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Abstract
Acoustic products are primarily designed for broadband acoustic absorption.
However, frequency-dependent acoustic absorption featuring passive design-
based solutions are necessary to combat the growing noise pollution.
Accordingly, this research investigates the targeted creation of sound
absorption as a function of geometry utilising the principle of Acoustic
Interference (AI). A methodology to design freeform geometries that can create
targeted acoustic absorption is presented. The effectiveness of this
methodology is then experimentally validated while quantifying the influence
of length, diameter and geometry orientation. The results establish that Al
has the potential to create ‘near perfect’” sound absorption that can be
customised depending on the source frequency. The design freedom revealed
by this study allows the exploitation of freeform geometries as passive high-

efficiency sound absorbing devices.
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1. Introduction

Broadband acoustic absorbers are extensively used for noise control application. These acoustic
absorbers can be broadly classified into porous and resonant [1-3] with the latter involving
Helmholtz and quarter-wave resonators [4,5], perforated panels [6], and membrane absorbers [7].
Even though the narrow frequency band exhibited by these absorbers are undesirable, the high
sound absorption coefficient () is suitable from a noise reduction perspective [8,9]. Accordingly,

such sound absorbers are called ‘bass traps’ when used for low frequency attenuation [10].

Noise reduction technologies that can create ‘tunable’ [11] sound absorption is suitable for
maximising noise reduction. While numerous approaches have already being sought in this regard
[12,13]; noise pollution is still a challenging problem that affects around 4,860 homes in England
[14]. This is because, the performance of traditional sound absorption technologies depend on
mass, stiffness and surface properties [15-18] of the material leaving only limited possibilities for
design-based interventions. However, for enhanced acoustic absorption, design-based strategies,
as opposed to materials, are required [19]. Accordingly, this research explores the development
of acoustic absorbers that utilises the principles of Acoustic Interference (AI) [20,21] where the

sound absorption can be tailored based on the sound source frequency.

Geometry based interference cavities that can manipulate the phase difference of an acoustic
wave can achieve superior noise cancellation [22]. However, like resonance-based technologies,
interference absorbers are only effective at a narrow frequency range. However, the material
independent performance of these absorbers allows for coupling with broadband technologies to
improve the sound absorption substantially. This allows for targeted absorption of low-frequency

noise that is often a challenge for traditional sound absorbers [23,24].

Attempts to create acoustic interference dates back to the works of Herschel [25] and Quincke
[26] where, parallel connection of two pipes called HQ waveguides was experimented. However,
the configuration received little attention in comparison to Helmholtz and quarter-wave
resonators [27] due to its complex design. Furthermore, the practical application of these
waveguides was limited to parallel pipes that can be interconnected using a side branch.
Consequently, the utilisation of interference theory for passive sound absorption is only possible
if interference can be created at the entrance of the waveguide and not ‘inside’. Consequently,
further research is necessary to develop geometries that can deliver interference within an
alternative design. Accordingly, this research proposes and investigates free-form cavities that
can create acoustic interference at the entrance. In addition, a one-dimensional relationship that

links the cavity length to the frequency of « is also demonstrated.

Recent literature [28-30] depicts various interventions ranging from coatings to the use of

metallic an hybrid foams to improve acoustic absorption. A design strategy to develop micro-
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perforated panel absorber was explored by Qian and Zhang [31]. While Jiang and Huang [32]
characterised low-frequency acoustic wave propagation through a corrugated waveguide.
Furthermore, the influence of tube bend on the performance of quarter-wave resonators was
studied by Cambonie et al. [33]. Despite the substantial literature, design-based interventions

suitable to reduce broadband noise is limited [34,35].

The exception to this is the pioneering works by Godbold, Soar, and Buswell [36], where
interference cavities were benchmarked against conventional resonators showing that
interference can take arbitrary and conformal paths. This was followed by Setaki et al. [21] who
presented a potential application of interference on building acoustics. Further to this, the sound
absorption of free-form geometries and two-dimensional planar cavities were studied by Berardi

[37] and Cai et al. [38] respectively.

