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Micro-perforates — applications beyond room acoustics
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In this paper, we present an overview of KTH work on applications of MPPs beyond room acoustics and
panel absorbers, focusing on fluid-machinery and duct-acoustic systems. The impedance modelling of
MPPs is also discussed, including engineering approximations that are useful for analysis and design.

1 Introduction

Micro-perforated plates (MPPs) are plates whose aperture diameters are sufficiently small that viscous losses in the
perforations are comparable to, or dominate over, inertial effects. In principle, MPPs can be manufactured from a wide
range of materials, including metals, plastics, and even wood or paper. Metallic MPPs are the most used, as they provide
a robust solution suitable for harsh operating environments. The perforation geometry can vary; circular and slit-shaped
holes are most common, although more complex shapes have also been explored. The concept of using MPPs as panel
absorbers was first proposed by Maa [1,2]. With appropriate design, it is possible to achieve a normalized resistive
impedance close to unity. For panel absorbers, this condition yields perfect (i.e. 100%) sound absorption at resonance for
plane-waves under normal incidence. In room-acoustic applications, however, where the sound field is typically diffuse,
the optimal resistance is slightly higher around 1.4.

Importantly, the applicability of MPPs extends far beyond classical panel absorbers and room-acoustic treatments. They
are particularly attractive in systems involving fluid-machinery components such as fans, compressors, and gas turbines.
By integrating MPPs into such systems, near-field absorbing surfaces can be placed close to the source. MPP surfaces
may also be employed as absorbing guide vanes in duct bends. In addition, MPPs enable the design of dissipative mufflers
for the mid- and high-frequency ranges, offering fibre-free alternatives to conventional baffle silencers. A key observation
is that the optimal MPP properties for these applications typically differ significantly from those required in classical
panel absorber designs. In duct-acoustic applications such as mufflers, for example, MPPs can be tailored to approximate
the Cremer impedance [3], which provides the theoretically optimal attenuation for a given duct mode.

2 MPP impedance formulas

2.1 Circular holes or slits

Maa proposed analytical formulas for these two cases [1,2]. The formulas include a viscous end correction which is related
to the losses associated with the oscillating acoustic flow out from the hole or slit. This was estimated as proposed by
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Ingard [4] using the losses on the surface of an oscillating plate. To fit the MPP case an empirically determined factor
was introduced. The small apertures imply that locally one will get high acoustic particle velocity. This can lead to
acoustically induced vortex separation and non-linear losses. The limit when this happens is approximately when the local
particle displacement in the apertures is larger than the diameter or slit width [5-7]. In practice this implies that non-linear
effects can be important for MPPs already at moderate sound pressure levels (90-100 dB) and low frequencies. In recent
years the formulas for MPPs have been revisited to improve the end-corrections as well as the non-linear loss term [8-
11].

2.2 Other shapes

In practice MPPs are often produced creating holes or slits with a non-uniform shape. One example is the Swedish MPP
plates produced by Sontech called Acustimet™ [12].

Figure 1: Photo of an Acustimet MPP with non-plane slits [12].

A general formula for the MPP impedance Zypp valid for any hole or slit shape can be written as:

ZMPP/pc=Ro(l+alc+,31c4)+j5a)t, (1)
where Ry is the steady laminar flow resistance, p is the density, ¢ the speed of sound, « is related to dynamic losses around
the hole/slit, g is related to dynamic losses in the hole/slit, & ( >1) is the inertial end-correction factor, ¢ is the MPP
thickness, o is the angular frequency and « is the shear wave number given by: K = %\/% , where d is the hydraulic

diameter and v the kinematic viscosity. For circular holes or slits the formula will for £ <5 give an error of less than 10%.
In Eq. 1 the effects of mean flow and non-linear losses have been neglected. The constants (¢, f and J) in the formula
depend on the hole geometry and for circular or slit shapes they can be obtained from the papers by Maa [1,2] and the
more recent papers [8-11]. In general, for MPPs « and £ are much smaller than 1 and J'is close to 1.

2.3 Anideal MPP

Ideal MPPs can be defined as the limit case when the shear wave number is O(1). This implies that the MPP impedance
is approximately:

ZMPP/pczRo+j5a)t:Ro(1+j'f/ﬁ))’ )

where fj is the frequency where the resistive and inertial impedances are equal in magnitude.

