits as shown in Fig.6. The
charging circuits were connected, by relays, to the aircraft supply when the
calibration wunit was inoperative.

3.2.2 Modulator wnait

The modulator unit contained eight frequency nodulators type IT 1657
a direct recording channel, a compensation channel which could be fed to two
tape recorder heads in series, and power supplies for these itens.

The nodul ators operated at 3kHz with 40 per cent deviation and a band-
width from zero to 625 hertz. The outputs of four ac bridge anplifiers of
each set were connected to the nodulator unit.

The direct recording channel was connected to the aircraft telecomunica-
tion system so that a speech channel could be used for record identification.

3.2.3 Tape-recorder

The outputs of the nodulator unit were fed to the recording head on a
nul ti-channel tape recorder type |T 7-4-61,The recorder was fitted with a
16-track recording head giving a possible total of 16recording channels of
which 11 were utilised, Tape speeds of 0.0476, 0.0952 and 0,1905 m's (1
32, 7%in/s) were available although nost of the flight records were taken with
a tape speed of 0.0952 m's (3gin/s).
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3.2.4 Paper recorder

A phot ographi ¢ paper recorder was also installed as a check system The
recorder was a Md-Western type 555having twel ve recording channel s which were
connected to the ac bridge anplifiers.

3.2,5 Installstion

I't was mentioned in section 3,1that the instrumentation for the fiight
tests was installed in a tray in the bonb bay. The tray was mounted on the
bonb beams at the forward end of the bay, and was designed for quick renoval
so that the installation could readily be taken from the aircraft to the
| aboratory for servicing end adjustnent. A photograph of the installation is
shown in Fig.7, The only conmponents of the instrumentation not nounted in the
tray Were the transducers and the control unit. The latter was nounted near
the observer's seat in the cockpit. A schematicC diagram of the instrunent tray
wiring is shown in Fig.8.

4 FLIGHT TEST RESULTS

4,1 Pressure spectra

The notation for pressure spectra used in this report is the same as that
used in the report giving the results of the wnd tunnel tests'. Briefly, the
notation is as follows: the rms pressure anplitudes are expressed in non-

di mensi onal form as ps/q\fe wher e:

p_ 1S the rms value of the pressure fluctuations within the bandw dth of
the analyser used to obtain the spectra

g is the bandwidth ratio of the analyser and is equal to the bandwidth
divided by the centre frequency

g 1s the kinetic pressure.

Frequencies are expressed as a non-dinensional frequency paraneter
n = %—L- wher e:

f is the bend centre frequency (hertz)
Uis the forward speed (mis)
L is the bonb bay length (6.6 metres),

I't may be noted that, provided the variation of pressure spectral density
Wth nis small within the bandw dth of the analyser, then pe/q\fe I's
i ndependent of the value of E, and in the linmt e may be replaced by dn/n

so that the total mean square p2 of the pressure fluctuations Is given by



. \2
.-=n;£ (%eg) d (log n) .

The tape records of pressure fluctuations were analysed by passing each
signal through a series of one-third octave bandwi dth filters (E = 0.23) and
measuring the rns value for each filter output (pa). The total xrms value for

“rof o

each record (Vﬁ?% was al so nmeasured.

The positions of the four pressure transducers shown in Fig.1l can be
expressed as fractions of the length of the bomb bey aft of the front lip of
the bay (x/L, where x is the distance fromthe front lip of the bay to the
transducer). The val ues of x/L are 0.84, 0,96, 1.05 and 1.20. The first
three of these positions correspond to positions of pressure transducers in the
wind tunnel tests. Flight tests were made at Mach nunbers of 0.3 and 0.6 at
both 1500 and 6000 m (5000 and 20000 £t) altitude. The ias for each of these

conditions is given in Table 1

The pressure spectra at the four measurenment points are given in
Tables 2-5, end are shown in graphical formin Figs.916.

It should be noted that in the follow ng sections the termpressure

refers to non-dinensionalised fluctuating pressure (i.e. either ( nf?/q) or
(p /dVe)as appropriate).