Outside of these studies, the literature on the sound absorption of interference cavities is scarce.
This is due to the challenge in manufacturing complex geometrical cavities that can create Al
within a ‘usable volume’. However, the rise in 3D printing techniques [39-43] such as Selective
Laser Sintering (SLS) is changing the way geometrically precise cavities can be fabricated [44,45].
Consequently, additive manufacturing has been finding its application on the development of

customisable sound absorbing materials.

Acoustic properties of an additively manufactured porous polycarbonate were evaluated by Liu
et al. [46]. Nansha and Hong [47] developed a micro-helix metamaterial by 3D printing and
showed that helix vestibule and cavity depth had a significant impact on «. Furthermore, design
at the material microstructure level for low frequency sound attenuation featuring a periodic

array of resonators were presented by Dupont et al. [48].

Contributing to this ambition of design-driven performance, this study investigates the feasibility
of developing Al cavities that can be customised for the source frequency. A non-traditional
approach incorporating all interference parameters into a single cavity is demonstrated for the
first time. The manufacturing is realised by taking advantage of digital manufacturing
technologies such as SLS. The emphasis of the study was to demonstrate the targeted sound
absorption of three different frequencies using the principle of AI. Consequently, this paper aims
to establish a new viewpoint on design-based noise reduction. Furthermore, the influence of
cavity length, diameter, and orientation on « peaks are also investigated. The design
methodology presented in this paper can accelerate the development of freeform geometries that
can fully absorb sound at targeted frequencies. This can aid in the creation of innovative acoustic

devices that are material independent, scalable and customisable.
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2. Materials and Methods
2.1. The principle behind the proposed design-based interference

The principle behind the proposed concept to create acoustic Destructive Interference (DI) is to
use sound waves from a common source simultaneously entering through both ends of a
geometrical cavity. The amount of phase shift between the waves depends on the relative length
of the cavity and the wavelength of the sound wave. When the difference in wavelength is half
the incident wavelength, a 180° phase shift will occur cancelling the sound. Therefore, for a
cavity length [ under constant sonic velocity ¢, the frequency of the sound wave and the

interference length (0l) can be related using the one-dimensional Eqn. (1):

(2n —1)c

_ 1
o n=123.) (1)

Sl=1l,—1, =
Where, n is a positive integer and, l; and [, are long and short paths of the cavity. While passive
interference is known to alter the acoustic performance, the challenge for this research is to
investigate the possibility of designing an acoustic absorber that utilises interference for passive
destruction and not in the commonly used active form. The benefit of this approach is the
increased design flexibility that allows for free-form designs as compared to commonly used
resonance approaches such as quarter-wave [50] or Helmholtz resonators [51]. As can be seen,
the proposed system dismisses the requirement for acoustical signal monitoring or generation as

featured in active systems.

2.2. Selection of interference frequency and cavity design

To create sound absorption at the cavity entrance; it is proposed that the length [ of the total
cavity is equal to the interference length 6l as shown in Eqn. (2):

<=1 (2)

At an interference ratio of 1, three different frequencies 0.5, 1 and 1.5 kHz are selected for the
parametric study. Using these frequencies, the 6l was predicted to be 34.3, 17.15 and 11.43 cm
at 0.5 kHz, 1 kHz and 1.5 kHz respectively. For each dl, a total of four designs are considered at
diameter (d) 1.5 cm, 2 cm, 2.5 cm and 3 cm. The limiting factor of the largest cavity diameter
of 3 cm was the necessity to accommodate the longest dl of 34.3 cm within a cylinder of diameter
(D) and height (h) 10 ¢cm. The global diameter (D) and height (h) were prescribed by the
dimensions of the experimental setup required to conduct the measurement of « between 0.4

and 1.6 kHz.

Even though a simple ‘U’ shaped cavity was the initial choice due to its scalable simplicity,
alternative cavity shapes are considered to study the impact of shape orientation. In addition to

U, two spiral shapes namely H (spiral) and T (twin spiral) featuring similar interference length
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were designed. However, for the later, the diameter was limited to 2 cm due to the global

dimensional constraints.

Table 1 Design parameters considered for the interference cavities.

