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Cavities

An experimental investigation was undertaken to examine the effect of cavity lateral width
on the flow oscillations that occur in an open cavity placed within a turbulent subsonic
boundary layer. A rectangular cavity with a length to depth ratio EDand planform
aspect ratio L/W=0.115 was placed within a thick turbulent boundary layer with a cor-
responding Rg=10.5x10°. Pressure time histories were acquired at six separate cavity
widths (or L/W values) using microphone-type pressure transducers. The spectral char-
acter of these signals was analyzed and the pressure levels and dominant frequencies
determined. This study indicates that large changes in the pressure level occur as L/W
varies from 0.115 to 0.682. A state of fluid dynamic resonance was observed at L/W
=0.137 and fluidacoustic resonance at L/¥0.682, the smallest cavity width. Relative

sound pressure level calculations indicate that the energy within the cavity compared with
that of the boundary layer, was observed to increase by approximately 40 percent at
L/W=0.137.[S0098-22000)00601-3

Introduction the observed tones were solely a result of cavity acoustic reso-

The flow over and around surface cutouts or cavities immers88"¢€ and that the frequency ?f k:hese _ton?s correspon;edkto the
in a boundary layer can cause large fluctuations in the flow pRieXimum acoustic response of the cavity. In contrast, Blag
rameters, such as pressure, velocity, and density, as well as scribed a feedback mechanism based on the interaction of the

viding a source of strong propagating acoustic waves. Such figgParated shear layer with the boundaries of the cavity, in a man-

tuations may give rise to local changes in drag, damage to surf4& Similar to that suggested by Rossite}.

mounted instruments, or structural failure due to resonanceAlthough many of the cavities that have been studied were

Hence, cavity flows are of interest in many branches gectangular in cross section, each had a different aspect ratio, with

engineering. only a few investigations involved in evaluating the frequency and
The flow field surrounding rectangular cavities contains a miamplitude content of the cavity as its widik was altered4—6].

ture of unsteady flow regimes, namely, unstable shear layers thata result, the extent to which the cavity aspect ratio influences

shed vortices in coherent patterns, pressure waves, and residgthier the frequency and/or the amplitude of these oscillations is

vortices(provided that the longest axis of the cavity is oriented igtill a subject of uncertainty. Of those studies, H&gtconcluded

the spanwise directionThe location of the separating shear layethat the span of the cavity did not appear to significantly effect the

and the generation of self-sustaining oscillations depend upgBserved cavity oscillation phenomena, and suggested that the

conditions both inside and outside the cavity and this, in turgayity resonance was fluid dynamically induced. This, it was

influences the internal and external flow fields. This interaction Kated, was the result of tuned amplification being produced by the

a result of an extremely complicated flow pattern that appears,ifsteadiness of the shear layer edge tone, coupled with the cavity
depend upon the shape of the cavity, Mach number, Reynol&§

o closure acting as an acoustic resonator.
number, and the turbulence characteristics of the approaching, ; e study by Block4] it was noted that for cavities with
boundary layef1]. In the case of cavities with relatively small

) . the same_/D ratio the responses for both wide and narrow cut-
streamwise length to depti.(D) ratios the shear layer spans theo ts (cavitied peaked at the same frequency. However, although
cavity opening and this is classified as an “open” flow regime 4 p quency. ' ug

For longer cavities the “closed” flow regime occurs where th(I;ne resonant.flrequenf:y was no@ relatEd to the.cavity width, the
shear layer attaches onto the cavity base. narrower cavitiegthat is, those. with higher/W ratios produced

Although the mechanism by which flow is induced into thdarger and more sharply defined peaks when compared to the
cavity, together with the resulting acoustic oscillations, have be#fider cavities. Furthermore, since the depth of their cavity was
studied by many investigators, a complete analysis has, so far, Awtintained constant it was also concluded that, due to the location
been possible. One potential model for describing the interacti@hthe peaks remaining unaltered with width, the frequency of the
between the induced flow and the acoustic oscillations was suigsonance was mostly dependent on the length of the cavity
gested by Rossitg¢P] in which he described how vortices that ardHowever, this work provided further evidence that the quality
shed periodically from the upstream lip of the cavity convedactorQ, the ratio of the center frequency/bandwidth of the peaks,
downstream and impinge on the aft wall of the cavity, therebyf the cavity response appeared to be inversely proportional to the
generating an acoustic wave. These acoustic disturbances pragigith W. Hence, it was deduced that narrow cavities have a high
gate upstream and, upon reaching the forward lip of the cavitg, rating and will require higher velocities before oscillations may
cause the shear layer to separate, resulting in the shedding ¢jegin. However, they will still maintain some tonal spectra at
new vortex. In this way the vortex and the acoustic disturbancggyer velocities. Indeed, based on Block’s examination of differ-
form a feedback loop. However, Plumblee et[8] proposed that en¢ |ength/width ratios ofL/W=0.541 and 1.0 for a constant
' uted by the Fluid length/depth ratio oE/D = 1.0, it was concluded that as the width

