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Spatially resolved pressure fluctuations were measured on the ceiling of a rectangular
cavity using pressuresensitive paint for the frequency range of 100 to 5000 A The
measurements were acquired at Mach 0.7 and 1.5 for a clean cayignd with four different
flow control devices placed at the leading edge of the cavity. The high spatial resolution of the
PSP dataallowed the pressure waves to be visualized as theyoved down the cavity. Time-
resolved pressure data was analyzed to reveal frequency spectrum, identify Rossiter tones,
and compute sound pressure levels in the cavity. The frequency and amplitude of the PSP data
were in good agreement with conventional dgamic pressure sensors that were located along
the length of the cavity centerline.Comparisons of the PSP spectral data with the pressure
transducer spectral data indicate a noise floor for the PSP data of about 1@B for the
supersonic data.The high spatial resolution spectral maps indicated asymmetric structure in
the higher order Rossiter tones with several of the flow control devices. Analysis of the data
using Proper Orthogonal Decomposition revealed that the asymmetric structure was present,
but very weak, in the baseline case. This suggests that the flow control devices were not
creating the asymmetry, but enhancing an already present structur@.his asymmetry was not
evident in the subsonic data.

I.Nomenclature

complementary metaixide semionductor
light emitting diode

properorthogonal decomposition
pressuresensitive paint

sound pressure level

l. Introduction

Pal

AVITIES such asdnding gear bayandweapon baygeneratdlowfields with high-intensity acoustic signatures.
The nature of the acoustic signal can be entirely broadband noise in the catesetieavity or, in the case of
an open cavitya superposition obroadband noise ardiscrete toneknown asRossiter mode$In general, the

broadband acoustics of a closed cavity complgtte release of stores, and while this concern is greatly reduced for

open cavities, the frequencies and amplitudes of the Rossiter modes can cause sighificamal damage.
Relocating sires underneath wings eliminates the inherent complexity of internal storage at the cost of added drag
and elevated noise levetlsat aredetrimentalto stealth.For these reasons, the reduction of the stiodevels of
Rossiter tones foopen cavity configurationsin recent yeardas been # subject of many experimentahd
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computational studiesivolving active and passive flow control devisBsthis paper, fast pressusensitive paint

was utilizedto spatially resolve the pressure fluations on the cavitgeiling of an open cavity with an aspect ratio,

L/D, of 5.67.Four different passive flow control devices were placed at the leading edge of the cavity and the resultant
fluctuating pressure field was compareith a rectangular cavitip determinghe effects of each flow control devise.

The flow control devises investigated included a rod, ridges, steps, and flat spoiler. The Mach number for all results
presented witim this paper was 0.7 and 1.5.

In open cavities, the freestream fl@aparates at the leading edge of the cavity, forms a shear layer between the
freestream and cavity flows, and impingesthe aft wall of the cavity. The interaction of the impinging shear layer
with the aft wall causes the development of the high ineRsissiter modes which propagate upstream in the cavity
and interact with the separatiohthe flowat the leading edge, creating a clokmap. The frequency of the Rossiter
tones at Mach 0.7 is given as

@

and at Mach 1.5 as

0 _ @

In Equations 1 and 2Jp is the freestream velocityl is the Mach numbel, is the cavity lengthm is the integer
mode numberk is the ratio of the convective velocity of the vortices in the shear layer to the freestream velocity, and
2 is the phase delay between the impact of the acoustic wave at the cavity front wall and the formation of the new
vortex?

In addition to the Rost&r tones, the flow in an open cavity circulates resulting in a nearly uniform static pressure
distribution on the cavity ceiling with a slight increase toward the downstream wall which significantly differs from
the nonuniform distribution of the fluctuaty pressure componehHence, several point sensors distributed along the
cavity ceiling is sufficient to resolve the mean surface pressuctbut s n 6t adequately describe
created by the Rossiter modé@s. properly evaluate flow control devises for open cavities, the fluctuating pressure
shouldbe resolved spatially and temporally. This was one of the reasassraspondingpressuresensitive paint
(PSP) was utilized for the work presented.

