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Abstract

la order to study tne effects of uneteady
(dynasic) and steady (statie) pressure vaves in &
cavity ac subsonic Hach numhers through tvansonin
Hach numbers, an experimental test program, using
& splitter plste and & geaeric cavity, vae
cuadacted, Sinco mast cavities associated with
air voliieled house sensors, aquipment, or acmament,
ogive cylinder models vere aleo fadricated and
teeted incide the cavity to dotermine theiv effect
on the stati: and dynamic pressure measuvements on
the cavity ceiling and walls., The inteat of the
axperiment vas to document the effects on steady
and unstcady pressurce by vavying paceseters such
ae the Mach umber, cavity dimensicns, blockage,
and cavity engle of attuck. Theae results vill
provide engineera with a technology base to #id in
the foveulation of design requirements and
preliminavry designs for future air vehicles
tequiring external cavities.
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Introduction

It has previously beca demonstrated that
cavities located within a flcw field can produce
a gevere aecoacoustic cuvivonmert which is
chauctiri:ed by extremely high sound pressure
levale.’ The source of this aercscoustic
problem is beliaved to be a coupling between the
unoteady sepecated shear layer (outside the open
cavity) aqfl fhe internal cavity vave
structure. '’ This interaction can producs high
nodal asplitudes ot discrete frequencies. These
high sound pressure levels may in turn affect
the performance of systems vhich operate within
thege cavitics, particularly ia the aft -egiun
of the cavity wvhere the sound pressure levels
ate generally higher. A test to paramettically
investigace the effezns of cavity ateady and
unyteady presaurea (including the addition of
blockage in the cavity) vas conducted in a
d-loot trantonic wind tunnel over & Mach number
range of H,® 0.6 to 1.2. The aerocacoustic
treasient losds (also referved to ss unsteady or
dyaswmic pressures) vere measurcd for & generic
cavity at tvo ieagth to depth ratio
configurstions. Data were obtained for sn empty
cavity and various conditicas of blockage
inserted inside the cavity, The blockage wodel
vas a generic ogive-cylinder configuretion, A
bent sting assembly vae used to sliov the body
to move in and out of the cevity. This psper
discusses the sercacoustic effects of the
folloving paramaters: cavity lecgth to depth
ratio; longitudinal, lateral, snd vertical
cevity distridbutions; cavity angle of attack;
Nech number/dynamic pressure veristicns; end
variations of the body dlockage location.

Test Articles and Instrumentation

Thie resesrch vas conducted {n the

4-foot transonic wind tunnel at the Amold
Sagioeering Davelopuent Ceater. The support
system for the splitter plate (vith genaric
cavity) and dlockege sode! {s shovn ln Pigure 1.
Total blockaga is spproximately 1 percent of
the wind tucnel crose sectional acrea. The flat
plate portion of the cavity has a 13.2 degree
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Fig. 1

bevel.d leading edge. The upstream wall (forward
bulkheed} of the cavity was located 15 inches from
th: plate leading edge. The width and length of
the cavity remained fixed at 4 aud 18 inches
respectively throughout the experiment. Two
cavity depths (2 and & inches) were investigated,
which provided length to depth ratios of 9.0 and
4.5 (Figure 2). The configuration which provided
the blockage in the cavity vas in ogive-cylinder
body 0.7 inch in diameter and 14.4 inches long
(Figuve 3).
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Fig. 2 Ceneric cavity dimensions.
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Fig. 3 Generic blockage model.

. The unsteady pressure measurements vere
obtained using Kulite®Model XCS-093-50, 5 PSID
pressure transducers (Figure 4), Thirty-three
transducers were located in and around the
cavity as shown in Figure 5. The unsteady data
were recorded on magnetic tape and s single data
point or record typically extended over a period
of 10 to 15 seconds, A local tunnel timing code
wvas used to synchronize the data on tape.
Frequency analyses were performed on and off
line with 25 HZ and 1 HZ filters, respectively.
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Fig. S Kull(a@ transducer locations.

