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On Investigating the Hydrodynamic Field for Jets with and
without Installation Effects

Hasan Kamliya Jawahar* and Mahdi Azarpeyvand†,
Department of Aerospace Engineering, University of Bristol, Bristol, United Kingdom, BS8 1TR

Near-field hydrodynamic and acoustic characteristics of an unheated subsonic jet with chevron noz-
zles were investigated experimentally with and without jet installation effects. Near-field pressure
fluctuations were acquired for Mach numbers ranging from 0.3 to 0.9 for four different types of
chevron nozzles in an anechoic jet facility at the University of Bristol. The measurements were car-
ried out on an axial microphone array traversed in the radial direction and placed close to the jet.
The tests were performed for several plate heights from the nozzle to investigate the effect of plate
distance from the jet. The results are presented for sound pressure level and overall sound pressure
level for several radial locations. Further analyses were carried out by decomposing the near-field
pressure into hydrodynamic and acoustic components. The investigation clearly shows the effect of
jet installation on the hydrodynamic and acoustic fields. Auto-correlation and cross-correlation anal-
ysis was also carried out for the near-field pressure fluctuations. The convective velocity of the flow is
reduced by the use of chevrons. The use of chevron nozzles changes the acoustic pressure in the near-
field region thereby shifting the dominant noise source towards the nozzle exit for both the installed
and isolated configurations.

I. Introduction

NOISE generated by high-speed propulsive jet engines has remained a challenging fluid dynamics problem since the
dawn of jet aircraft. Jet noise forms a major part of the overall aircraft noise, scaling with the jet flow velocity

at the nozzle exit. The introduction of high-bypass engines in the 1960s has resulted in improved overall efficiency
and reduced noise, especially at take-off (full engine power) conditions due to relatively lower exhaust flow velocity.
Several studies have shown that the jet-installation noise with characteristic low and mid-frequency amplifications is
dominant at flight regimes such as take-off and approach as deployed high-lift devices are positioned closer to the jet
plume.

Several noise reduction technologies have been developed to mitigate the jet installation noise effects [1–12]. From
these investigations, it is known that the installation affects jet noise by both modifying the jet turbulence and leading
to hydrodynamic wave scattering by the trailing edge of the wing flap. One of the popular noise reduction technologies
has been chevron nozzles, which were introduced to enhance the large scale mixing thereby decreasing the coherence
of the effective noise sources in the jet [13]. The chevrons are often azimuthally uniform and are triangular in shape.
Parameters of the chevron nozzles such as the number of chevrons, their length, and penetration angle strongly affect
their noise reduction capabilities as shown by Bridges and Brown [13].

Mengle et al. [14] used azimuthally varying chevron nozzles to reduce the Jet-Surface-Interaction noise. These
chevrons induce streamwise vorticity into the shear layer resulting in enhanced mixing and reduced jet plume length.
Azimuthally varying chevron nozzles showed a noise reduction of up to 2.6 dB and performed better in comparison
with the uniformly distributed chevrons, which can be explained by further suppression of the axisymmetric mode
of the jet noise sources in comparison with axisymmetric jets. For Jet-Flap-Interaction noise, the source localisation
results based on beam-forming also showed that the dominant trailing-edge source could be reduced by the chevron
effect on the jet turbulence. Kamliya et al. [15] in a recent experimental and computational study showed the noise
reduction capabilities of chevron for jet installation effect. The study showed that breakage of large scale structures by
the use of chevron results in the reduction of jet installation noise. Overall, it has been well established in the literature
that chevron nozzles can reduce peak jet noise by improving the mixing and shortening of the potential core. Although
chevron nozzles seem to be an attractive solution to the problem of jet noise, experimental investigation on the effect
of chevron on the jet installation effect is yet to be characterised.

In the present paper, an experimental study has been carried out for a subsonic jet at the proximity of a flat plate for
four different types of chevron nozzles and various plate positions. The experimental measurements were carried out
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using near-field array measurements for a range of plate positions and Mach numbers for both the isolated and installed
configurations. This paper presents an in-depth comparative analysis of isolated and installed jets with and without
chevrons. The results are presented in terms of differences between the isolated and installed jets, and round and
chevron jets. The results are presented for sound pressure levels, overall sound pressure levels, auto-correlation, and
cross-correlation to better understand the noise reduction capabilities of the chevron nozzle for installed configuration.

