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Abstract

The paper presents the numerical analysis of transmission loss and pressure drop of acoustic helicoidal resona-
tors with constant pitch to cylindrical duct diameter ratio and different number of helicoidal turns n. The duct-
ed system consists of a straight cylindrical duct of constant diameter d=0.125m. The ratio of helicoidal pitch s
to cylindrical duct diameter d equals s/d=1,976. Other geometrical relationships of helicoidal resonator, as
a mandrel diameter d,, to duct diameter ratio d,/d=0.024 and thickness g of helicoidal profile g/d=0.0024, were
constant as well. The investigated range of numbers of helicoidal turns » was analyzed in the range from 0 to
2.0 for transmission loss parameter and from 0 to 1.0 for pressure drop. The values of normal inflow velocity v
[m/s] equals 1, 5, 10, 15 and 20.
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1. Introduction

Helicoidal resonator is the newly patented invention [1] in the domain of passive silenc-
ers. It is an acoustic filter that attenuates sounds inside cylindrical duct due to its reso-
nant properties. The sound attenuation is realized by the acoustic resonance inside heli-
coidal profile. The geometrical relationships between helicoidal profile, mandrel and
duct diameter determine the acoustic properties of helicoidal resonators. Also its main
property is the sound attenuation, and the next are flow properties, as the usually most
important pressure drop.

The first predicted acoustic parameter of helicoidal resonators like twisted helicoidal
screws with different pitches and turns inside 1m long cylindrical duct was a Noise Re-
duction (NR) in [2]. This parameter showed the sound pressure level difference between
inlet and outlet of duct with screws and the conclusions underlined that the increase of
the number of helicoidal turns results in bigger NR in the low- and mid-frequencies. But
there were no any informations about band-stop filtering of noise by the helicoid inside
duct. Thus, the Transmission Loss (TL) parameter was firstly used for analysis of acous-
tic attenuation performance of a round silencer with the helicoidal resonator at the inlet
in [3]. The increase of TL for the range of helicoid pitch s to cylindrical duct diameter d,
ratio s/d, from 0.4 to 8.0 were presented. Also the specific sound pressure levels (SPL)
distribution inside the silencing system with selected helicoidal resonator for the highest
value of the TL increase was showed. The fully compatible comparison of numerical and
experimental SPL distributions for the same type and dimensions of helicoidal resonator
was presented in [4].
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Already well known Band Stop Filter (BSF) is the Helmholtz Resonator, and it can
be substituted by the Helicoidal Resonator, as it was presented in [5]. There was intro-
duced, that for some cases the helicoidal resonator can be much more efficient solution,
when considering the sound attenuation inside duct, than the Helmholtz resonator - espe-
cially in large diameter cylindrical ducts. The next important step on the recognition of
helicoidal resonators properties was the comparison of numerical and experimental
acoustic attenuation performances. The simple experimental set-up was prepared to
measure Insertion Loss (IL) parameter in [6]. Another time almost full compliance was
observed, "almost" due to not so strong resonances in reality. But the range of frequen-
cies of attenuated sounds and so important resonance frequencies were matched.
The lack of mathematical descriptions of helicoidal resonators acoustical properties was
partially filled by the presented in [7] its substitutional transmittance function. But it is
correct for Band Stop Filters with symmetric distribution of attenuation in the frequency
domain, also for selected types of helicoidal resonators.

The second importand parameter of helicoidal resonators - pressure drop - was raised
in the paper [8], about comparison of this parameter obtained in aeroacoustical module
and turbulent flow in computational fluid dynamics (CFD) module in the same numeri-
cal environment. It showed that the difference between aeroacoustics and CFD turbulent
flow is bigger when the mean air volume velocity grew up. The reason is the weak for-
mulation of flow equations for aeroacoustics. But the other way, the aeroacoustic module
was used to make some researches on the influence of the air volume velocity on
the acoustic attenuation performance of selected helicoidal resonators presented in [9].
The results showed that the greater air volume velocity the lower resonance frequencies
of the helicoidal resonators. But, to make the exact conclusions in this field, the experi-
mental researches should be undertaken.

