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SUMMARY

The unsteady pressures acting in and behind ihe bomb bay of a 1/20 sz,
model of the Canberrs saircraft have been measured in the 8 £t x & £t transoniz
tunnel. The unsteady pressures are described by their r.m.s. values and by
amplitude and correlation frequency spectra. Time average values of the
pressures were also measured.

The results show that the Canberra bemb bay 25 of the "shallaw type”
in whiach the airflow enters the bay and attaches to the roof before being
deflected cut by the rear bulkhead. Pressure fluctuations are most intenssa
in the vicinity of the rear bulkhead and on the roof of the bay where the
flow attaches. Changing the Mach number from 0-3 to 0-6 has in general
little effect on the unsteady pressures (when expressed non—dimensionally)
but increasing incidence up to ten degrees produces some decreass in their
magnituds.

Replaces R.A.E. Tech.Note No., Aero 2845 -~ A.R.C. 24,645.
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1 INTRODUC TION

As part of -2 programme of tests to investigate the effect of an open
bamb- boy an the vibratirn. ~f an aircraft, the unsteady pressures measured
1n, the bay of a Carberre are to be compared with measurements made on a wind
tunnel mndel. This Note reports the results nff the wind tunnel measigements.
The tests wers made on & 1/20 scale mcdel of the Canberra B7 in the
8 ft x 6 £t transonic tunnel during April 1962.

2 TEST DETATLS

2.1 The model

Fig.1 is a general arrangement drawing of the model used for the wind
tunnel tests. The model 1s complete with fuselage, wings and tailplape but
the fin and pilot’'s cabin fairing have been omitted. A small block fitted
in the front of the bay represenis an instrument tray which will be carried
during the flight- tests.

The model was supported frnm above, by a short stream-lined strut
attached teo a sting which was held in the tunnel incidence mechanism
(see Fig.3). This method of support was chosen as being the least likely to
affect the air flowing over the bomb bay, and the lower side of the fuselege.

The bomb bay has an inverted V~shaped roof, and both the roof and the
lower fuselage line are swept up slightly towards the rear (see Fig.1). Th
doors retract partially into the bay when it 1s open. No attempt has been
made on the model to represent structural details such as rings and straingar:c-
The bay has a mean length/depth ratio of approxirately 8:1 and a mean length/
w#idth ratio of approximetely 5:1. g

2.2 Instrumentation

Small capacity type pressure transducers! (RAE type IT4~6-37) were
used to measure the pressures acting at 7 pesitions along the roof of the
Hay, and 10 positions nn the fuselage surface behind the bay (see Fag.2).
The transducers were calibrated before each test perind by applying a known
steady pressure to each transducer and observing the outputs from the trans-
ducer amplifiers on a d.c. volitmeter. Variations in the calibretinn factors
throughout the test were less than *3% During the test, the outputs from
the transducer amplifiers were observed on a d.c. voltmeter to give time
average pressures, and on a Dawes true r.m.s. meter (Type 6124) to give the
r.m.s. of the unsteady compcnent of the pressures, In addition the outputs
from selected transducers were recorded in pairs on an Ampex Type 306-2 two
channel tape recorder for subsequent frequency analysis using a Muirhead-
Pametrada D4E9 frequency analyser with a bandwidth retio of 15+:5%. The
recording and analysing system 1s described fully in Ref.2.

2.3 Range of investigation

The model was tested over a Mach number range from 03 to 06 and, in
order to facilitate comparison with the forthcoming flight tests, the model
incidence was adjusted at each speed to simulate flight at altitudes of
5000 and 20,000 ft. Model vabration limited the kinetic pressure at whicl
the tunnel could be operated to 150 p.s.f. The corresponding unit Reynolc .
number together with model incidences are given in the table below.



Incidence to simulate
n Re No. s flight at
per ££ x 107 | 5000 £t | 20,000 £t
0-3 197 5:6° 10+,°
Ok 175 3+0° 5eG°
0-5 1441 1+8° 34,0
06 1446 4.0° 2.0°

The time average and the r.m.s. of the pressures at each transducer
position were measured for all the test conditions. For M = 0+3, a = 5+6°,
amplitude spectra were measured at all the transducer positions. Correlation
spectra were obtained for all transducers in the bay referred to transducer G
(Fig.2), and for the transducers behind the bay on the starboard side of the
fuselage referred to transducers J and N. In addition correlation spectra
between transducers at the same longitudinal station but on opposite sides
of the fuselage were measured.

For the c¢ther seven test conditions amplitude spectra were measured
for transducer pasitions F,G,H and N.

In order to establish datum conditions, amplitude spectra were obtained
for transducer H at M = 0+3 and O+6 with the bomb bay filled in.