4.2 Effect of kinetic pressure and incidence

In order to assess the effect of kinetic pressure (qg) and w ng incidence
(@) on the fluctuating pressures, flight neasurenents were made at Mach nunbers
of 0.3, 0.4, 0.5 and 0.6 at each of the two test heights. The total rms |eve
of the pressure fluctuations was obtained for each transducer at each flight
condition.  The results are given in Table 6 in which the fluctuating pressures
are expressed as percentage values of the kinetic pressure. A graphica
presentation is shown in Figs.17 and 18.

5 COVPARI SON W TH WIND TUNNEL MEASUREMENTS

5.1  Spectra of fluctuating pressures

A conparison of the pressure spectra neasured in flight gnd in the wnd
tunnel is shown in Figs.19 and 20. In Fig.19 the conparison is made for two
positions within the bonb bay, and one imediately aft of the bay at M = 0.3
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and M = 0.6 at a height of 1500 m (5000 ft). In Fig.20, the same conparison
is made at a height of 6000 m (20000 ft). Both figures showthat there is
reasonably good agreenent in spectrum shape between the wind tunnel and flight
results over the range of values of n for which the conmparison can be nade.
For the spectra at x/L = 0.84, the two rather flat peaks that occurred in the
wind tunnel tests, at n = 0.6 and n = 2 approximtely, also occur in the
flight tests, although they are less well defined. At x/L = 1.05, the single
peak at approximately n = 4 occurs for both flight and wind tunnel experi-
ments.  Over nost of the spectrum however, there is a greater difference in

| evel between M = 0.3 and M = 0.6 than was the case with the wind tunnel

results. In flight, the higher spectral values were associated with the [ower
Mach nunber, and greater incidence.

5.2 Overall level of fluctuating pressures

5.2.1 Distribution in and behind the bonb bay

It 1sdifficult to conpare overall levels of pressure fluctuations in
flight with those measured in the wind tunnel. The dafficulty ari ses because,
in the two experiments, differences of equipment resulted in the overall |evels

being neasured for different frequency bandw dths. In all cases the range of
frequency parameter n covered in the flight tests was less than that covered
in the wind tunnel tests; it should perhaps be enphasised that the frequency

range of the flight test equipment was chosen to cover the structural nodes of
the aircraft and, for this purpose, was nore than adequate. The differences in
pressure spectrum bandwidth woul d, of course, be uninmportant if there were no
significant pressure |evels outside the bandwidth. This is not always the case,
as may be seen in Figs.11 and 12, for exanple, in which the upper frequency end
of the spectrum is cut off at points where the pressure level is high.

To obtsin a valid conparison of flight and wind tunnel overall rms
pressure levels, both sets of spectra have been integrated over the range of
frequency paranmeter covered by the flight tests. The pressure levels given in
Table 6were obtained in this way and thus do not include conponents outside
the bandwidth of interest.

[t was shown in the wind tunnel tests that the pressure fluctuations are
mosti ntense in the vicinity of the rear bul khead, and also on the roof of the
mddle of the bay where the flow is attached. In the flight tests, the
pressures in the mddle of the bay were not measured, and Figs.21 and 22 show
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the measure of agreement between wind tunnel and flight tests for pressures

near the rear bulkhead. It will be seen that at both M = 0.3 and 0.6, maximum
pressures in the wind tunnel tests occur within the bay and close to the rear
bul khead, and this was confirmed in the flight tests. At M = 0.3 the maxinum
aircraft pressures were somewhat |ower than the maxinmum model pressures at

o = 5.6° but higher at a = 10.4". At M= 0.6 the aircraft pressures were

| ower than the model pressures at both angles of incidence. Just aft of the
bay, the aircraft pressures were higher than those of the nodel at M = 0.3,

but were very sinilar at M= 0.6.

Although detail differences between the wind tunnel and flight test
results have been noted, there is an encouraging level of agreement in general,
not only in the position at which peak pressures occur but also in the varis-~
tions of pressures on each side of the peak. It should also be renenbered
that, in the flight tests, sone turbulence was present and aircraft response
to both this and to the buffet pressures occurred whilst the neasurements were
taken.  The level of pressure fluctuation for the points aft of the bonb bay
was checked with the bonmb doors closed and found to be |ess than 10% of the
level s measured when the doors were opened.