II. Experimental setup
The experiments were conducted in Bristol Jet Aeroacoustic Research Facility (B-JARF) at the University of Bristol
[15–19]. The flow in B-JARF is silenced using three different in-line-silencers to create a clean quiet flow down to a
jet exit Mach number of M = 0.3 as shown in Fig. 1. There are two small silencers which have a diameter of 0.3 m and
a height of 1.5 m each which are placed right after the control valve outside the anechoic chamber. A larger plenum
combined silencer with a diameter of 0.457 m and a height of 1.9 m is placed inside the chamber where the flow exit
into the chamber and nozzles are mounted. The silencers were equipped with perforated tubes for the flow with the
remaining area packed with glass wool. The anechoic chamber where the tests were carried out has dimensions of
7.9 m in length, 5.0 m in width, and 4.6 m in height, including the surrounding acoustic walls [20].

A total of five nozzles were tested, firstly, a round convergent nozzle (SMC 000) and four chevron nozzles (SMC
001, SMC 002, SMC 003, and SMC 004) as shown in Fig. 2. The geometry of the chevron nozzles were acquired from
a detailed study carried out by Bridges and Brown [13]. The nozzles tested at BJARF were a down-scaled version of
the nozzles used by Bridges and Brown [13], corresponding to an exit diameter of D = 16.9333 mm for the SMC 000
round convergent nozzle. The tests were carried out for a wide range of subsonic flows with acoustic Mach numbers
ranging from M = 0.3 − 0.9. The jet-plate arrangement used in the present experiment is shown in Fig. 4. The flat
plate used to study the installation effect was made from a 2 mm thick aluminium and was chamfered to have a sharp
trailing edge. The plate was equipped with aluminium spars to increase its rigidity. The plate had a total length of 10D
and a total span of 24D to avoid side-edge scattering. The flat plate was mounted on an automated traverse system
with the capability to move in the radial direction. As shown in Fig. 4 the tests were carried out for a flat-plate length
L = 6.5D and a plate height h = 2D radially away from the jet centre-line. Several plate heights were tested and for
the sake of brevity, only the results for plate height h = 2D are presented. The plate extends 3.5D upstream from
the nozzle exit to avoid scattering effects at the trailing edge. It is noteworthy that the plate is placed in the linear
hydrodynamic region, where the pressure decays exponentially with increasing radial distance. Near-field pressure
fluctuations were acquired using 1/4-inch GRAS-40PL microphone that has a corrected flat frequency response at
frequencies from 10Hz to 20 kHz with a dynamic range of 150 dB. A linear array of 10 microphones placed at a
distance of 2D away from each other, moved to 12 different locations radially away from the nozzle using a traverse
were used for this purpose (see Figs. 3 and 4). The data were acquired using a National Instrument PXle-4499 for
t = 24 s at a sampling frequency of f = 217Hz. The sound pressure level (SPL) spectrum can then be calculated from
S PL = 20 · log10 (prms/pre f ), where prms is the root-mean-square of the acoustic pressure and pre f = 20 µPa is the
reference pressure.

A
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D

E

F

Fig. 1. Side view of the aeroacoustic facility including the silencers: (A) First and second silencer, (B) Connecting underground pipe, (C)
Third large silencer, (D) Contraction for the jet nozzle, (E) Collector, and (F) Far-field microphone array.

2 of 13

American Institute of Aeronautics and Astronautics



a) SMC 000 b) SMC 001 c) SMC 002 d) SMC 003 e) SMC 006

Fig. 2. Schematic of the various nozzle configurations used in the present study.
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Fig. 3. Schematic of the experimental setup with the position of the near-field microphones used in the present study for the isolated jet.
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Fig. 4. Schematic of the experimental setup with the position of the near-field microphones used in the present study for the installed jet.
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III. Results and Discussion
A. OASPL investigation