The fast PSBelected for the work presentedponds to acoustic disturbances up to at least 20,000 Hz. The sample
rate and record length used resulted in a frequencerfaag 100 to D00 Hz. Unfortunately, the frequency content
of the fluctuating surface pressure at frequencies greater than 5,000 Hz was not insignificant, and the data collected is
aliased The sample rate couldhvebeenincreased to eliminate aliasimgit the cost in signalould havebeentoo
much. A better approach recently implemented by ISSl is to tailor the paint chemistry to achieve the desired frequency
response. This allows fonaptimal selection of the exposure time or frame rate, signas$, and frequency response
As will be shownthe contributions from aliasing was significantly lower than the sound pressure levels of the Rossiter
tones. Henceyseful information can still be determined from the data colleatatle frequencies correspding to
the Rossiter tones

II. Experimental Approach

PressureSensitive Pairt(PSP offers nonintrusive pressure measurements with high spatial resolution; however,
the response times sfandard paints ai@n the order obne secondrast responding®SP formulations fordynamic
pressure measuremehtsve been developtdnd demonstratédrheseformulations include anodized aluminum and
porous polymer painthathave demonstrated bandwidths of up to kB@ (i.e., response times of ~h®). Over the
past few years, ultrbright LEDs and fastraming CMOS (complementary metakide semiconductor) cameras have
been developed that have significantly impbthee performance of fast PSP systems. Fast respoR&Rgombined
with fast framing digital camras and ultrébright illumination sourcebave been used producesystensthat acquire
millions of data points at speeds of several kHz. The resulting systeasat array of fast pressure transduaats
the resultingdatacanbe analyzed to providigequency content of the flow at each spatial locatiosynamic PSP
systems have been used to identify structures in cavity flostsidy shock boundary layer interactionsand
investigate transverse jet injection in supersonic flows



A. Experimental Setup

Experiments were conducted at tt Flow direction
Trisonic Gasdynamics Facility (TGF
located on Area B of WrighPatterson Air
Force Base. The closed circuit wind tunn
canachieve subsonic velocities from Mac
0.23 to 0.87, and discrete supersonic Me
numbers of 1.51.9, 2.3 and 3.0 with
interchangeable nozzle block3he test
section is 607 mm high, 607 mm wide ar
1219 mm long. Two 660 mm diameter fl:
windows on either side of the test secti
provide optical access to the flow ar
model. The primary model suppois a Fused silica sidewall
crescent mounted sting, which canused
to reach various attitudesor model
orientations, including pitch from1° to
+18.5° androll from -90° to +180°. The Figurel. Schematic of optical turbulence reduction cavity model
current experiments were conducted
Mach 0.7 and 1.5 with corresponding unit Reynatdsnbers of 8x10°m and 7.5x1&/m while thestagnation
tempergure wa held constant at 300 K.

The new Optical Turbulence Reduction Cavity model was built and has been ussslaral previous
investigation®%1* With three interchangeable optiegliality fused silica windows that serve as the cavity ceiling
and two side walls, this model providesaum optical access to inside the entire calihe windows areaplaceable
with aluminum blanks, and for the current investigatitie cavity configuration utilized aluminum side vgalThe
cavity ceiling window was aaluminum blankhat contained twdhiermocouples, five static pressure ports and seven
Endevco dynamic pressure sensors. All sensors \eesged along the cavity center line. Thignamic pressure
sensorsnumbered 1 to Avere located
10.8, 43.18, 75.57, 107.95, 140.3

Flow Direction

172.72, and 205.11 mn downstream of
the cavity leading edge.