5.2.2 Ef fect of Mach nunber and incidence

The limted data makeit difficult to separate the effects of Mach
nunber gnd i nci dence on the fluctuating pressures. Fromthe results shown in
Figs.17 and 18, it can be seen that at each height there is e tendency for the
overal| pressure level to rise at points on the fuselage aft of the bonb bay
(%/T. = 1.05 and 1.20) es the incidence is increased, whilst the level falls
slightly et points within the bay (x/L = 0.84 and 0.95). In these figures,
the increase of incidence is associated with e decrease in Mach nunber. It is
possible to obtain sonme indication of the separate effects of Mach nunber and
i nci dence by cross-plotting Figs.17 and 18 so es to obtain the variation of
pressure with Mach number et constant incidence. This has been done in Fig.23
for x/L = 0.95 and 1.20. There are, of course, only two points for each line
on the graph, and the incidence range is restricted, but it is clear from
Fig.23 that there is e tendency for overall pressure levels to decrease with
increase of Mach nunber. It can al so be seen that increase of incidence et
constant Mach nunmber results in e decrease of pressure |evel for x/L = 0.95
but has little effect at x/L = 1.20.



6 CONCLUSIONS

The measurenment of fluctuating pressures arising frombuffet in the open
bomb bay of a Canberra aircraft in flight have been shown to be in reasonably
good agreement with corresponding pressures neasured on a nodel in the wind
tunnel. It is concluded that the use of wnd tunnel pressure neasurenents as
a force input in the calculation of aircraft response to bonb bay buffet [oads
s valid.

The flight measurements confirm that maxi numfluctuating pressures occur
close to the rear bul khead of the bomb bay. The differences in overall rms
pressures between aircraft andmodel depended on the flight conditions; for
most conditions, the aircraft pressures within the bay were [ower than the
model pressures, Aft of the bay the aircraft pressures were higher than nodel
pressures at the lower Mach nunbers.

Conparison of the fluctuating pressure spectra from the aircraft and
nodel tests shows that there was good agreenent in spectrum shape and in the
frequencies at which peaks occurred. Limtations of the equipnent used for the
flight tests prwented a conparison of spectrum shape being made over the full
range of frequency covered by the wind tunnel experinents. However, the flight
records adequately covered the frequency range of importance for a response
cal cul ation.

Wthin the linmted range of Mch number and incidence covered by the
tests, the fluctuating non-dimensional pressure levels tended to decrease as
Mach nunber increased. It was also found that an increase of incidence
resulted in a decrease of fluctuating non-dinensional pressure within the bonb
bay near the rear bulkhead andin a negligible change in pressure Just aft of
the bay.
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Table 1

| NDI CATED Al RSPEEDS AT FLI GHT TEST CONDI Tl ONS

Height Mach number
m 't 0.3 0.6
1500 5000 | 185 kt 350 kt
6000 20000 | 140 kt | 265 kt
Table 2

MEASURED VALUES OF PRESSURE SPECTRA

Fli ght

condi tion:
Altitude:
ias: 185
M (approx): 0.3

kt

1500 m (5000 ft)

PB
l Pressure spectra ;e
x/L

n 0.84 0.95 1.05 | 1.20
0.266 0.0202 | 0,0306 | 0.0297 | 0.0157
0.333 0.0239 | 0.0331 | 0.0298 | 0.0157
0.417 0.0272 | 0.0391 | 0.0346 | 0,0184
0.525 0.0326 | 0.0524 | 0,035 0.,0204
0.667 0.0%398 | 0.0635 | 0.0398 | 0.0246
0.833 0.0427 | 0.0683 | ©.0M0 | 0.0277
1.07 0.0402 | 0.0627 | 0.0376 | 0.0272
1.333 0,0395 | 0.0678 | 0,038% | 0.0308
1.667 0.0369 | 0.0635 0.0462 | 0.0364
2.08 0.0378 | 0.057 0.0584 | 0.0454
2.66 0.0442 | 0.0440 | 0.0878 ]| 0.0548
3.33 0.0347 | 0.0882 | 0.104 0.0614
4.17 0.0242 | 0.0702 | ©.0928 | 0.0583
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Table 3
MEASURED VALUES OF PRESSURE SPECTRA