Type Cavity length (cm) Cavity diameter (cm)
al d, d, ds dy
U 34.3 (A) 3(3AU) 25 (25AU)  2(2AU) 1.5 (L5AU)
U 17.15 (B) 3(3BU)  25(25BU)  2(2BU) 1.5 (L5BU)
U 11.43 (C) 3 (3CU) 2.5 (2.5CU) 2 (2CU) 1.5 (1.5CU)
H 34.3 (A) - - 2 (2AH) -
I 34.3 (A) - - 2 (2AI) -
S No cavity (N) - - -

Dimension reference

Fig. 1. Interference cavity designs considered.
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While the objective of shape selection was primary acoustic, consideration was also given for
easy removal of the Polyamide-12 (PA12) powder resulted from the SLS process[52].
Furthermore, a solid specimen design with no cavities was considered to characterise surface
absorption coefficient of PA12. Altogether, a total of 15 different designs were generated with
associated parametric values listed in Table 1. The designs were digitally produced using the

SolidWorks (Dassault Systemes) design package, the results of which are shown in Fig. 1.

2.3. Manufacturing

The designs were Additively Manufactured (AM) using the SLS process in PA12 offered by ‘3D
Systems’ with an average grain size of 56 pm. The laser sintering of PA12 is a manufacturing
process where a solid body is created out of an unstructured and formless powder bed using
focused laser power. This means that besides the shape, the properties of the part will also be
created to a certain extent during the manufacturing process [53]. Accordingly, the properties of
the processed material are as listed in Table 2. PA12 was the material of choice due to the
relatively low sound absorption it inherently possesses within the frequency range under
consideration. This ensured that the sound absorption is a function of geometry with minimal

influence from the material itself.

Table 2. Material properties of Polyamide-12 powder used for sintering.

Properties Values

Density 0.9 to 0.95 g/cm?®
Young’s Modulus 1700 4+ 150 MPa
Tensile Strength 45 + 3 MPa
Elongation at Break 20 + 5%

Melting Point 172 to 180°C
Thermal Expansion 109 x 10" /K

All the 15 designs were exported into the Standard Tessellation Language (STL) for pre-
processing. The files were then imported into Materialise Magics to generate layer data required
for the manufacturing process. The parts were oriented on the platform in such a manner as to
reduce overhang during the printing process. This method allowed the parts to be self-supported
without the need of any support structures resulting in a part that required minimal post-
processing. This was crucial to obtain a smooth cavity surface, as remnants of support-structures

could interfere with the transmission of the acoustic wave through the interference cavities.

‘Sinterstation-2500" developed by ‘3D Systems’ was used for the sintering process. On receiving
the sliced STL file, the machine warms up with PA12 powder heated to just below the melting
point. At a scan speed of 10 m/s, the first layer is then traced out by a CO2 laser that melts

and fuses the material upon contact. The most important factor that influences the quality of
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the sintering process is the energy density (E,). The process parameters such as laser power

(P;), scan spacing (S,) and laser beam speed (v,) were then related using Eqn. (3):

Fig. 2. Additively manufactured PA12 test specimens.

Other processes like the part bed temperature were adjusted and optimised so that a process
control part could be produced with maximum resolution at 0.1 mm layers. Once the sintering
process completed, the parts were allowed to stand and cool down before being removed from
the build platform. The un-sintered powder from the geometrical cavities was then removed
using compressed air. The end-product of the 15 test specimens additively manufactured are

shown in Fig. 2.

2.4. Experimental measurement

To assess acoustic performance, o was characterised using an impedance tube-based transfer-
function complying with ISO10534-2 [54]. Measurements were taken with the impedance tube in
the horizontal position at a relative humidity of 64% and temperature of 20 °C. An in-tube
loudspeaker connected to a function generator via a PA50 power amplifier and a Fast Fourier
Transform (FFT) spectrum analyser was used as the acoustic exciter. The sound pressure signals
from the impedance tube were monitored in terms of amplitude and recorded by the two
microphones m; and ms. Microphone m; was the closest to the test sample at 15 cm and m, was
at 8 cm from m; towards the sound source. Both the microphones and the PA50 were connected