Several of the unsteady pressure ——
transducers vere calibrated in the laboracory
before the teat. The transducer reference g —
pressure lines wvere vented to the plenum areas m
around the cavity resulting in differential 0

pressurc messuresments. A reference microphone ]
vas calibrated vith several pistonphones at 250
Herte and 124 dB sound pressure level (SPL),

This reference microphone was then used to ————
obtain transducer sensfitivities at 140 d3 SPL

ineide a high pressure calibrator. Before and e
afecer the test, a dynamic preasure calibration

vas applied to most trensducers at 130 dB SPL Rp—
vith a pistonphone or 140 dB SPL with a power -
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amp and horn driver at a frequency of 250 Hertz.
The tunnel amplifiers were set for 60 dB gain and
the offline amplifiers were set for 0 dB gain.
These calibrations were recorded on paper. The
amplifiers were then normelized for 1 volt =

140 4B 8PL before recording the calibration on
tape. If the calibrator would not fit over the
pressure transducer, the chaanel was normalized
for 1 Vrms = 140 dB SPL. Calibrating the
transducers inside the cavity vas a little more
difficult. A plate was fabricated to completely
enclose the cavity, and vhen used with the power
awp and hora driver, would simultanecusly excite
all transducers inside. This technique yielded an
overall level of about i00 dB SPL. Nine channel
frequency responses were checked by inserting
random noise across the bridge outputs. This
random noise was ingerted into all the amplifier
tracks simultaneously to check tape track
akewness.

Accelerometers were calibrated on site using a
three point (-1g, 0g, + 1g) static dump calibrator
to deterwine the sensitivities. This calibration
was recorded on tapa.

SPL values were calculated using the following
expression:
Poge(pei)

SPL (dB) = 20 Log 10°

Pref

the assumed reference pressure is:
2.5008 x 1077 pai.

Ninety~six surface transducers were used to
obtain static preseures in the cavity and on the
flat plate portion of the cavity. These precsures
wvere meanured by using tvo 48-port electronically
scanned pressure modules mounted on the underside
of the plate. Figurc 6 shovs the general location
of the pressure orifices which sre located on the
cavity ceiling, bulkheads, sidevalls, and plate
surfaces.
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Fig. ob Statlc transducer plate locat tons,

Other instrumentation tncluded proximity
sensors vhich provided measurement between the
plate surface and blockage model support sting
for accurate vertical positioning of the
blockage model, four thermocouples attached to
the interior wall surfaces of the cavity to
wmeasure the wall temperatures, and four hot film
anemometers flush mounted at various distances
from the plate leading edge (Figure 7). These
anemometers were used to determine the type of
boundary layer (laminar or turbulent) and the
approximate location of transition. The
boundary layer thickness at the upstream
bulkhead can be calculated after the transition
location is defined. Thia is important because
the ratio of the boundary layer thickness to
cavity depth is believed to have a major
influence on the cavity acoustics. The two
accelerometers were mounted on the underside of
the plate assexbly. These measurements
(coabined with the transient pressure readings)
vere used to determine if the vibration of the
cavity support system vas a significant
cosponaent of the measured sound preasure level.
One accelerometer vas an Entran Model EGAL-125-
100 located & inches from the leading edge. The
other vas a Setra Hodel 141A located on the afc
bulkhead 1 inch from the cavity opening. The
scceleyvometer near the lesding edge messured the
aoreaal vibration while the aft one measured the
axial vibrstion.
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Fig. 6a Stattic transducer caviey
locations.
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Fig. 7 Other cavity instruzmentation.