Although the nozzles were tested for several plate distances and a wide range of Mach numbers, the results are
presented for a plate distance of h/D = 2 and acoustic Mach number M=0.5 for the sake of brevity. It is important
to note that the BJARF facility has been thoroughly validated in previous studies [15–18]. In order to provide an
overview of the near-field characteristics of the tested nozzles, the overall sound pressure level (OASPL) of the near-
field microphone array for axial microphones x/D = 0 − 18 measured at a distance of R/D = 3 is presented in Fig. 5.
OASPL for the isolated configuration in Fig. 5 shows notable noise increase for all chevron nozzles at locations x/D =
0 − 5. Specifically, SMC002 configuration shows high-pressure levels well past the potential core to x/D = 5 − 12.
Making a comparison SMC006 configuration shows a notable reduction in the pressure levels past x/D > 5. The
remaining chevron nozzles show a very minimal reduction past x/D > 5. In the case of installed configuration, the
increase in pressure level close to the nozzle is contained within x/D = 4 for all the tested chevron nozzles. In the
case of SMC002, the increase in pressure levels only up to X/D = 8 which is a reduction of up to 4D compared to its
respective isolated configuration. Interestingly, SMC006 shows a substantial reduction in the near-field pressure levels
past x/D = 6, whereas the other chevron nozzles do not show any reduction in the turbulence mixing region.
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a) Isolated, M = 0.5
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b) Installed, M = 0.5

Fig. 5. Overall sound pressure level at radial position R/D = 3 at several axial locations x/D = 0 − 18 for acoustic Mach number M = 0.5
for both isolated and installed jets with a plate distance of h/D = 2.

Overall comparison of the near-field pressure fluctuation can be easily visualised and interpreted through contour
maps of the Overall sound pressure level (OASPL). The OASPL calculated for a matrix comprising of several mea-
surement points between R/D = 0 − 12 in the radial direction and x/D = 0 − 18 in the axial direction is presented
in Fig. 6. The OASPL was resolved for a frequency range from S t = 0.01 − 2. The difference in OASPL between
installed and isolated configuration for SMC000 and SMC006 nozzles are presented in Fig. 6a and 6b, respectively.
The positive regions of the OASPL contours are contributed by the installed configuration and negative regions are
contributed by the isolated configuration. From the results, it is clear that the isolated configuration has high overall
pressure levels in the turbulent mixing regions x/D = 10 − 15 with an increase of up to 7 dB for SMC000 (shown as
negative values in the colour map). SMC006 isolated follows a similar trend but an increase of only 4 dB is observed.
When considering the effects of installation for SMC000, it is dominant at radial locations R/D > 4 at axial locations
x/D < 4 with levels up to 6.5 dB. Whereas, in the case of SMC006 the increase in pressure levels is only 4.5 dB and
is dominant at radial locations R/D > 6 at axial locations x/D < 4. These results demonstrate the installation noise
reduction capability of the nozzles compared to their respective isolated cases.

The difference in OASPL between SMC000 and SMC006 for isolated and installed configurations are presented
in Fig. 6c and 6d, respectively. From the results, the positive regions of the OASPL are contributed by SMC000
and the negative regions are contributed by SMC006. It is clear that SMC006 isolated has high noise levels on the
sideline of the nozzle extending radially R/D = 0 − 12 at axial locations x/D < 4 with high values at the vicinity
of the jet exit. In the case of SMC000, high pressure levels are observed in the jet mixing region at x/D = 10 − 18
extending radially up to R/D = 6. This increase for SMC000 could be attributed to the presence of large coherent
structures in the downstream region. These structures are thought to be broken for the chevron configurations due to
the streamwise vortices generated by the chevron. For the installed configuration, SMC000 shows high pressure levels
in the turbulence mixing region. Whereas, SMC006 shows a marginal increase compared to the SMC000 configuration
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at only the sideline location. Overall, the results show that SMC006 has superior noise performance with low levels
of jet installation noise and jet mixing noise at downstream locations compared to SMC000.

a) SMC000, ∆OASPLInst−Iso b) SMC006, ∆OASPLInst−Iso

c) Isolated, ∆OASPLS MC000−S MC006 d) Installed, ∆OASPLS MC000−S MC006

Fig. 6. Contour plots of differences in over all sound pressure level amongst the tested configurations for all the tested axial and radial
positions at acoustic Mach number M = 0.5.