Figure 1 shows a schematic of th
cavity model highlighting some of its
major features. The dimensions of t
cavity were216 mm long, 38 mm deeg
and 63.5 mm widelfD = 5.67). The
fore body of the model was 178 mi ol X

z

long and 127 mm wide. The front an
aft wall blocks of the cavity we

Interchangeable front
block

Aluminum sidewall

Aft block

Endevco pressure sensor

designed to be replaceable so that bi () (b)
passive and active flow control device
can be examed. For the curreni
investigations, only the forward wal
block was interchanged with differer
passive flow control devices. The a
wall block was rectangular. To ensul
an attached boundary layer along t
fore body of the cavity, the pitch angl
wasset t0-0.75°.
The baseline casesed rectangulai
front and aft blocks to create X
conventional cavity geometry. FoL &
different passive flow control device ©
which altered the geometry of th . . .
cavity's leading edge were als Elgurez. Flow con.trol'dewces: (a) flat spoiler, (b) triangukeps, (c)
investigated. The passive device fdges, and (d) cylindrical rod.
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examined were a flat spoilexseries oftriangular backwardacing steps, ridges, and a horizontal rod in cross flow.
Descriptionsof the flow control devises used in this study can be four8tchmit et af A schematic of each device

are shown irFigure2. The flat spoiler Figure2 (a)) was 63.5 mm wide, spanning tiigth of the cavity, protruded
4.0mm above the cavity waterline, and was 1.6 mm thick. The protruding spoiler acts to lift the separating boundary
layer,which reduces impingement the shear layeon the rear wall, thereby altering the cavity wave dynamics and
sound pressure levels. The triangular stépgufe 2 (b)) were comprised of for triangularshaped cutouts with a
maximum depth of..0 mm tha extended 25.4 mm upstream from the cavity's leading edge. The ridges flow control
device Figure2 (c)) consisted of eight \dhaped, streamwise grooves. The grooves were 6.4 mm deep, 25.4 mm long,
and have a 60° interior angle. Both the large triangular steps and ridges are thought to induce streamwise vorticity into
the shear layeihe final flow control device was a horizontal rddgure2 (d)). The 63.5 mm wle, 6 mm diameter
ceramic rod wa held in position by two 8 mm diameter posts. The gfzacing between the rod and cavity waterline

was set to 2.54 mm. Vortex sheddimgr the rod is thought to brealp the large coherent structures in the cavity
shear layer.

B. UnsteadyPressureSensitive Paint Fast Pressure-Sensitive Paint Calibration
PSPis an imagébasedechnology that has ba 251 ' '

used forcontinuous measurements of pressone 2 ;g: E} T =293K

aerodynamic surface$he paints are composed of 20 A 303K =00

pressure sensitive dye in a polymer binder and p WV 313K .

application is performed using a spray can
airbrush. The measurement is accomplished
applying he paint to the surface of interest ai —°
illuminating the surface with blue or UV light t 1
excite the dye. The surface is imaged through a fi

that isolates the excitation light from the pressi 0.5F
sensitive luminescence of the paint. Each pixel
the canera then acts as a pressure tap, and there [ | _ | | |
continuous distributions of the pressure on 1 0 0.2 0.4 0.6 0.8 I

painted surface are acquired. Standard pres: P/P

paints can be used for mean measurements ' ©

response times of aboutHz and fast respon$e Figure3: Calibration of PtTFPH#PP fastesponséSP.

systems can be wused for high frequer _

measurements, with a bandwidth of over-kb{r.

The use of standard PSP is becoming more common in large transonic tunnelspdvittiipn systems in use in
several facilities such aBsAGI*3, AEDC!, DLR'®, and ARAS, Fast responding PSP offers a means of acquiring
unsteady pressure data at millions of locations on a model suffiseis accomplished by combiningfast
responding? SPwith afastframingCMOS camera andnultra-bright LED. Fast responding PSP formulations based
on polymer/ceramica formulationfirst demonstrated by Scrogdinhave been used to demonstrate the potential of
fast PSP in several wind tunneiger the las5 yearsThe calibration ofthe fastPSP formulations used in this work,
ISSI PRFast PSP, ishown inFigure3. Note that while PtTFPIPP is very fast (~20 kHz), it &also very temperature
sensitive
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C. UnsteadyPressureSensitive Paint Data Processing

