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Abstract. The shear flow of a fully turbulent boundary layer along a perforated plate, which is bounded by a closed cavity
on its backside, can give rise to highly coherent, self-sustained oscillations. These oscillations are characterized in terms of
velocity fluctuations and quantitative images of the instantaneous and averaged flow structure using a technique of high-
image-density particle image velocimetry (P1V). Variations of the effective length L of the perforated plate show nearly
invariant values of dimensionless frequency fL/U; in which f is the predominant frequency of oscillation and U is the
freestream velocity. In fact, this relationship holds even when the diameter of the hole pattern is altered. Variation of the
hole diameter D does, however, strongly influence the amplitude and degree of organization of the self-sustained oscillation.
Four different plates were employed, with whole diameters of D = 6.4 mm, 12.7mm, 19.1mm and 25.4mm. The plate was
maintained constant thickness at t =11mm for all experiments. The freestream velocity was maintained at a value U = 240
mm/s and the momentum thickness of the turbulent boundary layer was 6 =7.5 mm. [The Reynolds number based on 6 was
Ree =1800.] It is demonstrated that, as the hole diameter becomes larger relative to the inflow boundary layer thickness,
the amplitude of the predominant spectral peak is substantially attenuated and, in a limiting case, undetectable.
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Farkh Delik Caplarina Sahip Go6zenekli Levhalar Boyunca Olusan Serbest Salinimlarin
Incelenmesi

Ozet. Kapal bir kavite iizerine yerlestirilmis gozenekli bir levha boyunca olusmus tam tiirbiilansh smir tabaka icerisinde
kendiliginden siirekli salinimlar olusur. Bu ¢alismada pargacik goriintiilemeli (PIV) hiz 6lgme metodu kullanilarak anlik ve
ortalama hiz degerleri, girdap ¢izgileri, Reynolds gerilmeleri ve levha boyunca belli bir zaman araliginda 6l¢iilen hiz degerleri
ile bu salinimlara ait {i¢ boyutlu hiz spektrumlari verilmistir. G6zenekli levha boyunca akis yoniinde 6l¢iilen basing degerleri
neticesinde hesaplanan boyutsuz frekansin fL/U hemen hemen sabit kaldig1 goriilmiistiir. Burada f salinimin frekansini U da
serbest akis hizinm1 ifade etmektedir. Ayni sekilde boyutsuz frekansin gozenek capinin degismesiyle de sabit oldugu
gosterilmistir. Gozenek ¢ap1 D nin degistirilmesi periyodik salinimlara neden olmakta ve etkili bir sekilde salinimlarin genligini
etkilemektedir. Dort farkli gézenekli levha delik ¢apt D = 6.4 mm, 12.7mm, 19.1mm and 25.4mm deneylerde kullanilmustir.
Caligsmada serbest akis hiz1 U=240 mm olarak alinmis bu hiza karsilik gelen tiirbiilansli sinir tabaka momentum kalinlig1 6 =7.5
mm olarak bulunmustur. [Momentum kalinligina bagli Reynolds Sayis1 = 1800 dir.] Gozenkli levhalarin kalinliklari sabit
olarak t=11 mm olarak alinmustir. Sinir tabaka kalinligina gore gozenek capi arttirildiginda salimimlarin genliginin
soniimlendigi ve frekansin belirsiz hale geldigi goriilmistiir.

Anahtar Kelimeler: Kendiliginden olusan salinimlar, Gozenekli levha, PTIV, hiz spektralari

1. INTRODUCTION

Flow past a circular perforation, among an array of perforations, usually bounded on the backside by a
defined cavity(ies) have been addressed by [1-5]. In this series of studies, the generation of tones was
generally attributed to the hydrodynamic instability of the shear layer past a single hole. Related
investigations involve those of researcher [6], who experimentally addressed the physics of the
unsteadiness past a circular hole, as well as [7-8], who focused on the broadband generation of
fluctuations (noise). A still further aspect of this class of investigations is determination of the
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impedance of a perforated plate, with the aid of external excitation, as pursued by [9]. Flow past inclined
slats, i.e. louvers, with a cavity on their backside, can give rise to oscillations and noise generation that
are analogous to those arising from flow past a perforated plate, as characterized by [10-11].
Furthermore, Zoccola [12] recently investigated the instabilities arising from one to three spanwise
obstacles located along the mouth of a resonant cavity.

Flow past a slotted wall bounded by a cavity was investigated experimentally by [13], but the slots were
aligned in the streamwise direction. Theoretical and experimental results were compared and good
agreement between the theoretical and experimental results was obtained.

