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ABSTRACT

In this work, the effects of the jet’s initial conditions on
the aeroacoustic properties are studied. The present inves-
tigation has been carried out using a Large Eddy Simula-
tion (LES) database containing pressure time series cover-
ing a domain that varies in the stream-wise direction from
x=0 up to x/D=20 and in the radial direction from r/D=0.5
(nozzle lip) up to 1/D=3, where D is the jet exit diameter.
As mentioned above, the key parameter we explored is
the boundary-layer thickness (05 ), which has been var-
ied keeping fixed the nozzle exhaust turbulence intensity
at T1 = 0%. Specifically, the value of dpy, normalised
by the nozzle radius 7, spans from 0.025 up to 0.4. The
acoustic component of the near pressure field of the jet
is extracted by applying a wavelet-based procedure to the
pressure data. The decomposed signals are then analysed
separately in terms of statistical quantities.

Keywords: Aeroacoustics, Jet-Noise, Wavelet

1. INTRODUCTION

Since the seminal work of Lighthill [1], which provided
a theoretical framework for predicting the noise gener-
ated by turbulent flows, many studies have been devoted
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to identifying the physical mechanisms by which jet tur-
bulent structures generate noise (see e.g. [2—4]). In this
framework, a key role is played by the state of the flow
at the jet nozzle exit, which is known to influence signifi-
cantly both the aerodynamic and the acoustic properties of
the jet, affecting the degree of mixing between the jet and
the surrounding ambient air. The initial conditions can
be clustered into five main parameters: Reynolds number
(Re), Mach number (Ma), shear-layer momentum defined
by the boundary-layer (BL) thickness, the boundary-layer
velocity profile [2-5], and the turbulence intensity (TI).

The investigation of the near pressure field is crucial
for a better understanding of the noise generation mech-
anism. Pressure fluctuations in the near field of the jet
comprise a hydrodynamic component associated with the
disturbances induced by the turbulent flow structures and a
propagative acoustic component radiating in the far field.
The decomposition of these two pressure components is
essential to develop more accurate noise prediction tools
and implement noise control strategies. Different sep-
aration techniques have been presented in the literature

([5-9D.

The parametric analysis proposed herein attempts to
clarify the sensitivity of the acoustic and hydrodynamic
pressures (separated using the method proposed in [7]) to
the initial boundary-layer thickness dpr, normalized by
the nozzle exhaust radius ro. We explore different val-
ues of dpr,/ro, from 0.025 to 0.4, keeping fixed the noz-
zle exhaust turbulence intensity at TI = 0%. The in-
vestigation is focused on the region close to the jet flow
where, as outlined in [5], the disturbances, destined to be-
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come noise in the far field, are contained. We consider a
well-detailed Large-Eddy-Simulation (LES) database (see
among many [10-13]) containing pressure time series
covering a domain that varies in the stream-wise direction
from 2/D = 0 to /D = 20 and in the radial direction
from /D = 0.5 (lipline) to /D = 3, where D is the
jet exit diameter. The acoustic and hydrodynamic compo-
nents of the pressure time series are extracted by applying
a well-known procedure in the literature [7] based on the
application of wavelet transform to the pressure data. The
decomposed signals are then analyzed separately in terms
of statistical content and directivity.

Further details on the numerical setup and the
wavelet-based decomposition procedure are given in §2
and 3, respectively. The main results are reported in §. 4,
whereas conclusions and final remarks are given in §.5.

2. NUMERICAL SETUP

LESs of round free jets at a Reynolds number Re= 10°
and M=0.9 have been used for the analysis reported in this
paper. The simulations have been carried out with 7'/ = 0
(fully laminar case) and normalized boundary layer thick-
ness dpr/ro varying from 0.025 to 0.4. The jet initial
conditions are summarized in table 1 for clarity.

Mj R€D (5/7"0
0.9 | 10° | 0.025
0.9 | 10° | 0.05
0.9 | 10° | 0.1
0.9 | 10° | 02
0.9 | 10° | 04

Table 1: Jet initial conditions

An in-house solver, based on the three-dimensional
filtered compressible Navier—Stokes equations in cylindri-
cal coordinates, has been used to perform the LES simula-
tions. Specifically, the LESs were carried out using grids
containing a number of points varying between 250 mil-
lion and 1 billion, with low-dissipation schemes and relax-
ation filtering as a subgrid dissipation model [14]. More
information can be found in references [10-12].

3. WAVELET-BASED PROCEDURE

The separation of the acoustic and hydrodynamic com-
ponents of the near-field pressure signals is achieved by
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applying the procedure proposed by [7] that is briefly
worked out in what follows.