Contributer the Fluids Engi i ication i i
OF FLUIDS ENGINyEERING Manus?:lrrilgterrg::geiala\gsl;?/ntfflzrIEIEikzilg:aEtLogr;nlgetr?:éHgiei_sionw decreasedor LW Incr.easehj the sound pressure Iev(':$PL)

pd quality factorQ both increased.

December 21, 1998; revised manuscript received October 4, 1999. Associate Téd > .
In a more recent aeroacoustic study by Ahuja and Menfiégza

nical Editor: P. Bearman.

Transactions of the ASME

32 / Vol. 122, MARCH 2000 Copyright © 2000 by ASME



the effect of cavity width on flow oscillations was again exam-
ined. From their studies they reported the following salient
features:

(@) The frequency of the peak oscillation was unaffected by
changes in cavity width.

(b) Cavity noise reductions of up to 15 dB were noted for
three-dimensional cavities.

(c) As L/W=1.0 was approached, the amplitude of the cavity
tones reached an asymptote.

(d) The farfield broadband noise was reduced with decreasin
cavity width.

Hence, the effect of cavity width on the SPL determined from(»*] 648
their study was in contradiction to that reported by Bldek,
although they did support Block’s result that such cavities still
maintain some tonal spectra at the lower velocities.

Although a number of prior investigationgncluding those
stated abovehave been conducted in order to gain an insight intg
the underlying physical behavior of cavity flo/g—18], differ-
ences in the state of the approaching boundary layerLdid
ratio have made it difficult to accurately predict the observed phe}
nomena. Therefore, the goal of the present work was to syste
atically examine the effect df/W on flow oscillations in an open
cavity immersed in a turbulent boundary layer, for several differ
ent cavity widths, thereby assessing the three-dimensional natu
of the cavity flowfield.

To accomplish this task an experimental program was unde
taken using a single cavity model and several rectangular inser|
that could be used to change the width and, therefore, the pla
form aspect ratio of the cavity. The present cavity was fabricate
with anL/D of 1 and placed in a fully turbulent subsonic bound-

Z out
of page Y

ary layer flow where the effects of compressibility are negligible. O - Location of pressure transducer
This model was oriented such that its major axis was positione
perpendicular to the oncoming flow, thereby representing an op [J - Location of hot-wire traverse
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cavity configuration. At the lowest aspect ratio/(V), quasitwo-
dimensional results were obtained for this cavity model. The fol-

lowing sections provide details of this model and facility, as welfig. 2 Plan view of cavity model, turntable and transducer lo-
as the results of the experimental program. cations. (All dimensions in mm )

Experimental Approach

mm in height, 1370 mm in width, and 9000 mm in length, with a

T oy capet e, Jimum fieesiream elocy of 25 mach No.-0.075 and
prog peed, op ' Y unit Reynolds number of Re=1.75x10° m™*. A rectangular

layer wind tunnel that has a rectangular working section of 16@(;%\/“)/ model, constructed of plywood and masonite, was built

within a turntable in the floor of the tunnel and positioned 7600
mm from the end of the wind tunnel contraction. This cavity has
z dimensions of 105 mm in length as measured along its minor
axis in the streamwis& direction, 917 mm in widthV as mea-
sured in the spanwis¥ direction, and 105 mm in deptD, see
Fig. 1, giving initial geometrical conditions df/W=0.115 and
X L/D=1. The model was positioned symmetrically across the tun-
nel, with the major axis perpendicular to the flow direction, such
that the ends of the cavity were some 227 mm away from the side
walls of the tunnel and outside the influence of the wall/floor
corner vortices, see Fig. 2. The width of this model could be
adjusted by placing a pair of tight fitting inserts into the cavity,
one at each end, thereby effectively reducing the cavity width in a
symmetrical manner. By this means, six different cavity widths
were made available allowing six different planform ratios to be
studied, as shown in Table 1.