to the data acquisition hardware and a workstation running VA-Lab.
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From the acoustic amplitudes p; and p, measured by microphones m, and m, respectively, the
transfer function H;, and normal incident sound reflection factor r was computed using Eqn.
(4) and (5). Where, P, and P, are the signals transformed from p, and p,, r,. and r; denote the
‘real’” and ‘imaginary’ components of the reflected sound, s is the distance between the two
microphones and z; is the linear distance from the specimen surface to the furthest microphone.
Furthermore, k = 27 f/c, the wave number was calculated as a function of the sonic velocity ¢
and the incident sound frequency f. Accordingly, the sound absorption coefficient characterising

the acoustic performance of the interference cavities were calculated using Eqn. (6):

P.
Hy, :Fj (4)
. Hy—e 7™ e
r:rT+]ri:76jks_H126J 1 (5)
a=1—|r]? (6)

The impedance tube diameter of 10 ecm was dictated by the frequency range considered (0.4-1.6
kHz) for the measurements. The microphones were calibrated and preliminary tests using a
known sample showed that the experimental setup was reliable and repeatable. The signal
amplitude at the microphone location was at least 10 dB higher than the background noise at
all frequencies tested. Using the two-microphone setup, correction of the measured transfer
function data for channels mismatch was done through repeated measurements with microphone

channels interchanged.

Consequently, for each design, six measurements were taken at one-twelfth octave band range,
three measurements each with the microphones interchanged. The standard practice in acoustics
is to use octave bands when it comes to the measurement of sound absorption coefficient. Either
a one-third or one-twelfth octave band is recommended as best practice depending on the

resolution of data required.

(Hz)
Impedance tube
. . L Band 1 Band 2 of,
dimensional limit | 2fo | 12
i
[=1 0 (=3 0 [=3 (=1 [=3 (=3 (=3 j=3 [} f=} [=3 [=3 [=3 f=% (=3 [} [} [l f=3 (=3 (=3 (=3 o
o N i) o~ (=3 N N= o (2] I~ — 0 o Yol o Yo o = N o0 0 22 o o (=2
<t <t <t <t 0 0 0 N=} N} e} D~ D~ o0 o0 [=>} [=>} (=} o — — N el <t 0 =1
l l = =2 5 A9 9 49 3 5 =
fo fi2 fou

Fig. 3. The frequency band used for the measurement of sound absorption coefficient.

In this study, a one-twelfth octave band is used to obtain the highest resolution of data possible.

Using this technique, the frequency range is represented as the width of an octave where the
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upper band frequency is twice the lower band frequency, where the step size is represented by
Eqn. (7):

=2 (7)

Where, k= 1/12. This will give rise to two bands with frequency as shown in Fig. 3. The
frequency scale is also published in ISO10140-1:2016 [55]. The measurements were then used to

obtain the final frequency dependent « of the interference cavities and the solid specimen.

3. Results and discussion
3.1. Validation of the test setup

A Polyurethane foam of known « was used as a measurement standard. The standard had a
density 6 kg/m® diameter 10 cm and thickness 2.5 cm. Fig. 4 shows the measured sound
absorption with respect to reference data from independent tests at one-third octave band. On
comparison, the maximum difference between the data sets was 6% (0.06), which is well within
the acceptable uncertainty of 10% (0.1) [56]. A 10% variation in « only translates to an
uncertainty of ~0.5 dB in the sound power absorbed; an acceptable case as discussed by Han et

al. [56]. Therefore, the presented two-microphone experimental rig follows relevant standards.

1

0.8
0.6
o]
0.4
_,»—/—i;«//"’/
" - = ----A--- Reference
L
____________________ & -
i ———— Measured
0
ol (=) o - _ R !
=} (=3 R =) = - _
= n 2 2 s . :
— o =

F (Hz)

Fig. 4. Reference and measured « for test setup validation at one-third octave bands.
3.2. Targeted creation of design-based interference

The fundamental research question is whether the modified interference theory can create
destructive interference in the absence of a traditional side branch. For a I/l ratio of 1, an
interference length of 17.15 cm had a theoretical frequency of 500 Hz at n=1 and 1500 Hz at
n=2 where destructive interference can occur. As shown in Fig. 5, noise cancellation occurred at
475 Hz and 1400 Hz exhibiting sound absorption values of 0.96 and 0.98 at n=1 and 2
respectively. However, a slight shift between the theoretical and the experimental frequency of

5% and 7% was observed for n=1 and 2 respectively.
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Fig. 5. Measured a for designs 1.5AU and ONS.