B. Wavelet decomposition

In order to identify the hydrodynamic and acoustic contribution of the near-field measurements, a well-established
wavelet decomposition technique [21, 22] was applied. It is known from the literature that a near-field pressure signal
could be considered as a combination of acoustic fluctuations and hydrodynamic contribution induced by the eddy
structures. A well established WT3 method, developed by Mancinelli et al. [22] has been used in the present study.
The pressure field along with the decomposition technique [22] is used to extract coherent structures from a vorticity
field based on the procedure suggested in Ruppert-Felso et al. [23]. Further details about the method the readers are
referred to Mancinelli et al. [22]. The results for the decomposed field of SMC000 and SMC006 nozzle with and
without installation effect are presented in Fig. 7. The results are presented for two streamwise locations x/D = 6 and
12 at a radial location of R/D = 3, chosen based on the observations in Fig. 6. It is also important to note that x/D = 6
microphone is approximately positioned above the trailing edge of the flat plate. The Spectra are non-dimensionalized
using Strouhal number (S t = f D/U), where f is the frequency, U is the jet velocity and D is the diameter of the round
jet.

The wavelet decomposition was carried out for isolated and installed configurations for SMC000 and SMC006
nozzles. The sound pressure level (SPL) for the original signal at axial locations x/D = 6 and 12 show a dominant
low-frequency hump S t = 0.01 − 0.2 as seen in Fig. 7. At location x/D = 6, the results for the installed configuration
show a large hump at S t = 0.1 − 0.25 compared to the isolated configuration. This hump is a characteristic feature of
jet installation noise also observed in far-field noise. This hump is slightly reduced for the SMC006 nozzle compared
to SMC000 (see Fig. 7a and c). At downstream location x/D = 12, both the isolated and installed configurations
follow a similar trend over the entire spectra for SMC000. A slight reduction of up to 2 dB can be observed for the
installed configuration with the absence of the characteristic hump at S t = 0.1 − 0.25. In Fig. 7d, SMC006 installed
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Fig. 7. Sound pressure level of the acoustic and hydrodynamic components at radial position R/D = 3 for acoustic Mach number M = 0.5
for both isolated and installed jets with a plate distance of h/D = 2.

configuration shows a marginal increase in the high frequency region S t = 0.15 − 0.5 compared to SMC006 isolated.
The contribution from the acoustic component in Fig. 7a for SMC000 shows a small hump S t = 0.1− 0.25 at x/D = 6
revealing that the increased spectral hump for the installed configuration is contributed by the acoustic part. This small
hump is higher for the SMC006 installed configuration in Fig. 7c compared to the isolated from which it could be
concluded that the increase in SPL for installed configuration at S t = 0.1 − 0.25 is mostly due to acoustic scattering.
Overall, the results show that the most dominant characteristic in the near-field pressure measurements is a dominant
low-frequency hump S t = 0.01 − 0.2, and it belongs to the hydrodynamic part of the jet noise sources. A marginal
contribution to the spectral hump between S t = 0.1− 0.25 for the installed configuration is contributed by the acoustic
part of the signal.