Discussion of Resulte the selected deep cavity configurations exhibit

the classical open flow condition which is

noraally asjociated with deep cavities. Open

) . . A . flow is a condition where the on-ruahing
Typical static pressure distributions along airstream bridges the gap formed by the forward

the center line of the shallow and deep cavity are and aft bulkheads. This contributes to the high

shown in Figure 8 This figure contains dats from sound pressure level modal peaks because of the

the cavity ceiling, forward and aft bulkheads, and acoustic energy trapped under the shear layer.

positions on the plate upstream and downstream gf A transitional state is indicated for the

the cavity. The X/L positions of 0 and 1 coincide shallow cavity configuration since modal peaks

with the forvard and aft cavity bulkheads, remain well defined particularly st Me= 1.2

vespectively, A strong pressure gradient between where the pesks are § to 10 dB above the

the two curves was observed at M= 0.60, however, broadband levels. Closed flow is the condition

as the Mach number was incrfated to Mg= 1.20, it where the airstream attaches to the cavity

vas not as pronounced. It is vealized that the ceiling with the subsequent elimination of the

b?nt fting "iEI affect ghe static pressure wodal peaks. In Figure 9 the modal peaks are
dtssrxbutxon in the cavity and around‘the base well defined at the lower frequencies

region of the b\ockagf model. A d?t.‘led particularly for the deep cavity where they are
assessment of such sting effects will be at least 8 to 10 dB above the broadband levels.

?cconpliahed in & future.test entry that will Broadbsand SPLs are similar for both the shallow
{nclude static and dynamic pressure and deep cavity.

instrumentation on the blockage model as well as
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tatio is shown in Figure 9 for the K15 dynanmic
transducer located on the ceiling in the aft
region of the cavity, The blockage mode!l vas
placed inside the cavity at 2 ® -1.2 {aches (Z = 0
inches would correspond to the lip of the cavity
flush with che £lat plate). This figure indicates
that the shalliow cavity effectively suppresses the
strong tones that sre associated with the deep
cavity configuration. The datas slso indicste that

SPL Variation with Longitudinal Position

in Cavity

These teat results are conaistent with
previous experimental investigations such as
those in Reference 4. A 10 dB increase in
broadband levels vas observed going from the
front to the aft region of the cavity. Typical




deep cavity results are shown in Figure 10 for
transducers K5, K12, and K16. In addition, the
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Fig. 10 Typical cavity longi~
tudinal SPL distribution.

wmodal peak amplitudes exhibit significant .
variations as & result of the mode shapes of the
standing waves in the deep cavity. Conversely,
minimal modal frequency excitations were
observed in the shallow cavity (not shown).
Broadband sound pressure levels were generally
observed to be similar in the aft region of the
cavity for both shallow and deep cavities. In
the mid ragion of the shallow cavity there were
reduced sound pressure levels vhich are believed
to be due primarily to the interaction between
the boundary layer and the cavity.

SPL Variation with Lateral Bay Position

The SPL variation with luteral position is
shown in Figure 11 for the K15 and K28
transducers at Mw = 0.85. Minimal lateral
variations in the rescnant peaks were observed
with only a 3 to 5 dB increase in SPFL evident
going from cavity centerline to the sidewall.
Similar lateral variations were observed at
other longitudinal locations. These trende were
consistent over the entire Mach number regime
for both cavity depths.
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Fig. 11 Typical cavity lateral
SPL distribuction.




SPL Variation with Vertical Cavity Position

A typical vertical SPL variation is shown in
Figure 12 for the K26 and K31 transducers in the
forward portion of the cavity. A 3-4 dB increase
in the modal peaks was generally observed moving
from the ceiling to the lip of the cavity., In the
aft portion of the cavity, minimal variations were
observed on the sidewalls; however, 7-8 dB higher
broadband levels were measured on the aft bulkhead
near the lip of the cavity. Similar trends were
observed throughout the test for both cavity
depths.
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Fig. 11 Typicsl cavity verticsl
SPL distribution.

