[ Downloaded from jhsw.tums.ac.ir on 2025-04-21 ]

disw

OPEN [y ) ACCESS

Journal of Health and Safety at Work 2024; 14(4): 772-795
rumMms

ORIGINAL RESEARCH PAPER

Numerical Optimization of Microperforated panel Absorbers:
The Impact of Series-Parallel Configuration, Air Gap, and Porous
Materials on the Sound Absorption Bandwidth

Mohammad Javad SheikhMozafari*, Zahra Hashemi?’, Ali Mohsenian®

1Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran.

2Department of Occupational Health Engineering, School of Medical Sciences, Behbahan Faculty of Medical
Sciences, Behbahan, Iran.

3Department of Occupational Health and Safety Engineering, School of Health, Shiraz University of Medical
Sciences, Shiraz, Iran.

Received: 20-10-2024 Accepted: 19-11-2024

ABSTRACT

Introduction: Micro-perforated panel (MPP) absorbers are emerging as next-generation absorbers due
to their considerable advantages. However, their main drawback compared to other absorbers is their
limited bandwidth. This study aims to investigate methods for enhancing the bandwidth of an MPP in the
frequency range of 1 to 1500 Hz through simulation using the Finite Element Analysis (FEA) in COMSOL
software.

Material and Methods: The modeling was conducted using FEA in COMSOL version 5.3a. To increase
the bandwidth, techniques such as series-parallel configurations, symmetrical and asymmetrical air
gap depths, and the incorporation of two porous absorbing materials in symmetric and asymmetric air
gap layers were employed. In the initial phase, the best configuration was selected and retained for the
subsequent stages.

Results: The optimal arrangement involved two upper MPPs having larger holes and a lower perforation
percentage compared to the two lower MPPs. It was also found that increasing the depth difference
between the air layers of the upper and lower MPPs led to a greater increase in bandwidth than when
they were closer together. Furthermore, the use of fibrous porous materials in one of the layers resulted
in a reduction of resonance peak while enhancing the bandwidth.

Conclusion: MPP absorbers exhibit diverse behaviors due to their Helmholtz structure and parametric
design. If their constituent parameters are tailored to match the acoustic characteristics of the target
sound, they achieve optimal efficiency. Additionally, employing numerical methods such as FEA serves as
a suitable alternative to more costly laboratory methods.
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1. INTRODUCTION As such, noise pollution is considered as one of the

Noise is one of the most well-known most serious global public health issues. In general,
environmental stressors, negatively affecting when ambient sound pressure levels exceed 70 dB,
behavioral, physiological, and psychological factors. physiological responses in humans begin to appear.

- , , One effective method of controlling and reducing
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ambient sound pressure levels is using sound
absorbers. Sound absorbers are generally classified
into two types: porous absorbers and resonant
absorbers. Porous absorbers, such as fibrous and
granular types, have several limitations. Firstly, to
achieve adequate absorption at low frequencies,
they must be as thick as the wavelength of the
incident sound, which is why they typically perform
poorly at low frequencies. Secondly, their fibrous
and granular nature can cause skin and respiratory
issues in humans. Additionally, due to particle
dispersion, theyare unsuitable for environmentslike
restaurants and food industries. Micro-perforated
panel (MPP) absorbers, a type of resonator
absorber, have gained significant attention over the
past few decades and have been introduced as an
alternative to porous absorbers. Typically, an MPP
consists of a metallic or plastic panel with holes or
slits smaller than one millimeter, backed by an air
cavity of a specific thickness. Recently, MPPs have
been widely used for reducing environmental noise
and sounds generated in indoor spaces such as
residential buildings, offices, theaters, cinemas, and
more. Despite the many advantages of MPPs, their
resonance-based absorption mechanism limits
their sound absorption to the natural frequency
range of the MPP, restricting their performance to
2 or 3-octave bands. This limitation reduces their
suitability for environments with a wide frequency
range, particularly those in residential, office, and
commercial settings, where frequencies typically
range from 1 to 1500 Hz. The acoustic performance
of a Micro-Perforated Panel (MPP) absorber is
typically measured using the absorption coefficient,
often through an impedance tube. However, due
to the high costs and complexity of using this
equipment, alternative methods like algorithms
and numerical simulations are used. Accordingly,
this study evaluates the acoustic performance of
an MPP absorber through Finite Element Analysis
(FEA) in COMSOL across the 1-1500 Hz frequency
range. To enhance the absorption bandwidth,
techniques such as series-parallel configurations,
increasing air layer depth, and adding porous
fibrous materials were employed. The Johnson-
Champoux-Allard (JCA) model was used for the
fibrous materials, and the Maa model for the MPP
absorber.