The method is based on the wavelet transform of pres-
sure signals and an appropriate filtering of the resulting
wavelet coefficients performs well in identifying and iso-
lating intermittent features within the turbulent flow, as
suggested by [6]. For a pressure time series p(t), the
wavelet transform can be formally expressed by [15, 16],

wis.)=Cy st [ po (t - )d M

— 00

1

where s is the wavelet scale, 7 is a time shift, C,; 2isa
constant that takes into account the mean value of (t)
and 1" (1=T) is the complex conjugate of the dilated and
translated mother wavelet 1 (t).

With the aim of performing the acous-
tic/hydrodynamic separation, the wavelet coefficients
can be separated by assuming that the hydrodynamic
contribution, being related to localized eddy struc-
tures, compresses well onto the wavelet basis so that it
originates, in the transformed domain, few but large-
amplitude wavelet coefficients.  Thus, the so-called
pseudo-sound (i.e., the hydrodynamic component of
pressure fluctuations) can be extracted by selecting
the wavelet coefficients exceeding a proper threshold.
In the present approach, the threshold is identified by
applying the *WT3’ technique presented in [7] and
applied successfully to other flow phenomena other than
jet noise [17-19]. We remind the reader that the method
is based on single-point statistics and, hence, requires
only pointwise signals from single virtual probes [20].

In summary, the procedure splits a given pressure sig-
nal into two-time series representing the acoustic and the
hydrodynamic pressure components. The two-time series
are then processed separately with the aim of characteris-
ing their statistical properties.

An example in the Fourier domain of a decomposed
signal is reported in figure 1 forx/D = 4and r/D = 1. It
is shown that the hydrodynamic component contains most
of the signal low-frequency energy content, whereas the
acoustic pressure is dominant at high frequencies.

4. RESULTS

The results are presented in terms of Overall Sound Pres-
sure Level (OAS PL), which is defined as follows:

OASPL = 20log; (p” ) , )
ref
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Figure 1: Decomposed pressure spectra, at x/D=8,
r/D=2and 6y, = 0.05

where o is the standard deviation of the pressure signal
and p,.r is a reference pressure whose value is 20y Pa.

Figure 2 reports the OASPL of the acoustic pres-
sure for different boundary layer thicknesses. The BL
thickness mostly affects the acoustic pressure directivity.
Specifically, the noise emission is in the sideline direc-
tion for low /7y and moves to shallow polar angles for
increasing BL thicknesses. The different noise directiv-
ity pattern is likely related to the growth rate and satu-
ration region in the streamwise direction of the Kelvin-
Helmbholtz instability that are both affected by the shear-
layer thickness, which is likewise strongly influenced by
the inner BL thickness.

The significant role played by the BL/shear-layer
thickness in the jet noise directivity pattern is confirmed
by the hydrodynamic field reported in figure 3. We note
that the pseudo-sound component appears to be substan-
tially affected by the BL thickness mainly in the jet shear
layer for large thickness values (e.g. /¢ > 0.1). Further
analyses have to be carried out to physically interpret the
trends presented herein.

5. CONCLUSIONS

In the present paper we investigated the influence of the
nozzle exit boundary layer thickness of a compressible
subsonic jet on the near-field hydrodynamic and acous-

10™ Convention of the European Acoustics Association
Turin, Ttaly « 11" — 15" September 2023 « Politecnico di Torino

5959

tic pressures. The investigation is performed by pro-
cessing a numerical database obtained by well-resolved
LES at fixed Mach and Reynolds numbers. The cases
explored herein correspond to initial laminar conditions.
The acoustic pressure component is extracted from the
pressure time series by applying an existing wavelet-based
procedure. It is observed that the boundary layer thick-
ness significantly influences the noise directivity. Specif-
ically, the maximum sound emission moves from side-
line to shallow polar angles for increasing BL thicknesses,
whereas the hydrodynamic component is enhanced in the
shear layer region for larger BL thicknesses.
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Figure 2: OASPL acoustic maps for different nozzle exhaust boundary layer thicknesses: a) § /79 = 0.025; b)
0/ro =0.05;¢)6/rg =0.1;d) §/r9 = 0.2;¢) § /1o = 0.4.
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Figure 3: OASPL hydrodynamic maps for different nozzle exhaust boundary layer thicknesses: a) d/rg =

0.025;b) 6 /ro = 0.05;¢) 6/rog = 0.1;d) §/r9 = 0.2;¢) § /79 = 0.4.
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