As listed in Table 3, for all 8/, this shift in frequency between the theoretical and experimental
was observed. However, for a given design frequency, this shift was not influenced by cavity

diameter or orientation. Consequently, the experimental frequency shift can be associated to the

absence of a side branch.

Table 3. Comparison between theoretical (Fyy,.) and experimental (F,,,,) frequencies observed.

Design 4l (cm) n F,,,. (Hz) F,.p (Hz) % difference
3AU, 2.5AU, 2AU, 1.5AU, 34.3 1 500 AT5 5
2AH and 2A1 34.3 2 1500 1400 7
3BU, 2.5BU, 2BU and 1.5BU  17.15 1 1000 950 5
3CU, 2.5CU, 2CU and 1.5CU  11.43 1 1500 1330 12

Before fully associating the absorption peaks with interference, it was important to rule out any
contribution from eigenmodes of the impedance tube itself. Accordingly, a solid PA12 prototype
with similar global dimensions ONS was tested and compared as shown in Fig. 5. Analysing the
results, it is evident that the absorption peaks are a distinct contribution of the interference
cavities. The solid specimen ONS with no cavities not only failed to recreate any interference
peaks but also exhibited poor absorption at all frequencies similar to what can be expected from

a fully dense PA12 surface.

Other than for the selected frequencies both ONS and 1.5AU performed similarly further
demonstrating the performance of the interference cavities. Consequently, the results validate
noise cancellation through geometry-based interference where the resulted peaks 475 Hz and
1400 Hz can be associated with the first and second mode at n=1 and n=2 respectively.
Furthermore, o values close to 1 (0.96 and 0.98) clearly show the potential for high performance
low frequency dependent sound absorbing devices, which has always been a challenge from a

noise control perspective.
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In most cases, alternative design-based treatment such as expansion chamber, quarter-wave tube,
or the Helmholtz resonator is only effective for transmission or insertion loss [57] and not for
sound absorption. This further demonstrates the significance of the demonstrated interference
cavities for design-based sound absorption. Analysing the width of the absorption peaks as
referred by Godbold et al. [36] a maximum average of ~100 Hz can be associated, which further
shows the potential of the interference cavities. For 1.5AU, the peak width was found to be

constant at n=1 and n=2.

3.2.1. Influence of cavity diameter

For an interference length of 34.3 c¢m, all the four designs exhibited absorption peaks associated
with the design frequency as shown in Fig. 6. However, with the increase in diameter the peak
a as a result of DI reduced steadily. The highest o was exhibited by the smallest cavity diameter
at both n=1 and 2. Even though all the designs under this category exhibited DI based
absorption, a variation in amplitude was observed at n=2; where the highest d resulted in the
lowest « (0.38); reducing the diameter increased o with 1.5 em resulting in almost complete

absorption of 0.98.

Lower sound absorption at a larger diameter can be due to the three-dimensional interference
facilitated by the larger cavity volume. Consequently, the significance of this effect can be
expected to increase with an increase in frequency. However, this aspect of the cavity requires
further study and an improvisation of the one-dimensional theory is required. However, in

comparison to the solid specimen, all interference designs exhibited superior sound absorption.

A :
—%— 1.5AU —5—2AU \

0.80 A
A

0.20
2T
i
0.00 £
(=) 0 =3 10 (=) (=) =) (=) (=) =) o (=3 (=) =3 o (=3 je=l o=l = = =3 j=3 =3 =3 =3
(=] [\ 0 I~ (=3 52 =3 (=] N I~ — 10 (=) 0 (=) Yo (=) =) [} o0 el V] (=) (=3 =3
<t <t <t <t 0 0 0 =) =) =) r~ I~ 0 o0 [=>] [=2] (=) (=) — — o <t 0 =)
— — — — — — — — —
F (Hz)

Fig. 6. Influence of diameter on e of type U designs featuring an interference length of 34.3 cm (A).