e [, —>

Table 1 Geometries of the three-dimensional rectangular cavi-

L U\ Pressure ties

0 Transd
ransducer Cavity depth(D) mm 105
L=D =105 mm Cavity length(L) mm 105
Cavity width (W) mm 917 764 612 459 307 154
Fig. 1 Diagrammatic arrangement of cavity model cross Planform ratio(L/W) 0.115 0.137 0.172 0.229 0.342 0.682

section
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Instrumentation and Data Acquisition. Two different types based on the momentum thickness at this location wag Re
of instrumentation were mainly used in this program, namelys1.05x 10*, and the local skin friction coefficient and normalized
hot-wire anemometry and omnidirectional condenser micrdriction velocity were determined from a Clauser plot analysis to
phones. The hot wires were used for documenting the bounddwy 0.0028 and 0.037, respectiv¢ly3]. The velocity profile data
layer and for determining its spectral energy at a specific heigkiere replotted in terms of wall coordinates and compared with the
The microphones were used as surface mounted pressure trésng-of-the-wall, where good agreement was found to exist, imply-
ducers to determine the spectral energy inside and outside thg that the approaching boundary layer was, indeed, a fully de-
cavity. veloped turbulent boundary layer. Furthermore, comparison of the

The approaching boundary layer was checked for two dimehet-wire traverses acquired across the span of the tunnel revealed
sionality at five equally spaced spanwise locations 648 mm ufrat the momentum thickness varied less than 9 percent across the
stream from the cavity forward wall. In addition, a single hot wiréunnel width.
was located in a similar upstream position, 5 mm above the floor,
on the center line of the tunnel, for measurement of the spectral
energy within the boundary layer. This was achieved by taking€sults
time series for 20.64 s at a sampling rate of 16 kHz.

Unsteady pressures were acquired simultaneously at two Iog
tions, using the condenser microphones, with one unit positions
on the floor of the cavity at its geometric center and the otherr%g

Working Section Flow Oscillations. To ascertain the energy
ectra of the boundary layer flow in the tunnel without the cavity
ing present, all the cavity inserts were installed within the cav-
and this was then sealed from the flow. However, in order to
ovide a referencing system throughout this program, with and
ithout the presence of the cavity, the transducer on the floor of
cavity remained active and capable of sensing the background

the center line of the tunnel 578 mm upstream of the forward w
of the cavity.(This latter position was chosen so that the sal
model configuration can be used for future studies concerni

effects of yaw of the cavity to the streamwise flovAll of the | \nise a5 well as the tunnel vibrations. In this way, the boundary
transducer signals were sampled over a period of 8 s at 25.6 Ki@ger pressure fluctuations, as measured with the upstream trans-
and analyzed using an HP 3562A dynamic signal analyzer, tgcer, were correlated to the cavity response by normalizing the
solved over a frequency range from 10 Hz to 10 kHz, with thgongary layer data against the sealed cavity data. The result of
output being provided in the form of an energy spectii(i).  his analysis, referred to as the magnitude squared (BtBR),
Data examined in the present study are t_)ased on an average ofafided a normalized boundary layer energy spectrum, Fig. 3, in
such records, with each record consisting of 2048 samples. \Yhich a number of peaks in the frequency spectra were found. A
order to determine the effect of _the cavity width on the flow fieldjnijar analysis was also performed using a wall mounted accel-
the cavity spectra were normalized with respect to the upstregifmeter, again referenced to the cavity transducer, in order to
boundary layer spectrum. , o separate the vibration and acoustic modes caused by the wind
In order that the true effects of changes in cavity width could B@nnel from the flow oscillation analysis. The energy spectrum, as
determined, it was necessary to first evaluate the effect of bourgrown in Fig. 3, provides evidence of seven clearly defined peaks,
ary layer disturbance as well as wind tunnel vibrations. This wWag 24.4, 42.2, 57.9, 141, 224, 258.5, and 365 Hz. Of these peaks
achieved by analyzing the data from the upstream surface pressyg first five compared favorably with the frequency spectra ac-
transducer(microphong as well as an accelerometer attached tguired from the accelerometer and are thus considered to be due
the tunnel wall, in the absence of the cavity. Once these data Wegenechanical vibration. The two large peaks at 258.5 and 365 Hz
acquired the effect of cavity width with respect to length, in termgere not found in the spectra obtained using the accelerometer
of planform aspect ratid-/W, could be ascertained. This wasang, therefore, had to be accounted for.
realized by recording the frequency and spectral energy of therpe peak at 258.5 Hz was identified as the blade passing fre-
flow oscillations for the different aspect ratios, using the surfaggency since it was found that at the freestream value of 12 m/s,