The standard radiorntmic PSP data processing scheimeolves the computation of the wiradf to wind-on ratio
and then the conversion dii$ ratio to pressure. This traditional radiometric approach is susceptible to several sources
of error, particularly model motion. The key to processitypamic PSP data is to recognize that many of the
traditional radiometric error sources are DC errbrs. example, variations in model temperature, plustgradation
of the paint, and sedimentation occur at low temporal frequenigiginificant portionof the model motion occurs
between the winaff and windon image, with minor model vibration occumgiat 10s of Hz. To mitigate these issues,
ISSI has implemented an AC coupled data processing scheme.

The first step in fast PSP data processing is to align the-avirithages and compute the average. This average
wind-on is then used as the reference ienfay subsequent data processing. The averageavinsithendivided by
each individual winebn image, and the resulting ratio is converted to presmingthe slope of the PSP calibration.
The raw images from the cavity testere converted to pressurfer each model configuration at the subsonic and
supersoniconditions listed in Section.AThe data was loyass filtered and mapped from the bitmap to a surface



mesh of the cavity ceiling (1024 by 400 bitmap to 108 by 32 mesh). The mesh representfatieecsthe cavity
ceiling in physical spaceith a spatial resolution & mm.

D. UnsteadyPressureSensitive PaintData Analysis

Simply acquiring unsteady pressure maps is only the first step in exploiting the capabildigsanficPSP.
Current PSP datanalysis techniques are not suitable for analyttiege extremely large and often complex data sets.
Tools that allow the user to quickly decompose the data and identify key flow features or spectral content are essential
for effective use oflynamicPSP Examples of these tools include simple correlation anadfysigectral analyst§
proper orthogonal decompositipODY?°, and dynamic mode decomposition (DMD)Each of these tools has been
demonstrated witllynamicPSP data and each has shown the capacity to reveal key insights into specifaesflows
well as isolate various noise sourc€he reader is dected to the above referendes more detailed description of
the data processing tools. The key tools usedrtalyzethe current data set are spectral analysis and POD. A short
overview of these techniques is included in the following.

Once the entire record length had been binnedhratéd, and scaled, the sound pressure level (SPL) at each
frequency was detatined.The SPLis defined as

YOO gm | €& ®)

whereRMSis the root mean square pressuned P is a reference pressure of 2BauFor the purpose of the work
presented, Equation 3 is given below in terms of the aetbisd density functior.

YOO pri | € (4)
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The power spectral density and sound pressure level at a set of points on the model yield important insight into the
frequencycontent of a given time serie$his technique, however, only provides anderstanding of the spatio
temporal nature of the dymacs of the entire system. In unsteady, turbulent fl&®3D provides for the extraction
of relevant flow structures that present a characteristic temporal life cycle, as well as the frequency content of those
flow features. POD raalysis has also lent itédfor use as a filter of spurious data and mois particle image
velocimetry Recently POD analysis was applied tmsteadyPSP data from aavity acoustics test inlarge wind
tunnel tesby Sellerd? with promising results

The POD techniqueseeks to represent a higimensional pressure field with a ledimensional model,
characterized by the summation of mode shapes, or basis functions:

p(xt)=& a,(t) .(x) %

In Equation?, x represents a spatial coordinate drad time coordinate. The pressupg,is approximated by the

summation of the product of a time constaqtand a spatial POD mod#, for a discrete set of data. The modes are

orthogonal and are orderbdsed orturbu | ent ki neti c energy. For modal decom
used, having obtained a setN&patiat and timeresolved data for regions where the model was painted. For each

instant in time, a column vector of the fluctuating pressuid gtid points is organized, which collectively form an