At n=1, DI exhibited lower « in comparison to the second peak at n=2. While diameters 1.5, 2
and 2.5 cm showed comparable performance to the second peak the o values where comparatively
lower. However, diameter 3 cm and 2.5 cm at n=1 exhibited similar performance with a broader
half-peak width performance. The lower peak absorption can be the result of the compound

interference due to the lower 6l/d ratio of the cavity design.
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The geometries tested under the category BU (8l = 17.15 ¢m) also showed o peaks
representative of destructive interference as shown in Fig. 7. The peak absorption for all
diameters in this category were observed around 950 Hz in comparison to the theoretical
frequency of 1000 Hz. Nevertheless, the difference between the theoretical and experimental

frequency was consistent with previous results.

1.00
—o—1.5BU —&—2BU
0.80
0.60
<]
0.40
0.20 ©
X
@ A SRR
0.00 = 2
o W 9o w0 9 9 92 9 O 9©O 9 9 92 9 9 9 9 9 9 9 9 o o o
S a n S ®» & & ® E 3 » S5 mn & b S B XN H o n o Hm DS S D
F ¥ 4 = » v m B B o K~ K ® H S D S S H = A B F oD D
A e B T e S e B e T
F (Hz)

Fig. 7. Influence of diameter on e of type U designs with an interference length of 17.15 cm (B).

Furthermore, the sound absorption at peak DI varied significantly depending on the design
diameter. Peak « for each design was observed to be 0.86, 0.69, 0.50 and 0.27 for diameters 1.5,
2, 2.5 and 3 cm respectively resulting in the best performance at the lowest diameter and worst
at highest. However, the change in peak amplitude of absorption was consistent with each 0.5
cm increase in cavity diameter. Different to previous designs, noticeable absorption was observed
around 1250 Hz, this could be associated with the resonance of expansion chambers. From an
application perspective, these additional peaks improve the overall acoustic performance of the

absorbers. Nevertheless, understanding of the related resonance modes needs continued analysis.

—B—1.5CU ——2CU

—o—2.5CU ——3CU

o o o o o <9
0w N M o <o O
L B C E - N Y BN
- = = = =

Fig. 8. Influence of diameter on « of type U designs with an interference length of 11.43 cm (C).

The « for designs with the smallest interference length are presented in Fig. 8. The results show

that the interference pattern is consistent with the observations so far. The absorption peaks
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were observed at 1330 Hz for all the four diameters tested under this category, a slight shift
from the theoretical 1500 Hz. The smallest and largest diameter exhibited the highest and lowest
a of 0.61 and 0.33 respectively.

When the interference frequency increased, larger diameters are exhibiting multiple resonances
within a single geometry exhibiting many low-level absorption peaks. While these peaks can be
clearly distinguished due to their comparatively low «, this is an indication that at higher
frequencies the cavity diameter plays an even greater role in obtaining a predictable acoustic
performance. However, this is advantageous in improving the overall absorption performance in

comparison to the solid specimen.

H 1.5CU [H1.5BU [11.5AU

125 530
N
jan]
- 1180 560
=2
1120 600
1060 630

900 750

Fig. 9. Destructive interference-based sound absorption associated with best performing designs.

Fig. 9 shows the amplitude of peak « by the best performing designs under all the interference
length under consideration. It is clear that for all frequencies, the smallest diameter exhibited
the highest sound absorption. An « close to unity was exhibited by the longest interference
length at 475 Hz (n=1) and 1400 Hz (n=2). However, such high « was not observed neither 900
nor 1330 Hz demonstrating the influence of §l/d ratio. Nevertheless, a consistent reduction in «

can be seen as the design frequency increases.

When 4l was reduced from 34.3 to 17.15 c¢m, sound absorption reduced by 20%. A similar pattern
was observed on further reduction of 6l to 11.43 cm. When F goes up the wavelengths reduces
allowing for multiple interference through the cavity. This shows that further reduction in

diameter are required at higher frequencies to reach peak sound absorption. Consequently,
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further parametric optimisation is required to find optimal cavity dimensions at higher
frequencies. Looking at the half-peak width performance, performance at n=1 is comparable for

all the cavity designs considered.