pressure transducer in the floor of the cavity. The variance of thes rotational speed of the fa{817.5 rpm, together with the
pressure signal was normalized by that measured by the upstream

boundary layer pressure transducer to give a relative sound pres-
sure levelRSPL) for each cavity width. In addition to the RSPL,

the amplitude changes at given frequencies in the normaliz ~ 250
spectra data were also determined.

Test Conditions. Throughout this series of tests the
freestream velocity was maintained at 12161 m/s with a lat- 20.0 —
eral uniformity of better than 2 percent, and a nominal turbulenc
intensity level of 0.28 percent, uniform to within 5 percent. Al- 7
though the wind tunnel is configured as an open loop facility th
exhausts into a very large laboratory, the temperature inthewo 150
ing section can rise several degrees centigrade over the perioec
an 8 h test. Therefore, the static temperature in the working s&
tion was monitored with a type T thermocouple and this was us:
to correct the freestream velocity. The uncertainty in the repe:
ability of the measurements of the static temperature and the h
wire measurements were estimated toti@1°C and 1.5 percent,
respectively. In addition, repeatability tests concerning specit 5.0 —
microphone assemblies were carried out and these showed
measurable temperature effects on the performance of the —
devices.

Boundary layer traverses were made at five spanwise locatic 0.0 T T T T T AT |
with a single hot-wire anemometer, with a positional accuracy « 10 100 1000 10000
+0.004 mm. From these measurements the boundary layer thi

y lay! Frequency, Hz
nesss was estimated to be 210 mm, the displacement thickness
8, , 18.3 mm, and the momentum thicknessl3.0 mm, giving a Fig. 3 MSR of boundary layer spectrum normalized by sealed
boundary layer shape factdt of 1.41. The Reynolds number cavity microphone spectrum

10.0 —
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Fig. 4 Power spectral energy within the boundary layer E(f)g 25.0 —
and the cavity E(f)¢
20.0 —
number of fan blade$48), provided a frequency of 254 Hz, a
value comparable to the measured peak. However, the peak at -
Hz could not be correlated so simply.
In an attempt to determine the source of this peak, the acous  15.0 —
frequencies of the wind tunnel working section were approXe
mated. This was achieved by evaluating the resonant acoustic 12 7
guencies of the working section from a simple expression tyf
cally used in the computation of enclosure or duct acoustic "9 7
namely, |
2 2 27172
cl{ ny ny ( n,
f=z|—| + + 1 0 —
2 (L) (Ly*) L. M se
wheren,, n,, andn, can independently take on integer value: VJJ
from 0,1,2... , while L,, , L, , L, are the corresponding
geometrical dimensions of the working section anid the local 0.0 R RN T T T
speed of sound. However, since the cavity microphone was | 10 100 1000 10000
cated at the center of the cavity, only even integers could I(b) Frequency, Hz