C. Hydrodynamic field investigation

Previous studies [1,24–26] have shown that the near-field pressure moving away from the jet axis in the radial direction
can be divided into three regions: a nonlinear hydrodynamic field (R/D = 0 − 1), a linear hydrodynamic field (R/D =
1−2.7) and an acoustic field (R/D > 2.7) [24]. Furthermore, it is also well established that the hydrodynamic pressure
fluctuations display an exponential decay in the radial direction. In order to demonstrate the hydrodynamic behaviour
of the round and chevron nozzle, the SPL for the near-field pressure at different radial positions for SMC000 and
SMC006 for isolated and installed configurations are presented in Fig. 8. The results for isolated jets are shown as a
solid line and installed jets are shown as dashed lines with the top row showing results for SMC000 and the bottom
row showing results for SMC006. At axial location x/D = 6, SMC000 shows a large spectral hump S t = 0.1 − 0.7.
Previous studies have shown the spectral peak region as the energy-containing region (S t = 0.1 − 0.4), the following
decay as the inertial sub-range S t = 0.4−0.7 and higher frequencies as the acoustic region S t > 0.7. SMC000 installed
configuration shows a reduction of up to 2 dB compared to the installed configuration in the energy-containing and
inertial sub-range. In the case of SMC006, the installed configuration has very minimal noise reduction compared to
its respective isolated jet. Interestingly, outside the linear hydrodynamic field R/D > 3, the installation case shows a
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dominant spectral hump at frequencies S t = 0.02 − 0.3, which gets stronger at increasing radial distances. Moreover,
a double hump behavior could be observed at R/D = 10 for both the round and chevron nozzles. In the turbulence
mixing region x/D = 12, the spectral levels are considerably high compared to x/D = 6 for both the nozzles. SMC000
installed configuration shows considerable reductions in the pressure levels compared to the round isolated nozzle.
In the case of SMC006 installed, the noise reduction is not as substantial. The increase in spectral hump outside the
linear hydrodynamic region can also be observed at x/D = 12, however, the double peak behavior is absent at this
axial location.
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Fig. 8. Sound pressure level at several radial location (shown in legend) and at axial locations x/D = 6 and 12 at acoustic Mach number M
= 0.5 for SMC000 and SMC006 for both isolated and installed jets.

To further investigate the spectral characteristics of the hydrodynamic field moving away from the jet axis contour
plots of ∆S PL are presented in terms of radial measurement points and the normalised frequency Strouhal number in
Fig. 9. Figures 9a, b, c, and d show the sound pressure level difference between installed and isolated configurations.
Positive values show the contribution of the installed jet and negative values show the contribution of the isolated jet.
At first glance, the results for both the round and chevron jet show very similar characteristics at both the presented
axial locations. At axial location x/D = 6, the effect of jet installation is dominant at S t = 0.03 − 0.2 in the acoustic
region ranging from R/D = 4 − 12. The increase in pressure levels for the isolated jet appears to be localized at
S t = 0.2 − 0.5 within R/D < 2 for both the round and chevron nozzles. At downstream axial location x/D = 12,
the installed jet shows an increase in the frequency range of S t = 0.04 − 0.3 in the acoustic field. A characteristic
double hump can be observed in far-field region R/D = 8 − 12 at x/D = 12 (see Fig. 9b). In order to evaluate the
effect of installation between the SMC000 and SMC006, the difference between Fig. 9a,b and 9c,d was evaluated and
presented in Fig. 9e and f respectively. The spectra in Fig. 9e show that the installation effect for SMC000 is much
higher than SMC006 relative to their respective isolated cases, with a notable increase in the pressure levels over a
wide frequency and radial range shown with positive values. SMC006 has increased relative pressure levels only at
radial location R/D = 6 − 9 in the frequency range of S t = 0.01 − 0.1 shown with negative values in Fig. 9e and f. In
the fully developed region x/D = 12, at increasing radial distances, the increased pressure level for SMC006 gradually
decreases to lower frequencies.
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a) SMC000, ∆SPLInst−Iso, x/D = 6 b) SMC000, ∆SPLInst−Iso, x/D = 12

c) SMC006, ∆SPLInst−Iso, x/D = 6 d) SMC006, ∆SPLInst−Iso, x/D = 12

e) ∆SPLS MC000 − ∆SPLS MC006, x/D = 6 f) ∆SPLS MC000 − ∆SPLS MC006, x/D = 12

Fig. 9. Contours of differences in sound pressure level at various radial locations for acoustic Mach number M = 0.5 for SMC000 and
SMC006 for both isolated and installed jets.
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a) SMC000, ∆SPLInst−Iso, R/D = 5 b) SMC000, ∆SPLInst−Iso, R/D = 10

c) SMC006, ∆SPLInst−Iso, R/D = 5 d) SMC006, ∆SPLInst−Iso, R/D = 10

e) ∆SPLS MC000 − ∆SPLS MC006, R/D = 5 f) ∆SPLS MC000 − ∆SPLS MC006, R/D = 10

Fig. 10. Contours of differences in sound pressure level at radial position R/D = 5 and at various axial locations for acoustic Mach number
M = 0.5 for SMC000 and SMC006 for both isolated and installed jets.