M x N matrix, U. A correlation matrix is created by multiplying thlematrix with its transpose. Then an eigenvalue

problem is set upased orEquation8, whereA is the matrix of eigenvectors aadare the eigenvalues. The solution

is organized from largest to smallest eigenvalue, eith 0. Finally, the eigenvectors are used to calculate the POD
modesusingEquation9.
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After being decomposed intd modes, the instantaneous pressure fieldammneconstructedsing Equation?,
where the time constart;, can be calculated accordingthe following equation:

a,(t) = diagly/7,, AT a0

Typically, the predominant flow featurea the cavityare found in the first few POD modes. It is important to
determine how many modes are relevant for analysis and how many modes should be used for reconstructing pressure
fields.

I1l. Results

Data analysis included conversion of each PSP image to pressure, computation of pressure fluctuations, spectral
maps, PODmodes, reconstruction of the data using POD modes, and computation of the spectral content using the
reconstructed pressure data. This analysis was performed for both the Mach 1.5 and 0.7 data sets with the baseline
cavity and each of the flow control dees.

A. UnsteadyPSP Data and Pressure Fluctuations
A total of 30,0000 62,000 images were acquired at five test configurations (baseline plus four flow control setups)
at Mach numbers of 0.7 and 1.5. The sample rate for the PSP data was 10,000 Hz a5 lslagtb, D00 Hz at Mach
0.7. Windoff and background data was also acquired at each test condition and the data was processed and mapped
onto the 108 by 32 mesh as described previously. Seven Endevco pressure transducers were mounted flush with the
cavity eeiling along the length of the centerlinexat 10.80, 43.18, 75.57, 107.95, 140.34, 172.72, and 205.11 mm,
with the origin at the
cavity leading edge. Datz

was acquired from the
pressure transducers
75khz at each tesl
condition, unfortunately
the daa was not
synchronized with the
PSP datacquisition

A progression of PSF
images taken over 800
ns at Mach 1.5 with no
flow control device
attached to the model i
presentedin Figure 4.
The images show a
succession of pressur
wave traveling
downstream in the cavity
and reflecting from the
back wall. Multiple
waves are visualized ir
several of the images
While several of the
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somewhat planer, theras . .
some twedimensional Baseline, Mach 1.5 Pressure Fluctuations, Pa

waves on the cavity flooihe
scale of the colormap Figure 0 1000 2000 3000 4000 500(
4is +/- 10 kPa, and therefore |
the amplitude of these
pressure \aves is on the orde
of 10 kPa.

The time history of the
pressure data can be extract *
at each pixel and quantitate 0 : S 1
such as the amplitude of th
pressure fluctuations an 3
spectral content of the flow a
each pixel can be computel. r
map slowing the amplitude of
the pressure fluctuations ¢ r
each pixel in the cavity is l _ Time (ms) l
shown in Figure 5. The 0 50 100 150 200
amplitude of the pressur
fluctuations increases from th
front of the cavity to back of Figure 5: Map of fluctuating pressure for the Mach 1.5 Baseline ca
the cavity. The pattern is configuration.(Note that PSP and Tap data was not sampled simultaneously
generally planar, with some
curvature near the corners at the back of the cavity.

The PSP data was extractedneach pressure tap and the data from the PSP and tap at location six is also shown
in the figure. The amplitude of the pressure fluctuations from the PSP and pressure tap were 2693 Pa and 2330 Pa
respectively. The PSP data generally indicated a level of pressure fluctuations about 300 Pa higher thpartigeom
tap at each location. An analgof the shot noise for a single PSP image results in a noise floor of about 250 Pa for
the fluctuating pressure measurement, and thereforepdsisiblethat shot noiseontributed tothis disagreement
between the taps and PSPis also possible that low frequency model vibration, which would manifest as a low
frequency pressure fluctuation in the PSP data, may have contributed to this slightly higher fluctuationg pressure from
the PSP data.