correlated with this experiment. From this analysis it was found
that several frequencies were within 10 percent of the observeid. 5 (a) Ratio of the MSR of the cavity spectrum  E(f) to
peak at 365 Hz and, therefore, it was reasonable to assume that of the boundary layer spectrum  E(f)g for L/W=0.115. (b)
this frequency was, in fact, attributable to the working sectloﬂatlo of the MSR of the cavity spectrum  E(f) to that of the
acoustic response. boundary layer spectrum  E(f)g for L/ W=0.682
With the characteristics of the wind tunnel and boundary layer
flow energy spectra now established it was possible to consider
the energy spectra for the cavities of different widths. This was
achieved by removing all the inserts from the cavity so that thgesented in Table 2. It should also be noted that in some cases
largest planform was available, providing a cavity width of 912nly two modes were capable of being readily detected. For ex-
mm, which gave a length to width ratid.(W) of 0.115. ample, in the case of the widest cavity/{V=0.115), as shown
The turbulent boundary layer and cavity power spectra in th@ Fig. 5@), two very strong peaks are observed at frequencies of
presence of the cavity flow are presented in Fig. 4. In order to B& and 25 Hz, whereas for the narrowest cavityW=0.682)
able to separate the cavity pressure fluctuations from the influersé®wn in Fig. §b), three large peaks at 15, 29, and 546 Hz are
of tunnel oscillations, each cavity spectrus(f ). was again, evident.
normalized by the energy spectruff(f)s obtained simulta-  In order to help to explain more fully the effect of the cavity
neously from the boundary layer transducer. This provided tiéthin the boundary layer flow, the normalized spectral energy
magnitude(or amplitude of the MSR and frequency content, overratio (MSR) for the first three dominant modes versudw is
a frequency range from 10 Hz to 10 kHz, of the pressure oscillaresented in Figs. 6 and 7, while the RSPL for ek&W is pre-
tions resulting from the presence of the cavity. Typical values 6nted in Fig. 8. These results are discussed in the next section.
these measurements are shown in Figs) @&nd 5b) for two In order to determine the SPL within a cavity the time histories
cavity L/W ratios: 0.115 and 0.682, respectively, these particul@f the surface pressures are used together with the expression
two being chosen because they represent the largest and the small- —
est planform ratios. The first three dominant peaks of the MSR SPL=10 |Ogm[ (P"%)c
were determined for each of the cavity configurations and are 20x10°°

@
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Table 2 Variation of peak frequencies in the different cavities

First largest MSR peak

Second largest MSR peak Third largest MSR peak

Cavity

width L/w Frequency Frequency Frequency

(mm) ratio (Hz) MSR (Hz) MSR (Hz) MSR
917 0.115 16 18.4 25 14.4 546 54
764 0.137 15 245 29 20 546 5.0
612 0.172 28 19.3 16 15.6 546 5.4
459 0.229 16 18.9 27 16.2 546 7.3
307 0.342 15 16.3 28 12.4 546 10.2
154 0.682 15 13.9 546 13.9 29 11.8

30 whereF is defined as the frequency intervigl—f .

MSR (Amplitude)
- - n N
(o] [4)] o [6,] o [$,]

—¢— 1st Highest Peak Value
—m— 2nd Highest Peak Value)
—6— 3rd Highest Peak Value

(=]

0.1

Fig. 6 MSR of three most dominant peaks
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Fig. 8 Relative sound pressure level as a function of LIw

However, in order to determine the effectlofW related to the
upstream conditions, that is the boundary layer, and, thereby, as-
certain whether the total energy for edchV was merely redis-
tributed or if the total energy contained within the cavity actually
increased, a RSPL was calculated. This was determined from the
following expression and the results are shown in Fig. 8

12
RSPL=10 Ioglo( %) . 4
(P e

Therefore, the values calculated using this equation provide direct
information concerning the relative change in the SPL resulting
from the addition of the cavity, as well as changes due to modi-
fications of the cavity geometry. Furthermore, by using a sound
level meter, a baseline sound levelB) in the absence of the
cavity was recorded and, under the present test conditions, this
value was determined to be approximately 75 dB.

Discussion

The experimental results obtained from the two microphone
transducers have highlighted a number of areas of interest and
may help to provide further insight into the effect of cavity flows
in subsonic boundary layers. In particular, the pressure oscilla-
tions that are set up due to the presence of a cavity within a
relatively thick boundary layer are clearly dependent on cavity
width. This effectively influence&) the frequency of oscillations,

(b) the spectral energy contained within the flow oscillations, and
(c) the sound pressure level generated by the cavity. These aspects
are discussed in the following sections.

Effect of Cavity Width on the Frequency of the Oscillations.

In order to discuss the manner in which changes in cavity width
may affect pressure oscillations when a cavity is subjected to a
boundary layer flow, it is constructive to first observe the results
given Table 2. From graphical observations of the MSR against
frequency, for each of the six/W ratios, similar to those shown

in Figs. 5a) and 3b), the dominant peaks were ascertained. How-
ever, since it was expected from geometrical considerations that
only acoustic frequencies of less than 1000 Hz could be attribut-
able to this size and shape of cavity in a subsonic flow, a maxi-
mum of three peaks were examined. Therefore, Table 2 provides
the values of the frequency and the MSR for the three dominant
peaks for each of the six cavity models.