Flight condition
Altitude: 6000 m (20000 ft)
ias: 140 kt
M (spprox): 0.3

1.20

Pressure spectra 2%5
/L | 084 | o0.95 | 1.05
0.286 0.0228 | 0.0284 | 0.0332 | O
0.357 0.0242 | 0.0341 | 0.0364 | O
0.446 0.0239 | 0.0375 | 0.0397 | O.
0.562 0.0277 | 0.0467 | 0.0405 0
0.714 0.0306 | 0.0570 | 0.0445 | O
0.893 0.0384 | 0.0665 0.0443 | ©
1.14 0.0411 | 0.0665 | 0.0445 | O
1.43 0.0398 | 0.0668 | 0.044 0
1.785 0.0381 0.0617 0.050 0
2.23 0.0396 | 0.0548 | 0.0595 | O
2.86 0.0433 | 0.0413 | 0,091 0
3.57 0.0345 | 0.0281 | 0,115 0
4.46 0.0256 | 0.022 0.1035 | ©

.0165
L0196
0221
.0254
.0287
L0324
.0326
.0341
.0415
.0477
.0635
.0754
.0724
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Tabl e 4
MEASURED VALUES OF PRESSURE SPECTRA

Flight condition:
Altitude: 1500 m (5000 ft)
ias: 350 kt
M (approx): 0.6

P
Pressure spectra 335

. XL 0.8 0.95 1.05 1.20
0,133 0.0234 | 0.0278 | 0.0163 | 0.008
0.167 0.0258 | 0.033% | 0.0167 | 0.0093
0.208 0.0262 | 0,0%35 | 0.0182 | 0.0096
0.262 0.0294 | 0.0382 | 0.02 0.0107
0.333 0.0351 | 0.0478 | 0.0218 | 0.013
0.416 0.0371 | 0.055% | 0.0232 | 0.0137
0.533 0.0472 | 0,0717 | 0.0238 | 0.0156
0.666 0.0547 | 0.0922 | 0.0246 | 0.0167
0.833 0.045 0.0838 | 0.0248 | 0.0196
1.04 0.0459 | 0.107 0.024 0.0224
1.33 0.0377 | 0.0684 | 0.0272 | 0.0245
1.67 0.0397 | 0.052 0.035 0.029
2.08 0.0366 | 0.0362 0.0555 | 0.0356




Table 5

MEASURED VALUES OF PRESSURE SPECTRA

Fli ght

condi tion:
Al'titude:

6000 m (20000 ft)

265 kt
M (approx): 0.6

Pressure spectra 5%5

P

*/T .84 | 0.95 1.05 1.20
0.143 0.021 0.028 | 0.019 | 0.0092
0.179 | 0.0251 | 0.0348 | 0.0212 | 0.0104
0.224 0.0286 | 0,0%65 | 0.022 0.0112
0.282 0.0296 | 0.0391 | 0.0239 | 0.0128
0.357 | 0.0329 | 0.0536 | 0.0277 | 0.0149
0.446 | 0.0365 | 0.0603 | 0.0281 | 0.016
0.572 | 0.0412 | 0.0742 | 0.0292 | 0.0172
0.7'5 | 0.0517 | 0.0948 | 0.0315 | 0.0195
0.893 | 0.0444 | 0,0905 | 0.0309 | 0.0232
1.12 0.0452 | 0.109 | 0.0278 | 0.025
1.43 0.047 | 0.0708 | 0.0325 | 0.0284
1.79 0.0476 | 0.0481 | 0.043 | 0.0327
2.24 0.0443 | 0.032 0.0678 | 0.041
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Table 6

OVERALL PRESSURE LEVELS EXPRESSED AS

PERCENTAGES OF KI NET| CPRESSURE

2

x 100
q
: |
Hei ght 185 @ _
n (£1) Mach 0. Lt degr ees x/L = 0.84 | .95 1.05 1.20
0.3 185 5.6 5.94 10.09 9.40 | 6.09
1500  (5000) 0.k 245 3.0 5.78 lo.8 7.44 | 4.68
0.5 300 1.8 6.37 12.2 5.66 | 3.87
0.6 350 1.2 6.50 10.90 4.21 | 3.07
0.3 140 10.4 5.72 8.49 | 10,30 | 7.13
6000  (20000) Ok 180 5.6 5.94 8.79 | 7.41 | 4.83
0.5 225 3.4 6.23 9.67 | 6.53 | 4.12
0.6 265 2.2 6.62 11.26 | 5.16 |3.51
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