Pressure (Pa)

mm

B. Spectral Content of the Flow T .U 11191, Bz

The power spectrum of the tim _ ‘

resolved pressure data was compul %0 i3 W T e 14
at each pixel and converted to soul

115 125 130
pressure level (SPL) resulting in o
series of maps that show th 40 _
amplitude of the pressai fluctuations o
in each frequency bin. To quickl 20 .
identify key frequencies in the cavity

the mean amplitude of the spectra 0r

each frequency was extracted al o 140 ————"y

organized from largest to smalles r s g‘f)ﬁ |
. -1 12 m—

The frequency of the Rossiter mod | B Tapt6| |

is listed in Table 1. Tik data indicated o

that the second Rossiter mode was 1 | 0 1000 2000 3000 4000 5000 |

dominate feature, and therefore, tl Frequency(Hz)

spectral map at this frequency 0 20 40 60 80 100 120 140 160 180 200 220

shown inFigure6. mm

The planar structer of the cavity
tone is evident in the figure, with twc Figure6: Map of fluctuating pressure 2f"d Rossiter tone for the Mact

cancelation nodes surrounded | 1.5 Baseline cavity configuration.



much larger amplitude peakBhe SPL is greatest at the back wallthe cavity as was the case for the pressure
fluctuation map, for all tones and reaches a maximatnevof 154 dB for the second Rossiter motiee spectral

content at two of the seven tap locatiovere comparedand displayedt the bottom oFigure6. Note that the PSP

and tap data is in near perfect agreement at each of the Rossiter tone frequencies, and the amplitude of each peak is
within 4.4 dB in the worst case (Tap 2 at tone This level of agreement in the amplitude data is equal to dout

Pa in fluctuating pressure amplitudigs noted that this is lower than the single image shot noise computed previously.

This apparent improvement in the resolution of the PSP data is a result of signal averaging in the spectral computation
where thespectrum was computed usirid 2 points but theecord length was 30,000 points

Table 1: Peak Rossiter frequencies from the side wall and ceiling tests at Mach 1.5.

Mode Side Wall (Hz) Ceiling (Hz)
1 502 462
2 1187 1194
3 1938 1914
4 2673 2658
5 3494 3429
6 4177 4161

The frequency content of the flow was computed the baselineand each flow controtondition using the
sequence of pressure imag&&L contours of the cavity ceiling at the first, second, third, fodifth, and sixth
Rossiter mods for the baseline, rod, flapoiler, ridges, and angularstepinsertsare shown irFigure7 - Figure12,
respectively. For the baseline configuration, the SPL contours are close to symmetribhaloawity centerlineOf
the four flow control devices, the rod in cross flow suppresses pressure fluctuations most effedtileeheav
triangular step is slightly less effective. The flat spoiler and ridges show poor suppression compared to the baseline
flow. The most obvious featur@ the SPL contours is the strong asymmetric distribution of the pressure peaks
generated by thiéat spoiler. This feature is present at each frequency, but is most pronounced at the secdhistone.
asymmetric distribution is also present at each tone for the rod in crostfievePL was lowered by approximately
30 dB at the back watif the caviy by the rod in crossflowvhile the flat spoileperformance waslightly worse than
the baseline case. Clearly the asymmetric distribution is not key to the cavity acdimitgical periodic structure
in the SPL on the cavity ceiling is still presavith the rodin cross flow but is significantly mitigated. This may be
indicative of the rod in crossflow breaking up the coherent structures that tbetRossiter tones.

The lineprofiles along the cavity length git= 14 mm for the first, secondhird, and fourth Rossitdonesare
shown inFigure13. The modal nature of the Rossiter tones is evident in the local minima observed in the. profiles
For the first Rossiter tone, there is a single local minimum anper@ mm. The location of this saddle point depends
on the flow control devise inserted. For the triangular steps, the location of the minimum is significantly sRifted to
= 45 mm. Thdocation of the minimum points for the second Rossiter tone also shift sombwhate similar to the
baselineconfiguration As already noted, the SPL profile for the cylinder doesshotv strongRossiter modeghey
are however distinguishablginally, the modes are weak for the triangular step inseradpain,are still present.