The first observation to make from this table is that gV
ratios of less than 0.172 only two dominant peaks o¢sae Fig.
5(a)), whereas folL/W ratios greater than 0.229, three dominant
peaks are evidenfsee Fig. ®)). Furthermore, forL/W ratios
between 0.115 and 0.342 the frequencies of the first and second
highest peaks are approximately constant at 16 and 28 Hz, respec-

where 20< 10 ° Pa is the standard reference values used in acoygrely, except for the./W=0.172 case. Here, the dominant peaks
tics andp’ represents the fluctuating component of the pressurenave “switched” values with the first dominant peak at 28 Hz and

given by

— 1

f2
p?==| (p—p)df
f1
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the second peak at 16 Hz.

With increasingL/W ratio (reduction in cavity width between
0.229 and 0.682, a third peak becomes more noticeable at the
higher frequency of 546 Hz. The amplitude at this particular fre-
quency increases as/W increases, so much so that btwW
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=0.682(the smallest cavity widththis frequency has the secondcavity width is further reduced beyond the range examined here,
highest MSR value and is similar in amplitude to the first domithe acoustic energy would increase and dominate over that pro-
nant peak (MSR13.9). What was nominally the second domi-duced by the fluid flow oscillations.
nant peak at approximately 28 Hz for &nW of 0.342 is then  The results of this analysis pose the question that if the energy
reduced to become the third peak with a MSR of 11.8 at 29 Hz fprovided by the fluid oscillations remains relatively constant as
the highestL/W ratio. the cavity width is further reduced and the energy provided by the
In order to appreciate the changes that take place as the cawitpustic oscillations is increasing, then where does this apparent
width is decreased, Fig. 6 shows how the MSR varies with ifacrease in spectral energy come from? In order to answer this
creasingL/W for the three different dominant peak values, witlguestion and gain an understanding of the process involved, the
both the first and second dominant peaks closely following ortetal energy must be estimated, and this was accomplished by
another. However, because the ordering of the peaks in the foalculating a RSPL for the six cavities.
guency domain changes, this figure does not show how the peaks, . . . . . .
at specific frequencies are varying. If these results are presenteﬁia%a”at'on of RSPL With Cavity Width.  Although a particu-

: P ; : requency may be enhancedla®V is changed, inspection of
cigzirl%eszlg_MzgR ;\r/:;h gnféeaszlrtg'j:\i/;.fo; anfrtli?é f:jegtl;ﬁggle;c%@g. 8 clearly shows that the values of the RSPL range between 27
emerges. In this case it can be seen that the 16 Hz, low freque d 28.5 dB’. having variations of less than 1.5 dB. Ev_en though
pressure oscillation peaks at a MSR of 24.5 fdr/aV of 0.137, NS change in dB level at first appears to be small, it must be
and is then quickly attenuated &$W increases to 0.172. The remembered that dB is logarithmic and, therefore, such a variation
peak recovers some energy BAN increases further, but then N dB can be equated to an energy change of approximately 40
reduces at highet/W ratios. The peak at the second domina tercggiimestgchggé CzisneétethSvi?t%\g?hm;eogfa?m?rlwv;; the
frequency of 28 Hz is much more consistent. Here, the energy8120ustic energy is greatest at the lar (that s 0.682, the

contained below an MSR of 20 but maintained over a range X 4 ;
L/W ratios between approximately 0.137 and 0.229 before, on Ximum R.SPL appears to relatg'cawty unsteadlne§s to a state of
f uid dynamic resonance. In addition, as thBNV ratio increases

more, reducing ak/W increases. Although the third and highes : ; .
frequency of 346 Hz is not as noticeagle for cavities tha% haygecreasing width of cavilyhe RSPL tends toward an asymptote,

widths greater than four times the cavity length, it is still obsenMilar to that found by Ahuja and MendoZ8]. In general, the