From Fig.9, the radial location R/D = 5 in the acoustic field could be identified as a region of interest as it showed
the region from which the ∆S PL between the installed and isolated configurations for both SMC000 and SMC006
nozzles started to increase. Therefore, the ∆S PL between the isolated and installed configurations at R/D = 5 and at
R/D = 10 was evaluated for all axial positions. The results are presented in Fig. 10 in terms of axial positions and
Strouhal number with contour levels showing the difference in SPL. The ∆S PL for both the SMC000 and SMC006
show a very similar trend at both radial positions. The installed configuration shows a substantial increase in the
pressure levels of up to 15 dB at S t = 0.02 − 0.3. Increased spectral levels are observed very close to the nozzle exit,
extending to the end of the potential core. SMC006 shows a marginal increase in the pressure levels at downstream
locations in the low-frequency region S t < 0.1. Interestingly, at R/D = 10 the two hump phenomenon often seen
in jet installation noise could be seen throughout the axial positions. In order to evaluate the effect of installation
between the SMC000 and SMC006, the difference between Fig. 9a,b and 9c,d was evaluated and presented in Fig. 9e
and f. The results yet again show that SMC000 installed configuration has large pressure levels compared to SMC006
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configuration relative to their respective isolated cases.

D. near-field correlation

The auto-correlation and cross-correlation function has been used to analyze the time scale of coherence of the near-
field pressure and was computed using the following,

Rpi p j (ξ, τ) = ⟨p(x, t), p(x, t + τ)⟩, (1)

where τ is the time lag and the symbol ⟨·⟩ denotes ensemble average. The correlation coefficient Rpi p j is obtained
by normalizing the correlation function by the signal variance. The correlation coefficients indicate the similarity of
the signals pi and p j at a given delay τ. The term p j = pi when calculating the auto-correlation.

The results for the auto-correlation of the isolated and installed configurations are shown in Fig. 11a and b, respec-
tively. The auto-correlation profile determines the characteristics of the time variation of the near-field pressure with
axial distance. A direct relationship with the flow fluctuations inside the jet could be made with the near-field pres-
sure. Therefore, near-field pressure waves propagating at various axial locations parallel to jet flow could be assessed
from Fig. 11. The shape of the auto-correlation profile for SMC000 isolated is narrow without any negative peaks at
the vicinity of the nozzle exit at x/D = 2 and gradually increases in width with slight negative peaks at downstream
locations x/D = 6 and 10. The gradual increase in the profile could be attributed to the evolution from uncorrelated
random small scale structures near the nozzle exit plane to the coherent large scale structures aft of the potential core.
Comparatively, the profile for the SMC006 isolated configuration in Fig. 11a shows a narrower profile at x/D = 2
and a wider profile for the remaining axial locations. For installed configuration, at x/D = 2 shows a larger negative
peak for SMC000 compared to SMC006. Moreover, the auto-correlation profile is much narrower for SMC000, which
shows that the SMC006 has much finer structures compared to SMC000 and the effect of jet installation influences it
very minimally.
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Fig. 11. Auto-correlation of the near-field measurements at acoustic Mach number M = 0.5 for SMC000 and SMC006 for both isolated and
installed jets
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Fig. 12. Cross-correlation of the near-field pressure fluctuations between x/D = 6 and x/D = 8 at acoustic Mach number M = 0.5 for
SMC000 and SMC006 for both isolated and installed jets

A comparison of the auto-correlation profiles of installed and isolated configurations is presented in Fig. 11c. For
the SMC000 configuration, at nozzle exit x/D = 2, the profile is wider for the installed configuration with a large
negative peak. Whereas in the case of SMC006, the negative peak and the width increase is minimal as seen in
Fig. 11d. Overall, the profiles do not change significantly between the isolated and installed configuration at x/D = 10
for both the SMC000 and SMC006 nozzles.