The multi-resonant helicoidal resonators as a passive noise control device in ducted
systems was presented in [10]. Conducted research presented helicoidal resonators with
different ratio s/d in relation to the existence of a multi resonances. The real industrial
application of a large multi-resonant helicoidal resonator was presented in [11].

The other side of scientific considerations under helicoidal resonators was presented
in [12], when studying the acoustic-structure interaction of selected helicoidal resonator
with flexible helicoidal profile. There were considered properties of metals and non-
metals, especially rubber. Final conclusion: applying the elastic material on the helicoi-
dal profile could decrease the acoustic resonance - in the worst case amplify the sound.

The study of pressure drop depending on the air flow rate in duct of selected helicoi-
dal resonators with constant ratio s/d=1,976 was presented in [13]. The experimental set-
up for testing silencers was used to measure pressure drop of three helicoidal resonators
with numbers of turns » that equaled 0.671, 0.695 and 1.0. Also three total pressure drop
coefficients { were determined for each resonators, that equal 4.3, 4.4 and 4.9, respec-
tively. Thus, the consequent conclusion that the more helicoidal turns the more pressure
drop is induced.

This work presents the numerical analysis of transmission loss characteristics and
pressure drop for a range of helicoidal resonators with constant s/d ratio that equals
1,976, but for different numbers of helicoidal turns n. As the acoustic attenuation proper-
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ties are the most important part of helicoidal resonators considerations, the pressure drop
is the consequence and it must be taken into account during the functional analysis of
ducted system. Firstly are characterized acoustical and CFD models, and then are pre-
sented the results of 7L [dB] for the range of n from 0 to 2.0 and pressure drop 4p [Pa]
for the range of n from 0 to 1.0. The main objective of this paper is to show the proper
way of selection of acoustical and flow properties of helicoidal resonators with ratio
s/d=1,976, as a continuation of previous research work [4-9, 12, 13].

2. Description of investigated models

In this chapter are characterized investigated acoustic (2.1) and turbulent flow (2.2)
models of helicoidal resonators inside a cylindrical duct. In both cases were analyzed
three dimensional (3D) models of cylindrical duct with helicoidal resonator in the mid-
dle, as presented in Figure 1.

helicoidal resonator cylindrical duct
—
{ = ~——

Figure 1. Investigated cylindrical duct with helicoidal resonator

The ducted system consists of a straight cylindrical duct of constant diameter
d=0.125m. The ratio of helicoidal pitch s to cylindrical duct diameter d equals s/d=1,976.
Other geometrical relationships of helicoidal resonator, as a mandrel diameter d,, to duct
diameter ratio d,/d=0.024 and thickness g of helicoidal profile g/d=0.0024, were con-
stant as well. The length of the cylindrical duct at the inlet and outlet sides of helicoidal
resonators equaled Im.

2.1. Acoustical model

The investigated acoustical model has the same parameters as in previous, well de-
scribed studies under helicoidal resonators [2-7]. It was used the finite element method
in Comsol Multiphysics-Acoustic Module numerical environment [14]. The investigated
range of numbers of helicoidal turns » was analyzed in the range from 0 to 2.0. The
transmission loss (7L) [15] was computed as the acoustic attenuation performance pa-
rameter and the sound propagation in air of temperature 20°C without flow was consid-
ered. The following boundary conditions were established:

e hard walls of all elements of helicoidal resonators (perfect reflection) and cylin-
drical duct,

e plane waves radiation - inlet (incident pressure p=1Pa) and outlet surfaces of
the cylindrical duct - that satisfies the anechoic terminations to calculate 71L.

The free tetrahedral mesh [14] was created automatically with satisfying the rule of
minimum 5 finite elements per sound wave length [16] for maximum frequency- here it
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is f,=2000Hz at 20 Celsius degrees. Also the speed of sound in air ¢,=343m/s. Maxi-
mum finite element size equals /,=0,2(cy/f,ec). Example mesh is presented in Figure 2.