St=— =

4

able, but buried within the background noise, Fig&)5nd 7. levels of the fluid dynamic o_scillat_ion_found for these six cavities
However, for values of /W above 0.229 the energy at this fre-are greater than th(_e acoustic o_sc_lllatlons.
quency rises with increasing/W, Fig. 7. From the above information it is apparent that although some
In order to attempt to explain the nature of these oscillations ti&ergy may _have been transfer_red from one frequency to another,
acoustic modes of the cavity model were considered. Clearly, ti ncrease in total energy obtained from the mean flow must have
source of the peak is not related to a cavity width mode, althoudtr® occurred. Although previous researchers have considered that
changes in width do affect the magnitude of the peak. From eyl Shear layer spanning the cavity provided the energy respon-
periments using cavity models with/W ratios from 0.053 to sible for cavity oscillations, the source of this energy is disputed.
0.162 and./D ratios from 0.12 to 1.17, Eaf5] showed that there Plumbee et al.3] sugg_ested that the energy was a result of broad-
was a functional relationship between the acoustic normal deftfind turbulence, while Tam and Blogk0] believed that the
mode Strouhal number<(fD/c) andL/D shear layer instabilities were the source. T_he present authors ex-
amined the upstream boundary layer dissipation spectra and de-
termined that the region of maximum dissipation occurs between
1 5 650 and 850 Hz. Within this region energy is directly dissipated
L\o75 - ©) by viscous forces. Therefore, it is highly unlikely that sufficient
1+0.6‘( 5) energy is available to excite the cavity fluid dynamically in this
range. Hence, the present study offers little support for the
. . Plumbee et al.3] model at lowL/W values, and tends to support
This shows that the Strouhal number increasels/&s decreases, the Tam and Block10] hypothesis of shear layer instability as the
giving an asymptotic value of about 0.25 for very narrow cavitiegechanism for energy transfer to the cavity. This is possible be-
(L/D~0). This empirical expression agrees well with the theq:ase of the large availability of energy in the boundary layer in
retical prediction curves of Plumblee et f8] and Tam[9)]. _ the low frequency ranggL3]. The large vortical motions which
For the present case &f/fD=1 the predicted value of St is occupy the low frequency range of the spedtess than 100 Hz
0.152+0.015, taking into account the scatter in the data of Eaghntain energy levels two orders of magnitude higher than the
[5]. The frequency of 546 Hz gives a Strouhal number of 0.16%jgjes in the dissipation region. It is, therefore, likely that some of
which is within the predicted range, indicating that this peak igyis energy would be available for coupling to cavity oscillations.
associated with a depth mode acoustic response. In addition, as the width of the cavity is decreasgdW in-
Spectral Energy Content of the Flow Oscillations. The en- creaseyl the region of maximum boundary layer dissipation ap-
ergy associated with a given frequency of oscillation may be rBIoximately coincides with the frequency of the acoustic oscilla-
ferred to as the spectral energy and this may be related to {#1s Within the cavity. This liberation of boundary layer energy
MSR obtained from the signal analyzer. From observations of tR@Pears to support the growth of the natural acoustic frequencies
change in MSR withL./W ratio for a given frequency, Fig. 7, it Predicted using Eq(5). Although the source of this energy may
can be seen that there appears to be a switch in the amounP®frelated to the smaller scales of motion and is, therefore, short
energy between the two low frequency oscillations, namely the #€d, sufficient energy is apparently available to enable the
and 28 Hz frequenciegThis would occur at approximate/w  9rowth of these acoustic oscillations. Indeed, although it may be
ratios of 0.15 and 0.20, respectively, and is probably related $Pected that when the energy of the acoustic and the fluid dy-
cavities that have a width more than five times the cavity lepgtt@mic oscillations coincide the resulting amplitude could become
The energy contained within these low frequency oscillations fiite large(a result that has been observed in supersonic cavity
produced by the fluid dynamic process caused by the presencd!@ys [13]), this was not observed for the present geometry.
the cavity and is dominant for large width cavities. However, a§
the cavity width is reduce@ncreasind_/W) the energy contained ummary
in these frequencies tends to attenuate to a near constant valuén experimental investigation of the flow oscillations created
whereas the energy in the acoustic oscillations appears to increlagea rectangular cavity of varying width has been undertaken.
in magnitude, Fig. 7. From this, it may be surmised that, as tféis cavity, with anL/D of unity, was immersed in a thick tur-
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bulent boundary layer in subsonic flow, and the planform aspect RSPL = relative sound pressure lev@B)
ratio (L/W) for six cavities was varied from 0.115 to 0.682. Un- Re* = unit Reynolds numbefm™?)
steady pressure measurements were taken with omnidirectional Re, = Reynolds number based on the momentum
microphones in both the boundary layer and within the cavity, thickness
which was set with its principal axis normal to the freestream St, = Strouhal number based on the momentum
direction. The frequencies of oscillations produced by the wind thickness {,6/U.,)
tunnel in the absence of the cavity were determined, with me- U, = freestream velocitym/s)
chanical oscillations being measured using an accelerometer at- W = width of the cavity, the dimension along the
tached to the tunnel wall and flow oscillations by the surface major axis(mm)
mounted microphones. From an analysis of the ratio of the un- X,Y,Z = streamwise, spanwise, and transverse spatial
steady pressures within the cavity to those of the upstream bound- coordinategmm)
ary layer it was found that: 8 = boundary layer thickness defined by 99.5 per-
. . . cent of freestream velocitymm)
o e oy e e e g, = boundary ayer displacement ks
' ' 6# = boundary layer momentum thicknegam)