2. MATERIAL AND METHODS
2.1 One of the simplest methods for calculating
the acoustic impedance of an MPP is through
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the equations introduced by Maa. To calculate
the acoustic impedance of the MPP using these
equations, the Equivalent Circuit Method (ECM)
was applied.

ZMPP = Z resistance + Z reactance = R + .] Q)M (1)
2 : 2
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Calculation of the Absorption Coefficient of the Air
Layer Behind the MPP Panel

An MPP absorber consists of an air layer of
a specified thickness (D) behind it, which has a
significant impact on the acoustic performance of
the MPP. The acoustic impedance of this air layer is
calculated using the following formula:

Z, =—jZ,cot(kD) (5)

Where k represents the wave number, and Z,,
is the impedance of air.

The total acoustic impedance of the MPP
absorber surface and, ultimately, the absorption
coefficient are obtained using the following
equations:

Ziar = Lypp T Zp (6)
— Ztatal _ZO

Lo + 2o (7)

a=1-|R|? ©

Calculation of the Acoustic Impedance of Porous
Materials

The acoustic impedance of these materials
was calculated using the Johnson-Champoux-
Allard (JCA) model. This model was developed in
1992 by Allard and Champoux to simulate sound
propagation in porous materials. They proposed
two parameters for calculating the acoustic
impedance of porous materials: bulk modulus and
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equivalent density.
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Identifying the Optimal Serial-Parallel Configuration

In this phase, four different scenarios were
designed to assess the best sound absorption
performance across the frequency range of 1 to
1500 Hz. These scenarios are outlined in Table 1,
and the arrangement of the MPPs in each of the
four configurations is illustrated in Figure 1.

Impact of Air Cavity Depth on the Acoustic
Performance of the MPP Hybrid Absorber

In this phase, the influence of air cavity depth
on acoustic performance was analyzed. After
identifying the optimal configuration from the
previous step, that scenario was retained for this
phase, and the effect of air layer depth was assessed.
In this hybrid absorber, there were two air cavities,
D1 and D2. The total air cavity depth was set to
50 mm. Figure 2 illustrates the various scenarios
explored.

Adding a Porous Material to the Air Layers

In the next step, the impact of adding a porous
material to the air gap behind the MPP was
investigated to assess its effect on the acoustic
behavior of the MPP. Four different scenarios were
considered for this case, as shown in Figure 3.
Thus, the MPPs were arranged symmetrically, and
two types of porous materials—fibrous and wood
chips—were placed in two air cavities.

Table 1: Analyzed Scenarios for Identifying the Optimal Series-Parallel Configuration

Mppl Mpp2 Mpp3 Mpp4
holes . holes . holes ) holes .
. perforation . perforation . perforation . perforation
diameter tio (8), % diameter tio (6), % diameter tio (6), % diameter (d), tio (4), %
ratio (¢), ratio (¢), ratio (¢), ratio (¢),
(d), mm ° (d), mm (d), mm ° mm
Scenario 1 0.3 1 0.1 4 0.4 2 0.2 3
Scenario 2 0.1 4 0.3 1 0.2 3 0.4 2
Scenario 3 0.3 4 0.1 1 0.4 3 0.2 2
Scenario 4 0.1 1 0.3 4 0.2 2 0.4 3
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Fig. 1: Arrangement of the four MPPs in the four defined scenarios.
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Fig. 3: Investigating the effect of adding porous material in air layers symmetrically on acoustic behavior
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3. RESULTS AND DISCUSSION
Optimal Series-Parallel Configuration

The results of the technique used to determine
the optimal series-parallel arrangement are
presented in Figure 4.