If the perforated plate undergoes vibrations, then a number of interesting issues arise. As found by [8],
vorticity generation in the apertures of a perforated plate subjected to a grazing flow can lead to
dissipation of plate vibrations. In a further theoretical study, Howe [14] determined the sound production
arising from both turbulence and vortex shedding. The importance of perforated plates is not limited to
low speed applications. Occurrence of high noise levels in transonic wind tunnels is well known, and
recent results related to suppression of edge-tone type noise in the systems is described by [15].

Ozalp et al. [16] show that long wavelength hydrodynamic oscillations involve the propagation of
coherent concentrations of velocity, vorticity and Reynolds stress correlations along the surface of a
perforated plate. Moreover, by observation of a plane of the flow immediately adjacent to the surface
of the plate, they showed that such oscillations involved propagation of a well-defined front, i.e., an
interface between relatively high and low regions of velocity along the plate surface. This front was
reasonably well correlated, in a large-scale sense, along the span of the perforated plate. An
experimental investigation was carried out in order to have detailed information on the flow structure
around perforated cylinders using high-image density Particle Image Velocimetry technique in shallow
water flow by [17].

In this study four different plates were employed, with whole diameters of D = 6.4 mm, 12.4mm,
19.7mm and 25.4mm. The thickness of the plate is maintained constant at t = 11 mm for all experiments.
Furthermore, the open area ratio of the plates was maintained constant at 69 %.

2. EXPERIMENTAL SYSTEM AND TECHNIQUES

Techniques of high image velocimetry was employed throughout the investigations. Particle Image
Velocimetry (PIV) is a Flow Measurement Technique which can be used to obtain the time dependent
full field velocity distributions of single and multi-phase flows. Two-dimensional or three dimensional
velocity field distributions can be obtained. The particle image velocimetry (PIV) technique provides,
for the first time, a global view of the instantaneous flow field in a quantitative fashion. This allows the
user to examine the presence of small flow structures and their influence, obtain vorticity fields
guantitatively and, finally, obtain mean, turbulence and stresses globally. These unique capabilities
provide a powerful diagnostic tool for solving problems, a unique insight into the nature of flows and
the ability to improve the performance of fluid machinery and systems.

Experiments performed in a large-scale water channel, using combination of surface pressure
measurement and particle image velocimetry, which yields global representation of the velocity and
vorticity fields. The overall aim of this experimental system is to examine instabilities past a fully
submerged perforated plate-cavity system, with the option of controlled perturbations of the cavity. This
approach allows examination of self-excited instabilities with and without occurrence of simulated
cavity resonance. A full boundary layer will be generated along a continuous plate.
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The experimental system was mounted within a large-scale water channel as shown in Figure 1. A
system of false vertical walls, as well as a suspended horizontal plate at a suitable length with a boundary
layer trips at the leading edge to ensure a fully-developed turbulent boundary layer at the leading-corner
of the cavity. The overall length L of the perforated plate, which also corresponds to the length L of the
bounding cavity. View of the perforated plate is shown in Figure 2. Four different plates are employed,
with whole different hole diameters which are given in Figure 2.

Figure 1. Overview of perforated plate-cavity system in large scale water channel.

Quantitative visualization of the flow patterns was attained using a method of high-image-density
particle image velocimetry. lllumination was in the form of a 1mm thick laser sheet which was generated
from two Nd:Yag pulsed lasers fitted with a cylindrical-spherical lens system. Each laser of the dual
system had a power ratingof 90 mJ. Two orientations of this sheet were employed. This placement of
the laser allowed quasi-two-dimensional visualization of the flow structure. Alternately, a horizontal
orientation of the laser sheet was used, as indicated in Figure 3. In this case, the sheet was placed close
to the surface of the perforated plate, i.e., the distance between the centerline of the laser sheet and the
surface of the plate was 1 mm. Using this approach, it is possible to determine the instantaneous
spanwise structure of the flow pattern along the perforated plate.
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Figure 2. Dimensions of Perforated plates. (All dimensions are in mm.)

A time sequence of series images were acquired at a frequency of fifteen frames per second. This set of
instantaneous images could be time-averaged or, by using a selected, coherent event of the instability
adjacent to the plate, a phase-average of the flow pattern was acquired. Post-processing involved a
combination of instantaneous time-averaged and phase-averaged representations of velocity, vorticity
and Reynolds stress. Furthermore, by employing concepts of spectral and cross-spectral analysis of the
sequence of PIV images, it was possible to obtain amplitude and phase distributions of the organized
fluctuation across the shear flow.
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Figure 3. 3D view of cavity and laser orientation

During the pressure analyses experiments pressure signals were subjected to analog filtering and
electronic amplifiers. The sampling time was At = 0.05 sec, in order to adequately resolve all the
dominant frequencies. Each signal was then transmitted to the A/D board of the host microcomputer,
stored in digital form, allowing reconstruction of the time traces, as well as computation of the spectral
peaks using an FFT technique. Figure 4. shows the pressure signal lines from transducer to host
microcomputer.