3.2.2. Influence of geometry orientation

The geometry orientation refers to the distribution of the cavity length along the primary
interference direction. To characterise the influence of geometry orientation, designs AH and Al
was developed. Despite designs 2AU, 2AH and 2AI featuring the same dl and d of 34.3 and 2 cm
respectively, geometry orientation for all the three cavities are different. While AU follows a
simple U shape, AH and Al are more complex following single and double helix patterns

respectively. This helix was chosen to allow to utilise the maximum volume within the cylindrical

specimen.
1
0.8 5—92AU 2AH 2AI
0.6 \
<] \
0.4 )
0.2
: g
0 S—g &5 »_ A
o 0 (=] 0 (=) (=) je=l (=) (=) o o (=] o (=] (=) =} (=) (=] o (=) (=] je=l o (=) o
(=} o 0 I~ (=] 37 N=} (=) 37 I~ — 10 [} 10 (=) el (=) =3 o 0 0 el =} (=3 j==}
=t <t <t =t 0 0 [Tal =) =) Nej r~ r~ o0 o0 (=] (=2} o o — — [N} [xp] = 0 =}
= = = 723 2 2 5 =

F (Hz)

Fig. 10. Influence of geometry orientation on « of interference cavities.

All the three designs exhibited DI at the predicted frequency as shown in Fig. 10. However, a
slight shift in peak o values were observed between the cavities. 2AI exhibited the highest « of
0.73 at n=1; a difference of 0.11 in comparison to the other cavities tested. However, at n=2,

both 2AU and 2AI exhibited similar sound absorption coefficients.

The results show that the change in geometry orientation leads to similar DI performance,
however with a shift in « of approximately 16.3%. The reason for this can be attributed to the
variation in bend curvature; an effect observed in curved quarter-wave resonators [33]. Overall,
2AI showed superior sound absorption at the first interference peak. This makes it possible to
accommodate larger lengths in smaller spaces from a design perspective. Nevertheless, this aspect

of cavity design requires further investigation to come up with an optimum cavity shape.

Overall, the results of this study establish that interference cavities can be used to develop high-
efficiency design-based sound absorbing structures. The study also validated the performance of

interference cavities in the absence of a side branch and set it apart from HQ waveguide.
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Furthermore, the sound absorption that can be expected by employing interference cavities at
low frequencies is demonstrated. In comparison to solid specimen, interference cavities showed
substantial improvement in « utilising the principle to destructive interference. These
associations are critical in acting as design guidelines for further studies and parametric
optimisation of interference cavities. It is anticipated that the results presented in this study can
aid in the development of customisable noise abatement devices with superior sound absorption.
Application include a multitude of areas; passive noise cancellation in small devices such as
vacuum cleaners and lawn mowers to large scale sound absorption in motorways, railway lines

and airports.

4. Conclusions

Strategies to conceive and manufacture interference cavities so that sound absorption occurs at
the entrance of the cavity in the absence of a side branch is presented in this paper. The
phenomenon of interference-based noise cancellation was experimentally investigated using 15
different PA12 prototypes. All the cavities exhibited interference peaks resulting in substantial
improvement of o in comparison to a solid specimen of the same global dimensions and material.
However, a slight shift in targeted frequencies was observed between theoretical prediction and
experimental results due to the complex nature of the cavities and the absence of a side branch.
The smallest diameter exhibited the highest absorption for all the interference cavities tested.
Furthermore, a near perfect absorption of 0.96 (n=1) and 0.98 (n=2) was observed for the longest
interference length demonstrating near perfect noise cancellation (o =1 indicates 100%
absorption). It was also found that the geometrical orientation of the cavities had a minimal
influence on «, allowing to develop free form geometries to fit any given space. The results
presented in this study is expected to support the design of frequency dependent noise abatement
devices exploiting the principles of acoustic interference. However, understanding the
transmission loss of such cavities is also necessary to employ this technology for effective noise

reduction.
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