For circular shaped MPP:s we have according to Maa [1]:

32vt 16v
R,=—— and f, =—, (3)
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where o is the MPP porosity. For slit shaped MPP:s we have according to Maa [2]:
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2.4 A general MPP formula for engineering practice

An approximate formula useful for any type of MPP can be based on Eq. 2 with added corrections for mean flow and
non-linear effects. The effects of flow and high acoustic amplitudes for perforated plates and MPPs have been studied by
KTH in several papers [13-17]. For engineering practice these effects can be estimated and added to the previous formula:

Zyppl pe = Ry (14 - [ ] fors )+ &M +id| /e, (5)

where fy is an increasing function of the Mach-number M [15], the factor & describes the increased resistance due to a
grazing flow and the last term describes the non-linear effect where # is the acoustic velocity in the normal direction and
o is the perforation ratio [13]. Note for MPPs with a small d/t ratio the flow effect on f; is negligible. For circular holes
we have found that £&=0.15 [14]. For MPPs such as Acustimet [12] the value of ¢ varies with the orientation, the value is
0.08 for slits parallel with the flow and 0.04 for slits perpendicular with their opening NOT facing the flow. The opposite
perpendicular and the opening facing the flow also gives 0.08 [14].

c=05%,dh=1mm,th=1mm
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Figure 2: Effect of flow on a MPP with circular holes [15].

3  Examples of MPP applications

3.1 The MPP muffler [18-20]
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Figure 3: A novel type of compact MPP muftler [19]. The locally reacting surface marked with “1” is tuned to
the so called Cremer impedance.

The MPP muffler consists of a straight-flow channel with locally reacting outer cavities. The muffler is designed for the
damping of plane waves suitable for, e.g., automotive applications. Acoustic performance is controlled by the acoustic



impedance of the locally reacting surface. By tuning the wall impedance to the so called Cremer Impedance Z¢, maximum
propagational damping can be achieved [20]:

ZCr = ZMPP + anv . (6)

Realizing the Cremer impedance creates a very large potential for damping in the plane wave range, see Figure 4.
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Figure 4: Cremer impedance - Theoretical maximum attenuation rate per duct radius (r). The X denotes the Helmholtz-
number where the real part of the Cremer impedance becomes negative [20].

3.2 Noise control in aircraft climate systems [21-22]

Figure 5: As part of the EU-project IDEALVENT noise control of the axial

blower (compressor) used in an aircraft climate system was investigated.

Measurements and simulations of the source [21] revealed that the BPF was dominating and propagated in four modes
(0,0), (1,0), (2,0) and (0,1). To damp the plane wave (0,0) and first radial mode (0,1) the MPP muffler (Cremer filter)
described in Sec. 3.1 can be used. To take care of the two circumferential modes (1,0) and (2,0) it was decided to create
a modal filter. The idea being to create losses where the mode patterns have their maximum circumferential acoustic
velocity [22]. This can be done by using MPPs which are mounted across a duct. A combination of 4 MPPs distributed
with equal angles in-between will damp the (1,0) and (2,0) modes. The concept is illustrated in Figure 6.
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Figure 6: Combination of Modal filter and Cremer filter (MPP muffler) designed to damp the (0,0)&(0,1), (1,0) and
(2,0) modes [21].

Tests at VKI [21] showed that the Modal & Cremer filter design gave more than 10 dBA reduction of the BPF noise.

3.3 Fan noise control — Engine cooling [23-25]
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Figure 7: As part of the EU-project ECOQUEST new noise control strategies for engine cooling systems involving
MPPs were investigated.

One idea was to replace traditional baffle silencers with fibers, often used for high frequencies or with many propagating
modes in a duct, with MPP baffles [25], see Figure 8. The MPP baffles will give a maximum damping when we have a
maximum velocity at the MPP. This will create maximum damping for each mode in the 2D cavity that meets this criterion
[25].

Figure 8: MPP baffle consisting of two micro-perforated plates mounted on a frame of supporting solid inner walls
creating a resonant 2D cavity [25].

Another idea was to replace part of the solid shroud behind the fan with a MPP surface to create near-field absorption at
the source, see Figure 9. For the case shown in Fig. 8 tests at KTH showed a 3 dBA reduction in radiated sound power
downstream. In addition, an MPP fan shroud would add to the absorption and damping of sound in the engine bay.



Figure 9: Automotive cooling fan with a plastic shroud partly replaced by Acustimet MPPs. The idea is to create near-
field absorption close to the fan [24].

The EU-project ECOQUEST 10 years ago focused on ICE power trains, but cooling fan noise is still a problem for
today’s electric vehicles.

4 Summary

The formulas for MPP impedance have been discussed in Sec. 2 and a general formula for engineering practice is also
proposed, see Eq. 5. A MPP muffler with optimal damping for the low frequency plane-wave range is presented in Sec.
3.1. For noise control in fan and compressor systems in the low- to mid-frequency range, a novel concept based on MPP
modal filters is proposed in Sec. 3.2. Finally, for higher frequencies and ducts with many modes, MPP baffles are proposed
in Sec. 3.3 as a fibre-free alternative for acoustic damping. The possibility of using MPP surfaces for near-field absorption
close to a fan is also discussed in Sec. 3.3.
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