Figure 2. Example view on free tetrahedral mesh of investigated acoustic system

2.2. CFD turbulent flow model

The CFD turbulent flow model was analyzed as the single-phase flow k-w turbulence
RANS model [14, 17, 18] with compressible flow (Mach number less than 0,3).
The main feature is fluid properties, which adds the Navier-Stokes equations and
the transport equations for the turbulent kinetic energy k& and the specific dissipation @,
and provides an interface for defining the fluid material and its properties [14]. The fluid
properties are: temperature 7=20°C, reference atmospheric pressure p,=latm, density
and dynamic viscosity of air were calculated automatically from COMSOL material
library [14]. The boundary conditions were described as follows:

e wall slip - there are no viscous effects at the slip wall at all surfaces of cylindrical
duct and helicoidal resonators,

¢ normal inflow velocity at the inlet in the air flow velocities 1m/s, Sm/s, 10m/s ,15
m/s and 20m/s,

e no viscous stress at the outlet, pressure equaled OPa.

Finite element mesh was automatically generated as a free tetrahedral and controlled
by physics-fluid dynamics. The stationary solver was used. The investigated range of
numbers of helicoidal turns » was analyzed in the range from 0 to 1.0 with the step
of 0.1.

3. Results

This chapter contains the results of solved 3D pressure acoustics and fluid dynamics
problems for investigated models of helicoidal resonators with constant ratio s/d=1,976
and different numbers of helicoidal turns n. Due to the acoustic attenuation performance
is the most important parameter of helicoidal resonators the 7L characteristics as a sur-
face plot are contained in subchapter 3.1. On this basis were performed computations for
fluid dynamics of helicoidal resonators with numbers of helicoidal turns » from 0 to 1.0
as it is presented in subchapter 3.2.
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3.1. Transmission Loss

The surface plot of 7L of helicoidal resonators with ratio s/d=1,976 and the range of
numbers of helicoidal turns » from 0 to 2.0 for the frequency range from 10Hz to
2000Hz with the calculation step of 10Hz, are presented in Figure 3.
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Figure 3. Surface plot of 7L [dB] of helicoidal resonators with ratio s/d=1,976
and the range of numbers of helicoidal turns » from 0 to 2.0

As it can be observed from Figure 3 the specific band attenuation of sounds of heli-
coidal resonators with ratio s/d=1,976 exist almost for all investigated cases. But
the most interesting part of 7Ls starts from about #»=0.4 and ends for n=1.0. Globally
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the attenuation range of 7L=1dB starts from about 1000Hz for n=0.55, and it ends on
about 1580Hz for few numbers of helicoidal turns 7.

3.2. CFD turbulent flow

The pressure drop 4p [Pa], as a difference between pressure at the inlet and outlet of
the duct, of helicoidal resonators with ratio s/d=1,976 and the range of numbers of heli-
coidal turns n from 0 to 1.0 with the step of 0.1 are presented in Figure 4.
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Figure 4. Pressure drop 4p [Pa] of helicoidal resonators with ratio s/d=1,976 and the
range of numbers of helicoidal turns » from 0 to 1.0

As it can be observed from Figure 4, the pressure drop increases when the mean air
volume velocity grows up for all investigated cases. Although the biggest and nearly
linear increase of pressure drop takes place for the numbers of helicoidal turns n from
about 0.1 to about 0.6. From 0.6 to 1.0 the pressure drop increases nonlinearly.

4. Conclusions

The numerically calculated transmission loss and pressure drops of helicoidal resonators
with constant ratio s/d=1.976 and different numbers of helicoidal turns n were presented.

The range of helicoidal turns » from 0 to 2.0 was investigated for acoustic modelling.
The specific band attenuation of sounds of helicoidal resonators with ratio s/d=1,976
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exist almost for all investigated cases. But the most interesting part of 7Ls starts from
about #=0.4 and ends for about n=1.0. Globally the attenuation range of 7.=1dB starts
from about 1000Hz for »=0.55, and it ends on about 1580Hz for few numbers of helicoi-
dal turns n. Also for investigated models the frequency range of sound attenuation equals
nearly 580Hz.

On the basis of most interesting values of acoustic attenuation performance parame-
ter 7L, the range of helicoidal turns n from 0 to 1.0 was investigated for computational
fluid dynamics with turbulent flow. The pressure drop increases when the mean air vol-
ume velocity grows up for all investigated cases. Although the biggest and nearly linear
increase of pressure drop takes place for the numbers of helicoidal turns » from about 0.1
to about 0.6. From 0.6 to 1.0 the pressure drop increases nonlinearly.
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