3 RESULTS

3.7 Presentation of results

Time average pressures have been expressed in terms of the usual
pressure coefficient CP’ and the r.m.s. of the unsteady pressures have been

made non-dimensional by dividing them by the tunnel kinetic pressure q.

A preliminary examination of the nature of the unsteady pressures
showed that they were random in character. Such random functions can only
be described by their average properties and it is convenient to use the
nomenclature of spectral analysis,

A non-dimensional frequency parameter n, has been used in the frequency
spectra where

where f 1is measured frequency (c.p.s.)
U is tunnel speed (f.p.s.)
and L is the bomb bay length (£t)

Fig.4 gives conversion factors to enazble n to be expressed in
absclute frequency under full scale conditions.

The ordinate of the amplitude spectra has been expressed as pg/qVé



where p_ is the r.m.s. of the pressure fluctuations within the bandwidtn
® of the anslyser used to cbtain the spectra

€ is the bandwidth ratio of the analyser (= 0¢155)

and q is the tunnel kinetic pressure (p.s.f.).

Previded the ordinate of a spectrum varies slowly with n, then
ps/qJé is i1ndependent of the value of & and in the limit, as e 1s made

smaller & » dn/n, so that the total mean square of the pressure fluctuations
is related to the spectral density by

nzeo 2 )
= —=) d(log n) .
[ () s

An impertant corollary is that if the pressures are acting on a simple
single degree of freedom system, with a natural frequency fo and an

o !
Y S

acceptance bandwidth Af, then the r.m.s. of the relevant part of the excit»

tion is given by
\ e Lt f, \ fn

se that the ordinate of the spectrum may be used to make quantitative
comparisens of buffet intensity.

The correlatien between the pressures acting at twr points x5 and x

(¥l

may be described by the correlation cceffacient

P(xi,’c) px t)

E“(xi,t) P:(xj,tﬂ%

It will be appreciated that RlJ may be evaluated either for the presswco

ig

fluetuations within the whole frequency range ~r for the pressure fluctuations
within narrow frequency bands, zn say. In the latter case, Rij 15 a funct:

of the eentre frequency, n, of the band and may be plotted as a "correlatioun
spectrum”.

Rij(n) was caleulated by farst measuring the amplitude spectra of t-a
instantaneous sum and difference ~f p(xi,t) and p(xj,t) then

(p /1 c)h - (P S s)k
Diff

Sum

| /ale), (pc/qfc)xj]

RiJ (B) =

Irn-attempting to interpret the physical significance of the correla 1.
encffieient it must be borne in mind that it 15 essentially a statistical
quantity. The spatial distributinn ~f the correlaticn c¢refficient gives ca
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indication of the size of the region over which disturbances retain their
identity - on the average. In addition, the variation of the correlation
coefficient along the direction in which the daisturbances are travelling
will contain a measure of their average speed, In this connection it is
significant that for the special case of a pressure field whiach is entirely
periodic in character, the correlaticn coefficient is equal to the cosine
of the phase difference between the pressures at the tws measuring points,
Typically, the variation of Rij(n) along the directlon of travel of dis-

turbances superficially resembles a damped cosine wave. The distances
between successive zero crossings may be interpreted loosely as half a8 mean
wavelength of the disturbances and the rate of decrease in successive peak
values as a measure of the rate of decay of the disturbances.

3.2 Datum conditions

The amplitude spectra of the unsteady pressures at transducer
position H with the bay filled in are given in Fig.5 for M = 0+3 and 0+6.
At each speed the spectrum consists mainly of a peak which is at the fan
blade frequency (i.e. fan speed in r.p.s. x number of fan blades) together
with one or more secondary peaks at harmonics of the fan blade frequency.
This type of spectrum has been obtained previously in tests in the
8 ft x 6 £t tunnel and the peaks are thought to be due to the setting up
of standing wave patterns within the plenum chamber surrounding the working
section., The spectral density for this datum case is small compared with
the spectral density when the bay is open except at the frequency of the ¢
peaks and, for certain transducer positisn, at very high frequencigs
(n > 5) (compare Fig.5 with Fig.8, x/L = 0+27 and 1+26, for example). The
only correction which has been made to the frequency spectra obtained with
the bay open is to remove any peaks which occurred at the fan blade
frequency and its first and second overtones.