Transducer (PCB 106B50)

Sensor Signal Conditioner input (XDCR)
Sensor Signal Conditioner output {Scope)
Amglifier mput

Amplifier cutput

Filter mput

Filter cutpat

First connection to A/D Board

Scart connection of AD Board

RS462 connection of computer

DA NDMAWN 4

=]

.
Ampifier H

] 1

8
Fltar :” § 3 ..
| : e

Figure 4. Pressure signal lines from transducer to host microcomputer.
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3. RESULTS AND DISCUSSION

In this study self sustained oscillations are characterized in terms of unsteady pressure fluctuations and
quantitative images of the instantaneous and averaged flow structure using a technique of high-image-
density particle image velocimetry. Variation of the hole diameter D does, however, strongly influence
the amplitude and degree of organization of the self-sustained oscillation.Spanwise velocity contours
for each perforated plates are shown in Figure 5. It is expected that the coherence of the short-wavelength
cavity oscillation will be a function of the perforation geometry.

D/6 = 0.85

Figure 5. Spanwise velocity contours for each perforated plate

Three dimensional contour plot of streamwise velocity cross spectral density is given in Figure 6. These
patterns correspond to the smallest diameter hole D/6 = 0.85. The streamwise location of these patterns
corresponds to the region immediately upstream of, and including, the impingement edge. The amplitude

of the spectral peak [S, ( f,)| attains peak values in the region immediately adjacent to the surface of the

perforated plate, but contours of relatively high level extend well above the surface of the plate, at a
streamwise location immediately upstream of the tip of the impingement edge.
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Corresponding patterns of the distribution of the peak amplitude of the spectral component of spanwise
velocity component is shown in Figure 7. It shows a highly ordered form, and the region very near the
surface of the plate involves a spatially periodic pattern with a wavelength approximately equal to the
hole diameter. The highest amplitudes of |s,(f,)| occur immediately adjacent to the tip of the

impingement edge.

Fiold of View

Figure 7. Three dimensional contour plot of cross spectral density Sy for the smallest diameter holes D/6 = 0.85.
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Figure 8. Reynolds stress for each perforated plate along spanwise axis

Figure 8 illustrates velocity correlation for each perforated plate. It can be seen that the maximum of
these correlations occur along the 6.4 mm perforated plate and minimum correlations occur along the
25.4 mm. Maksimum Reynolds stresses are occurred near the perforated surface for each perforated
plate.

In order to characterize the oscillations through the cavity length pressure signals were acquired at
different locations. Pressure records of continuous duration of 102.4 sec., corresponding to, for example
2048 cycles of a fluctuation at 0.05 sampling time, were recorded at various values of impingement
length L to momentum thickness 6 ratio. Sampling time is At = 0.05sec; Nyquist frequency is 10 Hz.
These pressure signals are represented in the form of simple time traces and corresponding plots of
spectral density. Each of pressure time traces was subjected to a Fast-Fourier transform (FFT) to provide
the spectra. Pressure spectra is shown in Figure 9 for the impingement length to momentum thickness
ratio is L/6 = 17.75. Figure 9 shows that peak points in the spectra can be defined all perforated plates
except the largest hole. These peak points exhibit a decreasing trend with increases in L/6 values. Largest
frequency and amplitude of the spectral peak is not detectable for the largest hole perforated plate. It is
demonstrated that, as the hole diameter becomes larger relative to the inflow boundary layer thickness,
the amplitude of the predominant spectral peak is substantially attenuated and, in a limiting case,
undetectable.
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Figure 9. Pressure spectra for each perforated plate. Impingement length to momentum thickness ratio is L/6 = 17.75

4. CONCLUSION

Self-sustained oscillations past a perforated plate is investigated in this study. These oscillations can
give rise to highly coherent, Four different plates were employed, with whole diameters of D = 6.4 mm,
12.4mm, 19.7mm and 25.4mm. As the hole diameter is increased the amplitude of the oscillation
decreases and the spectral peak becomes ill-defined until, at a value of D/6~4 Patterns of time-averaged
Reynolds stress show that two distinct regions occur. One region is relatively close to the perforated
plate and is associated with the interaction between the shear flow and the perforations, and the other
region, which is located well above the first, is associated with a classical turbulent boundary layer. For
the perforated plate having holes of diameter D/6~1 which give rise to the most organized and largest
amplitude oscillations, the peak amplitude of Reynolds stress occurs very close to the surface of the
perforated plate. In contrast, for the largest hole diameter D/6~4, for which the organized component
has an undetectable amplitude, the pattern of Reynolds stress takes on a less ordered form and its peak
value is substantially smaller than for the case for which organized oscillations occur.
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