Cross-correlation was calculated for two consecutive pressure signals acquired simultaneously from the near-field
microphones for both the isolated and installed configurations. The Time delay (τ) between two pressure signals was
estimated from the time difference between the peak cross-correlation coefficient of the reference (x/D = 6) and
correlated signal x/D = 8. The time delay could be used to estimate the wave propagation Uc = dx/τ, where dx
and Uc are microphone separation distance and convective speed of the coherent signal that passes from the reference
microphone to the correlated microphone. The area of investigation was chosen to be for the flow past the trailing
edge. The results for the cross-correlation between x/D = 6 and 8 are presented for radial distances R/D = 3 and 5
in Fig. 12. The cross-correlation peak shows a time delay contrary to the auto-correlation results where the peak has
no time delay. At first glance, the results at R/D = 3 have a larger hump due to the hydrodynamic field compared to
R/D = 5 where the field is acoustic with a much sharper cross-correlation profile. When considering the isolated jet,
SMC000 has a smaller time delay compared to the SMC006 at both the presented radial positions as seen in Fig. 12.
For the installed configuration a similar trend is followed with SMC000 having a smaller time delay.

IV. Conclusion
An experimental investigation of the hydrodynamic field of cold jets was carried out at the BJARF facility at the
University of Bristol. One round nozzle and four types of chevron nozzles were investigated in an isolated and
installed configuration for a wide range of Mach numbers. The measurements were carried out using a linear array
of 10 microphones distributed axially at a distance of 2D ranging from x/D = 0 − 18. The microphone array was
traversed to 12 positions radially ranging from R/D = 1 − 12. The OASPL results for axially placed microphones
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showed that chevrons lead to an increase in OASPL in the initial region and a possible reduction in the pressure levels
in the intermediate and fully developed region. SMC006 nozzle with increased penetration angle showed the best
performance in terms of reduction in pressure levels. Contour maps of OASPL for round and the best performing
chevron nozzle showed that the isolated jet possesses high-pressure levels in the fully developed region compared to
the installed jets. Installed jets have increased pressure levels in the jet sideline mostly outside the linear hydrodynamic
region in the acoustic field. Comparing the round and chevron nozzles, isolated chevron nozzles show an increase in
pressure levels in the vicinity of the jet in the sideline region. Whereas the round nozzle shows a substantial increase
in the fully developed region compared to the chevron nozzle in both the isolated and installed configurations. A
well-established wavelet decomposition method was used to investigate the near-field pressure to know the nature of
the jet noise sources. The outcome showed that energy containing spectral hump (S t = 0.01 − 0.2) was generated
due to the hydrodynamic field. In the case of installed configuration, a small increase (S t = 0.15 − 0.2) in the energy
containing spectral hump was found, and the outcome of the analysis identified the increase to be due to the acoustic
part of the decomposed signal. The use of chevrons showed a reduction in the spectral hump (S t = 0.15 − 0.2) but
retained the smaller hump caused by the acoustic part. Near-field pressure was investigated to characterize its effect
at a different radial distance. The sound pressure level of the installed configuration showed a reduction in the linear
hydrodynamic region compared to the isolated configuration. However, in the acoustic field, R/D > 3 the installed
configuration showed a considerable increase compared to the isolated configuration. Spectral plots of radial distances
vs frequency in terms of SPL differences at x/D = 6 showed a substantial increase in the pressure levels for the
installed configuration in the acoustic field ranging from R/D = 3−10 after which the energy appears to have reduced.
These were observed in both the round and chevron nozzle, a comparison of the SPL differences between the nozzles
showed a substantial increase in the SPL levels over a wide frequency range and radial distances for the round nozzle.
A select radial distance was chosen (R/D = 5) and the spectral plot of axial distances vs frequency was investigated.
The outcome of which showed that SPL differences for the installed configuration are higher close to the nozzle exit
and high levels of pressure are found between x/D = 0 − 5. A comparison of the SPL difference between the two
nozzles yet again showed high levels of a relative pressure difference for the round nozzle between the isolated and
installed configurations. Analysis of the near-field auto-correlation showed a wider profile for chevrons compared
to the round nozzle at the intermediate region. Close to the nozzle exit chevron nozzle showed a narrower profile
compared to the round nozzle. Narrow peaks could be related to uncorrelated random structures and a wider profile
could be attributed to the coherent large-scale structures. Cross-correlation showed a shorter time delay for round jet
compared to chevron for both isolated and installed configurations. Overall, the near-field pressure fluctuations have
shown that chevrons provide a considerable amount of noise reduction compared to round jet in both the isolated and
installed configurations.
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