1)

SPL Variation Upstream and Downstream of Cavity

Sound pressure levels for the Kl and K2
transducers are ghown in Figure 13, The modal
amplitudes for both the K2 and downstream K19
{not shown) tranaducers are similar to those
weasured in the cavity. The modal amplitudes
up to 1000 HZ were significantly reduced as the
transducer was located further avay from the
cavity (K1 and K20), The broadband tones
observed from 2000-5000 HZ are believed to be
related to wind tunnel induced noise sources
such as the compressors and the perforations in
the test section side walls. These broadband
peaks were not observed inside the cavity as
they were probably masked by the higher levels
present. However, a consistent change in
broadband levels was measured on transducers
inside the cavity at approximately 3500 HZ.
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Cavity Angle of Attack Effect

The effect of the cavity angle of attack at
gero and 5 degrees is shown in Figure 14 for the
K15 transducer. The effects on resonant frequency
peaks and broadband levels sre minimal for the
shallov cavity (Figure 14s). However, a
significant angle of attack effect was obaerved at
M= 0.95 for the deep cavity resonant frequency
peaks as ehown in Figure 14b with modes 2 through
5 sttenuated about 8 dB. Broadband level changes
were winimal for the deep cavity. In contrast,
the angle of attack effect on the deep cavity was
agein winimal at M,= 1,20 as seen iu Figure léc.
The cavity angle of attack vas necessarily limited
to 5 degrees to minimize total blockage effects in
the test section. This relatively small angle of
attack capability is & liability, hovever,
alternatives are limited. Reducing the wodel
scale is undesirable due to unfavorable scaling
effects on scoustic data and teating in larger
facilities is wmuch more expensive.
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Meach Number Effect

The effect of Mach number variations is
shovn in Figure 15 for the deep cavity at
Ne® 0.60 and 1.20. The modal frequencies at
narrovband peaks increase vith increesing Mach
aumber. These increases vere predicted using
the modified Rossiter equation as shown delow.

v e - 028
Fae L

hd
(ST AN/ L1
T

Where V = Freestreas velocity
N = Mach number
L = Cavity length
K * Ratio of specilic heat
a = Nodes; 1,2,3, etc
F = Frequency
The tic sarks shovn neer the measured modal
peaks show good sgreement bdetweea the predicted
and weasured frequencies. Hode suitching was
observed for the deep cavity. For examplo,
Hode ) dominated up to Mu= 0.85 switching to
Node 2 at higher Nach tumbers. 1n contrast,
wodal amplitudes vere generally lower for the
shallov cavity configuration (not shown) snd
varied only slightly as the Nach number
changed. It should be noted that wind tumnel

dynamic pressure (q) aleo varies wvith Nach
aumber.
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Body Blockage Vertical Location Effacts

The effect of body vertical locstion on SPL
is shown ia Figure 16 for the deep cavity.
Broadband levels were generally insensitive to
the blockage model location although some
shifting of the modal frequency amplitudes was
observed. For instance, mode 3 reached a peak
at Z = -1.2 inches (blockage model inside the
cavity) while modes 1 or 2 peaked at blockage
model locations outside the cavity., These
vertical location cffects were minimal for Z
greater than 2.4 ianches.
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Body Blockage Longitudinal Location Effect

The effect of longitudinal forward and aft
location of the blockage model just above the
cavity opening ( Z=1.2 inches) is shown in Figure
17 for the deep cavity at a M,= 0.85. The X
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Fig. 17 Blockage model longitudinal
location effect on SPL.

location refers to the longitudinal position of
the center of gravity the blockage model. Zero
correaponds to the forward bulkhead with
ndgative numbers indicating upstreanm positions
and positive numbers indicating downstrese
locations. Broadband leveis did not change as
the model X position was varied; however, some
sensitivity in modal frequency amplitudes was
observed (3 to S dB).

The results presented inthis paper provide
good agreement with the mini amount of
vessarch conducted in the past.~1The value of
this rescarch is that it provides a wore
detailed and extensive data base for engineers
to utilize during early stages of air vehicle
design requiring the utilization of internal
cavities. Additional tests are currently being
planned vhich vill extend this technology data
base even further to include aeroacoustic
suppressors, cavity doors, aud supersonic Mach
number effects. These results will bde
documented in spbsequent reports.
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