C. Proper Orthogonal Decomposition

The baseline cavity pressure data at Mach 1.5 was decomposed using the POD technique. The data was processed
using 8,192 of the 30,000 imes resulting in the computation of 8,192 modegically, the predominant features
are found in the first few POD modéss an example, the distribution of energy in each mode is plotted in the top left
corner ofFigure14. Approximately 40% of the energy is in the first mode, with the second, third, and fourth modes
containing 18%, 14%, and 7% of the energy respectively. Over 90% of the energy is contained in the first 11 modes,
and 99% of the energy is in the first 79 raedThe structure of the first 11 modes is displaydeigare14 - Figure
15. Note that mode& through6 and mode 1Mave a planar pattern and spatial distribution similar to the Rossiter
tones found in the baseline cavity configuratioRigure? - Figure12. This result is anticipated as there is significant
energy in the pressure fluctuations at the Rossiter tones.
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Figure9. SPLcontoursfor baseline and all control cases at M = 1.5tfar 3¢ Rossitertone
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Figure10. SPLcontoursfor baseline and all control cases at M = 1.5th@4" Rossitertone

10



Baseline SPL 3§97 Hz Cylinder SPL 3397 Hz

60 60
40 . 40
g 20 20
g o 0
[
100, 110 120 130, 100, 110 120 130,
0 50 100 150 200 0 50 100 150 200

Flatspoiler SPL 3397 Hz Ridges SPL 3397 Hz

60 60
40 40
g 20 20
=) 0 0
[ [
100 110 120 130 100 110 120 130
0 50 100 150 200 0 50 100 150 200
. Tristep SPL 3397 Hz = Tap 6 Spectra
N
a5,
40 < 140 Base
g 20 2 pd——ocyl
=) 5 120 I Flat
£ 5
BT | o | | Ride [
100 110 120 130 £ 100 Tri . .
0 50 100 150 200 0 1000 2000 3000 4000 5000
mm SPL (dB)

Figure1l. SPLcontours for baseline and all control cases at M = 1.5 for'tRoSsitertone

Baseline SPL 4154 Hz

Cylinder SPL 4154 Hz

60
40
20
0
B 2
100 110 120 130
0 50 100 150 200 0 50 100 150 200

Ridges SPL 4154 Hz

60
40
20
0
[
100 110 120 130

0 50 100 150 200
_ Tap 7 Spectra
N
: '
= 140 Base
Iy — Gl A Pren®
§ 120 Flat  fa Zma ey
& ~——— Ridge
& 100 i —
0 1000 2000 3000 4000 5000
SPL (dB)

Figure12. SPL contours for baseline and all control cases at M = 1.5 fot"tRe$sitertone

11



Further insight into the flow may
be gained by ispecting the POD
modes. Modes through 9 and mode
1lindicate that there is an asymmetr
structure on the back part of th
cavity. This structure is similar to thi
asymmetric  distribution that it
evident in the cavity with thdlat
spoiler androd in crass flow control
devices Figure 8 - Figure 12). The
presence of this weak asmyetric
mode in the baseline cavity sugges
that theseflow control devices are no
creating the asymmetric flow, bu
enhancing a fluid structure that i
already present in the cavity. It i
possible that Hs asymmetric
structure may be related to a $lig
misalignment of the model with thi
tunnel flow. In any case, the presen
of this asymmetric mode in the Figure13. SpanwiseSPL profles aty = 14 mm and M = 1.5 for (a)*1
baseline cavity is impossible to dete Rossiter mode, (b)"? Rossiter mode, (c)"8Rossiter mode, and (d)'4
without the POD modes as the eneryy
in modes 711 is about 1% per mode.

Figure14. POD Mode energy distribution and fifste modes for the basekncavity at Mach 1.5.
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