decreased. It was found that for cavities with widths of more than

four times the cavity length, fluid flow oscillations were prevalenubscripts

with two pronounced specific frequencies, whereas with smaller B =

cavities a third large oscillation occurs that is acoustically driven. c
(b) There appears to be a “switch” in the amount of energy

between the low frequencies as the cavity width is decreased (Egrf

the larger cavities, whereas there is a steady increase in the ac tererences
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the cavity unsteadiness to a state of fluid dynamic resonance search Council, R&M Report No. 3438.
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Nomenclature

¢ = local speed of sound within the freestream [10] Tam, C. K. W., and Block, P. J. W., 1978, “On the Tones and Pressure
(ml/s) Oscillations Induced by Flow over Rectangular Cavities,” J. Fluid Me88,.,
_ : pp. 373-399.
fD _ depth Olf the CaVIt)gzmm) [11] Komerath, N. M., Ahuja, K. K., and Chambers, F. W., 1987, “Prediction and
E(f) = spectra ener_gy(rm ) Measurement of Flows over Cavities — A SurveyAIAA-87-0166, 25th
f, = vortex shedding frequenadyz) Aerospace Sciences Meetjrigeno, NV, January 12-15.
F = frequency range betwedn andf, [12] Disimile, P. J., DiMicco, R. G., Lueders, K., Savory, E., and Toy, N., 1990,
— “Unsteady flow in a Three-Dimensional Rectangular Cavity Immersed in a
H _ boundary Iayer s_hape facj[or . Subsonic)é:rossflow,’ASME Conference, Forum 0?1 Unstead;lﬁloml. 102,
L = Iength of_the cavity, the dimension along the Atlanta, Georgia, pp. 45-50.
minor axis(mm) [13] Disimile, P. J., Toy, N., and Savory, E., 1998, “Pressure Oscillations in a
L/D = length to depth ratio of the cavity Subsonic Cavity at Yaw,” AIAA J.36, pp. 1141-1148.
L/W = planform aspect ratio of the cavity [14] Tracy, M. B., Plentovich, E. B., and Chu, J., 1992, “Measurements of Fluc-
_ s . . f . . tuating Pressure in a Rectangular Cavity in Transonic Flow at High Reynolds
Ly ,Ly+ L+ = characteristic qukln_g section dimensions in Numbers,” NASA Report No. TM 4363.
the X, Y, andZ directions(mm) [15] Savory, E., Toy, N., Disimile, P. J., and DiMicco, R. G., 1993, “The Drag of
MSR = magnitude squared ratide(f )c/E(f )g) Three-Dimensional Rectangular Cavities,” J. Appl. Sci. R&§,, pp. 325—
_ ; i 346.
Ny, Ny, N, aCOUS.tIC mgde nhumber used in duct resonance [16] Tam, C. J., Orkwis, P. D., and Disimile, P. J., 1996, “Algebraic Turbulence
_e‘quat'on 0_ 123... ) Model Simulations of Supersonic Open Cavity Flow Physics,” AIAA34,
p = Instantaneous pressure component pp. 2255-2260.
P = average pressure over a time period [17] Disimile, P. J., and Orkwis, P. D., 1997, “Effect of Yaw on the Frequency of
p, _ fluctuating pressure component E[r)eslszu?’rg Olzglgatlons within a Rectangular Cavity at Mach 2,” AIAA3A,
Q = quality factor(ratio of the center frequency/ [18] Disimile, P. J., and Orkwis, P. D., 1998, “Sound Pressure-Level Variations in

bandwidth of the peaks
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a Supersonic Rectangular Cavity at Yaw,” J. Propul. Poérpp. 392—398.
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