3.3 Mean pressure distributions

Fig.6 shows the distribution of the mean pressures along the roof of
the bay and on the fuselage behind the bay for M = 0-3 and 0+6. The
pressure distributions at low incidence are typical of a shallow type bay
in which the airflow enters the bay and attaches to the roof before being
deflected out by the rear bulkhead (see for example Ref.3). The pressure
rise associated with the flow attachment cccurs at x/L % O+45,

3.4 Distrabution of the r.m.s. of the unsteady pressures

. »
The distribution of the r.m.s. of the unsteady pressures is shown
in Fag.7. The pressure fluctuations are most intense in the vicinity of
the rear bulkhead and on the roof of the bay where the flow attaches. The
intensity decreases rapidly with distance béhind the bay. ‘

The curves for M = 0+3, a = 5+6° and 10+4° show that increaging
incidence produces an appreciable reduction in the magnitude of the
fluctuations within the bay, and suggests that the higher values of the
r.m.s. of the pressures measured at M = 0+6 are probably mainly due to the
lower incidences tested at this spegd. The effect of the incidence change
on the pressures behind the bay i1s Megiigible.

3.5 A@plitude spectra of unsiteady pressures

~ [
Fig.8 shows the amplitude spectra of the undteady pressures fer ..
M =03, a = 56° TFor ell transducer pnsitions the spectra are tolerably
smooth and cover a broad band of frequencies, indicating that the pressure
fluctuations are random in character. The spectra are similar to those
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measured by Fail and othersh in a Canberra type bay formed in & cylindrical
fuselage. In Fig.G, the spectra for two points nesr the rear bulkhead are
compared with the earlier measurements. The agreement between the 1lwo sei:
of results is reasonable bearing in mind the differences in the external
shapes of the models and the slightly different positions of the transducers.

Tncluded in Fig.8 are spectra for M = 0+3, a = 10-4° for two positions
in the bay and for two positions behind the bay. It can be seen that,although
as has already been noted,increased incadence produces an appreciable decrease
in the magnitude of the unsteady pressures within the bay there 1s lattle
change in the shape of the spectra.

The spectra cbtained at different Mach numbers are compared in Fig.10
for twe positions within the bay and for two positions on the fuselage behind
the bay. In looking at these spectra it should be remembered that the
incidence of the medel was adjusted at each Mach number te samulate flight at
5000 and 20,000 ft. It is therefore daffacult to separate the effects of
incidence and Mach number. However since, as has already been noted, incidence
has little effect on the unsteady pres ures on the fuselage behind the bay
(Fig.8) it follows from F1g.10 that Mac. number also has lattle effect on these
pressures. Withan the bay, increasing incidence reduces the magnitude of the
pPressures (Fig.8) and hence the changes in the spectra shown in Fag.10 for
x/L = 0+95 are probably mainly due to the change of incidence. For x/L = 0:84,
however, although the changes in magnitude are similar to those for x/L = 095,
there are also changes in the frequency at which the maxamum spectral dens:iy
cccurs and these are probably due to the change in Mach number.

3.6 Correlation spectra of unsteady pressures

Selected correlation spectra for M = 0:3, a = 5+6° are shown in Faig. 1.
Withan the bay (Fi§111(n)) the wain features nf a spectrum is a trough
followed at about twice the fregquency by a peak. The high values of the
correlation at the peaks suggests that disturbances retain their identzty
for quity large distances as they travel along the roof of the bay. Tt is
therefore possible to calculate the tame average speed of propagation u, of
these disturbances. For, 1f 1t is assumed that the frequency n' at which a
peak occurs, may be associated with & dasturbance whose wavelength A', is
the same as the distance between the measuring peints, then

A'n'
L

St

Values so calculated are given in the table below:

- 2 (mean value over
x/L U . -
given x/L range)
095 to 0-8L4 049
0+95 to 0«74 0-59
095 to 058 G-59
0-95 to O+45 0+56

The mean value of E/U is 0-57. It 1s not possible from the informat_on
available to celculate the speed of the airflow U just outside the bomb bay

but an idea of its magnitude can be estimated from the measured values of Cp

given in Fig.6 by assuming
("—:-J'E'> = (1 “""Cp) -

~ 7 =



This gives a value for uE/U, meaned over the region of interest, of
0-73 so that ﬁ/uE = 0+78. That is, the mean propagation speed of dis-

turbances along the roof of the bay is about three quarters of the mean
stream velocity Jjust outside the bay, which is of the same order as the
mean speed of disturbances in a turbulent boundary layer measured by
Tack and others”.

Behind the bay, the pressures on the side of the fuselage are well
correlated in the region between the transducers at x/L = 115 and 1+37
(Fig.11(s)) but the pressures in this region are not well correlsted with
the pressures just behind the rear bulkhead (x/L = 1:05, Fig.11(b)),
suggesting that there is a small region immediately behind the bay which
is isolated in behaviour from the main stream. Fig.11(d) shows that
whereas immediately behind the bay (J and X), in this small isolated
region, the pressures are positively correlated in a cross plane, further
downstream the correlation is large but negative, suggesting that the wake
from the bay is unstable and moves from side to side of the fuselage.

4 CONCLUSIONS

(1)  The Canberra bomb bay is of the "shallow type" in which the sirflow
enters the bay and attaches to the roof before being deflected out by the
rear bulkhead.