Among the evaluated configurations, Scenario
1 aligns best with the study’s goals. In this scenario,
the upper MPPs have larger hole diameters and
lower porosity, compared with the lower MPPs,
yielding the most effective results. In the 500-
1000 Hz range, important for speech in office
and residential environments, the average sound
absorption coefficients for the four scenarios were
0.86, 0.75, 0.74, and 0.62, respectively. A frequency

shift was also observed, with Scenario 1 achieving
a sound absorption coefficient of 0.58 at 400 Hz,
compared to 500 Hz in Scenario 4.

Impact of Homogeneous Air Cavity Depth
Adjustment on the Acoustic Performance of the
Combined MPP Absorber

The results of this phase, aimed at evaluating
the influence of homogeneous air layer depth on
the overall acoustic behavior of the absorber, are
displayed in Figure 5.

Scenario 4 shows slightly higher peak absorption
and a broader bandwidth compared to the other
scenarios. Increasing the distance between MPP1
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Fig. 4: The effect of different series-parallel configuration on the acoustic behavior of the MPP absorber
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Fig. 5: The effect of homogeneous air layer depth on the overall acoustic behavior of the MPP absorber.
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Fig. 6: The effect of adding porous material symmetrically in air layers

and MPP2 improved absorption in the 500-900 Hz
range, but this effect did not extend to frequencies
below 300 Hz. In the 500-1000 Hz range, the
average absorption coefficients were 0.63, 0.67,
0.70, and 0.72, with scenario 4 performing the best.
A frequency shift was observed, with Scenario 1
showing an absorption coefficient of 0.68 at 500 Hz,
while the same value occured at 412 Hz in Scenario
4.

Impact of Adding a Porous Material to the Air Layers
In this phase, the effect of adding porous

material homogeneously to the air layers was

examined, and the results are shown in Figure 6.

As shown in Figure 6, scenarios 3 and 4
demonstrated better performance compared to
Scenarios 1 and 2. In scenarios 3 and 4, porous
materials were placed in air cavities 3 and 4, while
only air was present in cavities 1 and 2. The average
sound absorption coefficient in the 500 to 1000
Hz frequency range for scenarios 1 and 2 was
approximately 0.44, while for scenarios 3 and 4, it
was around 0.68. Notably, there was no observed
significant frequency shift in these scenarios.

In symmetrical configurations, placing porous
materials in the lower cavities resulted in higher
absorption because it reduced impedance, allowing
sound waves to enter, while placing them in the
upper cavities increased impedance, causing more
reflection and less absorption. No significant

Journal of Health and Safety at Work 2024; 14(4)

frequency shift was observed across the scenarios.

4. CONCLUSIONS

Micro-Perforated Panel (MPP) absorbers are
advanced sound absorbers with benefits such
as aesthetics, durability, non-flammability, and
resistance to environmental factors, but they have
limited bandwidth. This study explored ways
to expand their bandwidth through different
configurations and modeling techniques using
Finite Element Method (FEM) in COMSOL. Key
strategies included using MPPs with varying hole
diameters and porosities in series-parallel setups,
adjusting air layer depths, and adding porous
materials. Results showed that using larger holes
and lower porosity for upper MPPs improved
low-frequency absorption, while greater air layer
differences expanded bandwidth. Including porous
materials increased bandwidth at the cost of
lowering the resonant peak. The study concludes
that MPP absorbers can be optimized as an
alternative to traditional absorbers by carefully
adjusting their functional parameters for specific
environments.
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