(2) The pressure fluctuations are most intense in the vicinity of the
rear bulkhead and on the roof of the bay where the flow attaches.

(3) Changing Mach number from 0+3 to 0+6 has (in general) little effect
on the pressure fluctuations (when expressed non-dimensienally) but
increasing incidence up to ten degrees produces some decrease in their
magnitude.

(4) A study of the correlation spectra suggests that disturbances travel

aleng the roof of the bay at about three-quarters of the local airspeed
external to the bomb bay or at about one half of the free sitream speed.

LIST OF SYMBOLS

Cp pressure coefficient

f frequency (c.p.s.)

L length of bomb bay (= 1+11 £t)

M tunnel Mach number

n a non-dimensional frequency parameter (= fL/U)

P pressure (p.s.f.)

P, r.m.s. of pressure in frequency band ef (p.s.f.)
q tunnel kinetic pressure {p.s.f.)

R, .(n) correlation spectrum between pressures at points i amd

t time (seconds)



LIST OF SYMBOLS (Contd)

U tunnel velocity (f.pes.)

v } see para 3.6

X longitudinal distance measured downstream from front lip of
bomb bay (ft)

a wing 1ncidence
e bandwidth ratie
1} a wavelength (ft)

A bar - above a guantity has been used te i1ndicate 1ts time avarage
value.
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Rossiter, J.E. and Karn, 4,G, October, 1962,
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transenic tunnel, The unsteady pressurcs arc desgribed by their r.m,s,
values and by amplitude and correlation frequency spectra, Tine average
vaiues of lhe pressurcs were also measured,

The results show that the Canberra bemb bay is of the "shalleow tyre!
in which the airflow cnters the bay and attaches to the roof before beling
deflected out by the rear bulkhead, Pressure fluctuations are nost Interse

{Cver)

—

me .00 CLUE. Al.le(l2) D, E,Canberra
533.695,9 &
533.6.013.2 3

533.6,011.35

fo. 725

WIND TUNNCL E4SUREMENTS QF THE JHGTEADY
PROSSURES IN AND BEHIND s BOMB BAY (C.2BERRA},
Rossiter, J.E, ari Kurn, £,G, October, 1962,

The unsteady rressures actirg In and behind the banb bay of a 1/20
scale model of the Canberra ajrcraft nave boen neasured In the 8 ft x 6 ft
transenic tunnel, Theo unsteady cressurcs arg described by their r.m.s.
vaiues and by ampllitude and correlation frequency gpectra, Time average
values of the pressures wcre alsc neasured.

The results show that tne Canberra berb bay Is of the "shallow Lypel
1n wnich the airflow cnters the bay and attaches to the roof before belng
deficcted out by the rear bulkhead, Fressure fluctuations are riest Intensc

{over)

-.1,(2) E,E,Canberre
F33.695.9

533,6,013,2 :
553.6.011,35

.2 C Co

T. o, 728

WIND TUNNEL MEASUREHENTS OF THE UHSTEADY
PRESSURES IM .ND BCHIND . BOMB B Y {CalBERRA),
Rossiter, J,E, and ¥urn, a.G, Octcber, 1962,

The wostecdy presswres cetling In ond behind the bab bay of a 1/20
scale nodel of the Carberra aircraft t@ve been neesured in the 8 It x 6 £t
trensonic tunnel, Tre unstecdy rresswues ore describad by thelr r,ri.s.
valdes and by anplitude and cerreleticn frequency spectra, Time average
volues of the rressures verce 2lse 1edsured.

The results shov thap the Conberra baw bay is of the "shallow type®
in which the airflow enters the by and attachcs to tne roof befere being
defiected cut by the ruor bulkhcod, Fressure fluctuations are nest Intense |

(Over)



in the vieinity of the rear Lulkheau and on the :o.f f the bay vherc Loe
Tlcw attaches, Changing the Mach nawber fren 0.3 to 0.6 has in generdl

little effect on the unstcady pressures (vwhen exprecsad nenedinensionally )
but increcsing Incidence up tc ten degrees produccs soie decrease In their

nagnitude,

in the vicinity of the reor bulkhead and on the roof of the bay where the
flow attaches, Changing the Mack nuiber frar 0.3 to 0.6 has in gencral
1ittle effect on the unstaady pressures {when oxprossed noredinensiorally)
Lt Inereasing Inciderce up to ton deprees produces scne decreasc In thelr

r agnitude,

In the vicinity of the rear bulkhead o.d ¢n the roof of the bay where the
flew ottaches, Changing the tlach mnber fren 0,3 to 0,6 has in general
lirtle elfect on the unsteady rressures (when elrressed nor~dinensionally)
out Increasing fneldcnece up to ten degrecs rroduces scne decrease in their

ne.n itude.,
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